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TACTICS,  MILITARY  (TMTur^),  properly  signifies  the  art  of 
forming  the  troojpe  of  an  anny  in  order  of  battle,  and  of  making 
changes  in  the  dispositions  of  the  troops  according  as  circumstanoes 
may  require :  that  is  to  say,  the  science  which  guides  the  formations 
when  the  armies  come  into  presence  of  one  another ;  while,  on  the  other 
hand,  Stbatbgt  is  that  division  of  the  science  of  war  which  considers 
all  previous  operations  and  combinations.  These  two  subjects  wiU 
therefore  be  considered  together  under  the  article  War,  Science  of. 

TACTICS,  NAVAL.  This  branch  of  the  art  of  war  is  in  some 
respects  similar  to  that  by  which  the  operations  of  armies  on  land  are 
regulated ;  and  it  is  desirable  that  the  order  preserved  in  sailing 
should  resemble  that  used  in  moving  the  battalions  of  an  army  on 
shore.  But  at  sea  the  motive  power  is  not  always  to  be  depended  on, 
and  many  a  well-arranged  plan  of  attack  becomes  useless  from  the 
failure  of  wind,  change  of  wind,  or  other  causes.  There  are,  however, 
accepted  fundamentid  rules  by  which  the  navies  of  European  nations 
are  guided  in  the  disposition  of  a  fleet  for  attack,  defence,  chase,  or 
retreat ;  and  we  first  notice  those  applicable  to  sailing-ships  principally. 

The  ancients,  previously  to  the  commencement  of  a  naval  action, 
drew  up  the  ships  in  each  fleet  abreast  of  each  other,  and  in  that  order 
one  of  the  fleets  moved  on,  or  waited  for  the  attack ;  for  each  ship 
being  propelled  by  oars,  and  armed  with  a  beak  of  iron  or  brass  pro- 
jecting-before  the  bows,  efibrts  were  genenlly  made  to  direct  it  so  as 
by  an  oblique  impulse  to  destroy  the  oars  on  one  side  of  a  ship  of  the 
enemy,  and  thus  render  it  unmanageable,  or  so  as  with  the  beak  to 
pierce  a  side,  and  thus  sink  the  wip;  and  hence,  in  the  ancient 
manoeuvres,  each  commander  always  endeavoured  to  keep  the  prow  of 
his  ship  presented  to  the  ship  which  was  opposed  to  him.  But  since 
the  employment  of  gunpowder  in  naval  war£Effe,  each  ship  in  two 
hostile  fleets  is  manoeuvred  so  as  to  bring  one  of  its  sides  to  bear 
against  the  bows  or  against  a  side  of  its  opponent^  in  order  that  it  may 
have  the  power  of  pouring  into  the  latter  the  greatest  quantity  of  fire ; 
and  Hince  it  is  the  object  of  both  commanders  to  avoid  being  raked,  a 
general  action  can  take  place  only  when  the  hostile  fleets  are  drawn  up 
in  two  lines  parallel  to  each  other,  the  keels  of  the  ships  in  each  being 
in  the  direction  of  the  line.  In  the  treatise  of  P^  THoste  on  naval 
evolutions,  this  mode  of  engaging  is  said  to  have  been  flrst  employed 
at  the  battle  of  the  Tezel  (1666),  when  James  II.,  then  duke  of  York, 
commanded  the  English  fleet.  Paul  I'Hoste,  who  was  a  professor  of 
mathematics  at  Toulon,  and  died  at  a  comparatively  early  age  in  1700, 
had  personal  experience  in  many  of  the  battles  he  describes,  and  his 
remarks  continue  to  be  quoted ;  therefore  he  may  be  fairly  considered 
to  be  the  fotmder  of  the  present  system  of  naval  tactics. 

The  order  of  sailing  for  a  fleet  should  obviously  be  such  that  the 
several  ships  may  be  as  near  together  as  possible,  both  for  the  sake  of 
mutual  support  and  that  the  signals  which  may  be  made  by  the 
admiral  may  be  distinctly  seen :  it  depends  also  necessarily  on  the 
oirder  of  battle,  since  it  is  of  importance  that  the  fleet  should  be 
enabled,  with  the  utmost  facility,  to  pass  from  either  of  these  states  to 
the  other. 

Writers  on  naval  tactics  distinguish  five  different  orders  of  sailing, 
the  wind  continuing  to  blow  in  one  direction,  and  the  keels  of  the 
shipsTemaining  constantly  parallel  to  one  another ;  in  other  words,  all 
the  ships  steering  the  same  course.  The  first  order  is  that  in  which  all 
the  ships  are  abreast  of  each  other  in  a  line  perpendicular  to  the 
direction  of  the  wind ;  and  the  second  is  that  in  which  the  ships  are 
arranged  so  that  a  line  joining  all  their  main-masts  is  oblique  to  that 
direction ;  but  in  this  order  the  line  may  have  two  diflforent  positions 
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with  respect  to  the  wind,  for  each  •ship  may  be  on  the  starboard  (the 
right  hand)  side,  or  on  the  port  (left  hand)  side  of  that  which  ia  to 
leeward  of  it.  As  in  either  of  these  two  depositions  each  ship  in  the 
line  has  that  which  is  next  to  it  on  one  side,  opposite  to  one  of  its 
bows,  and  that  which  is  next  to  it  on  the  other  side,  opposite  one  of 
its  quarters,  this  order  of  sailing  is  frequently  called  tne  how  and 
quarter  line.  In  the  first  and  second  orders,  if  the  ships  are  numerous, 
the  line  is  inconveniently  extended. 
The  third  order  of  sailing  is  that  in  whioh^  all  the  sails  being  doe* 
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hauled,  the  ships  are  formed  in  two  lines  making  with  each  other  an 
angle  of  about  12  paiiUt,  or  186*;  the  admiral's  ship  being  in  the 
centre. 

N.B.  By  the  expression  close-hauled  is  to  be  understood  such  a 
disposition  of  Uie  sails  that  the  ship  may  advance  as  nearlv  as  possible 
towards  the  part  of  the  horizon  from  whence  the  wind  blows.  In 
general,  the  line  of  direction  of  the  wind  makes  then,  on  the  side  next 
to  the  ship's  head,  an  angle  of  about  6  pointt,  or  67*  80'. 

The  fourth  order  is  that  in  which  the  ships,  steering  with  the  wind 
on  one  and  the  same  quarter,  are  formed  in  several  lines,  divisions,  or 
squadrons,  and  as  much  concentrated  as  possible.  The  ships  of  the 
commanders  are  ahead  of  the  several  divisions,  and  a  line  joining  the 
mainmasts  of  all  the  ships  in  each  is  supposed  to  be  in  the  direction  of 
the  wind.  This  order  is  very  convenient  for  a  convoy,  but  it  presents 
great  difficulties  to  the  formation  of  the  line  of  battle.  In  the  fifth 
order,  the  fleet,  if  not  very  numerous,  is  divided  into  three  squadrons 
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the  ships  of  which  sail  ia  as  many  parallel  lines :  if  numerous,  each 
squadron  may  be  divided  into  two  or  more  parts,  so  that  the  whole 
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may  constitute  aix  or  nine  parallel  lines,  the  number  of  shipB  being 
equal  in  alL  The  ships  in  this  order  are  supposed  to  be  close-hatded, 
and  the  keel  of  each  ship  coincides  with  the  direction  of  the  line  to 
which  it  belongs,  or  the  ships  of  each  line  sail  in  each  othex^B  wake ; 
while  the  corresponding  ships  in  the  different  divisions  may  be  either 
abreast  of  each  other  or  in  bow-and-quarter  position.  A  line  drawn 
through  the  mainmasts  of  the  corresponding  ships  in  the  different 
divisions  may  be  supposed  to  coincide  with  the  direction  of  the  wind. 
This  order  of  sailing  is  that  which  was  considered  the  most  advantageous 
on  account  of  the  facility  which  it  afforded  for  forming  the  line  of 
battle.  Generally,  the  fleet  consisting  of  three  divisions,  the  vanguard 
of  the  line  constitutes  the  weather  division,  and  is  commanded  by  the 
vice-admiral ;  the  centre  division  is  commanded  by  the  admiral  him- 
self;  and  the  leeward  or  rear-division,  by  the  rear-admiral.  If  the 
fleet  consists  of  more  than  thrfee  divisions,  those  which  are  not  com- 
manded by  the  admirals  are  under  the  direction  of  commodores,  or 
senior-captains,  and  each  commander  is  in  the  centre  of  bis  own  line ; 
frigates,  store-ships,  &c.  are  kept  to  windward  of  the  line  of  battle- 
shipe. 

The  flrst  and  second  orders  of  sailing  are  easily  formed,  however 
irregular  may  be  the  previous  dispositions  of  the  ships ;  for  the  ship 
which  is  appointed  to  lead  in  the  formation  may  get  to  leeward  of  the 
whole  fleet,  and  then  hauling  her  wind  (disposing  her  sails  so  that  she 
may  move  in  a  line  making  the  given  inclination  to  the  direction  of 
the  wind),  she  may  sail  in  the  proposed  direction :  the  other  ships 
then,  according  to  their  positions,  follow  successively  in  her  wake,  and 
when  all  are  proceeding  in  one  line,  each  veers  [Veebino]  or  bears 
avray,  steering  in  the  prescribed  course,  and  still  preserving  the  general 
line.  The  tlurd  order  of  sailing  is  formed  after  all  the  ships  have  got 
into  one  line,  steering  m  each  other's  wake  as  above  mentioned,  and 
the  line  making  an  angle  of  about  10  points,  11 2**  3(/,  with  the  direc- 
tion of  the  wind  (reckoning  from  the  latter  direction  towards  the 
bows  of  the  ship).  The  van  ships,  which  are  those  to  leeward  of  the 
admiral,  who  is  supposed  to  be  in  the  centre,  successively  haul  their 
wind  and  steer  in  ^he  proposed  direction ;  and  when  the  admiral's 
ship  has  hauled  her  wind,  the  stemmosi  or  windward  ships  do  the 
same,  and  each  proceeds  in  a  direction  parallel  to  that  of  the  other 
ships.  The  fourth  and  fifth  orders  of  sailing  are  formed  by  the  leading 
ships  of  the  different  divisions  getting  abreast  of  each  other,  or  in 
bow-and-quarter  position,  at  the  prescribed  distances;  and  then  the 
ships  of  the  respective  squadrons'  taking  their  places  in  each  other's 
wakes. 

In  the  orders  of  sailing,  the  distance  of  one  ship  from  another,  in 
line,  should  be  such  that  any  danger  of  running  foul  of  each  other 
may  be  avoided  :  in  general,  that  distance  may  be  considered  as  equal 
to  two  or  three  cables'  length  (each  =  120  fathoms).  And,  with  respect 
to  the  distances  between  the  several  lines  in  the  fifth  order  of  sailing, 
it  has  been  determined,  the  ships  being  close-hauled,  by  supposing  that 
a  line  joining  the  headmost  ship  of  one  of  the  leeward  divisions,  and 
the  stemmost  ship  of  the  next  division  to  windward,  should  be  at  right 
angles  to  the  direction  of  the  wind ;  or  that  the  angle  which  such  Une 
makes  with  each  division  should  be  equal  to  2  points,  or  22*  30'.  In 
general,  this  interval  may  be  considered  as  equal  to  six  or  nine  cables' 
length ;  and  it  is  of  importance  that  the  distances  prescribed  by  the 
admiral  of  the  fleet  should  be  strictly  preserved. 

In  order  that  the  commander  of  anv  one  ship  may  readily  ascertain 
and  preserve  his  relative  position  in  a  neet  when  in  order  of  sailing,  the 
ingenious  device  called  the  naval  square,  which  was  invented  by  P^re 
I'Hoste,  may  be  employed.  It  consists  in  tracing  upon  the  quarter- 
deck a  great  square  a  B  c  D  (diagrams  Kos.  2  and  3),  having  two  sides, 
A  D  and  B  c,  parallel  to  the  ship's  length ;  the  diagonals,  a  o  and  b  d, 
intersecting  each  other  in  e,  and  the  line  h  s  8  being  drawn  vertically 
over  the  ship's  keel ;  also  the  point  H  being  towards  the  head  of  the 
ship.  Now,  if  a  ship  were  sailing  in  the  direction  s  H,  close-hauled  on 
the  starboard  tack,  as  in  the  cut  No.  2,  so  that  b  d  coincides  with  the 
plane  of  the  sail,  and  w  e  (bisecting  the  angle  H  £  c)  with  \he  direction 
in  which  the  viind  is  blowing;  then,  after  having  tacked  and  become 
close-hauled  upon  the  port  tack,  since  the  directions  of  the  vertical 
planes  passing  through  &e  keel  and  sail  make  angles  with  the  direction 
of  the  wind  equal  to  those  which  they  made  before  tacking,  the  line 
BH,  that  is,  the  line  on  which  the  ship  will  be  sailing,  will  coijdcide 
wil^,  or  be  parallel  to,  the  position  of  £  o  in  the  diagram.  In  like 
manner,  if  a  ship  be  sailing  in  the  direction  s  h,  close-hauled  on  the 
port  tack,  so  that  a  o  coincides  with  the  plane  of  the  sail,  and  y  B 
with  the  direction  in  which  the  wind  is  blowing ;  then,  after  having 
tacked  and  become  close-hauled  on  the  starboard  tack,  the  line  s  H,  on 
which  the  ship  wiU  be  sailing,  will  coincide  with,  or  be  parallel  to,  the 
position  of  e  D  in  the  diagram. 

Hence,  if  a  fleet  be  in  three  parallel  divisions,  the  ships  sailing 
abreast  of  each  other,  those  in  each  line  will  be  in  the  direction  s  H, 
and  the  corresponding  ships  in  the  different  divisions  will  be  in  the 
directions  a  b  or  d  c.  If  the  fleet  sails  close-hauled,  and,  for  example, 
on  a  starboard  tack  as  in  No.  2,  the  ships  in  each  line  will  be  in  a 
direction  coincident  with  or  paraUel  to  s  h,  and  the  corresponding  ships 
in  the  several  lines  will  be  in  a  direction  coincident  with,  or  parallel  to, 
w  E,  which  is  that  of  the  wind.  Agun,  if  the  fleet  is  in  three  divisionB, 
and  the  ships  are  sailing  in  parallel  directions  not  coinciding  with  those 
of  the  divisions ;  if,  for  example,  the  ships  should  be  saiUng  on  the 


port  line  of  bearing  while  doBe-hauIed  on  the  starboard  tack^  as  in 
the  subjoined  diagram,  the  ahifs  in  each  line  vdll  be  in  the  direction  of 


} 


Fig.  3. 


^^ 


one  of  the  ^Bagonals  of  the  square ;  and  the  oorresponding  ships  in  the 
different  divisions  will  be  ia  that  of  the  other. 

The  order  of  battle  consists  in  the  ships  being  drawn  up  in  each 
other's  wake,  or  in  one  right  line  with  ^hioh  the  directions  of  all  their 
keels  coincide  :  they  are  usually  about  50  fathoms  from  one  another, 
and  are  nearly  doae-haukd.  The  frigates,  store^hips,  4to.,  are  iii  lines 
parallel  to  that  of  the  line-of-battle  sMps,  and  on  the  side  opposile  tlie 
enemy.  A  line  of  ships  close-hauled  is  particularly  advantageous  as  an 
order  of  battle  both  for  k  fleet  to  windward,  and  also  for  that  which  is 
to  leeward  of  its  opponent.  If  a  windward  fleet  were  in  any  other 
state,  the  enemy  mignt,  by  madoduvring,  gain  the  Weather-gage,  or  he 
might,  by  being  able  to  approach  as  neftr  as  he  pleased,  compel  the 
windward  fleet  to  come  to  an  action.  By  the  "weather-gage"  is 
meant  the  getting  between,  dr  the  poifier  of  getting  between,  the 
enemy's  fleet  and  the  part  of  the  horizon  whence  the  wind  blows. 
Rodney  in  1782,  and  Nelson  at  Trafalgar,  and  other  admirals  haye 
f ormea  their  plans  of  attack  on  this  ground,  because  a  fleet  to  leeWard 
has  difficulty  with  a  fleet  lying  to  windward,  in  forcing  her  to  an 
engagement;  while,  on  the  other  hand,  a  leeward  fleet,  of  inferior 
force,  has  a  retreat  more  open  to  it.  To  a  fleet  being  to  leeward  of  an 
enemy,  the  only  hope  of  bringing  the  latter  to  action  is  in  being  able  to 
outsail  it,  and  tack  across  aii  enemy's  bows;  thus  getting  what  is 
called  the  weather-gage.  Iti  a  dose-hauled  line,  also,  the  sails  are 
disposed  so  that  the  ships  remain  nearly  stationary  during  the  action ; 
on  which  account  the  line  is  steadily  preserved,  and  any  ship  on 
becoming  disabled  can  be  easily  replaced  oy  one  of  those  which  are  in 
the  reserve  line. 

When  the  ships  of  a  fleet  are  in  the  first  or  second  order  of  sailing, 
and  it  is  intended  to  form  the  line  of  battle,  it  is  evident  that  by 
simply  hauling  the  wind,  or  by  tacking  [TackiKg]  or  veering  f  Veer- 
iNaJ,  as  the  case  may  require,  the  ships  may  get  Into  each  others  wake 
in  any  proposed  direction  of  the  line.  If  it  be  intended  to  form  the 
line  of  battle  from  the  third  order,  the  ships  in  that  wing  which  is 
already  in  a  line,  in  the  direction  of  t^eir  keels,  must  simply  haul  their 
wind  and  get  into  each  other's  wake  in  the  proposed  direction  of  the 
line ;  each  ship  in  the  other  wing  is  then  brought  into  a  position  nearly 
at  right  angles  to  the  direction  of  the  wind,  and,  as  those  of  the  first 
wing  advance,  these  fall  successively  into  their  wake. 

When  the  line  of  battle  is  to  be  formed  from  the  fourth  or  fifth 
order,  all  the  ships  being  supposed  to  be  close-hauled,  the  formation 
may  take  place  u|K)n  anjr  one  of  the  diviaions ;  the  ships  of  this  division 
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are  then  brought  to  (their  motion  stopped  by  bracing  «ome  sails 
BO  as  to  be  t&ea  abaok  by  the  wind  while  others  are  kept  full), 
and  the  other  diipe  are  made  to  take  up  their  proper  positions  in  the 
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fffolongation  of  tha  line  ihtui  formed.  If,  for  ezamplei  tha  fleet  conaiste 
pi  gbips  sailing  in  three  divisionB  oloae-b&uled,  and  the  line  ia  to  foe 
fonned  upon  the  centre  division,  as  in  the  subjoined  diagram ;  then, 
Bs  soon  as  this  squadron  is  brought  to,  the  ships  in  the  weather  ^vision 
bear  away  and  steer  till  they  get  ahead  of  the  centre,  when  they  haul 
their  wind ;  the  )ee  division  tacks  and  sails  on  till  it  gets  astern  of  the 
centre,  and  when  these  ships  have  hauled  their  wind  the  line  of  battle 
is  formed.  In  this  formation  the  weather  division  or  column  has  been 
made  to  constitute  the  van,  and  the  lee  column  the  rear  of  the  line ; 
but  it  is  sometimes  thought  necessary  to  make  the  columns  change 
places,  by  causing  that  which  is  on  the  weatiiier  side  of  the  fleet  to 
become  tiie  centre  or  rear  column,  or  by  nu^dng  the  coatre  or  lee 
«olumn  constitute  the  van  of  the  line.  A  like  interchange  of  the 
places  of  the  van,  centre,  and  rear  divisions  is  also,  oocasion^y,  made 
when  the  fleet  is  in  the  order  of  sailing ;  and  various  other  evolutions 
are  performed  by  the  ships  of  a  fleet,  both  while  sailing  and  in  the  line 
ol  battle  :  the  principal  of  these  consist  in  the  sevend  ships  tacking, 
or  veering,  in  succession,  and  in  turning  to  windward;  and  there  are, 
beaideSi  the  series  of  movements  which  are  necessary  in  order  to  restore 
the  line  of  battle  when  disordered  in  consequence  of  a  shifting  of  the 
vind.  But  the  detals  of  these  evolutions  can  be  studied  with  advan- 
tage only  in  works  which  are  expressly  written  on  naval  tactics. 

S^m  the  order  of  battle  it  is  necessary  to  return  to  some  one  of 
the  orders  of  sailing ;  and  with  respect  to  the  three  first  of  these,  it 
will  be  merely  necessary  for  the  ships  in  the  line  to  tack,  or  bear  away, 
in  the  assigned  directions,  increasing  or  diminishing  sail,  so  that  they 
may  arrive  in  their  proper  positions  nearly  at  the  same  time.  In 
returning  to  the  fifth  order  of  sailing,  there  are  two  cases,  which  oon- 
oist  in  performing  the  manoeuvres  on  the  same  and  on  the  opposite 
tack.  In  the  first  case,  should  it  be  required  that  the  van  may  Lecome 
the  weather  squadron,  the  van  and  centre  tack  together  and  stand  on, 
vhile  the  rear  proceeds  in  its  actual  course ;  thra,  when  the  rear 
oomes  suooesaively  abreast  oi  the  centre  and  van  squadrons,  these  re- 
tack,  and  thus  three  parallel  columns  are  formed.  In  the  second  case, 
the  van  being  to  form  the  weather  squadron,  the  ships  in  van  first 
tack  in  succession,  then  the  ships  in  the  centre,  and  lastly  those  in  the 
rear.  All  then  keep  on,  till  the  corresponding  ships  in  the  difier- 
eat  squadrons  get  abreast  of  each  other,  when  the  order  is  formed. 
The  evolutions  differ,  of  course,  from  those  just  mentioned  when 
the  van  is  to  form  the  lee,  mad  when  it  is  to  form  the  centre 
•quadron. 

In  the  order  of  retreat  before  the  wind,  the  ships  are  drawn  up  in 
two  equal  divisions,  in  lines  making  an  angle  of  135^  with  each  other ; 
ihB  admiral's  ship  remaining  to  windward  of  Uie  rest  of  the  fleet,  and 
being  at  the  angular  point. 

If  a  fleet  is  much  superior  in  force  to  that  of  the  enemy,  it  will  be 
fif  little  moment  whether  it  comes  to  action  on  the  windward  or  the 
iaeward  side ;  and  each  of  these  situations  when  taken,  either  by  a  fleet 
or  a  single  ship,  has  both  advantages  and  defects.  The  advantages 
of  gaining  the  weather-gage,  as  it  is  called,  are  that  in  such  a  situa- 
tion a  fleet  may  approach  that  of  the  enemy,  and  it  may  commence 
tiie  engagement  when  it  shall  appear  most  convenient :  ships  may  be 
detached  to  the  rear  in  order  to  turn  the  enemy's  line  and  put  it  in 
confusion,  and  a  ship  may  boaid  its  opponent  almost  at  will :  in  firing 
^Iso,  the  windward  ships  are  but  little  incommoded  by  the  smoke.  On 
the  other  hand,  the  diradvantages  of  being  to  windward  are,  the  diffi- 
culty of  retreat  without  passing  through  the  enemy's  line ;  disabled 
ahipa  cannot  quit  the  line  without  disordering  the  rest  of  the  fleet,  and 
in  stormy  weather  the  lower^deck  ports  can  seldom  be  opened.  When 
a  fleet  is  to  leeward  of  that  of  the  enemy,  the  shipe  which  may  be 
dismasted  can  be  readily  drawn  away,  and  the  whole  fleet  may  retire  if 
unable  to  contend  against  a  superior  force. 

If  a  fleet  to  leewvd  of  the  enemy's  line  should  attempt  to  gain  the 
windward  side,  it  should  manosuvre  so  as  to  delay  the  engagement  for 
ft  time  in  the  hope  that  a  change  of  wind  in  its  favour  may  take  place, 
and  it  must  then  endeavour  to  take  advantage  of  such  change.  In 
these  mrcumstances  the  commander  must  however  keep  the  enemy  in 
sight,  or  at  least  he  must  obtain  a  knowledge  of  his  manoeuvres  by 
means  of  frigates  detached  for  the  purpose.  If  unable  to  succeed  in 
getting  to  windward,  it  should  be  drawn  up  on  a  line  as  short  as 
possible,  in  which  case,  that  of  the  enemy  being  more  extended,  some 
of  the  ships  in  it  must  either  take  no  part  in  the  engagement,  or, 
leaving  their  line  in  order  to  bear  down,  they  will  lose  the  advantage 
el  the  wind.  On  the  other  hand,  a  weather  fleet  should  be  manoeuvred 
so  as  always  to  keep  that  which  is  to  leeward  quite  abreast  of  it; 
since  then,  unless  the  wind  should  shift,  it  will  continue  to  hold  its 
position. 

When  it  is  desired  to  bring  on  an  action  against  a  fleet  in  line  on 
the  leeward  side,  the  general  rule  is  that  the  weather  fleet  should 
get  abreast  of  the  other,  then  bear  down  upon  it  till  within  the  proper 
distance,  and  form  in  order  of  battle.  Should  the  leewsutl  fleet  bear 
away  at  a  certain  angle  with  the  wind  in  order  to  avoid  the  engage- 
ment, the  other  may  bear  away  at  a  stiU  greater  angle ;  then,  according 
to  the  relation  between  the  distance  of  the  fleets  from  one  another  and 
the  extent  of  the  weatiier  line  of  ships,  the  latter  will  cut  the  o^er  in 
some  particular  part  of  its  length,  and  thus  compel  it  to  fight  in  dis- 
advantageous wrcumstancesL  Again,  if  being  to  leeward  of  the  enemy, 
it  be  necessary  to  avoid  an  engagement,  the  only  resouroe  is  to  bear 


away  in  order  of  retreat  If  to  windward,  the  fleet  should,  if  possible, 
in  retreating,  keep  constantly  on  one  tack,  in  order  to  avoid  the  loss  of 
time  occupied  in  going  about;  but  if  from  want  of  room  it  be  necessary 
to  change  the  course,  the  fleet  may  be  kept  on  one  tack  during  all  the 
time  that  the  enemy  is  on  the  other :  for  thus  the  two  fleets  will  be 
constantly  diverging  from  one  another. 

It  is  observed  by  Mr.  Clerk,  in  his  '  Essay  on  Naval  Tactics,'  that 
when  an  enemy's  fleet  is  to  leeward,  and  in  that  situation  is  to  be 
brought  to  action,  both  fleets  being  in  line  of  battle,  if  the  sliips  in  the 
weather-line  bear  directly  down  upon  the  others,  those  in  the  van  are 
liable  to  be  disabled  in  their  rigging ;  and  thus,  their  motion  being 
retarded,  disorder  must  ensue  in  the  dispositions  of  the  ships  which 
follow  them.  Precisely  the  same  disadvantages,  he  adds,  attend  the 
method  of  coming  with  the  whole  fleet,  in  line  of  battle,  obliquely 
upon  the  line  of  the  enemy ;  and  to  these  faulty  modes  of  attack  he 
ascribes  the  damages  which  have  so  frequentiy  been  sustained  by 
British  fleets  at  the  commencement  of  actions.  The  method  proposed 
by  that  writer  for  coming  to  an  engagement  against  a  fleet  to  leeward 
is  similar  to  that  of  an  attack  in  oblique  order  on  land,  and  consists  in 
detaching  a  squadron  for  the  purpose  of  attacking  some  of  the  rear 
ships  in  the  enemy's  line :  the  squadron  should  engage  the  ships  broad- 
side to  broadside  while  the  rest  of  the  fleet  is  at  a  distance,  prepared  to 
send  support  if  necessary.  Then,  should  the  van  and  centre  of  the 
enemy's  fleet  continue  its  course  in  order  to  avoid  a  general  action, 
those  rear  ships  will  be  taken :  if  any  of  the  van  ships  should  tack 
successively  in  order  to  support  the  rear,  some  other  ships  of  their  line 
will  be  in  danger  of  being  taken  by  a  second  squadron  detached  from 
the  windward  fleet ;  and  if  the  whole  line  should  tack  together,  the 
disorder  thence  arising  might  cause  the  loss  of  more  ships,  or  might 
bring  on  a  general  action  at  a  disadvantage  to  the  leeward  fleet.  Lastly, 
if  this  fleet  should  veer,  and  bear  away,  the  ships  would  become  ex- 
posed to  a  raking  fire  in  their  retreat. 

The  manoeuvre  of  doubling  an  enemy's  line  of  battle  consists  in 
sending  ships  round  by  either  of  its  extremities  for  the  purpose  of 
placing  some  of  those  in  that  line  between  two  fires.  In  order  to 
double  a  fleet,  the  ships  should  advance  beyond  its  van,  or  fall  in  its 
rear,  when  by  tacking  or  veering  according  as  they  are  to  leeward  or 
windward  of  the  line,  they  may  get  into  the  required  position  on  its 
opposite  side.  It  is  right  to  observe,  however,  that  this  manoeuvre 
ought  to  be  attempted  under  favourable  circumstances  only,  as  the 
doubling  ships  are  Uable  to  be  separated  so  far  from  their  own  fleet  as 
to  be  prevented  from  rejoining  it ;  and  it  is,  on  the  whole,  consid^^ 
more  advantageous  to  double  a  fleet  by  its  rear  than  by  its  van,  since 
in  the  event  of  some  of  the  enemy's  ships  being  damaged,  and  unable 
to  keep  up  with  the  rest,  such  ships  may  be  taken  by  those  which  are 
performing  the  manoeuvre  of  doubling :  should  any  of  these  last  be 
separated  from  their  fleet,  they  can  remain  in  the  rear  without  risk, 
till  an  opportimity  is  ofiered  of  rejoining  it.  At  the  battle  of  the  Nile 
(1798),  Admiral  Nelson  doubled  the  van  of  the  French  line,  and 
attacked  it  on  both  sides,  while  the  other  ships  of  that  line,  the  whole 
fleet  being  at  anchor,  could  afford-  no  assistance.  In  order  to  avoid 
being  turned,  the  largest  ships  of  a  fleet  ought  to  be  in  the  van  and 
rear  of  its  line  when  in  order  of  battle ;  and  the  rate  of  sailing  for  each 
should  be  such  that  the  rear  ships  may  never  be  astern  of  the  enemy. 
Care  should  also  be  taken  that  the  ships  are  as  close  together  as 
possible,  that  the  enemy  may  not  pass  between  any  two  of  tkem,  and 
thus  break  the  order  of  battle. 

It  is  well  known,  from  the  records  of  naval  history,  that  the 
manoeuvre  of  cutting  through  the  line  of  an  enemy's  fleet  during  an 
engagement  has  been  sevend  times  performed  by  English  commanders 
since  the  middle  of  the  17th  century.  In  an  action  with  the  Dutch, 
in  the  year  1652,  Sir  George  Ayscue  is  said  to  have  charged  from  the 
leeward  through  the  fleet  of  the  enemy;  and  in  that  between  the 
English  and  Dutch  fleets  in  1665,  the  earl  of  Sandwich  cut  through 
the  centre  of  the  Dutch  line,  and  caused  the  disorder  which  ended  in 
its  total  defeat :  again  in  May,  1672,  Sir  Joseph  Jordan,  of  the  Blue 
squadron,  having  the  advantage  of  the  wind,  pierced  the  Dutch  fleet 
and  threw  it  into  confusion.  But  the  action  which  first  gave  notoriety 
to  the  manoeuvre  was  that  in  which  Admiral  Rodney  gained  the  im- 
portant  victory  over  the  French  fleet  commanded  by  the  Comte  de 
Qrasse:  this  action  was  fought  in  1782.  The  battle  in  which  the 
brilliant  career  of  Lord  Nelson  terminated  with  a  decisive  victory 
(1805)  owed  the  success  with  which  it  was  crowned  to  the  employment 
of  a  Uke  mode  of  attack. 

The  honour  of  having  been  the  first  to  demonstrate  fully  the  prin- 
ciples on  which  the  manoeuvres  of  an  attack  against  fleets  to  windward 
or  to  leeward  depend,  is  generally  ascribed  to  Mr.  Clerk  of  Eldin,  who 
published  the  first  edition  of  his 'Essay  on  Naval  Tactics 'in  1782; 
and  it  has  been  asserted  (Playfair's '  Memoir  of  Mr.  Clerk ')  that  Clerk 
had,  in  conversation,  communicated  to  Sir  Charles  Douglas  (Rodney's 
flag-captain)  his  whole  system  of  tactics  in  the  year  preceding  that  in 
which  the  battle  with  the  Comte  de  Qrasse  was  fought.  The  accuracy 
of  this  assertion  has  been  however  disproved  by  Sir  Howard  Douglas, 
in lus' Memoir  on  Naval  Evolutions;'  and  from  an  account  of  the 
circumstances  under  which  the  manoeuvre  of  breaking  the  French  line 
was  performed,  as  they  have  been  given  by  Sir  Charles  Dashwood  (one 
of  Admiral  Rodney's  aides-de-camp  on  the  day  of  the  action),  it  appears 
that  the  idea  of  the  manoeuvre  was,  at  the  moment,  suggested  to  the 
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admiral  by  Sir  Charles  Douglas  on  perceiving  an  opening  in  the  French 
line  between  two  of  the  ships  near  its  centre.  The  French  fleet  was 
formed  in  line  on  a  larboard  tack,  and  tended  to  gain  the  windward 
side  of  the  British  line,  which  from  the  leeward  side  advanced  obliquely 
towards  the  fifth  ship  from  the  van  of  the  enemy.  Signals  were  then 
made  for  the  British  ships  to  dose  up  in  their  line,  and  the  action  com- 
menced as  the  two  fleets  ranged  in  oraosite  directions  alongside  of 
each  other.  When  the  centre  of  the  ^tish  fleet  came  opposite  the 
third  or  fourth  ship  of  the  French  line,  Admiral  Rodney's  ship  b^gan  a 
close  action  within  half  a  musket-shot  against  the  ships  of  the  enemy 
with  which  it  came  successively  abreast ;  and  then  the  opening  appear- 
ing as  above  mentioned,  the  opportunity  was  seized  of  passing  through 
it :  this  was  done  so  near  the  enemy,  that  the  admiral's  ship  almost 
touched  the  French  ship  on  each  side.  The  ships  astern  of  the  admiral 
followed  him  closely,  and  these  kept  up  a  powerful  raking  fire  against 
the  ships  in  the  rear  division  of  the  enemy's  fleet,  which,  being  &ven 
to  leeward  as  the  van  of  the  British  fleet  passed  them,  broke  into  two 
divisions,  and  made  sail  before  the  wind  to  escape.  As  soon  as  the 
van  of  the  French  fleet  was  left  bej^ond  the  rear  of  the  still  advancing 
line  of  British  ships,  it  also  broke  into  two  divisions,  which  retreated 
in  different  directions ;  and  then  the  signal  being  made  for  the  ships  to 
dose  up.  the  British  fleet  followed  in  pursuit  of  that  division  with 
which  the  French  admiral  had  retired.  At  the  battle  of  Trafalgar 
(1805),  the  combined  French  and  Spanish  fleets  were  drawn  up  in  one 
Une,  of  a  crescent  form,  the  convex  part  being  to  leeward  of  the  wings, 
while  the  fleet  of  Lord  Nelson  bore  up  against  it  in  two  lines,  in  the 
order  of  sailing ;  the  leading  ships  of  the  lines  broke  through  ike  fleet 
of  the  enemy  in  two  places,  and  were  followed  by  those  of  their  respec- 
tive divisions. 

The  manoeuvre  of  breaking  the  line  of  a  fleet,  like  that  of  attacking 
in  column  the  line  of  an  army,  may  not  always  succeed ;  and  in  the 
action,  June  8,  1665,  several  squadrons  passed  through  and  through 
the  Dutch  fleet  without  gaining  any  advantage.  If  the  line  of  tne 
enemy  is  strong,  the  ships  which  would  pierce  it  may  be  placed 
between  two  fires,  or  may  be  cut  off  from  the  rest  of  their  fleet ;  and 
perhaps  the  manoeuvre  ought  not  to  be  attempted  unless  tiie  line  to  be 
broken  is  alreadv  disordered  by  the  action,  or  unless  a  favourable 
opportunity  should  present  itseu  from  negligence  or  want  of  skill  in 
the  enemy. 

Should  suffident  reasons  exist  for  performing  the  manoeuvre  by  a 
fleet  which  is  to  leeward  of  its  enemy,  the  ships  of  that  fleet 
should  close  up  as  much  as  possible,  and  by  a  press  of  sail  eet 
rapidly  through  the  opening  without  attempting  to  engage  the  ships 
between  which  they  pass ;  or  each  should  give  me  fire  of  a  broadside 
to  one  only,  reserving  the  other  broadside  for  the  ship  with  which  it  is 
to  engage  in  the  new  position  :  this  position  the  ships  should  of  course 
mia  as  soon  as  possible.  On  the  other  hand,  an  attempt  to  break  the 
line  of  battle  may  be  counteracted  bv  causing  all  the  fleet,  as  soon  as 
some  of  the  enemy's  ships  have  gut  through,  to  put  itself  on  the  same 
tack  as  these ;  by  which  means  some  of  them  will  be  engaged  between 
two  fires,  and  others  will  be  cut  off  from  all  connection  with  the  fieet 
to  which  they  belong. 

When  the  commander  of  a  ship  intends  with  that  ship  to  come  to 
action  with  one  of  the  enemy  to  leeward,  he  should  bear  down 
obliquely  towards  the  latter  till  he  gets  nearly  into  its  wake ;  and  when 
at  a  proper  distance,  he  may  either  run  up  alongside,  or  having  shot 
a-heaid,  veer  and  run  down  on  the  weather  bow :  the  ship  attacked 
should  never  be  allowed  to  bring  her  broadside  to  bear  except  when 
both  ships  are  in  parallel  positions. 

In  chasing  an  enemy's  flliip  which  is  to  windward,  the  chaser  being 
presumed  to  sail  better  than  the  ship  she  pursues,  it  is  recommended 
that  the  former  should  stand  on  dose-hatdod  till  abreast  of  the  chase ; 
she  should  then  tack, and  stand  on  close-hauled  till  iigan  abreast;  and 
BO  on.  The  ship  chased,  on  the  other  hand,  should,  in  order  to  avoid 
loss  of  time,  continue  constantly,  if  possible,  on  one  course ;  but  it  is 
evident,  from  the  supposed  inferiority  of  her  sailing,  that  she  must  at 
length  be  overtaken  by  her  pursuer. 

Sudi  have  been,  and  such  would  continue  to  be,  the  basis  of  sys- 
tematic naval  warfare  with  sailing  fleets.  As  regards  the  Royal  Navy, 
an  extended  system  of  manoeuvres  is  called  for,  inasmuch  as  more  pre- 
cision in  evolutions  is  attainable  by  steam-fleets  such  as  will  be  our 
future  defence. 

To  this  subject  both  English  and  French  writers  have  already  given 
their  professional  attention ;  and  Uie  French  admiral,  De  la  Gravi^re, 
in  his  work  called  '  Guerres  Maritimes,'  advocates  the  all-predominant 
advantages  of  tpeed  over  an  adversary.  It  is  to  Admiral  Bowles,  C.B., 
that  we  owe  even  the  present  position  of  tlie  question  of  naval  tactics ; 
for  in  1846  he  called  attention  to  the  necessity  of  improved  modes  of 
manoeuvring  steam- vessels  before  an  enemy,  as  may  be  seen  in  his  '  Essay 
on  Naval  Tactics,'  1846.  He  was  ably  seconded  by  Capt.  Dahlgren,  U.S. 
navy,  in  his  work  on '  Shells  and  Shell  Guns.'  But  it  is  to  General  Sir 
Howard  Douglas,  Bart.,  that  this  country  owes  that  development  of  a 
system  which  has  been  very  carefully  illustrated  by  him  in  numerous 
diagrams  in  his  '  Naval  Warfare.'  We  refer,  therefore,  to  that  work 
for  further  details,  which  would  be  unnecessary  in  this  Cyclopeedia— a 
work  not  only  valuable  to  every  naval  commander,  but  also  to  merchant 
captains,  who  may  resolve  to  defend  the  costly  ships  and  steamers  com- 
mitted to  their  charge.     We  merely,  therefore  remark  in  brief,  as  a  ' 


few  main  features  of  his  most  recent  opinions — the  keeping  of  a  fleet 
of  steamers  in  well  concentrated  columns  on  lines  of  bearing  en  ickdon  ; 
the  turning  an  enemy's  flank  by  an  oblique  movement,  as  practised  on 
land  by  Frederick  II.,  by  Napoleon  at  Austerlitz,  by  Wellington  at 
Waterloo,  &c.,  ftc. ;  and  this  by  bringing  an  overwhelming  force  upon 
the  point  attacked;  the  steaming  in  Unit  abreast,  in  readiness  by  a 
simple  movement  of  each  ship's  head  to  form  Mdon  of  ships  in  line 
ahead,  dther  as  offensive  or  defensive  measures.  This  consists  of  a 
wedge-shaped  double  line  formed  on  a  central  ship,  in  the  form  of  two 
sides  of  a  right  angle,  the  sides  being  right  angled  at  such  central  ship, 
each  diip  making  with  the  other  an  angle  of  four  points.  Sir  Howard 
Douglas  entirdy  repudiates  the  practice  of  fighting  in  paralld  order. 

{Traits  des  Evolatumt  Navales,  par  P.  Paul  Hoste,  1690.  A  Trans- 
lation of  the  same  by  Captain  Boswall,  R.N.,  1834 ;  Clerk's  Es$ay  on 
Naval  Tactics,  1790 ;  L'Art  de  Gnerre  en  Mer,  par  M.  le  Yiscomte  de 
Gr^nier,  1788 ;  Steele,  1794.  Admiral  Sir  Charles  Ekins,  Naval  BatOes; 
and  Admiral  Sir  Howard  Douglas's  Naval  Warfare  with  Steam,  18S2 
and  1858.) 

TiENIA.    [Moulding.] 

TAIL,  ESTATE.    [Estatr] 

TAILZIE,  in  the  law  of  Scotland,  is  the  technical  term  corre^wnd- 
ing  with  the  English  word  Entail,  which  now  generally  supersedes 
it  in  colloquial  use,  even  in  Scotland.  The  early  history  of  Entail 
law  in  Scotland  in  some  respects  resembles  that  of  Eneland,  but 
in  later  times  they  diverged  from  each  other.  In  Scotland  there 
was  no  early  effort,  such  as  the  statute  of  Westminster  the  Second 
(18  £dw.  I.)  favouring  deeds  appointing  a  fixed  series  of  heirs,  nor  does 
there  appear  to  have  been  on  the  part  of  the  judges  that  inclination  to 
permit  perpetuities  to  be  defeated  by  fictions  which  was  shown  in 
England.  Devices,  however,  of  a  very  similar  character  to  those  of 
the  English  statute  were  adopted  to  defeat  attempts  by  holders  under 
entail  to  use  their  lands  as  if  they  were  absolute  proprietors.  The 
first  and  simplest  restriction  laid  on  the  destined  heirs  of  an  entail  was 
in  the  form  of  a  mere  prohibition,  against  contracting  debt  which 
might  occasion  the  attachment  of  the  estate  by  creditors,  selling  the 
property,  altering  the  order  of  succession,  and  the  like.  A  provision 
of  this  character,  called  the  "  Prohibitive  clause,"  was,  however,  quite 
insuffident  to  accomplish  the  end;  because  if  a  creditor  had  really 
attached  the  estate  for  debt,  or  a  person  had  bond  fide  purchased  it,  it 
was  no  ground  for  wresting  the  title  out  of  his  hands,  that  the  pro- 
prietor was  under  a  prohibition  against  permitting  such  occurrences. 
A  second  provision  was  added,  called  an  "  Irritant  clause,"  by  which  any 
right  acquired  contrair  to  the  provisions  of  the  entail  was  declared  to 
be  null.  Still  this  did  not  effectually  intimidate  the  holder  under  the 
entail  from  making  efforts  to  break  it,  and  did  not  give  the  next  in 
succession  a  suffident  title  to  interfere.  A  third  provision  was  added 
called  the  "  Resolutive  clause,"  by  which  the  right  of  the  person  who 
contravenes  the  prohibition  "  resolves  "  or  becomes  forfeited.  It  was 
then  provided  by  statute  (1685,  c  22)  that  all  entails  should  be  effective 
which  contained  Irritant  and  Resolutive  clauses,  were  duly  recorded  in 
the  Register  of  Entails,  and  were  followed  by  recorded  saisins  con- 
taining  the  Prohibitory,  Irritant,  and  Resolutive  clauses.  Entails  thus 
became  a  permanent  feature  in  the  institutions  of  the  country.  A  sort 
of  judicial  war  was  for  a  time  carried  on  against  them,  which  produced 
a  vast  amount  of  litigation  and  strife,  and  placed  the  titles  of  property 
in  a  precarious  and  doubtful  podtion.  Quite  recently,  however,  the 
entail  law  of  Scotland  has  been  assimilated  to  that  of  England ;  the 
method  of  creating  entails  has  been  umplifled,  and  means  of  barring 
them  provided,  so  that,  except  in  matters  of  form,  the  law  of  Scotland 
with  respect  to  entails  now  closely  resembles  that  of  England. 

TALAPOINS  is  the  name  given  by  the  Portuguese,  and  ifter  them 
by  other  European  nations,  to  the  Buddhist  priests,  or  rather  monks, 
of  Siam,  and  is  supposed  to  be  derived  from  the  fan  which  they  always 
carry,  usually  made  of  a  lotf  of  the  palmyra-tree,  and  hence,  says 
Crawf  urd  ('  Journal  of  Embassy  to  Siam '),  denominated  by  the  Sanskrit 
word  Talpat,  Tal  is  the  common  Indian  name  for  the  palmyra ;  and 
the  older  travellers  give  Tdapa  as  the  Siamese  word  for  a  &n.  By 
the  Biumese  the  Talapoins  are  said  to  be  called  Rahans,  whence  seems 
to  come  the  name  Raulins,  given  to  them  by  the  Mohammedans ;  as 
by  the  Chinese  they  are  called  Ho-changi;  in  Tibet,  Lama^en  or 
Lamas;  and  in  Japan,  Bonzes.  (Prevost,  'Histoire  G^n^rale  des 
Voyages,'  vi. ;  and '  Christianisme  en  Chine,  en  Tartaric,  et  au  Thibet,' 
par  M.  Hue,  1857.)  In  Ceylon  the  name  for  the  priests  is  stated  by 
Sir  J.  E.  Tennent,  in  his  *  Christianity  in  Ceylon,'  1850,  to  be  Sama- 
naros,  the  name  also  given  to  them  in  Siam;  apparently  the  same 
word  as  the  Samaneans,  or  Buddhists  of  Bahar,  quoted  by  Pliny  and 
Strabo  from  Megasthenes,  B.C.  800. 

They  are,  as  has  been  stated,  a  species  of  m»nks  living  in  com- 
munities of  from  ten  to  some  hundreds,  and  employing  their  time  in 
devotion,  religious  study,  and  meditation,  and  in  begging,  or  rather 
receiring  alms,  for  Uiey  are  not  permitted  actually  to  soUdt  charity. 
Their  dresses  of  yellow  cotton  or  silk  (which  are  essential  to  the 
priesthood,  and  the  quitting  of  which  is  an  abandonment  of  the 
order)  are  of  the  same  &shion  as  those  of  the  Buddhist  priests  in 
Ava  and  Ceylon,  and  present  a  highly  favourable  contrast  to  the  rags 
and  squalidity  of  the  general  population.  On  the  other  hand,  a  tala- 
poin  is  not  only  separated  from  society  by  being  condemned  to  oelibacy» 
and  is  prohibited  from  possesdng  property,  but  is  expected  to  obaerv^ 
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Tery  strictly  Beveral  of  the  precepts  of  the  national  religion  which  are 
very  little  attended  to  by  anybody  elae,  eepecially  Uie  prohibitionB 
against  the  slaying  of  animals  (although  they  will  eat  them  when  slain), 
stealing,  adultery,  lying,  and  drinking  wine.  Sir  J.  K  Tennent  states 
that  they  are  wretchedly  poor,  and  m  point  of  education  rise  little 
above  the  peasantry,  but  tluit  they  are  superstitiously  sincere. 

TALBOTYPE.    [Photooraphy.] 

TALENT  {riXayrop)  was  the  highest  denomination  of  Greek 
weights  and  money,  and  was  also  conunonly  used  by  Qreek  writers  as 
the  translation  of  words  signifying  a  certain  weight  in  other  languages. 
It  is  necessary  to  observe  that  the  talent  is  i»Y)perly  only  a  denomina; 
tion  of  weignL  There  was  no  coin  of  that  name ;  and  when  used  in 
reference  to  money,  it  meant  originally  a  talent-weight  of  gold  or 
silver,  and  afterwards  a  certain  quantity  of  current  money,  the  weight 
of  which  (supposing  the  real  and  nominal  value  of  the  coin  to  be  the 
same)  amounted  to  a  talent. 

I.  The  Hebrew  Talent,  or  Kirhar  pSS),  contained  3000  shekels,  and, 
according  to  Mr.  Hussey*B  computation,  its  weight  was  93  lbs.  12  ozs 
avoirdupois,  and  its  value  as  tUver-money  896/.  6t,  lOd,    [Shekel.] 
The  Hebrews  had  no  gold  money  of  their  own. 

II.  The  Greek  Talent. — The  following  were  the  principal  denomina- 
tions of  weight  and  money  among  the  Greeks  : — 6fio\6t,  tpaxM''^,  fit^ 
TcUarror,  of  which  the  6fio\6s  was  the  smallest.  Their  relative  pro- 
portions are  shown  in  the  annexed  table  : — 


Obol 

Drachma 

6 

600 

100 

Mina 

86,000 

6000 

60 

Talent. 


This  system  prevailed  throughout  Greece,  but  the  actual  values  of  the 
talent  varied  in  different  states.  Most  of  these  variations  may  be 
included  under  two  chief  standards,  namely,  the  Attic  and  ^ginetan. 

1.  The  Attie  Talent. — The  value  of  the  Attic  talent  before  the  time 
of  Solon  is  a  matter  on  which  we  possess  little  historical  information, 
though  there  is  no  doubt  that  previous  to  Solon  the  Euboic  talent  was 
in  use^  and  coins  exist  which  are  held  to  belong  to  that  period.  After 
Solon  had  remodelled  the  coinage,  the  Attic  silver  money  was 
celebrated  for  its  purity;  and  therefore  from  the  coins  of  that  period 
which  still  exist  we  may  determine  the  value  of  the  standard  with 
tolerable  certainty.  Now  the  chief  coin  was  the  drachma  of  silver,  the 
average  weight  of  which,  from  the  time  of  Solon  to  that  of  AleiCander 
the  Great,  is  found  to  be  66'5  grains.  From  this  we  get  the  following 
values  in  avoirdupois  weight : — 

lb,     OB.        gr. 

Obol ll'OS 

Drachma     .        •        •        • 66*5 

Mina 15  83*76 

Talent 56       15^  100*63 

This  was  the  standard  always  used  for  silver  money,  and  was  there- 
fore called  "  the  silver  standard.** 

Besides  this  there  was  another  standard,  the  chief  weight  of  which 
was  called  the  eommereial  mina  ( ^  fufa  ri  iforopucii),  and  contained  188 
drachmae, "  according  to  the  standard  weights  in  the  silver  mint "  (see 
a  decree  in  Bockh,  '  Corp.  Inscrip.',  L  128,  §  4) ;  that  is,  not  that  a 
commercial  mina  contained  188  commercial  drachmse,  but  that  this 
wss  quite  a  different  standard  from  that  used  for  silver  money,  its 
unit  being  to  that  of  the  latter  in  the  ratio  of  188  :  100 ;  while  the 
rtkUive  proportions  of  the  weights  were  the  same  in  both  systems. 
The  following  table  shows  tiie  value  of  the  Attic  commercial 
standard : — 


Obol 

Drachma 
Mina 
Talent 


lb.     oz. 


. *       . .       w* 
1       4}       9S*i 
75       5}       14* 


15*29 
91*77 
69 
69 


These  weights  were  used  for  all  commodities,  except  such  as  were 
expressly  required  by  law  to  be  sold  by  the  silver  standard. 

This  commercial  standard  is  most  probably,  as  Bockh  has  shown,  the 
real  ancient  Attic  standard,  as  it  existed  before  the  time  of  Solon. 
The  purpose  of  Solon's  dumge  was  to  lower  the  value  of  money,  in 
order  to  relieve  debtors.  The  only  direct  information  we  have  of  the 
nature  of  the  change  is  the  statement  of  Plutarch,  that  *'  Solon  made 
the  mina  of  100  drachmss,  which  had  formerly  contained  73,"  which 
is  probably  a  mistake  made  by  Plutarch,  through  not  understanding 
the  words  of  Androtion,  whose  authority  he  follows.  The  true 
meaning  seems  undoubtedly  to  be,  that  out  of  the  tame  mtantUy  of 
tilver  which  in  the  ancient  standard  made  73  drachmce,  Solon  coined 
100,  or  a  mina ;  that  is,  that  he  lowered  the  standard  in  the  ratio  of 
100  .'  73.  Now  the  ratio  of  the  commercial  to  the  silver  standard  is 
188  :  100  =  100  :  72^.  Hence  the  commercial  standard  and  the  old 
Attic  only  differed  by  a  small  fraction. 

Still  this  ratio  of  100  :  73  is  a  very  singular  one  for  Solon  to  have 
adopted.  Bockh  suggested  that  Solon  meant  to  lower  the  standard  by 
a  quarter,  that  is,  in  the  ratio  of  100  :  75,  and  that  the  new  coinage 
(by  an  accident  of  not  uncommon  occurrence  in  minting)  was  f om^. 


when  actually  made,  to  be  a  little  too  light,  namely,  in  the  ratio  of 
72^  :  loo,  or,  in  round  numbers,  73  :  100  to  the  old  money,  instead  of 
76  :  100 ;  but  a  further  investigation  has  led  him  to  conclude  tiiat  the 
true  reason  was  to  bring  the  new  system  into  a  definite  proportion 
with  the  ^ginetan  whidi  prevailed  widdy  in  Greece,  and  tins  pro- 
portion is  as  3  :  6. 

The  Romans  reckoned  both  the  Attic  and  Euboic  talents  as  equal  to 
80  Koman  pounds  (compare  Polyb.  xxi  ]  4,  with  xxii.  26,  and  Liv. 
xxxviL  46.  with  xxxviii  38). 

The  Attic  conunerdal  standard  underwent  an  alteration  by  the 
edict  above  referred  to,  which  made 

its  mina  =  160  drachmn  (silver) 
its  6  minse  =      6  minse  (commercial) 
its  talent  =    66  minso  (commercial) 

In  this  new  standard  the  five-minflo  weight  was  equal  to  71b.  13}  ok* 
14-96  grs ,  and  the  talent  to  86  lbs.  2|  oz.  70*7  grs. 

The  Athenians  took  the  greatest  care  of  their  standards  of  weight. 
The  principal  set  were  lodged  in  the  Acropolis,  and  there  were  other 
sets  in  the  Prytaneum,  at  Pirteus,  and  at  Eleusis. 

The  highest  coin  used  by  the  Athenians  was  the  tetradrachm,  or 
piece  of  four  drachnue ;  the  mina  and  talent  were  never  coined,  but 
were  paid  in  drachme,  oboli,  fta  The  following  table  shows  the  value 
of  all  the  denominations  of  Attie  silver  money,  according  to  the  com- 
putations of  Mr.  Hussey : — 

£    $,    d,     farthingt, 

Chalcoa  (of  copper)      •        •        •  *8125 

JOhol t'625 

{obol S-25 

Ohol 1  2*5 

Diobolon 3  1 

Trlobolon        .....  4  3*5 

Tetrobolon           ....  62 

Drachma         .        •        .        .     .  9  3 

Didrachm    .        •        .        .        •  17  2 

Tetradrachm  .....  33 

Mina 4     13 

Talent 243  15 

2.  The  jEginetan  talent.— PoUvlt  (ix.  76,  86)  says  that  the  ^ginetan 
talent  contained  10,000  Attic  dradu&e,  and  the  iBginetan  drachma 
10  Attic  obols,  whidi  would  give  the  ratio  of  6  :  8  for  that  of  the 
.£ginetan  to  the  Attic  talent.  According  to  this  statement,  the 
.^Iginetan  drachma  weighed  110  grains  English.  Now  the  existing 
coins  give  an  average  of  only  96  grains;  and  the  question  therefore  is 
whether  we  are  to  follow  Pollux  or  the  coins.  Mr.  Hussey  taU^es  the 
latter  course,  explaining  the  statement  of  Pollux  as  referring  to  the 
debased  drachma  of  later  times,  which  was  about  equal  to  the  Koman 
denarius.  Bockh  adheres  to  the  statement  of  Pollux,  explaining  the 
lightness  of  the  existing  coins  by  the  well-known  tendency  of  the 
ancient  mints  to  depart  from  the  full  value.  He  has  supported  his 
.view  by  some  very  strong  and  ingenious  ax^uments,  and  on  the  whole 
he  appears  to  be  right. 

There  were  other  talents  used  by  the  Ghreeks  and  Romans,  most  of 
which  seem  to  have  been  derived  from  one  of  these  two  standards,  but 
the  accounts  of  ancient  writers  resnecting  them  are  very  contradictory. 
Their  values  are  discussed  at  lengtn  by  Bockh,  Hussey,  and  Humphrey. 

The  most  important  variations  of  the  ^£ginetan  standard  were  those 
used  in  Macedonia,  Corinth,  and  Sicily. 

The  above  talents  were  all  reckoned  in  silver  money.  There  was 
also  a  talent  of  gold,  which  was  much  smaller.  It  was  used  chiefly  by 
the  Greeks  of  Italy  and  Sicily,  whence  it  was  called  the  Sicilian  talent 
as  well  as  the  gold  talent,  it  was  equal  to  6  Attic  drachme,  that  is, 
about  I  02.  and  71  grs.  It  was  divided  by  the  Italian  Greeks  into  24 
nummif  and  afterwards  into  12,  each  nummus  containing  24  Utns, 
When  Homer  uses  the  word  talent,  we  must  always  undex^tand  by  it 
this  small  one  of  gold.  In  other  classical  writers  the  word  generally 
means  the  Attic  talents 

(Bockh, Metroloff.  UntertwA,  ;  Hussey,  Antient  Weights  and  Money; 
Humphrey,  Coin  CoUector*$  Manual,  1863.) 

TALE'S.  At  common  law,  when  the  number  of  jurymen  in  attend- 
ance was  so  small,  or  so  much  diminished  by  challenges  that  a  full  jury 
could  not  be  had,  a  writ  (then  in  Latin)  issued  to  the  sheriff,  command- 
ing him  to  summon  eueh  (tales)  other  fit  persons,  &c.,  for  the  purpose 
of  making  up  the  jury.  The  jurors  so  procured  were  called  talesmen, 
from  the  Latin  word  used  in  the  writ  By  the  statute  36  Henry  VIII., 
e.  6,  the  defect  of  jurors  might,  at  the  request  of  the  plaintiff  or  de- 
fendant in  an  action,  be  supplied  from  tw^  other  able  persons  of  the 
said  countv  then  present,  and  these  were  ordinarilv  called,  from  the 
words  in  the  Latin  writ,  "  tales  de  droumstantibtis.  Subsequent  sta- 
tutes extended  and  regulated  the  application  of  this  statute.  The  act 
now  in  force  is  the  6  Geo.  IV.,  c.  60,  s.  37. 

TALIONIS,  LEX,  the  law  of  retaliation ;  the  notion  of  which  is 
that  of  a  punishment  which  shall  be  the  same  in  kind  and  degree 
as  the  injury.  This  pu|iishment  was  a  part  of  the  Mosaic  Law: 
"  breach  for  breach,  eye  for  eye,  tooth  for  tooth :  as  he  hath  caused 
a  blemish  in  a  man,  so  shall  it  be  done  to  him  again.  Levit  xxiv., 
20.  The  name  "  tidio*'  occurs  in  the  {nrovisions  of  the  Twelve  Tables : 
it  is  not  there  defined  what  it  means,  but  the  BiniifiQation  of  the  tenn 
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HM^  b«  oolleoied  from  other  places.    The  woid  eontaioB  ths  iame 
•lement  as  the  word  talis, "  such,"  or  ''Uke.'' 

TALISMAN,  an  Arabio  word,  auppoged  to  be  derived  from  the 
Greek  UUsma  {r4kt<rfia),  is  a  figure  CMt  in  metal  or  cut  in  stone,  and 
made  with  certain  sup^^itious  oeremonies,  when  two  planets  are  in 
conjunction,  or  when  a  certain  star  is  at  its  culminating  point.  A  talis- 
man  thus  prepared  is  supposed  to  exercise  an  influence  over  the  bearer, 
preserving  him  from  disease,  rendering  him  invulnerable  in  battle,  and 
so  forth.  They  were  probably  used  originally  to  avert  disease,  for  we 
find  them  mentioned  in  ths  history  of  medicine  among  all  ancient 
nations.  The  Egyptians  made  use  of  figures  of  sacred  animals,  such 
as  the  ibis  and  the  scarabseus,  which  they  wore  generally  suspended 
from  their  necks.  The  Arabs  and  the  Turks  did  the  same,  when  they 
were  idolaters;  but  after  their  conversion  to  Islam,  they  used 
sentences  from  the  Koran,  taken  chiefly  from  the  surah,  or  chapter, 
entitled '  The  Incantation.'  These  they  wore  inscribed  on  rolls  of 
vellum  or  paper,  enclosed  in  a  silver  box,  and  suspended  from  their 
neck;  or  else  engraven  upon  a  signet  ring.  Military  men  used 
similar  sentences  from  the  Koran  on  the  hilt  or  blade  of  tiieir  swords ; 
on  their  shields,  helmets,  and  other  pieces  of  armour;  or  woven  into 
^eir  garments.  Christian  nations  even  were  not  exempt  from  this 
superstition.  In  the  middle  ages,  relics  of  saints,  consecrated  candles, 
am  rods,  rosaries.  &c.,  were  employed,  and  still  are,  in  Spain  and  in 
some  parts  of  Italy. 

TALLAQE  is  derived,  according  to  Lord  Coke,  from  the  law  Latin 
word  taUagium,  or  taUagium,'wbich,  as  he  says,  "  cometh  of  the  French 
word  tailei;  to  share  or  cut  out  a  part,  and  metaphorically  is  taken 
when  the  king  or  any  other  hath  a  share  or  part  of  Uie  value  of  a  man's 
goods  or  chattels,  or  a  share  or  part  of  the  annual  revenue  of  his  lands, 
or  puts  any  charge  or  burthen  upon  another ;  so  as  iallagium  is  a 
general  word,  and  doth  include  all  subsidies,  taxes,  tenths,  fifteenths, 
or  other  burthens  or  charge  put  or  set  upon  any  man."  It  was 
generally  however  confined  in  its  sense  to  taxes  received  by  the  king. 
The  most  important  statute  on  the  subject  is  entitled  '  De  Tallagio 
non  concedendo,'  which  was  passed  in  the  34th  year  of  Edward  III., 
to  quiet  the  discontent  then  imiversal  throughout  the  kingdom.  It 
had  arisen  among  the  commons  in  consequence  of  the  king  having 
taken  a  tallage  of  all  cities,  boroughs,  and  towns  without  the  assent  of 
parliament.  He  was  embroiled  also  with  the  nobles  and  landowners, 
from  having  attempted,  unsuccessfully  however,  to  compel  all  free- 
holders of  land  above  the  value  of  20^  to  contribute  either  men  or 
money  towards  his  wars  in  Flanders.  l%e  first  chapter  of  the 
Utatute  is  the  most  important :  **  No  tallage  or  aid  may  be  set  or 
levied  by  us  or  our  heirs  in  omr  kingdom  without  the  good  will 
and  assent  of  the  archbishops,  bishops,  counts,  barons,  knights, 
burgeasesy  and  other  free  men  of  the  commons  of  our  kingdom." 
These  words,  as  Lord  Coke  says,  are  "  plain  without  any  scruple, 
absolute  without  any  saving ;"  and,  if  there  could  have  been  perfect 
reliance  on  their  operation,  must  have  been  entirely  satisfactory. 
But  the  same  king  had  just  violated  almost  the  same  engagements 
•ntered  into  by  himself  only  six  years  before.  (25  Edwi^  I.,  c. 
6,  6,  7,  '  Confirmationes  Chartarum ;'  2  Inst.,  530.) 

TALLOW  (French,  tuif;  Qerman,  talg ;  Italian,  swo,  ugo;  Russian, 
salo,  tcplenoe  ;  Spanish,  je&o)  is  animal  fat  melted  and  separated  from 
the  membranous  matter  which  is  naturally  mixed  with  it.  When  pure, 
tallow  is  white,  and  nearly  tasteless;  but  the  tallow  of  eommeroe 
usually  has  a  yellow  tinge.  It  is  divided,  according  to  its  qualities, 
into  various  kinds,  of  which  the  best  are  used  for  t^e  manufacture  of 
candles,  and  the  inferior  lor  making  soap,  dresung  leather^  greasing 
machinery,  and  some  other  purposes. 

A  large  proportion  of  the  tallow  used  lor  making  candles  in  this 
eountry  is  of  home  production.  It  is  fitted  lor  use  by  the  renderer, 
who  chops  into  pieces  the  faX  and  suet  received  from  the  butchers,  and 
hoUs  it  in  water,  by  which  operation  the  greater  part  of  the  fat  is 
melted  out  from  the  membranes,  and  floats  to  the  top,  whence  it  is 
removed  by  skimming.  The  remaining  fiit  is  subsequently  squeezed 
from  the  membranes  by  a  powerful  press,  leaving  the  membranous 
matter  in  the  form  of  a  cake  or  block,  of  a  dark  colour,  which  is  called 
graves,  or  crackHngs,  and  which,  when  macerated  iu  warm  water, 
softens^  and^  swells,  and  is  used  as  food  for  poultiy,  dogs,  and  other 
domestic  animals.  The  operation  of  rendering  should  be  performed  as 
speedily  as  possible  after  the  removal  of  the  fat  from  the  carcass, 
because  the  fibrous  and  fleshy  matter  mixed  vrith  it  tend  to  promote 
putrefaction. 

Almost  all  our  imported  tallow  is  brought  from  Russia,  where  this 
article  is  produced  in  enormous  quantities.  About  250,000,000  lbs.  of 
tallow  are  fiunished  annually  to  the  rest  of  the  world,  providing  the  chief 
supply  of  soap  and  candles  to  England,  France,  Germany,  Scandinavia, 
Italy,  and  the  other  countries  of  Europe ;  and  this  is  all  in  addition  to 
the  large  quantity  consumed  by  the  Russians  themselves.  Nearly  the 
whole  of  this  quantity  is  furnished  by  the  Pontine  steppes,  in  the 
southern  part  of  European  Russia.  The  large  tallow-manufactories,  or 
SO^«fu,  as  they  are  called,  are  exclusively  in  the  hands  of  the  natives 
ol  Great  Ruasia,  who  buy  the  cattle  by  thousands,  and,  after  fattening 
tham  for  a  season,  drive  them  to  the  salgans  to  be  slaughtered.  The 
walgans,  to  which  the  tallow-boilers  usually  begin  to  drive  their  oxen  in 
small  numbers  towards  tbe  close  of  summer,  generally  consist  of  a 
iptfiious  court-yard  surrounded  by  the  buildings  necessary  for  the 


manufacture :  embracing  shambles  for  slaughtering  the  oxen,  houses 
containing  enormoiis  boilers  to  boil  down  the  flesh,  places  lor  salting 
the  hides,  and  counting-houses  and  dwellings  lor  the  workmen.  In  the 
sununer  these  establishments  are  untenanted,  except  by  dogs  and  birds 
of  prey,  which  hover  about  all  the  year  round,  attracted  by  the  nau- 
seous smell,  which,  however  alluring  to  them,  is  disgusting  to  a  visitor 
and  distressing  to  the  oxen.  Tbe  business  is  generally  carried  on 
during  the  rainy  season.  The  actual  slaughtering  is  performed  in  so 
rude  and  unartifioial  a  manner  as  to  occasion  mudb  needless  suffering 
to  the  beasts.  After  the  carcasses  are  skinned,  three  or  lour' poods  of 
flesh  are  cut  off  from  the  loins  and  back  lor  sale  in  the  banar  as 
meat,  there  being  little  fat  in  those  parts  of  the  body;  but  owing  to 
the  barbaroiu  method  of  slaughtering,  this  meat  ia  so  mudi  injured 
that  none  but  the  poor  will  buy  it.  The  remainder  ol  the  carcass  is 
cut  up,  and  everything,  excepting  the  intestines,  which  are  given  to 
the  pigs  (of  which  a  considerable  number  are  always  kept  at  the  salgaa 
to  fatten  during  the  season),  is  thrown  into  the  boilers,  of  which  there 
are  from  four  to  six  in  every  salgan,  each  large  enough  to  contain  the 
flesh  of  ten  or  fifteen  oxen.  A  little  water  is  put  into  the  boiler,  to 
prevent  the  **  soup,"  as  its  contents  are  termed,  from  burning.  The 
fat,  as  it  collects  at  the  top,  is  skimmed  off  with  large  Lidles ;  and 
before  it  is  quite  cold  it  is  poured  into  the  casks  in  which  it  is  after- 
wards shipped.  The  first  fat  which  comes  off  is  the  best,  and  is  quite 
white ;  while  that  which  follows  has  a  yellowish  tinge.  When  there 
are  not  sufficient  casks  at  hand,  the  hides  of  the  slaughtered  oxen  are 
sewn  up,  and  the  tallow  is  poured  into  them.  A  further  supply  of 
fat,  but  of  very  inferior  quality,  is  subsequently  obtained  by  subjecting 
the  mash  of  bones  and  flesh  to  huge  presses.  This  tallow,  which  is 
rarely  exported,  is  of  a  dark  brown  colour,  and  is  used  for  greasing 
wheels  and  for  other  coarse  purposes.  An  ox  in  good  condition  will 
yield  from  seven  to  eight  poods  (250  to  290  lbs.)  of  tallow,  which  is 
generally  worth  from  eleven  to  fifteen  rubles  a  pood.  The  article  is 
always  so  greatly  in  demand,  that  the  merchants  often  pay  part  of  the 
price  for  it  while  the  oxen  are  yet  grazing  on  the  steppes. 

The  merchants  of  St.  Petersburg  divide  the  tallow  which  they 
receive  from  the  interior  into  white  and  yellow  candle-tallow,  and 
common  and  Siberian  soap-tallow ;  the  latter,  which  is  considered  the 
best  tallow  for  soap-making,  being  brought  by  several  rivers  from 
Siberia  to  the  lake  Ladoga,  and  thence  to  the  ISeva  by  the  canal  of 
Schliisselburg.  An  ainhare,  or  warehouse,  is  appropriated  to  the 
reception  of  the  tallow  on  its  arrival,  in  which  it  is  selected  and 
assorted  (or  bradred)  according  to  quality,  after  which  the  casks  are 
marked  with  the  quality,  the  date  of  the  selection,  and  the  name  of 
the  bracher  or  selector.  The  white  tallow  is  usually  brought  in  conical 
casks,  2^  feet  in  diameter  at  the  largest  and  1}  at  the  smaUest  end ; 
but  the  yellow  tallow  is  commonly  in  casks  of  the  more  usual  shape. 
Yellow  candle-tallow,  when  good,  should  be  clean,  dry,  hard  when 
broken,  and  of  a  fine  yellow  colour  throughout.  The  white  candle- 
tallow,  when  good,  is  white,  brittle,  hard,  dry,  and  clean.  The  best 
white  tallow  is  brought  from  Woronesch.  Soap-tallow,  however,  is 
said  to  be  better  the  more  greasy  and  yellow  it  is.  M'Culloch  states 
that  120  poods  of  tallow,  gross  weight  (of  which  the  cask  is  usuallv 
about  10  per  cent.),  make  a  Petersburg  last,  and  63  poods  an  En^h 
ton. 

Different  kinds  of  tallow  melt  and  retain  their  fluidity  at  very 
different  degrees  of  temperature ;  the  fat  which  is  deposited  about  the 
kidneys  being,  in  all  animals,  harder  than  that  found,  in  the  cells  of  the 
bones,  and  especially  than  the  half -oily  fat  found  in  the  muscles  and 
other  soft  parts ;  while  the  fat  of  some  animals  ii  harder  than  that  of 
others — that  of  the  sheep  and  deer,  for  example,  congealing  much 
sooner  than  that  ol  the  ox  or  horse.  According,  therelore,  to  the 
different  kinds  of  fat  which  may  enter  into  its  composition,  tallow  will 
be  found  to  vary  considerably  in  fusibility ;  but  92^  is  the  heat  gene- 
rally given  as  its  melting-point,  though  Aikin  states  that  he  had  seen  a 
boiler-full  of  tallow  perfectly  fluid  at  72*,  and  even  then  not  sufliciently 
cooled  to  be  made  into  candles ;  nor  was  this  case,  he  observes,  con- 
sidered remerkablp,  ^whence  we  may  conclude  that  tallow,  made 
into  candles  and  exposed  to  the  air,  loses  much  of  its  fusibility." 

The  chief  uses  of  tallow  are  described  under  Candle  Manufaoture 
and  Soap  Manufacturb. 

During  a  long  period  of  years,  foreign  tallow  paid  an  import  duty  of 
Is.  6d.  per  cwt.,  and  tallow  from  wie  colonies  a  duty  of  only  Id 
These  duties  were  repealed  in  1860,  among  other  fiscal  changes  made 
by  Mr.  Qladstone. 

The  importation  of  tallow  has  now  reached  160,000,000  lbs.  annually. 
The  exact  figures  for  I860,  and  the  countries  whence  imported,  were 
as  follow : — 


From  Russia         • 

.  1,082,663  cwts. 

„    Australia 

12,005     „ 

„    South  Ameriea     . 

.      146,957     „ 

„    Other  countries 

.      188,488     „ 

1,430,108    „    or,  160,179,096  lbs. 

TALLY.  This  word  appears  to  be  derived  from  the  French  taille, 
or  tailleTf  each  of  which  expresses  the  idea  of  cutting  or  notching. 

The  use  of  notched  sticks  or  tallies  may  be  traced  to  a  very  remote 
period,  and  there  is  reason  to  believe  that  they  were  amon^  the  earliest 
means  devised  for  keeping  accounts.    Some  writers  conceive  that  the 
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Oreak  ■rmbolmn  {viitBtXar)  was  In  soms  omw  » IfMin  of  taU;,  whldh 
waa  used  bttwacm  aoatnotiiig  partiu  ;  being  brokaa  in  two,  and  □!>»■ 
half  gireD  to  och.  Upon  toidafa  of  wood  oalled  uqmi  the  Attamlaiu 
inaonbed  the  lawi  ol  Solon;  and  the  ancient  Britons  u«ed  to  out  their 
alphabet  with  a  knife  upon  a  atiok,  whkb,  thiu  inseribed,  was  oallad 
(Mbrtn  y  Bdrdd,  "  the  billet  of  aigna  of  the  barda,"  or  the  Bardio 
alphabet.  Theae  itieke  were  eonunonly  aquared,  but  were  aometiniaa 
thras-Bided  ;  each  aide,  in  either  aaaa,  oontainiof;  one  line  of  writing. 
AtHitfaer  illtutratioD,  of  later  date,  ia  the  clog-^manao,  deiiaribed  bj 
J>r.  Plot,  in  ISSS,  aa  Uien  comuuni  in  StaSbrdahire,    Su^  oalendan. 


TAHQENT. 


ti 


whioh  had  the  TKioni  days  marked  by  Dotdhss  of  diffennit  form*  and 
aizee,  were  ■ometlmea  inade  small  enough  to  cany  ia  the  pooket,  aDd 
aoraeUroea  larger,  for  hanging  up  in  the  hoitse.  SuaiUr  calendars  are 
said  to  hare  been  fonoerlf  used  in  Sweden.  Ferhaps  tha  moat  coi^ona 
of  these  tallies  ia  the  Saiun  Reive- Pole,  which,  down  to  ■  rewnt  period, 
waa  used  in  the  lale  of  Portland  for  ooIlaotinK  the  Tearly  leat  paid  to 
the  crown  aalord  of  the  manor.  This  rent.whiah  amounts  to  141. 14t.  Bd., 
la  ooUected  b;  the  reive,  or  atoward,  every  MicbaalmoB ;  the  sum  whloh 
each  person  Hm  to  pay  being  scored  upon  a  squared  pole,  a  portion  «f 
which  !a  represented  In  the  subjoined  cut,  with  figi^^  to  mark  the 
<r.  i.  d.  d. 


amount  indieated  by  eaoh  notch.  "  The  blaak  drola  at  the  top  dmotee 
the  pariah  of  HouUiirell,  and  Uiat  side  of  the  pole  oonliUna  tlie  oooount 
of  Uia  tax  paid  by  the  pahshlonera;  each  person's  aooouot  being 
divided  from  that  of  his  neighbour  by  the  circular  indentations  between 
each.    In  the  preaent  fautance  the  first  pays  2(({.,  the  second  ii.  2d., 


I.    d.  d.  a 
i        10    11* 
in  (tui  Ills  of  Porilond, 

tbe  next  one  farthing,  and  so  on."  The  oUieriide  of  the  pole  which  ia 
represented  in  the  out  U  appropriated  to  the  parish  of  Wakem,  of 
which  the  orose  within  a  cirole  is  the  distinctive  marL 

The  telllea  used  in  tJio  Eiahequar  (one  of  which  is  represented  by 
fig.  2)  anawered  the  purpoee  of  receipto  M  well  a«  simple  reoorda  of 


ExcheiiBer  Tally. 


{  huel  or  other 
1  for 


which  the  tally  waa  an  acknowledgment ;  one  kind  of  notoh  stmding 
for  10001.,  another  for  1002.,  another  for  tUl.,  and  othen  for  SDa,  Is., 
ka.  On  two  other  udes  oE  the  tally,  oppowte  to  eaob  other,  the 
amount  of  the  sum,  the  name  of  the  payer,  and  the  date  oE  the  tnuis- 
aotion,  ware  written  by  an  officer  calltd  the  writer  of  the  tallies ;  and, 
after  Uua  waa  dons,  the  stick  was  deft  longitudiDslly  in  such  a  mannra' 
that  each  piece  retained  one  oE  the  written  sidn,  and  one-lialf  of  every 
notch  cut  in  the  tally.  One  piece  waa  then  delivered  to  tie  person 
who  had  paid  in  the  money,  for  which  it  was  a  receipt  or  soquitlanos, 
while  the  other  was  preserved  in  the  Exchequer.  Uadox  observes, 
respecting  these  rude  and  primitive  records,  "  The  use  ol  them  waa 
very  ancient ;  coeval,  for  aught  I  know,  with  tha  Eichequar  itself  in 
England."  They  were  finally  disoontinued  at  the  remodelling  ot  tlie 
Exchequer  in  ls3i ;  and  it  is  worthy  of  recollection  that  the  fire  by 
which  the  Houses  of  Porliuuent  were  deetroyed  was  supposed  to  have 
originated  in  ttie  over-haating  ot  the  fluea  in  which  the  disairded  tallies 
were  being  burnt.  Clumsy  as  the  contrivance  tnay  appear,  tallies  were 
eSectual  in  the  prevention  of  forgeiy,  since  no  ingenuity  could  produce 
a  false  tally  wliioh  should  perfectly  correspond  vrith  Uio  oounter-tally 

E reserved  at  tha  Exchequer;  and  no  alteration  ot  tha  Bum  expressed 
y  the  DOtohea  and  the  inscription  could  psas  undeteoted  when  the  two 
parts  of  the  stick  were  fitted  together.  Tha  officers  of  the  Exchequer, 
commonly  called  ttUa-i  (talliers),  as  wall  aa  several  olJier  functionaries, 
derived  tiieir  name  from  the  word  tally. 

Tally  Trttdt. — Tha  word  taUy  haa  come  to  mean  a  atanttrfori, 
although  no  cutting  of  a  wooden  tally  ia  necessary.  Thus,  in  the 
tally-drapers'  trade  earriad  on  at  the  preaent  time  in  variona  parts  of 
the  kingdom,  there  are  10,000  or  12,000  persons  employed  in  tJhe  dis- 
tribution of  clothing  or  drapery  whioh  has  coat  them  7,000,0001.  or 
3,000,0001.  annually,  and  which  is  re«oId  by  tham  on  the  tally  system. 
They  receive  weekly  payments  from  their  custumera  ;  and  theee  pay- 
ments are  reoorded  on  a  laUyaod  a  counter-tiiUg  i  these  are  books,  one 
of  whieh  is  kept  by  the  buyer  and  the  other  by  the  seller.  Here  the 
tally  is  a  noord  of  payments,  as  in  the  olden  days,  but  muntaineil  in 
a  Afferent  form.  There  are  tally-sbaps,  also,  where  weekly  payments 
are  taken  for  goods  bought;  these  differ  from  the  tally^dnpary  trade 
ohiaSy  in  this — that  In  tha  latter  the  goods  are  taken  round  by  the 
tally-man,  who  keep  no  shops. 
TALMUD.     [HKBRgW  LiHQD*0«.J 

TAMABINDS,  Mrduxd  FropenUt  of.  Of  (he  two  varieties  of  the 
only  speciea  of  this  genus,  Uia  fruit  ia  much  larger  in  the  East  Indian 
than  the  Weit  Indian.  The  shell  heing  removed,  Uiere  remains  the 
flat  square  hard  seeds,  imbedded  in  a  pulp,  with  membranous  fibres 
running  through  it.  Li  the  East  Indies  the  pulp  is  dried,  either  in  the 
sun,  and  this  is  used  for  home  consumption,  or  with  s^t  added,  and 
dried  in  copper  ovens,  which  kind  is  sent  to  Europe.  (Grawfurd's 
'  Indian  Andiipelago.')  Thia  sort,  oallad  natural  tamarinds,  is  muoh 
duksrand  drier  than  tha  West  Indian,  which  «ra  called  prepared 

Tha  West  Indian  tamarinds  reach  maturity  in  Juue,  July,  aod 
August,  when  they  are  collected,  aod  the  shell  being  removed,  thsy  are 


put  into  jan,  either  with  layers  of  sugar  put  between  thsm,  or  boiling 
syrup  poured  over  them,  which  penetrates  to  the  bottom.  Prepared 
tamarinds,  therefore,  contain  much  more  saccharine  matter  than 
the  others,  According  to  Vauquelin,  prepared  tamarinds  contain  per 
cent,  citric  acid  9'40,  tartaric  acid  V55,  malic  add  0-«.  bitartrate  of 
potash  3'25, sugar  125,  gum  i*7,  vegetable  jelly  (pecten)  6'25,  paren- 
chyma 34-35,  water  27*GS-  This  prepared  pulp  has  a  pleasant  astrin- 
gent  taste,  with  a  somewhat  vinous  odour. 

It  presents  an  example  of  one  of  those  natural  comlidnationa  of 
gummy,  aaccborine,  and  acid  principles  which  are  of  such  great  utili^ 
m  hot  climates.  It  is  used  not  only  in  India,  but  in  Africa,  as  • 
cooling  article  of  food,  and  the  travellers  across  the  deserts  carry  it 
with  Uiem  to  quench  their  thirst.  In  Nubia  it  is  allowed  to  stand.In 
the  sun  till  a  Und  of  fermentation  takes  pbce  :  it  is  then  formed  into 
cakes,  one  oE  which  dissolved  in  water  forme  a  refreshing  drink.  lu 
India  a  kind  of  sherbet  is  mode  with  it,  and  by  the  addition  of  sugar  It 
becomes  a  source  whencs  vinegar  is  readily  obtained.  In  the  fevers  and 
InllouB  complaints,  and  even  dysenteries  of  those  climates,  it  proVM 
highly  serviceable ;  in  small  quantity  it  acts  as  an  astringent,  but  la 
la^r  it  proves  laxative.  BoUing  water  poured  over  tamarinds  yields 
a  drink  which  is  very  grateful  in  the  inflammatory  complaints  of  our 
own  country,  particul^ly  in  the  bilious  fevers  of  autumn.  An  agree- 
able whey  may  be  made  with  tt,  by  boiling  two  ounces  of  tamuind- 
pulp  with  two  pints  ot  milk.  Tamarinds  may  advantageously  be  added 
to  curries,  which  should  always  have  a  vegetable  acid  as  an  ingredient. 
Tamarinds  are  frequently  given  along  with  senna,  but  they  are  said  to 
leesen  its  purgative  property.  They  form  on  ingredient  in  the  am/tctio 
tenjta  and  confectui  eataa. 

In  Umes  of  scarcity  in  India  the  seeds  are  eaten,  being  first  toasted 
and  tiien  soaked  for  a  few  hours  in  water,  when  the  dark  skin  oomea 
easily  off;  they  are  then  boiled  or  dried,  and  taste  like  common  field- 

TANACETIK.  A  bitter  and  orystallisable  substance  found  in  th* 
Etowen  of  the  tansy  [Tamaettum  mJfare). 

TANGENT-  In  the  article  Contact  we  have  given  the  first  uotioo 
on  this  subject,  which  we  now  resume  in  a  somewhat  more  general 
manner,  annexing  the  usual  details  of  Eonnuls,  but  without  pruof. 

It  ia  usual  to  apply  the  word  tangent  to  the  tangent  ttraiyki  lint 
only,  on  whioh  see  DiBEtrnoM  :  genaralisiDg  the  definition,  it  will  be 
as  follows  ;—  OE  all  ounee  of  a  given  speoiea,  or  contained  under  one 
equation,  that  one  (b)  is  the  tangent  to  a  given  curve  {a)  at  a  given 
point,  which  pasaes  ^trough  that  given  point,  and  is  nevvst  to  tha 
curve  (a)  :  meaning  that  no  curve  of  the  given  speoiea  can  pass  through 
the  given  point,  so  as  to  pass  between  (b)  and  (a),  immediately  after 
leaving  the  point  at  which  the  two  latter  intersect. 

To  aaoertain  the  degree  of  contact  of  two  ourvea  which  meet  in  a 
point,  proceed  as  follows.  Lety=^and  !/=ifix  be  the  equations  of 
the  ourvea,  and  a  the  abeciasaat  the  point  of  contact;  so  that  ^=ifa. 
At  the  point  whoee  abscissa  is  a-l-A,  the  difference  uE  the  ordinat«s  iJ 
the  curves  is,  by  Taylor's  theorem, 

<*'«-^«)  h■^  (^'a-f  "B)  ~  -^  (♦'"a-r<')^3  +■  -  - 
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aa  to  which  it  will  be  found  that  h  can  be  taken  so  small  that  the 
aeries  shall  be  convergent.  Now  of  two  series  of  the  form  aA*  +  bA"  "**  ^ 
4-  . . . .  the  vidue  of  that  fii  which  m  is  the  greater  will  diminish  with- 
out limit  as  compared  with  the  other,  when  h  diminishes  without 
limit.  Consequently,  every  curve  y=^,  which  has  ^'a=^'a,  will 
approach,  before  l^e  point  of  contact  is  attained,  nearer  to  y=s^  than 
any  other  in  which  ^'a  is  not  =^'a.  Again,  when  ^'a=^a,  those 
cases  of  y»^  in  which  ^'a^^^a,  will  approach  nearer  to  y»^  than 
any  in  which  ^"a  is  not  =:^"a;  and  so  on.  Hence,  to  xnake  y=^ 
have  the  doeest  possible  contact  with  y=^  when  :E=a ; — give  such 
values  to  the  constants  in  y=i^x  as  will  satisfy  as  many  as  possible  of 
the  equations  ^=«f«,  ^'a=si^'a,^"a=4f''a,  &c.  consecutively  from  the 
beginning.  This  is  a  brief  sketch,  which  can  be  filled  up  from  any 
elementary  work ;  and  the  following  are  the  principal  results  : — 

1.  When  the  string  of  equations  is  satisfied  up  to  ^">a=^(")a,  the 
contact  is  said  to  be  of  the  nth  order. 

2.  In  contact  of  the  nth  order,  the  deflection  ^a  +  A)— ^(a  +  A) 
diminishes  with  h*-^\  and  vanishes  in  a  finite  ratio  to  it. 

S.  In  contact  of  an  even  order,  the  curves  intersect  at  the  point  of 
contact ;  in  contact  of  an  odd  order,  they  do  not  intersect  at  that 
point. 

4.  When  curves  have  a  contact  of  the  nth  order,  no  curve,  having 
with  either  a  contact  of  an  order  inferior  to  the  nth  at  the  same  point, 
can  pass  between  the  two. 

5.  A  straight  line,  generally  q)eaking,  can  have  only  a  contact  of  the 
first  order  with  a  curve ;  and  the  equation  to  the  tangent  straight  line 
of  the  curve  y = ^,  when  ;r = a,  is  y—^~  ^a(x—a).  But  if  it  should 
happen  -that  ^"a^sO,  ^"'a^O,  &c.,  up  to  ^(")a=:0,  then  for  that  point 
the  tangent  has  a  contact  of  Uie  nth  order.  Thus,  at  a  point  of  con- 
trary flexure  the  tangent  has  a  contact  of  the  second  order,  at  least, 
with  the  curve. 

6.  A  circle,  generally  speaking,  can  be  made  to  have  a  contact  of  the 
second  order  with  a  curve,  and  the  equation  of  the  most  tangent  circle, 
or  circle  of  Curvatubx,  to  the  curve  y = ^,  at  the  point  x* 
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This  circle  cuts  the  curve^  generally  speaking :  if  not,  as  for  example, 
at  the  vertices  of  an  ellipse,  it  is  evidence  that  the  circle  has  a  contact 
of  some  higher  and  odd  order.  The  centre  of  the  circle  of  curvature  is 
aipoint  on  the  normal,  being  that  at  which  the  normal  touches  the 
evolute.    [Involutk  akd  Eyoluts.] 

Not  only  is  the  term  tangent  moat  generally  apjj^ed  to  the  closest 
straight  line  only,  but  frequently  only  to  that  portion  of  the  straight 
line  which  falls  between  the  point  of  contact  and  the  axia  of  x.  Again, 
the  normal  ia  a  atraight  line  perpendicular  to  the  tangent^  drawn 
through  the  point  of  contact^:  but  Uiia  term  alao  ia  frequently  applied 
only  to  that  portion  which  falla  between  the  point  of  contact  and  the 
axia  of  x.  It  ia  with  reference  to  thia  limitation  that  the  terma  aub- 
tangent  and  aubnormal  are  to  be  understood  :  the  first  meaning  the 
distance  from  the  foot  of  the  tangent  to  the  foot  of  the  ordinate ; 
the  second  that  from  the  foot  of  the  ordinate  to  that  of  the  normaL 
The  formula  for  the  subtangent  is  —^-r-^'a ;  that  for  the  subnormal 
^  X  t^'a.  The  sign  determming  the  mode  of  taking  the  line  from  the 
foot  of  the  ordinate. 

Let  fi  be  the  angle  made  by  the  tangent  with  the  axis  of  x ;  uaually 
the  angle  made  by  that  part  of  the  tangent  which  haa  positive  ordinatea 
with  the  positive  side  of  the  axis  of  x.  Then  fi,  at  the  point  whose 
abeoiasa  is  dr,  is  determined  by  the  equation 

dy  dx  dy 

ton  3=^»  "id  subtangent  =  --yT-,subnormal=yj-. 

If  we  take  the  more  general  mode  of  meaaurement  proposed  in  Siov, 
thia  equation  remaina  equaUy  true.  Now,  keeping  atrictly  to  that 
mode,  let  3  be  the  angle  made  by  the  tangent  wim  the  axia  of  x,  $  the 
angle  made  by  the  radiua  vector  r  with  the  axia  of  x,  and  fi  that  made 
by  the  tangent  with  the  radiua  vector.  It  will  be  found,  then,  that 
in  all  cases 

do 
M-iB— 9    ,    tanM=rj^. 

Unless  the  mode  of  attributing  signs  be  carefully  attended  to,  these 
last  equationa,  tiiough  alwaya  conaidered  aa  universally  true,  are  not 
aoin  reality. 

TANGUIN.  A  poiaonoua  oryatalUne  bitter  aubatance  found  in  the 
Tanghin  of  Madafflacar  {Cerbera  Tanghin).  Ita  composition  is  not 
known,  but  it  appean  to  contain  no  nitrogen.  [Cbbbeba  Takohin,  in 
Nat.  Hist.  Div.J 

TANK.  The  sense  usually  attached  to  this  word,  in  England,  is  that 
of  a  rather  lai^ge  vessel,  for  holding  water  or  other  liquids,  either 
placed  above  or  below  the  ground ;  in  India,  the  word  is  applied  to  the 
receptacles  formed  for  the  purpose  of  storing  rain-water,  some  of 
•^hich  have  an  area  of  364  (Dilwara)  or  487  acres  (Kalingur),  with 
enclosure  dykes  of  88  feet  in  heightw 

Tanks  intended  to  hold  rain-water  collected  from  houses,  or  the 
drainage  water  of  farm  yards  in  agricultural  diatricta,  are  rarely  made 


of  a  greater  capacity  than  50  or  60  cubic  yards ;  and  they  are  con- 
atruoted  of  the  most  impermeable  hydrauUc  masonty  that  can  be 
obtained ;  but  precautions  must  always  be  taken  that  the  materials  ao 
employed  ahould  not  be  of  a  nature  to  affect  Uie  chemical  properties 
of  the  watera.  Brickwork  set  in  Roman  cement  is,  for  insrtanoe,  pre- 
ferable for  such  uses  to  masonry  of  limestone,  aet  in  ordinary  Umo 
mortar ;  and  a  backing  of  good  clay  puddle  ia  preferable  to  one  made 
of  concrete.  Proviaion  muat  be  made  for  fixing  the  auction  pipes  of 
the  pumpe,  for  connecting  the  inlet  and  overflow  pipea,  and  for  means 
of  acoeaa  for  examination  and  repair ;  ventilation  pipea  must  alao  be 
provided.  Aa  it  almost  always  happens  that  dead  leaves,  or  other 
organic  impurities,  are  carried  into  tanks  of  the  description  under  con- 
sideration, it  is  advisable,  if  the  water  be  required  for  domestic  use, 
to  provide  some  means  of  filtration  for  the  water,  and  this  object 
is  effected  in  many  very  ingenious  manners,  two  of  which  may  nere 
be  mentioned.  For«»instance,  in  the  great  chalk  plateau  of  Upper 
Normandy  the  rain  water  tanks  are  sunk  into  the  boulder  clay,  or  the 
chalk,  aa  the  caae  may  be,  and  they  are  made  of  aufficient  dimensioDa 
to  allow  of  the  formation  of  a  aubsidiary  lateral  chamber,  shut  oflT 
from  the  body  of  the  tank  bv  a  cross  wall  of  a  porous  material, 
through  which  the  water  from  the  larger  chamber  filters  into  the  sub- 
sidiai^  one ;  the  suction  pipe  being  placed  in  the  latter,  and  Uie  inlet 
pipea  in  the  laiger  chamber.  The  other  deacription  of  rain  water 
tank  ia  uaed  in  Venice,  and  it  ia  formed  by  firstly  making  a  large  water- 
tight enclosure,  usually  circular  in  plan,  and  then  an  inner,  concentric 
wall  is  built,  leaving  a  large  annular  apace  between  them :  this  annular 
apace  ia  filled  in  to  a  certain  height  with  filtering  materials  of  sand, 
gravel,  &c.,  through  which  the  water  paases  until  it  reaches  a  series 
of  holes  made  in  the  lower  portion  of  the  inner  wall;  it  then 
accumulates  in  this  species  of  well,  from  whence  it  is  drawn  by 
means  of  buckets.  It  must,  however,  always  be  obsMred  that  nun 
waters  so  stored  are  not  of  a  proper  quality  for  numan  consumption, 
and  that  they  should  be  exclusively  applied  to  washing,  or  to  analogous 
household  purposes. 

The  large  vessels  used  for  storing  oUs,  or  for  the  various  operations 
of  manufeMsturing  chemistrv,  are  made  of  iron,  wood  lined  inith  lead, 
of  sine,  or  of  other  materials  according  to  the  nature  of  the  liquids  to 
be  contained.  The  principles  of  their  construction  are  derived  from 
the  ordinary  laws  of  Htdbostatics. 

As  to  the  Indian  catch-water  tanks  it  may  be  observed  that  they  are 
in  fact  Rksbbvoibb,  and  the  remarks  made  under  that  head  will  apply 
to  them.  Qenerally  speaking  the  tanks  in  question  are  principally 
used  for  irrigation,  and  their  dams  are  formed  of  earth-work  faced 
towards  the  up  stream  with  stone,  either  laid  dry,  or  with  mortar. 
They  are  provided  with  overflow  dams,  escape  weirs,  sluices,  and  all 
the  ordinary  appliances  of  reservoirs ;  and  they  would  appear  to  have 
been  constructed  upon  the  same  principles  at  the  present  century  as 
they  were  in  the  remotest  antiquity.  Much  information  on  this  sub- 
ject is  to  be  found  in  General  Baird  Smith's  works  on  '  Irrigation,'  and 
in  the '  Selections  from  the  Records  of  the  Bombay  Government,'  or 
in  the  'Selections  from  Public  Correqtondence,'  published  by 
authority  of  the  late  East  India  Company. 

Agrieuitural  Tanks  are  sometimes  lai^  open  receptacles,  or  ponds, 
formed  by  excavating  the  ground  and  disposing  the  removed  eurth  in 
the  form  of  banks  to  retain  the  water ;  but  the  tanks  which  will  here 
be  especially  treated  of  are  the  smaller  covered  reservoirs  uaed  to 
collect  and  retain  liquid  manure. 

These  tanks  are  usually  constructed  of  an  oblong  shape,  of  brick  weU 
cemented,  with  one  or  more  divisions,  and  capable  of  containing  at 
least  ten  times  as  many  hogsheads  as  there  are  heads  of  cattle  on  the 
farm.  They  are  vaulted  over,  having  a  small  aperture,  in  which  a 
pump  is  placed,  sufficient  to  aJlow  a  man  occasionally  to  clear  out  the 
sediment,  when  the  liquid  has  been  pumped  up.  The  form  preferred 
is  that  of  a  cube,  or  rather  that  of  several  cubes  in  succession.  A  tank 
for  a  farm  of  200  acres  of  arable  land  should  be  15  feet  wide,  15  deep, 
and  45  long,  giving  8  cubes  of  15  feet,  or  a  cavity  capable  of  containing 
upwards  of  10,000  cubic  feet  of  liquid.  In  this  tank  the  urine  ial/ 
diluted  with  water  to  prevent  too  rapid  decomposition,  and  also  to 
retain  the  ammonia  which  is  formed ;  for  which  purpose  gypeum  and 
aulphate  of  copper  are  aometimea  put  into  the  tanks.  In  very  porous 
soik  the  bottom  and  rides  must  be  puddled,  to  keep  in  the  liquid ;  and 
it  may  be  advantageous  to  build  the  walls  in  cement  altogether.  The 
liquid  from  the  yards  and  stables  is  carried  into  the  tank  by  a  main 
drain  constructed  of  brick  or  stone,  and  which  receives  a  number  of 
smaller  drains  from  every  part  of  the  yards  and  cattle-sheds.  Thus 
the  litter  in  the  yard  is  always  dry,  and  none  of  the  richness  of  the 
manure  is  lost  by  evaporation. 

Sometimes  the  tank  is  vaulted  like  a  cellar  under  the  cow-house  and 
stables,  which  are  washed  out  twice  every  day,  and  all  the  dung  and 
water  are  swept  into  a  cess-pool  communicating  with  the  tank.  A 
very  diluted,  but  rich  liquid  soon  fills  the  first  division  of  the  tank :  a 
sluice  is  iJien  shut,  and  the  next  washings  run  into  a  second  division, 
and  when  that  is  full,  into  a  third.  In  the  meantime  the  contents 
ot  the  first  tank  have  undergone  a  certain  fermentation,  by  which 
the  ammonia  first  evolved  hu  become  mild  and  impregnates  the 
water.  It  is  then  in  a  fit  state  to  be  carried  on  the  land  in  tubs  or 
water-carts.  When  properly  diluted,  it  accelerates  v^etation  in  a 
surprising  degree ;  but  if  put  on  fresh,  it  bums  the  grass  or  any  voget- 
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able  it  touches,  because  the  ammoniA  is  in  a  caustic  state.  If  a  cow 
drop  her  urine  in  a  field  in  a  hot  Fummer*s  day,  all  the  grass  it  has 
touched  becomes  yellow  and  is  burned  up :  but  if  the  same  happen 
in  rainy  weather,  the  spot  soon  becomes  very  green,  and  the  grass 
luxuriant;  because,  in  this  case,  the  urine  is  amply  diluted  and  its 
caustic  nature  corrected.  Those  who  live  near  gas-works  may  collect 
the  ammoniaeal  gas-water  in  a  tank,  and,  by  the  addition  of  sulphuric 
acid  in  vexr  sinall  quantities,  they  may  produce  a  very  fertilising 
liquid,  which  will  stimulate  vegetation,  and  be  a  very  good  manure. 

The  necessary  concomitant  of  a  tank,  whether  for  water  or  manure, 
is  a  watercart,  that  is,  a  large  task  put  upon  wheels  to  bring  water 
from  some  distance.  When  tiiere  are  no  means  of  bringing  water  in 
pipes,  a  water-cart  is  quite  indispensable.  It  is  simply  a  cask  placed 
on  the  frame  of  a  cart,  with  a  plug-hole  in  the  end  or  lower  part,  from 
which  the  water  may  be  let  out  by  a  cock,  or  drop  on  a  flat  board  or 
into  a  bucket  with  holes,  so  as  to  spread  it  about.  The  plug-hole  is 
shut  by  a  valve  inside,  which  can  be  opened  by  means  of  a  stnng,  the 
pressure  of  the  liquid  keeping  it  close  to  the  plug-hole. 

Many  of  the  artificial  mauuies  would  make  excellent  liquids  by 
merely  mixing  them  up  with  water  in  a  tank,  and  allowing  a  certain 
degree  of  fermentation  to  take  place.  Thus  nothing  is  lost,  and  all 
volatile  substances  are  taken  up  by  the  water.  The  soluble  portions 
are  dissolved  and  the  earthy  matters  di£fused,  so  as  to  be  more  equally 
spread  over  the  land. 

When  a  farm-yard  is  situated  on  a  hUl,  and  there  are  fields  or 
pastures  on  a  lower  level,  at  no  great  distance  from  it,  the  liquid  from 
the  tank  may  be  conducted  by  channels  lined  with  clay,  having  small 
sluices  to  direct  the  streams  to  any  particular  field.  It  may  &us  be 
made  to  irrigate  temporarily  a  considerable  surface,  which  it  will 
greatly  enrich.  It  may  be  led  into  the  common  furrows  between  the 
lands  or  stitches  in  ploughed  land,  and  allowed  to  soak  in  them, 
and  then  it  can  be  spread  with  the  earth  of  the  furrow,  by  means  of 
broad  shovels,  over  the  growing  crops,  and  vrill  greatly  invigorate 
them. 

Hitherto  the  experience  in  this  country  of  liquid-manure  tanks  is  of 
limited  extent,  but  the  general  impression  is  growing,  that  by  covered 
yards  and  box-feeding  the  litter  may  so  absorb  all  the  urine  and  excre- 
ment of  the  animals,  that  tanks  will  be  unnecessary. 

TANNIC  ACID,  TANNIN.  One  or  other  of  these  bodies  is 
found,  to  a  greater  or  less  extent,  in  most  vegetable  substances.  The 
name  tannin  is  derived  from  the  fact  that  it  is  the  only  active  constitu- 
ent in  the  various  barksi,  Ac,  used  in  the  familiar  operation  of  making 
leather,  or  tanning. 

Tannin  is  an  acid  body ;  and  inasmuch  as  researches  upon  the  tannin 
obtained  from  various  sources  have  provfid  that  it  is  not  in  all  cases 
identical,  but  that  several  modifications  exist,  the  names  gaUotannie 
acid  (from  nut-galls),  eaffotannic  add  (from  coffee),  quinotannie  acid 
(from  cinchona  Iwrk),  quereitannie  acid  (from  oak-bark),  &o.,  have  been 
introduced. 

Tannic  add  is  a  powerful  astringent,  and  hence  has  long  been  used 
in  medicine.  For  this  purpose  it  is  always  extracted  from  nut-galls. 
The  galls  are  reduced  to  coarse  powder,  and  digested  in  a  percolator 
with  ether  which  has  been  previously  mixed  and  shaken  with  water. 
In  the  lower  part  of  the  vessel  two  strata  of  liquid  appear;  the  heavier 
is  a  strong  solution  of  tannic  acid,  by  evaporating  which,  the  acid  is 
obtained,  as  a  colourless  or  slightly  yellowish  friable  mass,  which  does 
not  crystallise,  but  somewhat  resembles  dried  gum. 

The  gaUotannie  add  thus  obtained  is  readily  soluble  in  water :  the 
solution  has  an  astringent  but  not  a  bitter  taste  :  it  reddens  vegetable 
blues,  and  decomposes  alkaline  carbonates  with  effervescence;  weak 
aloqhol  dissolves  it,  but  ether  only  slightly.  When  the  aqueous  solu- 
tion is  exposed  to  the  air,  especially  if  the  temperature  be  high,  oxygen 
gas  is  absorbed,  and  an  equal  volume  of  carc>onic  acid  gas  evolved, 
while  the  gaUotannie  acid  is  converted  into  gallic  and  ellagic  acid. 
GaUotannie  acid  precipitates  gelatin  from  solution ;  the  compound  has 
been  ofdled  tannogdatin,  and  when  the  acid  is  in  excess  a  viscid  elastic 
mass  is  formed,  which  contains  about  half  its  weight  of  gaUotannie 
add.  When  the  Uquid  from  which  the  gelatin  is  predpitated  is  heated 
to  ebuUition,  the  tannogdatin  is  re-dissolved.  QaUotannic  add  also 
predpitates  albumen  and  starch.  fioUed  with  dUute  sulphuric  or 
bvdrochloric  adds,  gaUotannie  acid  spUts  up  into  gaUio  add  and 
glucose. 
When  dried  at  212^  gaUotannie  acid  consists  of  C^H^Og^. 
QaUotannic  add  combines  with  the  alkaUes  to  form  salts,  which  are 
caUed  gaUotannata,  and  it  precipitates  most  metallic  oxides  and  oiganic 
bases  from  solution.  The  salts  of  protoxide  of  iron  suffer  no  change 
when  a  solution  of  gaUotannie  add  is  added  to  them ;  but  by  exposure 
to  the  air  a  deep  bluish-black  predpitate  is  formed.  QaUotannate  of 
peroxide  of  iron,  formed  by  the  action  of  the  add  on  a  persalt  of  the 
metal,  is  the  basis  of  writing-ink,  and  is  a  black  pulverulent  predpitate. 
'  Gallamie  or  tanningenamic  add  (C|«H,NO,  -H  8  Aq)  is  a  product  of  the 
action  of  ammonia  on  gaUotannie  add.  It  crystallises  from  alcohol  in 
beautiful  rectangular  plates. 

Tannomdanic  add  is  a  dark  ulmin-Uke  substance  formed  when 
gaUotannie  acid  is  boUed  with  a  concentrated  solution  of  potash  iji  a 
vessel  open  to  the  air.  If  the  potash  be  dUute,  a  portion  of  the  add  is 
oxidised  to  tannoxylie  add.  The  constitution  of  these  adds  baa  not 
bean  satiafactorily  ascertained. 
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Sumack-tannie  add,  from  various  spedes  of  sumach,  is  identical  with 
gaUotannie  acid. 

Cachoutannic  add  or  nUmotannie  add.  Obtained  from  the  wdl-known 
astringent  substances  Kino  and  Catechu  by  the  displacement  process 
previously  described.  It  differs  from  gaUotannie  add  in  not  giving  a 
precipitate  with  solution  of  tartar  emetic,  and  in  giving  with  persalts 
of  iron  a  gravish-green  predpitate.  Moreover,  it  does  not  yield  pyro- 
gaUic  add  when  heated.  Its  compodtion  is  said  to  be  C^B.^fl^^  In 
other  respects  it  resembles  gaUotannie  add. 

Tanningenie  or  cateehude  add,  caUed  also  catechin  (C^oHi,0„  ?),  is 
another  tannic  add  contained  in  catechu.  It  is  part  of  the  insoluble 
portion  which  is  left  on  digesting  catechu  in  cold  water.  It  may  be 
dissolved  in  boiUng  water,  and  aeoolorised  by  animal  charcoal :  on 
cooUng,  it  depomts  in  colourless  granular  crystals.  It  is  tolerably 
soluble  in  alcohol ;  less  so  in  ether.  Heated  to  422"  Fahr.,  it  fuses,  and 
at  a  higher  temperature  is  decomposed,  yidding  pyrocaiechin  or  oxy- 
j^ienie  add  {C^^fi^),  DUute  acids  dissolve  it ;  concentrated  acids 
decompose  it ;  hot  nitric  acid  converts  it  into  oxaUc  acid.  It  does  not 
form  definite  compounds  with  bases ;  gives  a  deep  green  colour  to  per- 
salts of  iron,  but  predpitates  ndther  lime-water,  baiyta-water,  tartar- 
emetic,  starch,  gelatin,  or  the  alkaloids. 

Bufocaiechnde  add, or  ruhinie  add  is  a  red,  amorphous,  flocculent 
predpitate,  slowly  d^Kxited  from  a  solution  of  tanningenie  add  in  an 
alkaline  carbonate.    It  forms  red  sUghtly  soluble  salts  with  bases. 

Japonic  add  is  a  black  substance  formed  on  exposing  to  the  air  a 
solution  of  tanningenie  add  in  caustic  potash.  It  is  insoluble  in  cold 
water,  and  gives  black  predpitates  with  most  of  the  metah. 

Caffotannie,  cafdc,  or  chloroginic  add  (C,oH„0.^  ?),  occurs  in  coffee 
berries  as  a  double  sdt  of  potash  and  caffeine,  and  combined  also  with 
Ume  and  magnesia.  It  may  be  predpitated  by  subacetate  of  lead  from 
an  alcohoUc  infiuion  to  which  wi^er  has  been  added  to  separate 
resinous  matter.  The  lead  predpitate  suspended  in  water  and  treated 
with  sulphuretted  hydrogen,  and  the  filtrate  evaporated,  yidds  a  semi- 
crystalline  mass  of  eaffotannic  add.  It  is  very  soluble  in  water,  less  so 
in  alcohol,  has  an  astringent  taste,  and  strongly  reddens  litmui«-paper. 
By  heat  it  gives  oxyphenic  add  and  an  odour  of  burnt  coffee ;  and  hf 
dutiUation  with  peroxide  of  manganese  and  sulphuric  acid,  yidds 
kinone.  It  does  not  act  upon  ferrous  salts,  but  to  the  ferric  salts  a 
green  colour  is  imparted.  It  does  not  precipitate  tartar  emetic  or 
gelatine,  but  throws  down  quinine  and  dndionine  from  solutions. 
The  caffotanntUet  have  been  but  little  studied.  If  the  above  formula 
be  correct,  eaffotannic  acid  is  obvioudy  a  homologue  of  gaUotannie 
add,  the  difference  being  eight  equivalents  of  C.H^. 

Viridic  add  {Q^B^fi,^  ?)  is  a  product  of  the  oxidation  of  eaffotannic 
acid  in  the  presence  of  ammonia.  It  is  precipitable  by  subacetate  of 
lead,  and  gives  deep  green  solutions  with  tne  alkalies. 

Morintannic  add,  from  ydlow  wood  or  fu»Hc  (Morut  tinctaria).  This 
add  often  forms  considerable  depodts  in  the  logs  of  fustic,  and  after 
being  purified  by  ciystalUsation  fronw  water  is  obtained  in  minute 
prisms.  It  has  a  sweetish  and  yet  astringent  taste;  is  soluble  in 
alcohol,  ether,  and  wood  spirit,  but  insoluble  in  turpentine  and  the 
fixed  oils.  Bv  distillation  it  yields  phenic  and  oxyphenic  acids  and 
much  charooaL  The  nunintannates  have  not  recdved  much  attention. 
The  solution  of  the  acid  in  potash  absorbs  oxygen  from  the  air, 
blackens,  and  mcroxylie  add  is  probably  formed. 

Bufimorie  add  is  depodted  in  crystalUne  grains  on  exposing  to  the 
air  a  solution  of  moiintannio  add  in  sulphuric  add ;  or  on  boiUng  the 
same  add  with  dUute  hydrochloric  acid.  When  dry  it  forms  a  deep 
red  amorphous  powder,  very  soluble  in  alcohol,  less  so  in  vrater,  and 
only  slightly  so  in  ether.  It  is  very  soluble  in  a  weak  solution  of 
ammonia,  and  the  Uquid  has  a  dark  purplish  colour.  In  compodtion 
it  differs  but  slightly  from  morintannic  acid,  but  both  bodies  require 
farther  investigation. 

Marie  add,  or  moiin  (C,qHj^0},  +  2  Aq.),  as  a  lime  salt,  is  depodted 
on  cooling  an  infudon  of  fustic.  Liberated  by  oxaUc  add  in  a  boiling 
alcohoUc  solution  and  predpitated  by  water,  it  occurs  as  a  white  ciys- 
talline  powder  that  becomes  slightly  coloured  on  exposure  to  the  air. 
It  is  almost  insoluble  in  cold  water,  only  slightly  soluble  in  boiling 
water,  and  very  soluble  in  alcohol  or  ether. 

Qu/crdtanwic  add.  This  is  the  variety  of  tannic  add  contained  in 
oak  bark.  According  to  Stenhouse  it  differs  condderably  from  that  of 
oak  galls  (gaUotannie  add).  It  cannot  be  made  to  yield  gaUic  add,  nor 
does  it  give  pyrogallic  add  by  dry  distiUation.  In  other  respects  it 
resembles  gallotannio  acid. 

The  tannic  add  {bohdc  add)  contained  in  Hack  tea  {Thea  bohea)  ap- 
pears to  be  identical  with  that  of  oak  bark. 

Cinekotannic,  Idno-  or  gutno-tonnic  add,  occurs,  along  with  kinic  acid, 
combined  with  alkaloids  in  the  cinchona  barks.  It  resembles  gaUo- 
tannie acid  in  pi'edpitating  gelatin,  starch,  and  albumen  from  their 
solutions ;  with  tartar*emetio  it  gives  a  gra^ish-yeUow  predpitate,  and 
colours  persalts  of  iron  green.  Its  solution  absorbs  oxygen  from  the 
air,  especiaUy  if  it  be  alkaline,  and  a  deep  red  coloured  body  termed 
red  dnckone  is  formed.  By  dry  distiUation  the  latter  body  furnishes 
pyrogaUio  add. 

O&er  tannic  adds.  Astringent  prindples,  termed  tannic  adds,  have 
been  found  in  plants  other  than  those  above  described.  The  following 
are  the  names  and  sources  of  these  adds,  but  their  individuality  haa 
yet  to  be  established.    AspertaiMUS  add^  from  the  Aiperula  odorata,  or 
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Woodru£f;  Jtnbiiannie  acid,  from  the  leaves  of  the  Madder  plant; 
Calltttannie  add,  in  the  common  Heather ;  Hhodotannic  acid,  in  the 
Rhododendron  leaf ;  Leditawnic  acid,  in  the  wild  Rosemary ;  and  Pint- 
tannic  acid,  in  the  bark  of  various  Pines.  GaUerythronic  add  has  been 
referred  to  this  article  on  tannic  acids;  it  is,  however,  a  derivative  of 
gallic  acid|  and  is  the  cause  of  the  deep  blue  coloration  imparted  to  an 
aqueous  solution  of  gallic  acid,  contsining  bicarbonate  of  lime,  on 
eiLposure  to  the  air :  aucids  change  it  to  red,  but  lime  restores  its  blue 
colour. 

Atifftaticn  of  tannic  acids.  The  amount  of  actual  tanning  material 
contained  in  a  bark,  fto.,  is  often  required  to  be  known  by  we  tanner. 
At  present  the  only  practical  means  of  dcAng  this,  is  to  add  a  standard 
solution  of  gelatin  to  the  deooction  of  a  small  quantity  (1 0  to  50  graios) 
of  the  tanning  substance  imtil  no  further  precipitate  of  tannate  of 
gelatin  is  thrown  down.  The  solution  of  gelatin  is  standarised  bv  a 
known  quantity  of  pure  gallotannic  add;  the  amount  of  it  required  to 
predpitato  the  acid  in  the  specimen  under  examination,  is  supposed  to 
indicate  the  tanning  value  of  that  sample.  It  is  a  question,  however, 
whether  gelatin  in  solution  predpltates  the  whole  of  the  matters  that 
skin  does  in  the  tan-pit ;  if  it  does,  the  process  may  be  relied  on,  and  it 
is  certainly  fair  to  assume  that  it  does,  inasmuch  as  skin  is  nearly  all 
g«latinoid  matter. 

The  following  table  indicates  the  amount  of  tannic  acid  in  the  chief 
varieties  of  tanning  material  Not  onlv  do  different  substances  differ 
much  in  ihe  quantity  they  contain,  but  the  same  plant  is  much  in- 
Huenoed  by  climate,  soil,  and  age. 

Fer  oent.  Aatkority. 

Oak  bark,  100  years  old    .        •        .    8*45    G.  Holler. 

young 13*87* 

BriUsb,  50  years  old  .     8-90 

„      about  50  years  old    9*76 
),  „     70  years  old    6'12 

Southampton,  50  years 
coppice,  picked  .        • 

.     .     8*84 

.  10*74 

.     .     8*53 

.     9*00 

1900  to  31*00 

80*00  to  8300 

00*00  to  C6*00 


»» 
fi 
>* 
>f 
•f 
» 
>* 
•« 
»i 


Belgian 

„      heavy  • 
,1      light 

an  old  specimen 

best 


8*80  >]iulUgaa  and  Dowllng. 
12*85 


Gall  nnts 
Aleppo  galls 

Chinese  galto 70*00 

White  inner  bark  of  old  oak  .    .31*00 

i»  *»  »»  •        •  14*20 

Oak,  yoong  .••...  15*20 


Fehling. 


middle  bark 
spring  cot  .        •        • 
the  entire  bark        • 
Willow  bark,  Leicester,  white  inner 

middle     . 

entire  bark 


>• 


f> 


i> 


t* 

If 


tt 


„  weeping . 

Ssehnrgh  oak  bark       • 
Mimosa  or  Wattell  bark 


Larch  bark 


tt 


Cork.tree  bark  •  »  .  .  ,12 
Hemlock  bark  .  •  •  .  .  13 
Smyrna  valonia        •        •        •        . 

Myrobalans 

Bivi-diTl 


4*00 

33-00 

600 

16*00 

8*10 

6*80 

8-95' 

16*40 

19*35 

81*16 

17*97 

1*60 

8-51 

16 

93 


Gassineonrt. 


^Sir  H.  Davy. 


Mulligan  and  Dowling. 
Gassineonrt. 


}o. 


Mnller. 


ft 
Shnaao 


Palermo 34*37 

tt  •         •         •         .  16*20 

Malagra  •        .        •        •     .  10*40 

Carolina       .        •        .        .5*00 

Virginian         .        .        ,    ,  lO-OO 

Catechu,  Pegu,  brown       •        .        .  46*88 

Bombay,  light        ,        .    .  26*82 

II  »i        •        •        .  55*00 

Bengal 44*00 


»» 
II 
II 


i> 


fi 
fi 


II 


Mnlligaa  and  Dowling. 
Sir  H.  Davy. 


Mulligan  and  Dowling. 


G.  Mailer. 

Mulligan  and  DcwllDg. 
Sir  H.  Davy. 
Frank. 

Cadet  de  Gassineonrt. 


Mulligan  and  Dowling. 
Sir  H.  Davy. 


TANKIOENAMIC  ACID.    [Tanhic  Acid.] 

TANNIGENIC  ACID.    [Takwio  Acid.] 

TANNIN.    [Tannic  Acm] 

TANNIN,  PURE,  or  TANNIC  ACID,  Medtc<d  Properties  of. 
This  substance  in  combination  with  extractive  has  been  long  known 
imder  the  nsme  ot  tannin,  and  recognised  as  the  active  principle  in 
almost  all  astringent  vegetables.  [Astringknts.]  As  many  of  these 
are  powerful  in  restraining  excessive  discharges,  whether  bloody  or 
otherwise,  it  was  conjectured  that  the  pure  principle  would  be  yet 
more  efficacious  thsa  when  in  a  sUte  of  combination.  Accordingly  it 
has  been  administered  in  some  passive  haemorrhages,  chiefly  from  the 
uterus  and  the  faronohial  tubes.  To  effect  any  good  it  requires  to  be 
given  for  several  days  m  small  doses.  It  is  with  diffictilty  absorbed 
into  the  circulation,  being  with  great  reluctance  taken  up  by  the 
Jaoteals,  and  producing  very  great  constipation,  from  its  direct  astrin- 
gent action  over  the  mtestinal  canal,  with  which  it  is  brought  into 
oontaAt.    Tannic  acid  has  been  reoommended  in  cases  of  mcurable 


oi^gsnio  diseases  affecting  the  uterus,  accompanied  with  wasting^  dis* 
charges.  These  it  may  for  a  time  moderate,  but  the  oanstipation 
induced  never  fails  ultimately  to  aggravate  the  disesse  and  discomfort 
of  the  patient.  There  is  little  therefore  to  induce  practifdoners  to 
employ  it  to  act  on  remote  organs,  as  it  appears  to  be  converted  into 
gallic  acid  wherever  it  is  absorbed.  To  facilitate  its  action  a  solatioii 
of  it  in  alcohol,  or,  better  still,  in  ether  is  employed.  This  is  sk  very 
powerful  topical  astringent.  Tannin  present  in  the  after-xnatli  of 
grasses  given  as  food  for  cattle  seems  to  pass  out  almost  undianged, 
and  in  the  quantity  originally  present.  It  is  of  use,  slong  iivltli  the 
bitter  extractive,  in  restraining  tne  fermentation  of  the  food.  Xt  i«  its 
presence  in  vegetables  which  causes  the  motions  to  become  blade  'when 
any  preparation  of  iron  or  chalybeate  water  is  taken. 

TANNING.    [Leatheb  Manufaotuke.] 

TANTALUM.    [CoLUMBroM.] 

TANNOMELANIC  ACID.    [Tannic  Acid.] 

TANNOXYLIC  ACID.    [Tannic  Aero.] 

TAPESTRY  (French,  Tapisamc;  Italian,  Tappciseria).    This  name 
is  most  commonly  applied  to  the  textile  fabrics,  usually  composed  of 
wool  or  silk,  and  sometimes  enriched  with  gold  and  silver,  woven  or 
embroidered  with  figures,  landscapes,  or  ornamental  devices,  and  used 
as  a  lining  or  covering  for  the  walls  of  apartments.    It  is  derived  from 
the  French  "  tapis,"  which  is  from  the  Latin  "  tapetum,"  a  carpet  or 
covering  for  a  bed  or  couch.    The  French  "  tapis,"  though  generally 
applied  to  carpets,  is  also  used  to  express  other  figured  cloths  used  as 
coverings,  such  as  the  coverings  of  tables.     Of  the  use  of  the  'word 
tapestry  in  this  more  extended  sense,  there  is  an  instance  in  Shakspere's 
'  Comedy  of  Errors,*  act  iv.,  sc.  1. 

Although  the  loom  was  employed  from  the  earliest  times  hj  tlie 
Greeks  and  Romans  for  the  production  of  ordinary  tissues,  its  applica- 
tion to  the  weaving  of  ornamented  or  figured  fabrics  was  ctiiefly 
Oriental.  It  is  probable  that  many  of  the  early  tapestries  were  em^ 
broidered  by  hand  or  worked  with  the  needle.  This  kind  of  work,  of 
which  the  Bayeux  tapestry  is  a  celebrated  example  [Bayeux  Tapestry], 
was  continued  long  after  the  practice  of  weaving  tapestiy  in  the  loom 
had  become  common.  The  ornamented  curtains  of  the  Jewish  taber* 
nacle  (Exodus,  xxvi.,  xxxv.,  xxxvi.),  are  generally  considered  to  have 
been  embroidered  by  the  needle. 

Scanty  as  are  the  notices  of  tapestrr  in  ancient  writers,  our  infor* 
mation  respecting  it  during  the  middle  ages  is  not  much  fuller. 
Jubinal  ^'  Recherches  sur  TUsage  et  I'OriginedesTapisseries ')  observes 
that  we  nnd  females  engaged  in  working  tapestry  with  the  needle  from 
the  earliest  epochs  of  Uie  French  monarchy.  Gregory  of  Tours, 
writing  towards  the  close  of ,  the  6th  century,  m  his  description  of  the 
rejoicings  which  followed  the  profession  of  Christianity  by  Clovis  and 
his  people,  speaks  of  the  streets  being  shaded  with  painted  cloths  or 
curtains  {vdis  depictis),  and  the  churches  being  adorned  with  hangings  ; 
and  again,  in  describing  the  consecration  of  the  church  of  St.  Denis,  he 
mentions  tapestries  embroidered  with  gold  and  garnished  with  pearls. 
The  fabrication  of  tapestry  hangings  by  the  loom  appears  to  have  been 
introduced  into  France,  at  the  earliest,  about  the  9th  century,  until 
which  time  the  needle  had  been  used  exclusively  in  their  production ; 
and  long  after  that  period,  the  two  processes  were  practised  concur- 
rently. At  this  time  we  often  find  embroidered  cloths  enumerated 
among  the  decorations  of  churches.  From  contemporary  notices,  it  is 
evident  that  there  was  a  celebrated  manufacture  of  tapestry  at  Poitiers 
as  early  as  1025.  Nor  was  the  manufacture  of  tapestrr  confined  to 
FVance  at  this  period.  The  inhabitants  of  the  north  of  Europe  also 
practised  it,  and  English  embroidery  was  much  admired  and  highly 
prized  on  the  Continent.  In  the  East  also,  where  the  art  had  been 
cultivated  from  the  earliest  antiquity,  fine  embroidery  was  produced 
in  the  11th  century.  Much  of  the  early  Oriental  tapestry  was  adorned 
with  grotesque  figures;  and  long  after  it  became  usual  to  depict 
natural  figures  and  scenery  upon  tapestry,  such  devices  were  often  used 
in  ornamental  borders.  ' 

In  the  12th  and  18th  centuries  the  use  of  tapestry  extended  greatly. 
It  passed  from  churches  and  monasteries,  in  which  it  had  been  used 
for  curtains,  paUs,  altar-cloths,  vestments,  &c.,  to  the  residences  of  the 
nobility.  The  use  of  tapestry  in  this  wav  is  believed  bv  manv  writen 
on  the  subject  to  have  been  one  of  the  luxuries  introduced  from  the 
East  in  consequence  of  the  increased  Intercourse  occasioned  by  the 
crusades.  The  crusaders  brought  accounts  of  the  Oriental  practice  of 
covering  waUs  with  prepared  and  ornamented  skins,  chiefly  those  of 
goats  and  sheep.  These,  which  were  probably  at  first  used  of  their 
natural  size  and  shape,  were,  at  a  later  period,  cut  into  rectangular 
pieces,  about  two  feet  high,  and  rather  less  in  width,  and  united  by 
sewing  into  very  solid  and  handsome  hangings,  which  were  well 
adapted  to  resist  damp.  Such  hangings,  or  leather  tapestry,  were 
manufactured  much  at  Venice  and  Cordova,  and  were  sometimes  either 
gilt  all  over,  or  ornamented  with  gilt  devices,  in  which  case  they  bore 
the  name  of  d^or  hasanL  The  Oriental  origin  of  the  more  ordinary 
kind  of  tapestry  is  indicated  by  the  name  Sarazins  or  Sarazinoia,  whicu 
was  frequently  applied  in  France  to  the  early  manufacturers.  In  the 
following  centuries  tapestry  was  not  only  used  to  cover  the  interior 
walls,  but  was  also  employed  on  great  occasions,  as  for  instance  on 
the  public  entries  of  princes,  to  decorate  streets,  and  to  impart  a  joyful 
appearance  to  towns  and  public  places.  It  formed  part  of  the  decora- 
tions of  festal  halls,  and  was  employed  to  ornament  the  galleries  and 
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other  ereoiioDB  required  at  toumunentB.  Rich  embroidery  wm  also 
muoli  employed  in  Uie  deoorationa  of  the  horses  and  men  who  formed 
the  actors  in  thoae  chivalric  amusements ;  and  the  brilliant,  though 
often  grotesque  deyioes  of  heraldry,  which  formed  so  important  a  part 
of  the  display  upon  such  oocasions,  afforded  extensive  employment  to 
the  workers  of  tapestry  and  other  ornamented  tissues. 

The  art  of  making  tapestry,  for  whioh  the  Flemings  had  been  cele* 
brated  £rom  the  12th  century,  made  considerable  progress  in  Flanders 
in  the  14th  century,  and  attained  its  highest  perfection  there  in  the 
15th  Tapestry  manufactories  were  early  established  at  Brussels, 
Antwerp,  Oudenarde,  Lisle,  Toumay,  Bruges,  and  Valenciennes ;  but 
tiiat  of  Arras  was  more  celebrated  than  any  other,  and  its  productions 
were  so  highly  prised,  that  the  name  omw  became  a  common  expres- 
sion for  the  finest  tapestry  generally,  whether  made  in  that  place  or 
elsewhere.  The  hangings  of  Arras,  as  well  as  those  of  other  manu- 
factories in  France,  were  for  the  most  part  executed  in  wool.  Hemp 
and  cotton  were  also  used  in  them,  but  no  silk  or  gold  thread.  The 
fabrication  of  tapestries  formed  of  these  substances  was  carried  on 
chiefly  at  Florence  and  at  Venice.  The  recollection  of  this  difference 
is  important  in  diBcovering  where  old  tapestries  were  made.  The 
designs  included  not  only  scenes  from  ancient  history,  from  the  fabulous 
stories  of  heroes,  and  from  modem  historical  events;  but  hunts, 
fantastical  animala,  or  the  occupations  peculiar  to  the  different  seasons 
of  the  year ;  while  romantic  and  chivalric  poems  afforded  a  rich  store 
of  subjects  for  ill\istration.  The  16th  century,  whioh  was  an  age  of 
general  improvement  in  France,  gave  a  new  impulse  to  the  production 
of  tapestiy.  Francis  I.  founded  the  manufactures  of  Fontainebleau,  in 
whidi  threads  of  gold  and  silver  were  skilfully  introduced  into  the 
work.  It  was,  we  are  informed,  with  this  new  impulse  that  the 
practice  was  commenced  of  weaving  tapestry  in  a  single  piece,  instead 
of  composing  it,  as  before,  of  several  smaller  pieces  joined  together. 
This  prince  brought  Primaticoio  from  Italy,  and,  among  other  works 
of  art,  commissioned  him  to  make  designs  for  several  tapestries,  which 
were  woven  at  Fontainebleau.  He  also  engaged  Flemish  workmen, 
whom  he  supplied  with  silk,  wool,  and  other  materials,  and  paid 
liberally  for  their  labour.  Heniy  IL  established  a  manufacture  of 
tapestry  on  the  premises  of  the  Hdpital  de  la  Trinity,  which  attained 
its  highest  celebrity  in  the  reign  of  Hemy  IV.,  and  produced  many 
fine  tapestries.  Henry  IV.  re-established,  in  1597,  the  manufacture  of 
tapestry  at  Paris,  where  it  had  been  interrupted  by  the  disorders  of 
the  preceding  reigns.  The  establishment  languished,  if  it  did  not 
become  quite  extinct,  after  the  death  of  Henry  IV. ;  but  when  the 
royal  palaces,  especially  the  Louvre  and  the  TuUeries,  were  receiving 
their  rich  decorations,  in  the  reign  of  Louis  XIV.,  his  minister  Col- 
bert revived  it,  and  from  that  time  the  celebrated  royal  tapestry- 
manufactory  of  the  Gobelins  dates  its  origin. 

The  production  of  tapestry  at  the  Gobelins  is  said  to  have  attained 
the  highest  perfection  in  the  time  of  the  minister  Colbert  and  his 
successor  M.  de  Louvois.  Le  Brun,  when  chief  director  of  the  eata- 
bhshment,  made  many  designs  for  working  after ;  and  K.  de  Louvois 
caused  tapestry  to  be  made  from  some  of  the  finest  designs  of  Raffaelle, 
Julio  Romano,  and  other  Italian  painters.  The  manufacture  declined 
greatly  at  the  Revolution,  but  was  revived  imder  the  government  of 
Napoleon,  and  has  ever  since  been  carried  on  successfully,  though  not 
to  the  same  extent  as  formerly.  In  England  the  art  was  practised 
from  a  very  early  date,  the  ladies  of  the  Anglo-Saxon  period  being 
especially  famous  for  their  needle,  and  the  Sucon  chroniclers  having 
frequent  references  to  the  rich  hangings  wrought  by  them.  It  was 
probably  owing  to  the  expense  of  such  hangings,  when  of  large  size, 
and  the  very  long  time  required  for  thefr  production,  that  &e  less 
comfortable  device  of  painting  the  walls  of  chambers  was  extensively 
adopted  in  the  early  Norman  period. 

Chaucer  mentions  a  "  tapiser,"  in  oompony  with  a ''  webbe  "  and  a 
"dyer," among  his  Canterbury  pdgrims;  from  which  circumstance  it 
may  be  presumed  that  the  business  was  not  a  very  uncommon  one 
towards  the  close  of  the  14th  century.  In  the  15th  century  the  use 
of  tapestry  greatly  extended  in  England ;  but  then,  and  for  long  after, 
the  principal  supply  appears  to  have  been  from  the  Continent.  In  the 
16th  century  a  kind  of  hanging  was  introduced  which  holds  a  place 
intermediate  between  painted  walls  and  woven  or  embroidered  tapestry. 
Shakspere  alludes  to  these  hangings  under  the  name  of  "painted 
cloths."  See  also  the  admirable  description  of  the  rich  tapestry  common 
in  the  Elizabethan  period,  by  Spenser,  in  his  '  Faerie  Queene/  book 
iii.,  canto  ix.  The  introduction  of  tapestry-weaving  into  England  is 
usually  attributed  to  a  gentleman  named  Sheldon,  late  in  the  reign  of 
Henry  VIII.,  though  it  was  known,  if  not  commonly  practised,  much 
earlier.  James  I.  endeavoured  to  revive  the  manufacture  of  tapestry, 
which  had  by  his  time  considerably  declined,  by  encouraging  and 
assisting  in  the  formation,  about  1619,  of  an  estabhshment  at  Mortlake, 
under  ike  management  of  Sir  Francis  Crane.  James  I.  gave  2000^ 
towards  the  formation  of  this  establishment,  which  appears  to  have 
been  originally  supplied  with  designs  from  abroad,  but  subsequently 
by  an  artist  named  fVancis  Cleyne,  or  Klein,  a  native  of  Rostock,  in 
the  duchy  of  Mecklenburg,  who  was  engaged  for  the  purpose.  This 
undertaking  was  a  favourite  hobby  both  with  James  and  his  successor, 
who  regarded  Cleyne  so  favourably  that  he  bestowed  upon  him,  in 
1625,  an  annui^  of  1001.  (Rymer*s  '  Foedera/ vol.  xviii.,  p.  112),  which 
he  enjoyed  until  tjite  etvH  vrar.    In  the  same  year  Charles  I.  granted 


2000{.  a  year  for  ten  years  to  Sir  Francis  Crane,  in  lieu  of  an  annual 
payment  of  10002.  which  he  had  previously  covenanted  to  pay  for  that 
term,  as  the  grant  recites,  "  towards  the  furtherance,  upholding,  and 
maintenance  of  the  worke  of  tapestries,  latelie  brought  into  this  our 
kingdoms  by  the  said  Sir  Francis  Crane,  and  now  by  Mm  and  his  work- 
men practised  and  put  in  use  at  Mortlake,  in  our  countie  of  Surrey ; " 
and  of  a  further  sum  of  6000/.  due  to  the  establishment  for  three  suits 
of  gold  tapestries.  ('  Foedera,'  vol.  xviiL,  p.  60.)  After  the  death  of 
Sir  Francis  Crane,  his  brother.  Sir  Richard,  sold  the  premises  to  the 
king,  and  during  the  civil  war  they  were  seized  as  royal  property.  It 
was  for  the  use  of  this  estabUshment  that  Charles  I.  purchased  the 
famous  Cartoons  of  RafiaeUe.  [Cartoons.]  After  the  Restoration, 
Charles  II.  endeavoured  to  revive  the  manufacture,  and  employed 
Verrio  to  make  designs  for  it,  but  the  attempt  was  unsuccessfuL 
During  its  jperiod  of  prosperity,  this  manufacture  produced  superb 
hangings,  after  the  designs  of  celebrated  painters,  with  which  the 
palaces  of  Windsor  Castle,  Hampton  Court,  Whitehall,  St.  Jftmes*s, 
Nonsuch,  Greenwich,  &c.,  and  many  of  the  mansions  of  the  nobility, 
were  adorned.  An  act  of  parliament  was  passed  in  1663  to  encouniga 
the  linen  and  tapestry  manufactures  of  England,  and  to  restrain  the 
great  importation  of  foreign  linen  and  tapestry. 

In  the  primitive  method  of  working  tapestry  with  the  needle,  tha 
wool  was  usually  applied  to  a  kind  of  canvas,  and  the  effect  produced 
was  coarse  and  defective ;  but  s6me  finer  kinds  were  embroidered  upon 
a  silken  fabric.  JThe  process  of  weaving  by  the  loom,  after  the  manner 
known  as  the  haute  line,  or  high  warp,  was  practised  in  the  tapestries 
of  Flanders  (and  according  to  Walpole  and  Jubinal,  in  those  of  Englsnd 
also),  as  early  as  the  14th  and  15th  centuries;  the  only  «w>ntial 
difference  between  these  and  the  productions  of  modem  tunes  being 
the  comparative  size  of  the  pieces  woven  in  the  loo^m.  The  weaving  of 
tapestry,  both  by  the  haute  lisse  and  the  basse  lisae,  appears  to  be  of 
Oriental  invention :  the  difference  between  the  two  methods  may  be 
thus  briefly  described.  In  the  haute  lisse  the  loom  or  frame  with  the 
warp-threads,  is  placed  in  a  perpendicular  position,  and  the  weaver 
worlES  standing;  while  in  the  basse  lisse  the  frame  with  the  warp  is 
laid  horizontally,  and  the  weaver  works  in  a  sitting  position.  In  weaving 
with  the  basse  lisse,  now  seldom,  if  ever,  employed,  the  design  to  be 
copied  is  laid  beneath  the  threads  of  the  warp,  which  are  stretched  in  a 
manner  resembling  that  of  common  weaving,  the  pattern  being  sup- 
ported by  a  number  of  transverse  threads  stretched  beneath  it.  Tha 
weaver,  sitting  before  the  loom,  and  leaning  over  the  beam,  csrefuUy 
separates  the  threads  of  the  warp  with  his  fingers,  so  that  he  may  see 
his  pattern  between  them.  He  then  takes  in  his  other  hand  a  kind  of 
shuttle,  called  a  JlilU,  charged  with  silk  or  wool  of  the  colour  required, 
and  passes  it  between  the  threads,  after  separating  them  in  the  usual 
way  by  means  of  treddles  worked  by  the  feet.  [Weavino.]  The 
thread  of  woof  or  shoot  thus  inserted  is  finally  driven  close  up  to  the 
finished  portion  of  the  work  by  means  of  a  reed  or  comb  formed  of 
box-wood  or  ivory,  the  teeth  of  which  are  inserted  between  the 
threads  of  the  warp.  In  this  process  the  face  of  the  tapestry  is  down- 
wards, so  that  the  weaver  cannot  examine  his  work  until  the  piece  is 
completed  and  removed  from  the  loom.  The  haute  lisse  loom,  whieh 
is  differently  worked,  consists  of  two  upright  side-pieces,  with  large 
rollers  placed  horizontally  between  them.  The  threads  of  the  warp, 
which  usually  cozuust  of  twisted  wool,  are  wound  round  the  upper 
roUer,  and  the  finished  web  is  coiled  round  the  lower  <me.  The 
design  to  be  copied  is  placed  perpendicularly  behind  the  back  or 
wrong  side  of  the  warp,  and  then  the  principal  outlines  of  the  pattern 
are  drawn  upon  the  front  of  the  warp,  the  threads  of  which  are 
sufficiently  open  to  allow  the  artist  to  see  the  design  between  them. 
The  cartoon  is  then  removed  so  &r  back  from  the  warp  that  t^e 
weaver  may  place  himself  between  them  with  his  back  towards  the 
former,  so  that  he  must  tiun  round  whenever  he  wishes  to  look  at  it^ 
Attached  to  the  upright  side  pieces  of  the  frame  are  contrivances  for 
separating  the  threads  of  the  warp,  so  as  to  allow  the  JMte,  or  broach, 
which  carries  the  woof,  to  pass  between  them.  Like  the  weaver  with 
the  basse  lisse,  the  operator  works,  as  it  were,  blindfold ;  but  by  widk- 
ing  round  to  the  front  of  the  loom  he  may  see  the  progress  of  his 
work,  and  may  adjust  any  threads  which  have  not  been  forced  into 
their  right  position  by  the  reed  or  comb,  with  a  large  needle,  called  an 
tUguiUe  d  preiser.  llie  process  of  working  with  the  haute  lisae  is 
much  slower  than  the  other,  and  is,  indeed,  almost  as  slow  as  that  of 
working  with  the  needle. 

It  may  be  desirable  in  this  place  to  say  a  few  words  concerning  two 
varieties  of  carpet  and  rug-work,  which,  though  not  really  tapestry, 
bear  a  certain  resemblance  to  it,  and  are  termed  Pattnt  Tapestry  and 
Wool  Motaie. 

The  Patent  Tapestay  and  Velvet-Pile  Carpet,  invented  by  Mr. 
Alexander  Whytock,  of  Edinburgh,  was  intended  to  supersede  the 
ordinary  Brussels  carpeting,  and  has  to  some  extent  had  that  effect. 
The  peculiarity  of  this  manufacture  lies  in  the  unlimited  number  of 
shades  and  colours  that  can  be  introduced ;  insomuch  that  the  most 
elaborately-coloured  designs,  with  flowers  and  scrolls,  can  be  executed. 
There  is  also  a  very  considerable  saving  of  worsted,  as  compared  with 
the  older  processes.  The  appe^^nce  is  nearly  similar  to  that  of 
Brussels  carpet,  but  the  manufacture  is  more  simple,  each  thread  being 
coloured  separately,  at  spaces,  with  the  various  shades  as  they  follow 
I  each  other  in  the  design.    The  means  by  which  this  process  is  accom- 
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pUshed  is  simple  and  beautiful ;  but  much  care  is  required  in  placing 
and  arranging  the  Uireads,  and  putting  them  on  the  beam.  There 
being  a  heayy  preparatoTy  outlay  incurrod,  each  pattern  must  hare  a 
large  sale  to  defray  the  cost.  In  the  article  Carpbt  Manufaoture, 
certain  descriptive  details  will  be  met  with,  which  will  serve  to  show 
how  parti-coloured  warps  may  be  introduced  to  produce  some  such 
effect  as  is  here  denoted ;  the  exact  apparatus  and  processes  need  not 
be  described  here. 

The  Wool  Mosaic,  patented  and  manufactured  by  Messrs.  Crossley, 
of  Halifax,  ia  an  exceedingly  curious  production,  involving  no  weaving 
process  whatever.  It  may  be  called  a  velvet  tapestry  effect,  produced 
by  mosaic  means.  Artistic  designs  are  prepared  for  this,  of  a  higher 
order  than  is  usual  in  carpets  and  rugs.  The  design  on  paper  is  ruled 
over  in  small  squares,  like  a  Berlin  pattern;  the  size  of  the  squares 
having  a  definite  relation  to  the  thickness  of  the  woollen  threads  to  be 
used.  This  design  is  re-copied  upon  ruled  paper  by  girls,  each  of  whom 
executes  a  portion  of  about  a  foot  square.  These  papers  then  go  into 
the  Uuctory.  Woollen  threads  have  previously  been  dyed  to  an  almost 
infinite  variety  of  colours,  tints,  and  shades ;  for  sometimes  there  are 
as  many  as  a  hundred  different  varieties  introduced  in  one  rug.  A 
woman,  especially  skilled  in  this  art,  selects  from  a  classified  list  tul  the 
colours  that  will  be  needed,  taking  one  thread  for  every  single  square 
throughout  the  pattern.  These  threads  are  then  brought  together 
by  means  of  a  very  remarkable  apparatus.  Every  thread  is  stretdied 
out  horizontally  to  a  length  of  about  17  feet,  and  ia  kept  tight  by  a 
pull  or  force  of  about  4  lbs.  One  square  foot  of  rug-work  consists  of 
about  50,000  threads,  corresponding  to  that  number  of  squares  in  the 
paper  pattern.  The  force  applied  to  the  whole  thus  amounts  to 
200,000  lbs. ;  and  hence  the  iron  frame-work  requires  to  be  very  strong. 
Girls,  under  the  supervision  of  the  mistress,  are  employed  to  stretch 
these  threads,  guided  in  so  doing  by  bars  and  perforated  plates.  Thus 
they  continue  until  a  dense  mass  of  worsted  has  been  arranged,  17  feet 
long,  1  foot  broad,  and  1  foot  deep.  An  ordinary  hearth-rug,  6  feet  by  2, 
requires  12  of  these  masses  to  complete  the  pattern,  or  600,000  threads 
in  all ;  equal  to  10,200,000  feet,  or  nearly  2000  miles  of  worsted  thread. 
This  enormous  quantity  is  made  up  into  about  a  tiiousand  rugs,  all 
exactly  alike,  in  the  following  way.  The  masses  are  firmly  bound  up, 
and  cut  into  portions  of  convenient  length.  They  are  then  arranged 
with  the  600,000  threads  vertical,  all  according  to  the  proper  pattern. 
A  slice  is  cut  off  from  the  top,  to  render  the  upper  surface  quite  level, 
by  means  of  a  large  circular  cutter  revolving  horizontally  with  great 
rapidity.  The  surface  is  coated  with  a  hot  solution  of  india  rubber  and 
camphine,  then  dried,  then  coated  again,  and  so  on  two  or  three  times. 
A  backing,  formed  of  canvas,  is  laid  on  with  a  strong  cement  of 
caoutchouc  solution  ;  and  a  little  rubbing  or  scraping  muee  it  adhera 
very  firmly  to  the  worsted.  The  circular  cutter  then  seven  a  layer 
fj  of  an  inch  in  thickness,  which,  by  further  processes,  becomes  appli- 
cable as  rug,  carpet,  hanging,  curtain,  or  tapeetoy.  The  mass  of  threads 
i^  thus  cut  away  about  a  thousand  times,  producing  this  number  of 
repetitions  of  the  pattern.  Copies  of  elaborate  pictures  may  thus  be 
obtained.  The  process  does  not  become  commen^ally  successful  unless 
there  IB  a  lai^  sale  for  each  pattern. 

TAPIO'CA,  a  farinaceous  substance,  prepared  in  South  America 
from  two  species  of  Janipha,  Manihot  utUisrima,  or  the  bitter,  and 
Manikot  Aipi,  the  sweet,  Cassada  or  Manioc  plants.  The  chief  dis- 
tinction between  them  is  that  a  "  tough  ligneous  fibre  or  cord  runs 
through  the  heart  of  the  sweet  Cassava  root,  of  which  the  bitter  is 
destitute.**  Though  the  bitter  contains  a  highly  acrid  and  poisonous 
juice,  from  which  the  sweet  is  exempt,  yet  the  bitter  is  cultivated 
almost  to  the  entire  exclusion  of  the  other^  which  is  probably  owing 
to  the  greater  facility  with  which  it  can  be  ground  or  rasped  into  flour, 
owing  to  the  absence  of  the  ligneous  centre.  The  poisonous  principle 
of  the  bitter  manioc  is  thought  to  be  of  the  nature  of  hycfrocjranic 
acid.  It  is  easily  dissipated  or  decomposed  by  heat  or  fermentation ; 
hence  the  flour  becomes  perfectly  wholesome  in  Uie  process  of  baking 
the  cassava  bread.  The  juice,  after  expression,  may  be  inspissated 
by  long  boiling,  or  formed  into  a  soup,  with  flesh  and  spices,  called 
cassarepo,  said  to  be  powerfully  antiseptic.  By  means  of  molasses  it 
can  be  fermented  and  converted  into  intoxicating  drink. 

The  fecula,  or  flour,  after  the  juice  has  been  carefully  expressed, 
having  been  washed,  and  dried  in  the  air  without  heat,  is  termed 
mowJiaeo  in  Brazil,  mout»€u:ke  in  the  Antilles,  and  cypipa  in  Cayenne. 
This  constitutes  the  Brazilian  arrow-root  of  English  commerce.  When 
this  fecula  is  prepared  bv  drying  on  hot  plates,  it  becomes  granular, 
and  is  called  tapioca.  It  occurs  in  irregular  lumps  or  grains,  and  is 
partially  soluble  in  cold  water.  The  granules,  diffused  through  water, 
and  examined  by  the  microscoi>e,  are  of  great  uniformity  of  size,  and 
smaller  than  those  of  arrow-root  from  the  Marantas.  Tapioca  is  very 
nutritious  and  easy  of  digestion,  being  free  from  all  stimulating 
qualities.  It  is  therefore  very  necessaiy  to  distinguish  it  from  an 
artificial  tapioca  made  with  gum  and  potato  starch,  which  is  in  laiger 
granules,  whiter,  more  easUy  broken,  and  more  soluble  in  cold  water 
than  the  genuine. 

TAPPING,  or  Paraoentdsis  (in  Suigery),  is  the  operation  usually 
employed  for  the  removal  of  fluid  from  any  of  the  serous  cavities  of 
the  body  in  which  it  has  collected  in  a  dangerous  quaotily.  It  is 
accomplished  by  means  of  an  instrument  called  a  txocar,  and  a  tube,  or 
oanula,  in  which  it  exactly  fits.     The  tktxsar  is  of  steel,  cyUndrical 


through  the  chief  part  of  its  length,  and  terminated  by  a 
pyramid  which  ends  in  a  verv  sharp  point.  The  canula  being  placed 
upon  its  shaft,  tiie  trocar  is  thrust  mto  the  cavity  oontaixung  &e  fluid, 
and  being  then  withdrawn  through  the  canula,  the  latter  is  retained  in 
the  aperture  till  all  the  fluid  is  discharged.  The  diseases  for  which 
tapping  is  chiefly  performed  are  ascites,  hydrothorax,  hydrocele,  and, 
occasionally,  hydrocephalus,  and  effusions  of  fluid  on  the  pericardium. 

TAR.  To  give  a  concise  definition  of  this  familiar  substance  ia 
difficult  inasmuch  as  it  varies  in  colour,  composition,  and  consistence, 
and  is  derived  equally  from  the  animal,  vegetable,  and  mineral 
kingdoms.  From  tiie  colourless  oil-like  Naphtha,  on  the  one  hand,  to 
the  hard,  black,  resin-like  Bxtumkn,  or  pitch,  on  the  other,  we  have 
mixtures  of  the  two,  containing  more  or  less  of  either,  and  to  which 
the  term  tar  is  applied. 

Tar,  then,  is  a  coloured  oleo-resin.  Deposits  of  it  are  frequently  met 
with  in  nature,  rarely  however,  in  lai^  quantities.  The  most  impcvr- 
tant  basins  of  it  are  found  in  Bunnah,  especially  at  Rangoon.  Wells, 
about  sixty  feet  deep,  are  sunk  in  the  soil,  and  from  their  vralls  oozes 
'  out  the  tar  and  collects  at  the  bottom ;  it  has  a  brownish  green  colour, 
a  goose-grease  consistence,  and  is  a  mixture  of  several  well-defined 
matters  tiiat  will  be  referred  to  presentiy.  Names,  other  than  tar, 
have  been  given  to  tins  naturally  occurring  oleo-resin.  Thus,  we  have 
roch-oil'ot  petroleum,  black  naphtha,  Uquid  pitch,  liquid  bitumm,  Jluid 
atphalt,  and  nunercU  tar. 

But  the  vegetable  kingdom  is  also  a  source  of  tar;  indeed,  it  ia  the 
most  important  one,  ana  wood  and  coal  are  the  members  which  yield 
it.    In  commerce  we  meet  with  wood-tar  in  barrels  holding  iUx>ut 
thirty  gallons.    Under  the  name  of  Stodcholm  tar  it  is  imported  from 
Russia,  Sweden,  Norway,  Denmark   and   other  northern   parts    of 
Europe ;  while  that  from  the  States  of  the  New  World  is'distmguished 
as  American  tar.    The  wood,  especially  that  of  the  root,  of  pines,  is  the 
kind  most  profitably  used  in  the  production  of  tar ;  and  it  is  subjected 
to  a  crude  yet  effective  process  of  destructive  distillation.    A  large 
neatly-trimmed  hole  of  conical  shape  ia  made  in  a  bank,  hill-side  or 
other  sloping  ground,  and  into  this  is  lowered  a  similarly  shaped 
bundle  of  pine-billets.    The  wood  being  kindled  the  whole  is  covered 
with  turf.    Slow  partial  combustion  now  goes  on,  the  resin  naturally- 
existing  in  the  wood  melts,  is  slightiy  decomposed  and  darkened  in 
colour  by  the  heat,  and  flowing  down  to  the  bottom  of  the  hole  is 
there  received  in  an  iron  dish  having  a  long  tubular  spout  which 
conveys  it  a  few  feet  through  the  ground  to  the  mouth  of  the  barrel ; 
the  latter  being  placed  for  its  reception  in  a  cavity  some  two  or  three 
yards  lower  down  the  slope. 

CoeU-tar  has  already  been  treated  of  in  a  sepsrate  article  [Coal- 
tar.]  In  appearance  and  complexity  of  composition  it  much  resembles 
mineral  and  wood  tar. 

Remembering  the  vegetable  nature  of  coal,  it  is  easy  to  conceive  that 
the  above-descnbed  varieties  of  tar  have  a  common  origin.  The  pro- 
duction of,  first,  wood,  then  coal,  and  finally  mineral  tar  are  possibly 
sequential  operations  in  nature  which  are  simply  hastened  by  the 
restless  eneny  of  man  when,  in  the  rude  Macedonian  fashion  he  half 
bums  wood  m  the  forest,  or  submits  coal  to  destructive  distillation 
aided  by  all  the  appliuices  of  refined  modem  ingenuity. 

Animal  tar  has  already  been  treated  of  [Bonb-liquor.]  It  ia 
chiefiy  used  for  lubricating  machinery. 

Pitch, — When  tar  is  heated  in  retorts  it  partially  volatilises.  The 
first  portions  of  the  distillate  constitute  eruae  naphtha  turpentine  and 
impure  pyrUigneouM  (acetic)  acid,  and  next  oiU  containing  paraffin  come 
over;  the  residue  in  the  retort  \a pitch,  a  hard,  black,  vitreous  resin. 

ConitituenU  of  Tar. — By  tedious  processes  of  fractional  distillation, 
each  portion  of  the  distillate  being  redistilled  and  its  products  col- 
lected in  sevOTal  separate  quantities,  and  these  again  rectified  and 
acted  upon  by  powerful  chemical  reagents — coal-tar  has  been  shown  to 
consist  of ; — ^fint,  a  number  of  very  inflammable  liquids,  containing 
either  the  elements  carbon  and  hydrogen  only,  as  Cumoli,  Eupiok, 
(from  M^  beautiful,  and  vlmv  fat)  Toluolk,  and  Xtlolb  ;  or  oxygen 
idso,  as  in  Krkabotb,  Capnomor  (from  months,  smoke,  and  fiotpa  part), 
and  picamar.  The  latter  is  an  oily  body,  of  bitter  taste,  and  specific 
gravity  1*10  :  it  forms  a  crystalline  compound  with  potash.  The 
second  series  contains  solid  bodies,  namely.  Paraffin,  Naphthaliv 
Cedrirbt,  (from  cedrium,  the  old  name  for  **  acid  tar- water,"  and  rete  a 
net,  in  allusion  to  the  reticulated  appearance  of  its  crystals),  Ptren, 
Chrtben,  Ptroxanthin  and  piUacal;  the  latter  has  a  deep  blue 
colour,  and  is  insoluble  in  water,  alcohol,  or  ether.  The  liquid  called 
naphtha  chiefly  consists  of  hydro^sarbon ;  the  oilt  contain  the  oxidised 
bodies ;  and  pitch  is  a  mixture  of  the  various  solids,  together  with 
other  fixed  matters  that  are  probably  decomposed  when  distillation  is 
effected  at  very  high  temperatures,  and  whiuh  yield  the  chareoal  that 
under  these  droumstances  is  always  left  in  the  retorts. 

Mineral  tar  and  coal-tar  have  been  proved  to  consist  of  the  same 
substances  as  wood-tar.  As  might  be  suspected,  they  contain  less  non- 
volatile matter  than  wood-tar. 

Animal  tar,  besides  the  compounds  already  referred  to,  contains 
MzTHTLAHiNX,  Ethtlamixx  and  other  bases  of  the  same  class ; 
AiOLDrs  and  its  homologues ;  and  some  nitiUes  of  fatty  adds. 

TARANTISMUS  is  the  name  eiven  to  a  peculiar  nervous  affeotion 
which  was  long  supposed  to  b^  the  oonsequanoe  of  the  bite  of  the 
Tarantula  Spider.    It  snms  to  have  occurred  frequently  in  the  king* 
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doxn  of  Naples  durbg  the  16th  century,  and  to  have  been  nearly 
Bifnilar  in  its  charactera  to  the  disease  which  was  originally  called 
St.  VituB*s  dance  [Chobba],  and  to  that  which  has  occasionally  pre- 
vailed in  parts  of  Scotland,  and  has  been  called  the  **  leaping  ague.** 

The  patientSi  nearly  all  of  whom  were  women,  soon  after  being 
bitten  (aa  it  was  supposed)  used  to  fall  into  a  profound  stupor,  from 
'wliicli  nothing  rousied  them  but  the  sound  of  such  music  as  pleased 
tliem^  on  hearing  which  they  had  an  irresistible  desire  to  dance.    So 
lon^  as  the  music  continued,  and  was  in  tune  and  sufficiently  lively, 
they  would  go  on  jumping  and  dancing  till  they  fell  exhausted ;  and, 
all  the  time,  some  used  to  shriek,  some  to  laugh  and  sing,  and  some  to 
'weep.     When,  after  a  short  restj  they  had  recovered  from  their  fatigue, 
they  -would  again  begin  to  dance  witii  as  much  vigour  as  before,  unless 
the  music  were  played  slowly  or  confusedly,  when  they  would  stop 
and  grow  anxious  and  melancnoly,  or  even,  if  the  music  were  not  soon 
made  a^;reeable  to  them,  would  fall  into  a  dangerous  state  of  stupor. 
The  disease  used  to  last  about  four  days,  and  seemed  to  be  cured  by 
the  profuse  perspirations  brought  on  by  the  active  exercise ;  but  it 
often  returoed  at  the  same  time  in  the  following  year,  or  even  for  a 
Bucceasion  of  years,  and  on  every  occasion  required  the  same  treat- 
ment. 

Since  it  has  been  found  that  the  bite  of  the  Tarantula  can  produce 
no  Buch  strange  effects  as  these,  many  have  suspected  that  the  disease 
ascribed  to  it  never  really  existed,  but  was  feigned  for  the  purpose  of 
exciting  pity  or  for  the  pleasure  of  dancing.     There  is  good  reason  to 
believe  that  in  most  instances  it  was  counterfeited  :  but  there  can  be 
no  doubt  that  such  a  disease  had  occurred  and  had  given  occasion  to 
the-  practice  of  the  fraud.    Besides  its  similarity  to  diseases  whose 
reality  is  generally  admitted,  such  as  the  St.  Vitua's  dance  and  the 
leaping-ague,  cases  have  occasionally  been  met  with  in  recent  times 
which  closely  resemble  it,  and  in  which  there  could  be  no  just  suspicion 
of  fraud.     Such  a  case  is  described  by  Mr.  E.  Wood,  in  the  seventh 
volume  of  the '  Medico- Chirurgical  Transactions ; '  another  is  recorded 
by  Mr.  Crichton,  in  the  thirty-first  volume  of  the  '  Edinbuigh  Medical 
and  Surgical  Journal ; '  and  in  the  '  Cyclopssdia  of  Practical  Medicine,' 
art.  '  Chorea,'  several  cases  of  analogous  affections  are  related.    All 
these  however  occurred  singly.    That  the  Tarantismus  and  the  St. 
Yitus's  dance  should  have  assumed  the  characters  of  epidemics  may  be 
ascribed  to  their  propagating  themselves,  as  all  convulsive  affections 
are  apt  to  do  among  nervous  and  superstitious  persons,  by  the  pro- 
pensity to  imitation,  the  effects  of  which  are  still  frequency  seen  in 
the  production  of  hysteria,  chorea,  and  similar  diseases. 

TAHAXACIN.  Taxaradn,  A  bitter  non-azotised  crystalline 
principle  contained  in  the  milky  juice  of  the  common  dimdelion. 
{Leontodon  Taraxacum,) 

TARE.  We  hardly  know  whether  all  the  words  tare,  tret,  doff, 
tuttle,  grou,  net,  are  still  used  in  commerce ;  they  all  hold  their  places 
in  works  of  ariUimetic.  Tare  is  said  to  be  iJie  aliowance  for  the  weight 
of  the  box  or  bag  in  which  goods^  are  packed ;  tret,  an  allowance  of 
i  lb.  in  104  lb.  for  waste ;  cloff,  an  allowance  of  2  lb.  in  8  cwt.,  that  the 
weight  may  hold  good  when  sold  by  retail;  the  groet  weight,  that  of 
the  goods  and  package  all  together ;  the  tuttle  weight,  that  which  re- 
mains  when  tare  only  is  allowed ;  the  net  weight,  that  which  remains 
when  all  allowances  are  made.  We  shall  merely  state  what  we  know 
of  these  words. 

Tare  (written  tara  in  some  of  our  older  arithmetical  works)  is  made 
from  the  Italian  tarare^  to  ubate.  In  that  language  tara  is  a  technical 
term  implying  abatement  of  any  kind,  not  for  weight  of  package  only. 
We  believe  doff  to  have  been  the  English  word  which  originally  stood 
for  the  allowance  for  package :  in  our  older  arithmeticians,  tare  and 
cloffe  generally  go  together,  and  the  latter  seems  to  be  for  the  package, 
the  former  for  other  abatements.  Cloff  or  dough  is  defined  in  an  old 
dictionary  as  that  wherein  any  thing  is  put  for  carriage  sake.  Hum- 
phrey BaJcer  (1562)  speaks  only  of  tare  and  cloffe ;  Masterson  (1592), 
of  tara,  cloffe,  and  tret,  but  the  first  two  terms  are  used  together.  We 
cannot  find  cloff  used  in  the  sense  given  to  it  by  our  modem  books  of 
arithmetic  until  about  the  end  of  the  17th  century. 

Tret  seems  to  be  from  the  Italian  tritare,  to  crumble.  Stevinus,  in 
his  Latin  treatise  on  book-keeping,  uses  intertrimentum  in  the  sense  of 
deduction  from  the  quantity  changed  for.  Orost  weight  needs  no  ex- 
planation ;  the  Italian  form  netto  was  formerly  used  for  net  weight. 
It  being  well  known  that  these  terms  generally  come  to  us  from  the 
Italian,  we  must  suppose  suttle  to  be  from  aottile,  which  is  used  in  the 
sense  of  fine  and  valuable,  and  is  applied  to  the  finer  part,  as  separated 
from  the  coarser.  One  of  our  old  writers  (Masterson,  '  Arithmetike,' 
1692)  uses  suttle  weight  in  a  manner  which  mokes  us  imagine  we  see 
the  origin  of  the  hundred  weight  being  a  hundred  and  twdve  pounds. 
Without  any  explanation,  as  if  it  were  matter  of  notoriety,  he  con- 
trasts etUtU  and  averdupoie  weight,  the  former  having  100  lbs.  to  the 
hundredweight,  the  latter  112  lbs.  In  the  rougher  sort  of  goods,  at 
the  same  period,  the  tare  was  (as  appears  by  the  tables  they  give)  very 
often  12  lbs.  in  112  lbs. :  perhaps  then  the  hundredweight  of  112  lbs. 
was  only  an  allowance  for  the  weight  of  the  box,  barrel,  or  oUier 
package. 

TAitES  are  a  most  important  green  crop  in  the  improved  systems 
of  agriculture,  especially  on  heavy  soils,  where  they  thrive  best.  When 
sown  in  autumn,  with  a  small  sprinkling  of  wheat  or  rye,  they  cover 
the  ground  in  spring,  and  supply  abunduioe  of  fodder  in  summer.    A 


good  crop  of  tares  is  fully  equal  in  value  to  one  of  red  clover :  it  comes 
off  the  ground  in  sufficient  time  to  give  the  land  a  summer  tillage, 
which  is  so  useful  in  destroying  weeds,  and  to  allow  turnips  to  be 
sown  in  the  same  season. 

There  are  many  species  and  varieties  of  tares ;  but  that  which  is 
found  the  best  adapted  for  agricultural  purposes  is  the  common  tare 
(Vicia  sativa),  of  which  there  are  two  principal  varieties,  very  slightly 
differing  in  appearance,  one  of  which  is  hardy,  and  will  stand  the 
severest  winters :  the  other  is  more  tender,  and  is  therefore  only  sown 
in  spring ;  but  it  has  the  advantage  of  vegetating  more  rapidly,  so  that 
spring  tares  sown  in  March  will  be  fit  to  cut  within  a  fortnight  or  three 
weeks  after  those  which  were  sown  in  autumn.  By  sowing  l^em  at 
regular  intervals  from  September  to  May,  a  succession  of  green  tares 
in  perfection,  that  is,  in  bloom,  or  when  the  pods  are  forming,  may  be 
cut  for  several  months,  from  May  to  October.  A  prudent  &rmer 
arranges  his  crops  so  that  he  shall  have  artifidal  green  food  for  his 
horses  and  cattle  at  least  six  months  in  the  year,  by  having  tares  fit  to 
cut  between  the  first  and  second  cut  of  clover.  When  there  are  more 
tares  than  is  absolutely  required  for  this  purpose,  and  the  weather 
permits,  they  make  excellent  hay ;  or,  if  the  weather  is  not  favourable, 
they  are  cut  and  given  to  sheep,  which  are  folded  on  the  portion 
already  cut.  It  is  an  advantage  to  have  portable  racks  for  this  pur- 
pose, that  the 'fodder  may  not  be  trod  under  foot  and  wasted ;  or  the 
tares  may  be  placed  between  hurdles,  tied  two  and  two,  which  form 
extemporaneous  racks.  It  is  prudent  to  raise  sufficient  seed  for  another 
year;  but  a  crop  of  seed-tares  raised  for  sale  is  seldom  profitable,  as 
they  greatly  exhaust  the  soil :  and  the  price  varies  so  much  in  different 
seasons,  that  it  becomes  too  much  of  a  speculation  for  a  farmer.  The 
difference  of  spring  and  winter  tares  is  probably  more  owing  to  habit 
than  to  any  real  botanical  distinction  between  them.  When  spring 
tares  are  sown  in  autumn  instead  of  winter  tares,  they  may  occasionally 
stand  the  frost,  if  not  very  severe ;  but,  in  general,  they  rot  on  the 
ground  and  never  recover ;  whereas  the  real  hardy  winter  tares,  whose 
v^tation  is  slower,  seem  insensible  to  the  severest  frosts. 

in  the  early  part  of  summer  green  rye  and  tares,  mixed,  are  sold  at 
a  great  price  in  lai^  towns  for  horses  which  have  worked  hard  and 
been  highly  fed  in  winter.  They  act  as  a  gentle  laxative,  and  cool  the 
blood :  near  London,  where  every  produce  is  forced  with  an  abundance 
of  manure,  tares  are  often  fit  to  cut  early  in  May,  and  the  land  is 
immediately  ploughed  and  planted  with  potatoes,  or  sown  with  mangel 
wunel  or  Swedkh  turnips,  which  come  off  in  September  or  October, 
in  time  for  wheat-sowing.  Thus  two  very  profitable  crops  are  raised 
during  the  time  that  the  land,  according  to  the  old  system,  would  have 
been  fallow ;  and  at  the  same  time  it  is  left  as  clean,  by  careful  hoeing, 
as  the  best  &llow  would  have  made  it. 

Tares  should  be  sown  on  land  which  is  well  pulverised.  If  after 
wheat,  the  stubble  should  be  ploughed  in  with  a  deep  furrow  after  a 
powerful  scarifier  has  gone  over  the  land  several  times  to  loosen  it : 
five  or  six  cart-loads  of  good  farm-yard  dung  i^ould  be  ploughed  in. 
The  tares  should  be  drilled  or  dibbled,  and  the  surface  well  harrowed. 
The  intervals  should  be  hoed  early  in  spring :  this  will  accelerate  the 
growth,  and  insure  a  complete  covering  of  tiie  ground.  As  soon  as  the 
tares  show  the  flower,  they  may  be  cut  daily  till  the  pods  are  fully 
formed ;  after  this,  any  which  remain  uncut  should  be  made  into  hay 
or  given  to  sheep ;  for  if  the  seeds  are  allowed  to  swell,  the  ground 
wiU  be  much  exhausted.  Another  piece  should  be  ready  to  cut  by 
this  time,  and  thus  there  may  be  a  succession  of  tares  and  broad  clover 
from  May  to  November.  Tares  may  be  sown  as  late  as  August,  on  a 
barley  or  rye  stubble,  for  sheep-feed  early  in  winter,  or  to  be  ploughed 
in  to  rot  in  the  ground,  where  beans  or  peas  are  intended  to  be  sown 
earlv  in  spring ;  this  is  perhaps  the  cheapest  mode  of  manuring  the 
land,  the  only  expense  being  the  seed ;  for  the  tillage  is  necessary  at 
all  events. 

TARGUMS,  or  CHALDEE  PARAPHRASES  OF  THE  OLD 
TESTAMENT.  During  the  Babylonish  captivity,  the  Unguage  of  the 
Jews  was  affected  by  the  Chaldee  dialect  spoken  at  Babylon,  to  such  an 
extent,  that  upon  their  return  they  could  not  understand  the  pure 
Hebrew  of  their  sacred  books;  ana  therefore,  when  Ezra  and  the 
Levites  read  the  law  to  the  people,  they  found  themselves  obliged  to 
add  an  explanation  of  it,  undoubtedly  in  Chaldee.  (Nehem.  viii  8.) 
[Hebrew  Language  ;  Aramjbab  Language.]  In  course  of  time 
such  explanations  were  committed  to  writing,  and  from  their  being 
not  simple  versions,  but  explanatory  paraphrases,  they  were  called  by 
the  Chaldee  word  Targum,  which  signifies  "  an  explanation." 

There  are  ten  Taraums  extant : — 

1.  The  Targum  of  Onkelot,  on  the  Pentateuch,  is  the  most  ancient. 
Onkelos  is  supposed  to  have  lived  at  Babylon.  The  Babylonish 
Talmud  makes  him  a  contemporary  of  Gamaliel,  at  the  very  beginning 
of  the  Christian  era.  No  critics  place  him  lower  than  the  2nd  centuiy. 
His  language  approaches  nearer  than  that  of  the  other  Targums  to  the 
pure  Chaldee  of  the  books  of  Daniel  and  Ezra.  He  follows  the 
Hebrew  text  so  closely,  that  his  work  is  less  a  paraphrase  than  a 
version,  and  he  is  free  from  the  fables  which  prevailed  among  the 
later  Jews. 

2.  The  Targum  of  Jonathan  Ben  Uztid,  on  the  Prophets,  is  by  many 
ascribed  to  an  author  contemporary  with  Onkelos,  or  even  a  little 
older,  namely,  Jonathan  the  son  of  Uzziel,  a  disdple  of  the  eldar 
HilleL    The  mention  ti  his  name  in  the  Talmuds  proves  him  to  hav* 
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lived  earlier  than  the  4th  and  5th  centuriea.  But  Jahn  points  out 
certain  internal  marks,  from  which  he  oondudeB  that  this  Targum  was 
compiled,  towards  the  end  of  the  drd  century  after  Ohrist,  from  other 
paraphrases,  some  of  which  at  least  were  considerably  older.  The 
Jews  make  Jonathan  contemporary  with  the  prophets  Malachi, 
Zechariah,  and  Haggai,  and  relate  marrelloua  stories  respecting  the 
composition  of  his  Talmud.  This  Targum  is  more  paraphrastic  than 
that  of  Onkelos ;  its  dialect  is  not  so  pure ;  the  version  1b  not  so  accU' 
rate,  but  it  is  free  from  the  fabulous  stories  of  the  later  Talmuds.  It 
comprises  the  books  of  Joshua,  Judges,  Samuel,  Kings,  Isaiah,  Jeremiah, 
Ezekiel,  and  the  twelve  minor  prophets. 

8.  2%e  Targum  of  the  pseudo^Jonathanf  on  the  Pentateuch,  is  so 
called  from  its  having  been  erroneously  ascribed  to  Jonatha^  Ben 
Uzziel.  In  purity  of  dialect,  in  its  general  style,  and  in  its  mode  of 
exposition,  it  is  far  inferior  to  the  Targum  of  tf onathan.  It  aboimds 
in  silly  fables,  and  displays  great  ignorance  of  Hebrew  on  the  part  of 
its  author.  From  internal  evidence,  such  as  its  mention  of  the  Turks 
and  Lombards,  it  ia  evident  that  it  could  not  have  been  written  earlier 
than  the  7th,  or  perhaps  the  6th,  century. 

4.  TKe  JeruBoUm  Targum,  on  the  Pentateuch,  of  which  however  it 
omits  large  portions,  and  sometimes  explains  only  single  words,  is 
evidently  later  than  that  of  the  pseudo-Jonathan,  which  it  generally 
follows  closely,  occasionally  departing  from  it  for  the  worse.  Its 
dialect  is  very  impure,  abounding  in  Greek,  Latin,  and  Persian  words. 

The  other  Targums  scarcely  deserve  a  separate  notice.  An  account 
of  them,  and  lists  of  the  editions  and  Latin  versions  of  the  Tai^ms, 
inll  be  found  in  the  works  quoted  at  the  end  of  this  article.  Taken 
together,  the  Tax^gums  form  a  paraphrase  of  the  whole  of  the  Old 
Testament,  except  the  books  of  Daniel,  Ezra,  and  Nehemiah,  which 
called  the  less  for  such  an  exposition,  as  they  are  to  a  great  extent 
written  in  Chaldee. 

(Prideaux,  Connection,  part  ii.,  book  viii. ;  the  Introductions  of  Home 
and  Jahn.) 

TARIFF,  a  table  of  duties  to  be  paid  on  goods  imported  or  exported. 
The  principle  of  a  tariff  depends  upon  the  commercial  policy  of  the 
body  by  which  it  is  framed,  and  the  details  are  constantly  fluctuating 
with  the  change  of  interests  and  the  wants  of  the  community,  or  in 
pursuance  of  commercial  treaties  with  other  state&  The  British  tariff 
has  undergone  many  important  alterations  within  the  last  sixty  years, 
all  tending  to  increased  freedom  of  trade.  Only  twenty-six  kinds  of 
articles  are  now  subject  to  an  import  duty,  and  none  to  an  export 
duty,  all  being  imposed  merely  for  fiscal  purposes.  A  tariff  often  aims 
at  incompatible  ends :  duties  are  sometimes  meant  to  be  both  pro- 
ductive of  revenue  and  for  protective  objects,  which  are  frequently 
inconsistent  with  each  other.  Hence  they  sometimes  operate  to  the 
complete  exclusion  of  foreign  produce,  and  in  so  &r  no  revenue  can  of 
course  be  received ;  and  sometimes,  when  the  duty  is  inordixfotely  high, 
the  amoimt  of  revenue  becomes  in  consequence  trifling.  An  attempt 
is  in  fact  made  to  protect  a  great  variety  of  particular  interests  at  the 
expense  of  the  revenue  and  of  the  commercial  intercourse  with  other 
countries. 

TARTAN.    [Weavdio.] 

TARTAR,  CREAM  OF.    [Tartaric  Acid.] 

TARTAR  EMETIC.    [AwTiMomr.] 

TARTARIC  ACID  (CgH^O^o,  2H0).  This  add  occurs  hi  nature  in 
both  the  free  and  combined  states.  lii  the  free  condition  it  exists  in 
the  tamarind,  grape,  pine-apple,  pepper,  &c. ;  as  a  ]X)tash  salt,  also  in 
the  tamarind,  grape,  and  in  the  mulberry ;  and  as  tartrate  of  lime, 
in  the  fruit  of  the  stag's-hom  sumach  {Bhus  typhina).  Tartaric  acid  is 
also  found  in  many  other  vegetable  juices,  but  it  is  from  the  grape  that 
nearly  all  the  tartaric  acid  of  commerce  is  obtained. 

Bitartrate  of  potash  is  soluble  in  water,  but  not  in  alcohol ;  in  a 
mixture  of  the  two  it  is  soluble  to  an  extent  dependant  upon  the  pro- 
portion of  the  one  to  the  other.  When,  therefore,  the  juice  of  the 
grape  is  fermented,  there  arrives  a  point  at  which  the  bitartrate  of 
potash  b^is  to  crystallise  out  and  deposit  on  the  sides  of  the  vessel 
in  which  it  is  contained,  and  this  operation  goes  on  until  the  whole  of 
the  sugar  in  the  wine  is  converted  into  alcohol.  In  going  out  of 
solution  it  takes  much  colouring  matter  with  it,  and  in  this  impure 
state  is,  at  convenient  seasons,  removed  and  sent  into  commerce  as 
argol  or  crude  tartar.  Purified  by  recrystallisation  and  treatment  with 
animal  charcoal,  it  constitutes  purified  tartar,  or  "  cream  "  of  tartar  ; 
and  it  is  from  this  salt  that  tartaric  acid  is  produced.  "  It  is  called 
fartor,"  says  Paracelsus,  "  because  it  produces  oil,  water,  tincture,  and 
salt,  which  bum  the  patient  as  tartarus  does.**  Tartarue  is  Latin  for 
hell.  The  products  of  its  destmctive  distillation  are  certainly  some- 
what irritating,  and  the  properties  of  the  "  salt "  (carbonate  of  potash) 
that  is  left  are  well  known. 

To  prepsre  the  acid,  the  bitartrate  is  dissolved  in  hot  water,  and 
powdered  chalk  added  so  long  as  effervescence  continues.  A  precipi- 
tate of  tartrate  of  lime  is  hereby  formed,  while  neutral  tartrate  of 
potash  remains  in  solution.  The  latter  is  then  decomposed  by  adding 
the  proper  proportion  of  chloride  of  calciiun,  or  by  boiling  with  sul- 
phate of  lime.  In  either  case  the  tartaric  acid  remaining  in  the  potash 
salt  is  also  thrown  into  the  state  of  tartrate  of  lime.  Finally,  the 
tartrate  of  lime  is  gently  heated  with  rather  more  than  half  its  weight 
of  strong  sulphuric  acid  mixed  with  seven  or  eight  times  its  weight 
of  water.    When  the  decomposition  is  complete  the  whole  is  filtered. 


the  filtrate  evaporated,  if  necessary,  and  the  liquor  set  aside  to 
crystallise. 

Crystals  of  tartaric  add  are  colourless,  inodorous,  powerfully  yet 
agreeably  add  to  the  taste,  of  specific  gravity  175,  contain  no  water  of 
crystallisation,  and  remain  perfectly  transparent  and  unaltered  in  the 
air.  They  are  very  soluble  in  water,  alcohol,  and  wood  spirit,  but  not 
in  ether ;  the  aqueous  solution  slowly  decomposes  if  exposed.  When 
gently  warmed,  they  give  evidence  of  being  highly  ohai^;ed  with  eleo- 
tricity.  Solution  of  tartaric  acid,  especiaUy  when  hot,  exerts  a  powerful 
twisting  action  on  polarised  rays  of  light.  The  direction  of  rotation  is 
to  the  right,  as  observed  in  the  apparatus  described  under  Saooha* 
RZHETRT  :  it  is  a  remai^ble  i^enomenon,  and  will  presently  be 
referred  to  as  a  means  of  distinguishing  the  derivatives  and  modifl* 
cations  of  this  add  from  each  other. 

Tartaric  acid  gives  a  white  precipitate  (bitartrate  of  potash)  when 
added  in  excess  to  a  strong  solution  of  a  potash  salt ;  it  also  throws 
down  white  tartrates  from  lime  or  baryta  water  and  from  acetate  of 
lead,  but  does  not  decompose  the  chlorides  of  barium  or  calcium. 
Oxidising  agents,  such  as  peroxide  of  lead,  red  lead,  bichromate  of 
potash,  nitric  acid,  Ac.,  readily  act  upon  tartaric  add  and  convert  it 
into  formic  and  carbonic  adds.  Fused  with  caustic  potash,  it  splits  ap 
into  acetic  and  oxalic  acids,  thus : — 


3HO,CsH«Oio   -f  8(K0,H0} 
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By  heat,  tartaric  add  is  transformed  into  several  modifications. 
Exposed  to  a  temperature  not  exceeding  340"  Fahr.,  it  fuses,  and  is 
altered  to  an  acid  that  has  the  same  compodtion  and  apparently  the 
same  constitution  as  the  original  add,  but  forms  salts  which  are  more 
soluble  in  water.    It  has  a  gummy  appearance,  is  very  deliquescent, 
does  not  when  in  excess  predpitate  ammonia  from  its  salts  until  after 
some  time,  and  then  the  crystals  have  a  different  form  to  that  of  ordi* 
nary  bitaitrate  of  ammonia.    The  solutions  of  its  salts  change  into 
those  of  ordinary  tartrates  when  boiled.    The  above  is  distinguished 
from  the  ordinary  by  "the  name  metatartarie  acid.     By  continued 
exposure  to  the  same  temperature,  metatartarie  acid  Ib  further  modified 
to  ieotartaric  acid,  the  chief  peculiarity  of  which  is  that  its  salts  corre- 
spond only  to  bitartrates.    The  formula  (HO,  CgH^Oi^)  probably  there- 
fore  represents  its  true  constitution.     Closely  assodated  with  the 
above  acids  are  the  tartralic  and  tartrdic:  they  are  formed  on  exposing 
tartaric  acid  to  a  still  higher  temperature  for  a  shorter  or  longer 
period ;  they  contain  less  water  than  the  ordinanr  add,  and  possibly 
are  merely  mixtures  in  different  proportions  of  that  substance  witu 
anhydrous  tartaric  acid,  or  tartaric  anhydride.    The  latter  body  has 
the  composition  CgH^O^o :  it  always  results  when  tartaric  add  is  main- 
tained for  some  time  at  a  temperature  of  874**  Fahr.    It  is  insoluble  in 
water,  alcohol,  or  ether,  and  by  long  exposure  in  a  moist  state,  or 
more  rapidly  on  boiling  in  pure  or  alkaline  water,  is  reconverted  into 
the  ordinary  crystalline  form  of  acid.    Finally,  on  heating  tartaric  add 
to  400*  Fahr.,  and  higher,  in  a  distallatory  apparatus,  it  is  decomposed 
into  carburetted  hydrogen  and  carbonic  add  gases,  water,  acetic  add, 
empyreumatic  oily  matters,  pyruvic  and  pyrotartuic  adds.    Pyruvic 
acid  (2H0,  CisHgOjo)  is  separated  from  other  matters  in  the  distillate 
by  f  ractiomd  distillation  and  by  taking  advantage  of  the  insolubility  of 
its  lead  salt.     Pyruvic  acid  Lb  imcrystalUsable,  miscible  in  all  pro- 
portions with  water,  alcohol,  or  ether,  and  forms  difficultly  crystal- 
usable  pyruvates;  that  of  silver  being  somewhat  soluble  in  water,  and 
containmg  2AgO,  CigHjOj^.    Pyrotartarie  acid  (2H0,  C^qHoO-)  in  the 
impure  state  remains  as  a  syrupy  liquid  when  the  tartaric  diBtillate 
above  referred  to  is  redistilled.    It  mav  be  purified  by  distillation  and 
exposure  of  its  distillate  in  vacuo,  when  it  separates  out  in  crystals. 
The  latter  may  be  quite  decolorised  by  solution  in  water,  treatment 
with  animal  charcoal,  and  recrystaUisation.    Pyrotartarie  acid  crystal- 
lises in  oblique  prisms,  Ib  very  soluble  in  water,  alcohol,  or  ether,  is 
volatOe  without  decomposition,  and  forms  well-defined  crystalline  nalta 
with  bases.    It  forms  neutral  and  add  pyrotarlrates,  of  the  general 
formula  MO,  HO,  C,oHoO^  or  2M0,  CioH^Oa.    With  persalts  of  iron  it 
gives  a  red  precipitate,  and  with  protosalts  a  solution  that  rapidly 
reddens  in  contact  with  air. 

Artificial  Formation  of  Tartaric  Acid. — This  has  been  accomplished 
by  Liebig.  Its  source  is  sugar  of  milk  (lactose)  and  nitric  add  is  the 
oxidising  agent.  One  part  of  lactose,  two  aud  a  half  of  nitric  acid,  of 
sp.  gr.  1*32,  and  an  equal  quantity  of  water,  are  gently  heated ;  a 
mixture  of  carbonic  acid  and  nitrogen  oxides  are  disengaged  and  a 
separation  of  mucic  acid  takes  place.  Water  is  then  added,  the 
mixture  filtered,  half  a  part  of  nitric  acid  put  into  the  liquid  and  the 
whole  again  boiled.  More  mudc  acid — m  aU  33  per  cent,  of  the 
lactose  employed — then  separates.  After  filtration  a  little  more 
nitric  acid  is  added,  and  the  whole  boiled  for  eighteen  or  twenty-four 
hours.  On  now  neutralising  the  solution  by  potash,  abundance  of 
tartrate  of  potash  is  obtained,  which  may  bo  purified  by  one  or  two 
crystallisations,  and  the  acid  isolated  in  the  manner  described  at  the 
commencement  of  this  article. 

The  add  thus  artificially  obtained  possesses  all  the  properties  of 
ordinary  tartaric  acid;  it  has  dextro-rotative  or  plane  polarised  light, 
and  is  in  ^t  identical  with  true  tartaric  acid.    A  short  tune  sinoe  an 
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aunounoement  'wm  mftde  that  tartaric  acid  had  been  artificially  formed 
in  another  and  totally  different  manner,  but  on  optically  examining  it, 
th«  product  proved  to  be  racemio  acid,  a  modified  tartaric  acid  deacribed 
fartiieron. 

Tartratet.-'Ttaisnc  acid  is  bibaaic,  and  its  salts  consequently  are 
either  acid  (MO,  HO.CoH^OJ  or  neutral  (2MO,C.H«0,o).  The  neutnd 
salts  may  contain  two  similar  or  different  protoxides ;  or  a  protoxide 
and  a  sesquioxide ;  or  a  protoxide  and  a  teroxide.  They  are  mostly 
formed  by  partizdly  or  'wholly  saturating  the  acid  with  the  oxide  or 
carbonate  of  the  oxide;  or,  in  the  case  of  double  tartrates,  by  satu- 
rating a  bitartrate  with  an  oxide  different  to  that  already  contained  in 
it.  Heated  in  the  air,  tartrates  blacken  and  give  off  an  odour 
resembling  that  of  burnt  sugar.  The  chief  tartrates  are  noticed  in  the 
f oUowing  paragraph. 

TartraU  of  Ammonia  (2NH«0,C,H«0,o)  is  a  very  soluble  salt;  effio- 
r«scent,  and  losing  ammonia  when  exposed  to  the  air.  Bitartrate  of 
amm/mia,  (KH«O,H0,CbH^0jo)  is  a  czystalline  powder  tolerably 
•oluble  in  hot  water  though  but  very  slightly  eo  in  cold  water. 
Tartrate  of  potath  (2KO,CbU«Oio)  crystallises  with  difficulty.  Bitar- 
trate of  potath  (KO,HO,CsH^Ojo)  was  referred  to  at  the  commence- 
ment of  this  article :  one  port  is  soluble  in  240  of  water,  at  50"  Fahr. 
Heated  to  redness  in  a  covered  crucible  it  is  decomposed,  carbonate  of 
potash  and  charcoal  being  left  in  a  fine  state  of  division;  it  con- 
stitutes the  black  flux  of  metallurgists.  Sometimes  it  is  deflagrated 
with  nitre ;  in  this  the  carbon  is  all  oxidisedi  and  white  flux  (carbonate 
of  potash  alone)  is  the  name  given  to  the  residue.  Tartrate  of  eoda 
(2NtkO,CJlfi^Q  +  4  aq.)  resembles  the  corresponding  potash  salt 
Bitartrate  of  wda  (NAO,HO,C0H^Oio-h2aq.)  is  far  more  soluble  than 
bitartrate  of  potash.  A  solution  of  it — ^made  by  neutralising  a  given 
quantity  by  carbonate  of  soda,  and  then  adding  a  second  similar 
quantity  of  acid  to  the  solution — forms,  if  it  be  saturated,  a  useful 
tost  of  the  presence  of  potash  in  a  liquid,  the  bitartrate  of  the  latter 
base  being  formed  and  precipitated  if  present  in  notable  quantity. 
Ammonio-tartrate  of  eoda  contains  (NH.O,NaO,CgH^Oio  +  8aq.)  Tar- 
trate ofpotaak  and  toda  (EO,NaO,C0H4Ojo)  is  a  laxative  saline  used  in 
medicina  It  is  sometimes  called  sel  de  Leignette  from  the  name  of 
its  discoverer  who  resided  (1692)  at  Rochelle,  hence  also  its  name  of 
Rochelle  salt.  In  former  times  it  was  called  to/  polyc^al  (that  is  salt 
of  many  virtues).  It  is  made  by  neutralising  bitartrate  of  potash  with 
carbonate  of  soda.  TartraU  of  lime  (2CaO,  C^H^O^o'*'^'^)  ^^ 
bitartrate  of  lime  (CsX),}iO,Cfifi^fj  occur  native.  Tartrate  of 
copper  {2CmO,C  fifiio+ 6  aq.)  is  a  bright  green  crystalline  powder. 
Tartrate  of  ammonia  and  iron  (NH^O,Fe,0„CgH^O,o,  +  4  to  5  aq.) 
and  Tartrate  of  potath  and  iron  (KO,  Fe^Og,  CaH^O^o)  are  used  in 
medicine.  They  do  not  crystallise,  but  their  solutions  dry  up  when 
exposed  on  sheets  of  glass  or  other  polished  surfaces,  and  scale 
off  in  dark-red  or  brown  laminee.  Tartrate  of  potash  and  boron 
(KO,  BOa,  CsH^O,o  at  212°  Fahr.)  better  known  as  boro-tartraU  of  potath, 
or  eolvble  cream  of  tartar,  is  obtained  on  evaporating  to  dryness  one 
part  of  boracic  add,  two  of  bitartrate  of  potash,  and  twenty-four  of 
water.  Tartrate  of  potath  and  antimony,  see  Antim ovt.  A  similar 
salt  containing  artenic  (NBLO,  AsO,,  CgH^O,(,  +  aq)  may  be  obtained. 

Baeemic  Acid  {^nO.Qfifi^^-^^  aq.)  Paratartaria  Acid,^Th!iA 
isomeric  modification  is  a  frequent  associate  of  tartaric  acid,  but  it  is 
in  the  grape  of  the  Upper  Rhine  that  it  is  abundantly  met  with.  In  all 
its  relations  it  exhibits  a  close  analogy  to  ordinary  tartaric  acid.  The 
chief  points  of  difference  are  : — ^that  it  crystallises  more  readily  from 
solution  :  it  contains  two  equivalents  of  water  of  crystallisation ;  it  is 
less  soluble  in  alcohol ;  it  gives  a  precipitate  with  sulphate  of  lime, 
nitrate  of  lime,  and  chloride  of  calojum ;  and,  finally,  the  racemate  of 
lime  is  soluble  in  hydrochloric  aoidi  sad  is  precipitated  unchanged  on 
adding  ammonia.  By  taking  advantam  of  these  properties,  it  may 
readily  be  disting^hed  and  sepaiatod  xrom  tartaric  acid.  A  point  of 
considerable  interest,  connected  with  tiis  constitution  of  racemic  acid, 
is  that  its  solution  has  no  effect  on  a  ui^f  of  plane  polarised  light. 
The  racemaiet  are  very  like  the  tartrates :  rMemate  of  lime  is,  how- 
ever, considerably^  less  soluble,  and  the  doable  racemate  of  potash  and 
antimony  crystallises  in  adcular  tufts  instead  of  octohedra. 

Artificial  Fonnation  of  Baeemic  Add, — Recently  Messrs.  Perkin  and 
Duppa,  and  almost  at  the  same  time,  Dr.  Kekul^,  have  succeeded  in 
producing  paratartaric  acid.  It  is  formed  when  bibromosuccinate  of 
silver  is  boiled  in  water,  bromide  of  silver  being  precipitated : — 

C.H.BraAgjOe   +  inO  m  aBO,C,H^Oio  +  2AgBr. 

More  recently  M.  Carlet,  ootwidering  that  lactose,  which  is  dextro- 
rotative,  yielded,  in  the  hand  of  Liebig,  ordinary  tartaric  acid — 
concluded  that  dulcose  (a  sacchariaa  principle  imported  from  Mada- 
gascar) should  by  similar  treatmaot  furnish  paratartaric  acid.  He 
tried  the  experimaot  and  succeeded  in  produdng  a  small  quantity  of 
racemic  acid. 

Conttitution  of  Tmiaric  and  Paratartarie  Acid,-'By  the  brilliant 
researches  of  M.  Pasteur  in  this  direction,  chsmistiy  has  been  put  in 
possession  of  four  kinds  ni  tartaric  acid.  First,  dextro-tartaric  add,  or 
that  which  causes  right-banded  rotation  of  a  ray  of  plane  polarised 
light.  This  is  the  ordinary  tartaric  acid  met  with  in  commerce ;  it  is 
sometimes,  and,  as  will  be  seen  directly,  not  inappropriately  termed 
dextro-raeemic  eund.  Second,  hEvo-tartarie  add  which  produces  left- 
handed  rotation,  and  which  is  also  termed  Uevo-racemic.    The  crystals 


of  these  two  acids  differ  in  form  in  a  somewhat  interesting  manner. 
Neither  of  them  is  ever  obtained  of  a  perfectly  symmetrical  shape, 
but  what  is  remarkable  is  that  the  portion  not  forthcoming  in  the 'one 
is  exactly  the  reverse  of  that  wanting  in  the  other.  Moreover,  the 
salts  of  the  two  acids  preserve  the  peculiarities  of  the  acids  themselves ; 
their  rotatory  power,  chemical  properties  and  appearance  differing  as 
the  acids  differ :  thus  the  imaee,  as  seen  in  a  mirror,  of  the  crystal 
which  is  dextro-hemihedral,  as  its  shape  is  termed,  has  the  exact  form 
of  the  IsBVO'hemihedral  crystal ;  while  the  reflected  image  of  the  latter 
is  of  course  identical  with  the  direct  image  of  the  former.  The  third 
form  of  tartaric  acid  is  a  combination  of  the  first  with  the  second,  and 
has,  of  course,  no  rotatory  power :  it  is,  in  fact,  racemio  or  paratartaric 
acid. 

Racemio  acid  was,  by  M.  Pasteur,  made  to  vield  up  its  respective  con- 
stituents, dextro-  and  faevo-tartaric  acid,  in  the  following  manner.  The 
double  racemate  of  soda  and  ammonia,  made  by  saturating  a  quantity 
of  common  racemio  acid  with  carbonate  of  soda,  adding  a  second  equu 
quantity  of  racemic  add,  and  finally  neutralising  by  ammonia,  was' found 
to  crystallise  in  opposite  hemihedral  forms.  On  picking  out,  by  hand, 
the  one  variety  from  the  other  and  optically  examining  their  solutions, 
M.  Pasteur  found  that  each  powerfully  twisted  a  polarised  ray,  but 
in  opposite  directions.  From  the  two  salts  the  adds  wero  isolated 
by  first  precipitating  with  nitrate  of  lead,  then  decomposing  the 
washed  lead  salts  by  sulphuretted  hydrogen,  and  lastly,  allowing 
d'ystals  to  be  deposited  from  the  evaporated  filtrates.  The  one  set 
of  crystals  were  found  to  be  dextro-rotatory,  the  other  kcvo-rotatory ; 
on  adding  equal  quantities  together,  the  original  non-rotatory  add  was 
obtained. 

A  second  process  for  the  separation  of  dextro-tartaric  from  Isevo- 
tartario  add  has  been  discovered  by  M.  Pasteur ;  it  is  not  mechanical, 
like  that  of  the  separation  from  each  other  of  the  two  kinds  of  crystals 
of  racemate  of  soda  and  ammonia,  but  chemical,  and  depends  upon 
principles  which  are  generally  applicable.  It  consists  in  combining 
racemic  acid,  or  any  ouier  substance  suspected  of  having  an  analogous 
binary  constitution,  with  an  active  gyratory  body.  The  necessary 
dissimilarity  of  properties  in  the  compounds  which  such  a  body  is 
capable  of  forming  with  the  constituents  of  a  complete  substance  will 
at  once  reveal  whether  the  suspected  body  is  complex  or  not.  Thus, 
in  preparing  the  racemate  of  cinchonidne,  it  always  happens  that  when 
the  liquid  has  attained  a  certain  degree  of  concentration  tho  first  crop 
of  crystals  formed  consists  almost  wholly  of  Irovo-tartrate,  the  dextro- 
tartrate  remaining  in  solution.  A  similar  result  is  obtained  with 
quinicine,  except  that  dextro-tartrate  first  crystallises  out,  the  Isevo- 
tartrate  remaining  in  the  mother  liquor. 

The  fourth  kind  of  tartaric  acid,  discovered  by  the  eminent  chemist 
alluded  to,  is  inactive  tartaric  acid;  it  has  no  action  whatever  on 
polarised  light  and,  moreover,  is  not  resolvable,  under  the  same  cir- 
cumstances as  is  racemic  acid,  into  dextro-  and  Isevo-tartaric  adds.  It 
is  formed  as  follows :  tartrate  of  cinchonine  is  heated  for  several  hours 
to  170°  Fahr. ;  the  mass  is  then  treated  with  water  and  chloride  of 
calcium  added,  when  racemic  add,  formed  at  the  expense  of  the 
tartaric  add,  is  precipitated  in  the  form  of  racemate  of  Ume.  If  now 
the  liquid  be  immediately  filtered,  and  then  left  at  rest  for  twenty-four 
hours,  an  additional  crop  of  crystals  is  obtained,  consisting  of  pure 
inactive  tartrate  of  lime;  from  the  latter  the  inactive  acid  its«If  is 
easily  prepared. 

Nitric  derivatives  of  Tartaric  Acid. — When  tartaric  acid  is  dissolved 
in  nitric  add,  and  sulphuric  add  added,  a  crystalline  mass  of  nitro'tar- 
tarie  eteid  is  produced.  It  is  very  \instable  and  difficult  to  purify. 
Water  decomposes  it  into  tartronic  add  (C^H^Ojo). 

The  following  derivatives  of  tartaric  acid  are  prepared  by  the  usual 
methods: — 

Methyl-tartario  aeid  (tartromethjlio  Roid)  •    .  C«n,0,  HO,  CgII«0|Q 

Tartrate  of  methyl SCCsHgOjCiH^Oio 

EthyUtartario  acid  (tartrovinio  acid)  •        •    .  C^H^O,  TIO,  C^H^O^o 
Tartrate  of  ethyl  (tartaric  ether)     .        •        .  2(C«HsO)C«U«Ojo 
Amyl-tartario  acid  (Urtramylic  acid)  .    .  C^ qHi  ^ 0,  UO,  Cgll^Oi ^ 

Tartroglyeerto  add         .        .        .        •        .  C«U,0,,  IIO,  C^U^Oi, 
Tartramio  acid  .        •••••.  CgH^NOio 
Tkrtramidt    ..••••.  CgHgNjO, 

Tartaric  add  is  much  used  in  medicine;  extensively  also  -in  the 
preparation  of  effervescing  drinks,  and,  by  the  calico-printer  and 
dyer. 

TARTARIC  ACID,  for  medical  purposes,  should  be  remarkably 
pure,  when  it  is  without  odour,  but  makes  a  powerful  add  impression 
on  the  organs  of  taste.  In  small  doses,  properly  diluted,  it  acts  as  a 
refaigerant,  and  is  of  much  value  in  fei^rs,  particularly  mucous,  and 
in  biliary  remittents.  It  excites  the  appetite  of  persons  in  whom  the 
stomach  is  in  a  healthy  condition ;  and  those  who,  by  long  indulgence 
in  stimulating  food  and  drinks,  experience  loss  of  appetite,  painful 
digestion,  constipation,  wiU^  a  yellow  and  altered  countenance,  and 
diminished  muscular  vigour,  find  in  tartaric  acid  a  remedy  of  sin- 
gular power.  For  this  state  of  system  a  few  crystals  should  be 
dissolved  in  two  small  tumblers,  and  drank  in  the  morning  fasting, 
an  hour  intervening  between  the  tumblers.  A  few  grains  are  suffi* 
dent  for  each  tumbler,  as  when  made  too  strong  it  exdtes  irrita* 
tion,  followed  by  purging.    Ocouionally  it  disturbs  the  nervous  system 


^■■^f 


in  a  dutrewiug  vay,  bo  that  patients  refuse  to  cootinue  its  use.  Tbis 
plsii  hsB  in  many  inntuices  redaimed  indiriduals  addicted  to  habitual 
mtoxicstioD,  to  which  thaj  bava  recourea  to  raliavo  a  paialuf  feahng  of 
siskiDg  and  craviog  nf  tho  atomach,  which  is  eStetusU;  removed  hj 
tha  acid  draught.    This  is  also   usehil  after  an  attack  of  delirium 

TartaHc  acid  enters  the  circulation,  and  difuies  itself  through  the 


.  arbonatea.  and  form  efferreacing  draughts,  the  emplo]mieDt  of 
which  requireH  caution.     [Ar^tACiDs,] 

TARIARUS  {liprspo!)  waa,  according  to  the  notions  of  the  Qreeke 
and  Ronuuu,  a  part  of  tbe  lower  world,  and  was  inaoceasible  to  the 
light  of  the  sun  and  to  the  winds.  Homer  deacribea  it  as  the  place  in 
nhich  the  gods  were  punished  ;  u  being  as  far  below  Hades  aa  heaven 
ia  above  the  earth,  and  as  being  prDvided  with  brazen  gates  at  its 
entrance.  {'  Iliad,'  viiL  IS,  &c.,  4B1.}  Hesiod  entertains  on  the  whola 
the  same  idea,  but  he  adds  that  Tartarus  is  surrounded  bj  a  brasen 
wall  and  triple  night ;  the  roots  of  the  earth  and  the  tea,  hang 
down  into  it.  It  is  the  prison  of  the  Titans.  (Heaiod,  ■  Theog.,'  720, 
Ac.)  Id  later  times  Tartarus  designated  that  part  of  the  lower  world 
in  which  the  ahadea  of  the  wicked  were  puniahed  (Plato,  '  De  He 
PubU.,'  p.  61B  ;  Virgil, '  JEa.,'  Ti.  5*3),  and  the  ideas  then  formed  of 
it  were  more  awful  than  in  earlier  times.  According  to  Virgil,  the 
road  into  the  tower  world  woa  divided  at  a  certain  point  into  two 
roads,  the  left  of  which  led  into  TartArus,  which  waa  surrounded  bj  a 
triple  wall  and  the  fieiT  river  Fhlegethon,  and  waa  doaed  with  an 
adamantine  gate.  At  its  outer  side  Tiiiphone  kept  watch,  and  at 
the  inner  aide  the  fiftj-headed  hydra.  Rhodamanthua  was  the  judge 
in  Tartarus,  and  at  his  command  the  Furies  scourged  the  aliades  of 
the  wicked. 

TAHTHALIC  ACID.    [Tahtaiuc  Acid.] 

TAHTRAMIC  ACID.     [TiRiiBic  Aoni.] 

TARTRAMIDE.    {Tahtaeio  Aoid,] 

TABTRAMYLIC  ACID.    rTAHTAMC  Acro.l 

TARTROQLYCERIC  ACID.    [Tabtaiiic  Atoi.1 

TARTROMETHTLIC  ACID.    (Tabtasic  Acm.] 

TARTRONIC  ACID.    [Tabtabio  Acm.] 

TARTRUVINIC  ACID.    [Tabtahtc  Acid.] 

TA3TE,  according  to  the  definition  of  Sir  Joshua  Reynolds,  "  is 
that  act  of  the  mind  by  which  we  like  or  dislike,  whatever  be  the 
subject."    ('  Discourses  before  tbe  Royal  Academy ; '  Diacoune  vii.) 

Taste  is  frequently  spoken  of  aa  a  gift,  aa  aomething  independent  of 
rules,  a  kind  of  instinct,  bestowed  more  liberally  in  degree  upon  some 
men  than  upon  othera.  It  has  been  treated  by  some  writers  aa  the 
result  of  caprice  or  fashion,  as  having  no  uniform  or  permanent  prin- 
ciples for  the  ground  of  its  decisions.  Othen  have  resolved  it  into 
different  complex  elements,  whose  joint  development  is  determined  by 
certain  principles  of  beautr  or  subhmity  in  things  sitemaL 

Much  obscurity  haa  anaen  in  discussions  on  Uie  subject  of  taate 
from  the  twofold  senae  in  which  the  word  taate  has  been  employed,  as 
eipreeaive  of  on  emotion,  and  of  something  objective  in  which  there 
eiiits  an  aptitude  to  produce  emotion.  The  term  taste  strictly  applies 
to  tbe  emotion  only  ;  the  theory  of  the  different  cauaea  by  which  the 
emotion  is  produced  belongs  to  the  subject  of  beauty  or  aublimity.  In 
what  follows  we  shall  confine  ourselves  to  the  explanation  of  taste  in 
its  restricted  or  proper  oense. 

When  any  object  either  of  sublimitgr  or  beauty  ia  presented  to 
the  mind,  we  ore  oonscious  of  a  train  of  thought  being  immediately 
awakened  analogous  to  the  character  or  eipreaiion  of  the  original  oh- 

i'ect.  The  trains  of  thought  which  are  thus  luggeated  ore  distinguished 
n  the  nature  of  the  ideas  or  conceptions  which  compose  them,  and  in 
the  nature  or  law  of  their  succeaaion.  In  the  cose  of  those  trains  of 
thought  which  are  suggested  by  object?  either  of  aublimity  or  beauty, 
they  are  in  all  cases  compoued  of  ideas  capable  of  exciting  some  r  "- " 
tion  or  emotion.  There  ia  this  distinction  between  tbe  emotioi 
taate  and  all  our  different  emotions  of  simple  pleasure,  that  in  tiie  case 
of  these  Inst  emotions  no  additional  train  of  thought  is  necessary.  The 
pleasurable  feeling  follows  immediately  the  presence  of  the  object  or 
quality,  and  has  no  dependence  upon  anything  tor  its  perfection  but 
the  souiid  state  of  the  sense  by  which  it  is  received.  The  emotions  of 
en^,  pity,  hanevolance,  gratitude,  utility,  propriety,  novelty,  &c.,  might 
undoubtedly  be  felt,  although  we  had  no  such  power  of  mind  aa  t£at 
by  which  we  follow  out  a  train  of  ideas,  and  certunly  are  felt  in  a 
thousand  cases  when  this  faculty  is  unemployed.  In  tiie  case  of  the 
emotion  of  taste,  on  the  other  hand,  it  seems  evident  that  this  proc 
of  mind  is  neoeasary,  and  tliat  unless  it  is  produced  these  emotions 
unfelt.  Whatever  may  be  flie  nature  of  that  simple  emotion  which 
any  object  is  fitted  to  excite,  whether  that  of  gaiety,  tranquillity, 
melancholy,  tc,  if  it  produce  not  a  train  of  kindred  thought  in  our 
minds,  we  are  conscious  only  of  that  aimple  emotion.  Whenever, 
on  the  coutnuy,  the  train  of  thought  which  haa  Lieen  mentioned  ia 
produced  we  are  oonscious  of  a  higher  and  more  pleasing  emof  - 
and  which,  though  it  ia  impossible  to  describe  in  language,  wt 
distinguish  by  the  name  of  Che  emotion  of  taate.  The  emotioi 
taat«  may  therefore  ba  considered  as  distinguished  from  the  emotions 
of  simple  pleasure,  by  their  being  dependent  upon  the  exercise  of 
Imagination. 


TATTOOmO.  BS 

It  is  on  this  principle  that  Burke  remarks  that  the  excellence  and 
force  of  a  composition  must  always  be  imperfectly  eatunated  from  its 
effect  on  the  minds  of  any,  except  we  know  the  temper  and  character 
of  those  minds.  ('  Int.  to  the  Sublime  and  Beautiful')  Tbe  rules  by 
which  taate  is  determined  vary  with  the  objects  to  which  its  decisions 
Tsfer ;  hut  in  respect  of  all,  this  general  principle  holds,  that  a  com- 
posiUon  is  to  be  judged  by  its  fitneaa  to  produce  the  end  deaigned  by 
it.  For  a  further  diiHSuBsion  of  the  subject,  see  .£sTliKncs;  Bkauti; 
Sdblihitt. 

TATTOOINO  is  the  nam*  usually  given  to  the  custom,  common 
among  many  uncivilised  tribes,  of  milking  the  akin  by  punctures  or 
incisions,  and  introducing  into  them  ooloured  Suida,  ao  aa  to  produce 
an  indelible  stain.  It  is  mentioned  in  Captain  Cook's  account  of  the 
South  Sea  islanders  under  the  name  tatUneingj  and,  with  trifling  dif- 
ference in  the  orthography,  the  same  name  ia  applied  by  English 
writers  to  similar  practices  among  other  people.  The  word  "  tattoo " 
appears  to  tie  formed  by  a  reduplication  of  a  Polynesian  verb  "  ts," 
Ineauing  to  atrike,  and  therefore  to  allude  to  the  method  of  performing 
the  operation,  and,  il  this  suppooitjon  be  correct,  it  haa  a  curious 
resemblance  to  the  English  woni  tattoo,  meanmg  a  particular  beat  of 
the  drum. 

From  a  passage  in  the  book  of  Leviticus,  chap,  six.,  v.  28,  in  which 
the  Israehtea  are  forbidden  to  make  any  cuttings  in  thnu:  fleah  for  the 
dead,  or  to  print  anj/  martt  upon  their  bodies,  it  lias  been  supposed 
that  some  custom  resembling  tattooing  was  practised  in  the  time  of 
Hoses.  It  is  also  an  Orient^  custom,  and  among  people  whose  prox- 
imity to  the  HeWews  affords  a  reason  for  the  prehibition  contained  in 
the  text  referred  to.  "  The  Bedouin  Arabs,  and  those  inhabitants  of 
towns  who  are  in  any  way  allied  to  them,"  observea  the  editor  of  the 
■  Pictorial  Bible,'  on  the  pnsaage  in  Leviticus,  "  are  scarcely  less  fond 
of  Bucb  decorations  than  any  islanders  of  the  Pacific  Ocean.  This  is 
particularly  the  case  among  the  females,  who,  in  general,  liava  their 
legs  and  arms,  their  front  &om  the  neck  to  tbe  waist,  and  even  their 
chins,  lips,  and  other  prominent  parts  of  the  face  marked  with  blue 
stains  in  the  form  of  fiowers,  circles,  bands,  stars,  and  varioua  fanciful 
figures.  They  have  no  figurea  of  living  objects,  such  being  forbidden 
by  their  religion ;  neither  do  they  associate  any  superstitions  with 
them,  ao  far  as  we  are  able  to  aaccrtun."  The  worka  of  ancient 
writers  contain  many  notices  of  the  practice  of  tattooing,  aa  practiaed 
by  several  barbaroua  races.  Aa  to  the  Britons,  Cseaar  merely  mentions 
their  custom  of  staining  their  bodies  with  vitrum,  or  woad;  but 
Solinus  and  Isidore  describe  a  process  eiactiy  resembling  tbe  modem 
mode  of  tattooing.  Herodotus  says,  that  among  the  Tbracians  to  bo 
tattooed  or  marked  {iarlx^iu)  was  an  emblem  of  rank,  and  the  want  of 
it  indicated  meanneea  of  descent  (v.  6).  The  extended  use  of  clothing 
at  a  later  period  rendered  such  ornaments  superfluous,  and  led  to  the 
decline  and  sulMequent  abandonment  of  the  practice.  It  appears, 
however,  to  have  been  continued  during  the  whole  of  the  Anglo-Saxon 
period,  and  is  among  the  Kngliah  vices  reprobated  by  mlliom  at 
Malraesbury  after  the  Nonnan  conquest.  Several  other  ancient  notices 
on  tiie  subject  ors  collected  by  Lalitau,  in  his  '  Moeura  des  Sauvsges 
Amdriquaines.' 

In  modem  times  the  custom  of  tattooing  has  been  found  in  most  of 
the  islands  of  the  Pacific  Ooean,  and  among  many  of  ths  aboriginal 
trilMS  of  Africa  and  America,  aa  well  as,  on  a  limited  acale,  aa  before 
stated,  in  the  East  It  is  also  practiaed  by  the  Tunguaea  on  the  banks 
of  the  Amur,  as  stated  by  Atkinson  in  his '  Travels  in  the  Regioni  of  the 
Upper  and  Lower  Amoor.'    Much  curious  information  on  the  vadou* 
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patterns  a  better  idea  will  be  conveyed  by  the  annexed  bust  of  Shungie, 
a  New  Zealand  chief,  copied  from  an  engraving  in  the  '  Miarionary 
Register '  for  1816,  than  by  the  most  Ijdngthened  description. 

The  process  of  tattooing  as  practised,  or  rather  as  it  was  formerly 
practised,  in  other  islands  of  the  South  Sea,  was  less  painful  than  that 
followed  in  New  Zealand ;  for,  according  to  the  account  of  Captain 
Cook,  in  some  cases  the  punctures  could  hardly  be  said  to  draw  blood ; 
while  in  New  Zealand,  having  taken  a  piece  of  charcoal,  and  rubbed  it 
upon  a  stone  with  a  little  water,  so  as  to  produce  a  thick  liquid,  the 
operators  dipped  into  it  an  instrument  made  of  bone,  with  a  sharp  edge 
like  a  chisel,  and  shaped  in  the  fashion  of  a  garden-hoe.  They  then 
applied  the  instrument  to  the  skin,  and  struck  it  twice  or  thrice  with 
a  piece  of  wood,  thereby  making  it  cut  into  the  flesh  as  a  knife  would 
have  done,  and  causing  a  great  deal  of  blood  to  flow,  which  they  kept 
wiping  o£f  with  the  side  of  the  hand,  in  order  to  see  whether  the  im- 
pression was  made  sufficiently  clear.  If  not,  they  applied  the  cutting- 
instrument  again  to  the  same  place.  The  instruments  used,  as  described 
by  Captain  Cook,  were  edged  with  small  teeth,  somewhat  resembling 
those  of  a  fine  comb ;  and,  as  in  the  case  of  New  Zealand,  the  colouring 
tincture  was  introduced  at  the  same  operation  as  that  by  which  the 
skin  was  punctured ;  the  substance  employed  in  some  places  being  a 
kind  of  lamp-black.  On  the  brown  skins  of  the  natives,  the  marks 
made  with  this  substance  appear  black ;  but  on  the  skin  of  a  European 
they  are  of  a  fine  blue  colour.  Lafitau  speaks  of  powdered  charcoal  as 
the  colouring-matter  commonly  used  by  the  American  Indians ;  and 
states  that  it  was  introduced  by  a  process  subsequent  to  that  of  cutting 
or  puncturing  the  skin.  This  insertion  of  the  colour  appears  to  have 
been  the  most  painful  part  of  the  operation  of  tattooing  as  practised 
among  them. 

TAURIN  (C^EfNOgS,),  a  peculiar  cxystallisable  substance  obtained 
from  the  bile,  and  also  pixiduced  artifidflJly  by  the  action  of  heat  upon 
isethionate  of  ammonia — 

C<H8(NH4)0„S,0,     =     C^H^NO.S,     -f  2H0 
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Isethionate  of  ammoDia.  Taurin. 

Its  properties  are,  that  it  has  thoiorm  of  a  six-sided  prism  terminated 
by  pyramids  of  four  or  six  faces ;  the  crystals  are  gritty  between  the 
teeth,  and  have  a  sharpish  taste,  which  is  neither  sweet  nor  saline ; 
they  undergo  no  alteration  by  exposure  to  the  air  even  at  212*,  and 
have  neither  an  acid  nor  an  alkaline  reaction.  When  heated  in  the 
naked  fire,  this  substance  becomes  brown,  fuses  into  a  thick  liquid, 
swells  up,  exhales  a  sweetLsh  empyreumatic  odour  resembling  that  of 
burning  indigo,  and  leaves  a  charcoal,  which  is  readily  burnt]:  when 
submitted  to  dry  distillation,  it  vields  much  thick  brown  oil,  and  a 
little  yellow  acidulous  water,  which  holds  an  ammoniacal  salt  in  solu- 
tion, and  reddens  a  solution  of  perchloride  of  iron ;  one  part  requires 
154  parts  of  water  at  54"  for  solution ;  it  is  much  more  soluble  in 
boiling  water,  and  the  excess  crystallises  on  cooling ;  it  is  but  little 
soluble,  even  in  boiling  alcohol  of  sp.  gr.  0*835,  and  is  nearly  insoluble 
in  absolute  alcohol  Concentrated  sulphuric  acid  dissolves  and  forms 
a  light  brown  solution  with  taurin ;  nitric  acid  readily  dissolves  it,  and 
when  the  add  is  eva^rated,  it  is  left  unaltered. 

TAUROCHOLALIC  ACID.    [Choleio  Acid.] 

TAUROCHOLIC  ACID.    [Cholkio  Acid.] 

TAURUS  (the  Bull),  the  second  constellation  of  the  Zodiac.  Its 
position  in  the  heavens,  surrounded  by  Aries,  Eridanus,  Orion,  and 
Perseus,  is  easily  obtained  by  the  manner  in  which  its  bright  star 
Aldebarait  is  connected  with  the  belt  of  Orion.  In  aU  speculations 
upon  the  origin  of  the  Zodiac,  Taurus  must  be  an  important  object  of 
consideration,  since,  at  the  earliest  date  which  prudent  speculation  can 
consider  it  advisable  to  begin  from,  Aldebaran  must  have  been  at  no 
great  distance  from  the  vernal  equinox.  [Zodiac]  The  figure  is 
only  a  part  of  a  bull — the  head,  shoulders,  and  fore  legs.  Aldebaran 
and  the  Hyades  form  the  forehead  and  eye,  and  the  Pleiades  are  in  the 
shoulder.  But  Aratus  must  have  drawn  the  figure  differently,  for  he 
puts  the  Pleiades  in  the  knees. 

The  Hyades  form  a -group,  of  which  five  (some  of  the  ancients  said 
seven)  are  distinctly  visible  to  the  naked  eye,  a,  9, 7,  8,  and  c  of  the 
constellation  :  there  are  many  more  in  the  cluster.  These  stars  are 
arranged  in  the  form  of  a  V,  a  and  c  being  the  extremes,  and  y  at  the 
angular  point.  The  star  a  is  Aldebaran.  The  name  seems  to  be 
derived  from  0ctv,  to  rain.  The  Latins  called  them  tueulcB  (little  pigs, 
no  doubt  meaning  Aldebaran  for  the  sow,  and  the  others  for  her  off- 
spring), a  name  which  (]licero  and  others  state  to  have  arisen  from  sup- 
posing the  Greek  word  to  have  been  from  0cs  (pigs),  and  not  from  0«ik. 
We  think,  however,  it  may  be  possible  that  they  were  right  in  their 
idea  of  the  Greek  word  :  the  large  star  and  the  duster  of  smaU  ones 
might  very  easily  suggest  the  notion  of  a  sow  and  her  litter. 

The  Pleiades  are  so  close  a  group  of  stars  that  it  is  very  difficult  to 
say  how  many  are  seen  by  the  naked  eye.  "  They  are  called  seven,** 
says  Higinus, "  but  no  one  can  see  more  than  six ;  and  six  seems  to 
be  the  number  generally  visible,  though  there  are  many  more  in  the 
cluster.  These  stars  are  17,  19,  20,  23,  25,  and  26  of  Flamsteed. 
There  is  accordingly  a  supposition  that  some  one  star,  once  visible,  has 
now  changed  its  magnitude,  or  disappeared  altogether.  The  name  has 
been  derived  from  irXcty,  to  sail  One  of  the  mythological  stories 
makes  these  stars  the  daughters  of  Plaone  and  Atlas. 
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The  principal  stars  of  Taurus  are  as  follows : — 
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TAURUS  PONIATOWSKI,  a  oonsteUation  formed  by  the  Abbtf 
Poczobut,  a  Polish  astronomer  (bom  in  1723  :  we  do  not  know  the 
ye^  of  his  death;  but  Lalande  mentions  his  having  resumed  his 
observations  at  Wilna  in  1802),  in  honour  of  the  reigning  king  of 
Poland,  and  adopted  in  the  French  (Fortin's)  edition  of  flamsteed's 
maps  (or  rather  added  to  the  plates).  Poczobut,  in  1778,  proposed 
this  constellation  to  the  French  and  other  academies,  by  whom  it  was 
received.  Bode  conjectures  that  a  resemblance  of  certain  very  small 
stars  in  it  to  the  figure  of  the  Hyades  was  the  reason  for  the  first  word 
of  the  namei    It  is  situated  between  Aquila  and  Ophiuchus. 

TAURYLIC  ACID.    [Benzoic  Alcohol.] 

TAUTOCHRON.    [Time  of  Dbbcent.] 

TAX,  TAXATION.  A  tax  is  a  portion  of  the  produce  of  a  country 
or  its  value,  applied  to  public  purposes  by  the  government.  Taxation 
is  the  general  chai^ging  and  levying  of  particular  taxes  upon  the  com- 
munity. 

In  a  free  state  it  is  assumed  that  aU  taxation  is  necessary  for  the 
public  good;  and  it  is  justified  by  necessity  aloncb  The  amount  of 
expenditure  will,  in  a  great  measure,  be  detennined  by  the  magnitude 
of  a  state  and  by  the  number  and  importance  of  its  politiod  relations ; 
yet  the  prudence  with  which  its  affiurs  are  administered  will  affect  Uie 
demands  of  the  government  upon  the  people  nearly  as  much  as  its 
necessities.  The  expenses  of  a  private  person  must  be  regulated  by 
his  income;  but  in  a  state,  the  expenditure  that  is  needed  is  the 
measure  of  the  public  income  that  must  be  obtained  to  meet  it  A 
dvilised  community  requires  not  only  protection  from  foreign  enemies, 
and  internal  security,  but  it  needs  various  institutions  whidi  ai«  con- 
dudve  to  its  welfare.  It  is  the  buitineos  of  a  government  to  provide 
for  these  objects  in  the  best  manner  and  at  the  least  expense  consistent 
with  their  efficiency.  Every  ttfx  should  be  viewed  as  the  purchase- 
money  paid  for  equivalent  advantages  given  in  return.  This  prindple 
assumes  the  necessity  of  moderation  in  levying  taxes,  and  will  scaroely 
be  denied  by  any  one  when  stated  in  that  form ;  yet  it  is  not  uncommon 
to  hear  it  argued  that  so  long  as  taxes  are  tpent  in  the  country ,  the 
amount  is  not  of  consequence,  as  the  money  is  returned  throu^ 
various  channels  to  the  people  from  whom  it  was  derived.  The 
principle  we  have  just  laid  down  exposes  the  &llacy  of  this  doctrine, 
by  reducing  it  to  a  simple  question  between  debtor  and  creditor.  For 
example,  by  paying  a  million  of  money  every  year,  the  people  obtain 
the  services  of  an  army.  This  we  will  suppose  to  be  an  equivalent,  and 
we  will  further  assume  that  the  food  and  dothing  of  we  force  are 
purchased,  and  that  the  entire  pay  of  the  men  is  spent,  within  the 
country.  The  whole  of  the  money  will  th\is  be  returned :  but  how  f 
Not  as  a  free  gift,  not  as  the  repayment  of  a  loan,  but  in  the  purchase 
of  artides  equ2  in  value  to  the  whole  sum.  The  only  benefit  obtained 
by  this  return  of  the  million  is  clearly  nothing  more  than  the  ordinary 
profits  of  trade ;  for  the  community  has  already  provided  the  money, 
and  then  out  of  its  own  capital  and  industry  it  produces  what  is  equal 
to  it  in  value,  and  this  it  tdU  to  the  state,  receiving  as  payment  the 
very  simi  it  had  itself  contributed  as  a  tax. 

No  branch  of  legislation  is  perhaps  so  important  as  the  wise  amdica- 
tion  of  just  principles  in  the  matter  of  taxation.  The  wealth,  happi- 
ness, and  even  the  morals  of  the  people  are  dependent  upon  the 
financial  policy  of  their  government. 

Adam  Smith  lays  down  four  general  maxims,  which  are  as 
follows : — 

I.  "  The  subjects  of  every  state  ought  to  contribute  towards  the 
support  of  the  government  as  nearly  as  possible  in  proportion  to  their 
respective  abilities ;  that  is,  in  proportion  to  the  revenue  which  they 
respectivdy  enjoy  under  the  protection  of  the  state." 

II.  "  The  tax  which  each  individual  is  bound  to  pay  ought  to  be 
certain,  and  not  arbitnuy.  The  time  of  payment,  Uie  manner  of 
payment,  the  quantity  to  be  paid,  ought  all  to  be  dear  and  plain  to  the 
contributor,  and  to  everr  other  person." 

III.  "  Every  tax  ou{^t  to  be  levied  at  the  time  or  in  the  manner 
most  likely  to  be  convenient  for  the  contributor  to  pay  it." 

lY.  "  Every  tax  ought  to  be  so  contrived  as  both  to  take  out  and 
keep  out  of  the  pod^ets  of  the  people  as  little  as  possible  over  and 
above  what  it  brings  into  the  public  treasury  of  the  state." 

The  justice  of  Adam  Sqiith's  first  maxim  reqmres  no  enforoement 
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or  illustration,  although  the  object  ia  tnolst  difficult  of  attainment. 
The  second  maxim  is  of  great  importance,  and  the  necessity  of  adhering 
to  it  must  be  universafly  acknowledged.  Uncertainty  gives  rise  to 
frauds  and  extortion  on  the  part  of  the  tax-gatherer,  and  to  ill-will  and 
suspicion  on  that  of  the  contributor,  while  it  offers  a  most  injurious 
impediment  to  all  the  operations  of  trade.  Notwithstanding  the  m^uiy 
evils  of  uncertainty,  it  is  by  no  means  an  imcommon  fault  in  modem 
systems  of  taxation. 

Under  the  constitutional  governments  of  Europe,  the  people  do  not 
indeed  suffer  from  violent  exactions,  as  in  the  Turkish  empire  and  in 
Persia;  but  industry  and  commerce  are  often  restrained  by  irregular 
and  ill-deflned  taxes. 

To  levy  a  tax  "  at  the  time  and  in  the  manner  most  likely  to  be 
convenient  for  the  contributor  to  pay  it "  is  always  a  wise  policy  on  the 
part  of  the  state.  The  time  or  manner  of  payment  may  often  \)e  more 
vexatious  than  the  amount  o£  the  tax  itself  and  thus  have  the  evil 
effects  of  high  taxation,  while  it  produces  no  revenue  to  the  state. 
Suppose,  for  example,  that  a  merchant  imports  goods  and  is  required 
to  pay  a  duty  upon  them  immediately  and  before  he  has  found  a 
market  for  them : — ^he  must  either  advance  the  money  himself  or 
borrow  it  from  others,  and  in  either  case  he  will  be  obliged  to  charge 
the  purchaser  of  the  goods  with  the  interest ;  or  he  must  sell  the  goods 
fiit  once,  not  on  account  of  any  commercial  occasion  for  the  sale,  but  in 
order  to  avoid  prepayment  of  the  tax.  If  he  pays  the  tax  and  holds 
the  goods,  the  consumer  will  have  to  repay  not  only  the  tax  but  the 
interest ;  and  if  he  parts  with  them  at  a  loss  or  inconvenience,  trade  is 
injured,  and  the  general  wealth  and  consequent  productiveness  of 
taxation  proportionately  diminished.  To  prevent  these  evils  the 
Bonding  or  Warehouseing  system  was  established  in  this  coimtry, 
which  affords  the  most  liberal  convenience  to  the  merchant  and  a 
general  facility  to  trade.  Certain  warehouses  are  appointed  imder  the 
chai^ge  of  officers  of  the  customs,  in  which  goods  may  be  deposited 
without  being  chargeable  with  duty  until  they  are  cleared  for  con- 
sumption, and  thus  the  tax  is  paid  when  the  article  is  wanted,  and 
when  it  is  least  inconvenient  to  pay  it  Similar  accommodation  is 
granted  on  their  own  premises  to  the  pianufacturers  of  articles  liable  to 
excise  duties.  At  present  the  customs  bonding-warehouses  are  con- 
fined to  the  ports,  and  a  few  large  towns. 

The  evils  resulting  from  inconvenient  modes  of  assessing  and  col- 
lecting taxes  have  been  very  seriously  felt  in  this  country  under  the 
operation  of  the  excise  laws.  When  any  manufacture  is  subject  to 
excise  duties,  the  officers  of  the  revenue  have  cognisance  of  every  part 
of  the  process,  inspect  and  control  the  premises  and  machinery  of  the 
manufacturer,  and  often  even  prescribe  the  mode  of  conducting  and 
the  times  of  commencing  and  completing  each  process;  while  the 
observance  of  numberless  minute  regulations  is  enforced  by  severe 
penalties.  The  manufacturer  is  put  to  great  inconvenience  and 
expense,  and  his  ingenuity  and  resources  are  constantly  interfered  with 
in  such  a  manner  as  to  impede  inventions  and  improvements,  and  to 
diminish  his  profits.    A  London  distiller  stated  to  the  Commissioners 

r  ^  ^  \,    lat  assuming  that  the  duties  on  spirits  distilled  by 

him  should  be  fully  secured  to  the  revenue,  "  it  would  be  well  worth 
his  whUe  to  pay  30002.  a-year  for  the  privilege  of  exemption  from 
excise  interference."  ('  Digest  of  Beports  of  Commissioners  of  Excise 
Inquiry,*  p.  15.) 

Any  injury  done  to  trade  is  injurious  to  the  state  by  diminishing 
the  national  wealth  and  the  employment  of  labour.  It  has  the  same 
effect  also  upon  the  revenue  as  excessive  taxation.  The  high  price  of 
the  article  limits  the  consumption  and  consequently  the  revenue 
arising  from  it.  The  injurious  effects  of  the  excise  restrictions  "  must 
be  felt  in  an  accumulate  degree  by  the  public  who  are  the  consumers, 
against  whom  the  tax  operates  by  the  addition  made  to  the  price  of 
the  commodity,  not  only  by  its  direct  amount,  but  by  the  necessity  of 
compensating  the  manufacturer  for  his  advance  of  capital  in  defraying 
it,  and  also  by  the  increased  cost  of  production."  (*  Ibid.,*  p.  15.)  In 
the  cose  of  a  heavy  tax,  which  also  cUminishes  consumption,  the  state, 
at  leaJIt,  derives  some  benefit ;  but  in  the  case  of  onerous  restrictions 
and  impediments  to  trade  caused  by  the  mode  of  collecting  a  tax,  the 
state  gains  nothing  whatever,  and  the  manufacturer  and  the  consumer 
are  seriously  injured,  without  an  equivalent  to  any  party.  If  the 
consumer  must  suffer,  it  should,  at  least,  be  for  the  benefit  of  the 
revenue,  for  then  his  contributions  may  be  diminished  in  some  other 
direction.  During  the  last  few  years  excise  duties  have  been  removed 
entirely  from  several  manufactures,  and  in  the  instance  of  bricks  and 
glass,  especially  in  the  latter,  the  improvements  in  the  manufacture, 
and  the  remarxable  diminution  of  price,  have  been  of  a  most  striking 
character,  and  produced  the  most  beneficial  effects. 

The  net  produce  of  a  tax  is  all  that  the  state  is  interested  in,  and 
therefore  any  violation  of  the  fourth  maxim  of  Adam  Smith  is  liable 
to  the  same  objections  as  those  already  stated  in  reference  to  the  third. 
Such  violation  increases  the  amoimt  of  the  tax  directly,  as  the  former 
was  shown  to  increase  it  indirectly,  without  any  advantage  to  the  state. 
Facility  of  collection  is  a  great  recommendation  to  any  tax  j  and,  on 
the  contrary,  a  disproportion  between  the  cost  of  collecting  and  the 
amount  ultimately  secured  is  a  good  ground  for  removing  a  tax, 
though  founded  in  other  respects  upon  just  principles.  On  this 
account  alone,  as  well  as  for  the  general  convenience  of  trade,  it  has 
been  a  wise  policy  to  reduce,  as  far  as  possible,  the  number  of  articles 


upon  which  customs  duties  are  levied.  The  cost  of  collecting  the  dutldft 
upon  the  larger  and  more  productive  articles  of  import  bears  only  a 
small  proportion  to  the  amount  of  the  tax,  while  the  expense  of  col- 
lecting the  duties  on  the  smaller  and  less  productive  articles  bears  a 
large  proportion  to  the  tax,  and  may  in  some  cases  exceed  it^ 

Different  Kinds  of  Taxt». — In  selecting  taxes  for  raising  the  revenuo 
of  a  state,  the  principles  already  discussed  should  be  adhered  to  as  far 
as  possible ;  but  these  do  not  point  out  any  i>artioular  mode  of  taxation 
as  preferable  to  others.  Whatever  mode  of  raising  the  necessary  funds 
may  be  f oimd  to  press  most  equally  upon  different  members  of  the 
community,  to  be  least  liable  to  objections  of  uncertainty,  or  inconvo- 
nience  in  the  ,mode  or  times  of  payment,  or  to  be  attended  with  the 
least  expense,  is  fairly  open  to  the  choice  of  a  statesman;  unlesd 
objections  of  some  other  nature  can  be  proved  to  outweigh  these 
recommendations. 

The  two  great  divisions  under  which  most  taxes  may  be  classed  are 
direct  and  indirect. 

Direct  Taxes, — All  taxes  ought  to  be  paid  from  the  income  of  the 
community.  To  derive  revenue  from  capital  is  to  act  the  part  of  a 
spendthrift ;  and  such  a  practice  aa,  in  private  life,  must  be  condemned. 
If  the  taxes  of  any  country  should  become  so  disproportioned  to  its 
income,  that,  in  order  to  pay  them,  continual  demands  must  be  made 
upon  its  capital,  its  resources  would  fail,  employment  of  labour  would 
decrease,  and  the  revenue  must  necessarily  be  reduced  by  the  general 
impoverishment  of  the  tax-payers.  Such  a  system  could  not  long  con- 
tinue as  regards  all  capital,  but  it  may  affect  particular  branches  of 
capital,  or  all  capital  in  certain  conditions.  In  whatever  degree  it  is 
permitted  to  operate,  it  is  injurious.  A  tax  upon  legacies  is  a  direct 
deduction  from  capital,  and  on  that  account  objectionable,  although  it 
is  profitable  to  the  treasury,  and  very  easily  collected.  [Le6a.ot  ; 
Probate.]  The  same  observations  apply  to  the  probate  duty,  and  to 
duties  charged  upon  succession  to  the  personal  property  of  intestates. 

With  these  exceptions,  it  has  been  the  object  of  the  British  legisla- 
ture to  derive  all  taxes  from  income,  either  by  direct  assessment  or 
by  means  of  the  voluntary  expenditure  of  the  people  upon  taxed 
oommodities. 

Direct  taxes  upon  the  land  have  been  universally  resorted  to  bv  all 
nations.  In  countries  without  commerce,  land  is  the  only  source  from 
which  a  revenue  can  be  derived.  In  most  of  the  Eastern  monarchies 
the  greater  part  of  the  revenue  has  usually  been  raised  by  heavy  taxes 
upon  the  soil ;  and  in  Spain,  at  the  present  time,  the  taxes  upon  the 
soil  are  most  oppressive  and  injurious. 

In  England,  under  the  Saxon  kings,  there  was  a  land-tax.  When 
the  invasions  of  the  Danes  became  frequent,  it  was  customary  to  pur- 
chase their  forbearance  by  large  sums  of  money;  and,  as  the  ordinary 
l^venues  of  the  crown  were  not  sufficient,  a  tax  was  imposed  on  every 
hide  of  land  in  the  kingdom.  This  tax  seems  to  have  been  first 
imposed  a.d.  991,  and  was  called  Danegeld,  or  Danish  tax  or  tribute. 

ODaneoeld.]  It  waa  abolished  about  seventy  years  after  the  Normaa 
onqueet,  but  a  revenue  still  continued  to  be  derived,  under  different 
names,  from  assessments  upon  all  persons  holding  lands,  which,  how- 
ever, became  merged  in  the  general  subsidies  introduced  in  the  reigns 
of  Richard  II.  and  Henry  IV.  During  the  troubles  in  the  reign  of 
Charles  I.  and  the  Commonw^th,  the  practice  of  laying  weekly  and 
monthly  assessments  of  specific  sums  upon  the  several  counties  was 
resorted  to,  and  was  found  so  profitable,  that  after  the  Hestoration  the 
ancient  mode  of  granting  subsidies  was  renewed  on  two  occasions  only. 
In  1692  a  new  valuation  of  estates  was  made,  and  certain  payments 
were  apportioned  to  each  county  and  hundred,  or  other  division.  For 
upwards  of  a  century  the  tax  was  payable  under  annual  acts,  and 
varied  in  amount  from  one  shilling  in  the  pound  to  four  shillings,  at 
which  latter  sum  it  was  made  perpetual  by  the  38  Geo.  III.,  c.  60« 
subject,  however,  to  redemption  by  the  landowners  upon  certain  con- 
ditions. But  no  new  valuation  of  the  land  has  been  made,  and  the 
proportion  chargeable  to  each  district  has  continued  the  same  as  it  was 
in  the  time  of  King  William  III.,  as  regulated  by  the  act  of  1692. 
That  assessment  is  said  not  to  have  been  accurate  even  at  that  time, 
and  of  course  improved  cultivation  and  the  application  of  capital  have 
since  completely  changed  the  relative  value  of  different  portions  of  the 
soil.  On  account  of  the  generally  increased  productiveness  of  land, 
the  tax  bears  upon  Uie  whole  a  trifling  proportion  to  the  rent,  yet  its 
inequality  is  very  great.  Adam  Smith  imagined  that  this  tax  was 
borne  entirely  by  the  landlords,  but  this  opinion  has  been  proved  to  be 
erroneous  by  modem  political  economisis,  who  hold  that  the  tax 
increases  the  price  of  the  produce  of  the  land,  and  is  therefore  paid  by 
the  consumers.  The  tax  is  also  obviously  objectionable  on  the  ground 
of  inequality. 

A  tax  upon  the  gross  rent  of  land  would  fall  upon  the  landlord,  and 
would  be  in  fact  a  tax  upon  his  annual  income^  and  as  such  would  £&!! 
with  undue  severity  upon  him,  unless  other  classes  of  the  community 
should  be  liable  to  a  proportionate  deduction  from  their  respective 
incomes  for  the  benefit  of  the  state.  This  brings  us  to  consider  the 
expediency  of  a  general  tax  upon  all  incomes. 

In  whatever  form  the  tax  may  be  levied,  the  contribution  should  be 
paid  from  income,  and  not  from  capital ;  and,  accordingly,  the  simplest 
and  most  equitable  mode  of  taxation  would  appear  to  be  that  which, 
after  assessing  the  annual  income  of  each  person  arising  from  all 
sources,  should  take  from  him,  directly,  a  certain  proportion  of  his 
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income  as  his  Bbare  of  the  general  coDtribution.  Such  a  tax,  equitably 
levied,  would  appear  to  agree  in  theory  with  all  the  four  maxims  of 
Adam  Smith;  but, practically,  every  tax  upon  income  must  abound 
in  inequalitiee,  in  uncertainty,  and  in  great  personal  hardships  and 
inconvenience. 

The  strongest  of  the  objections  to  an  income-tax  is,  however,  the 
inquisitorial  nature  of  the  investigation  into  the  affiurs  of  all  men, 
which  is  necessary  to  secure  a  statement  of  their  incomes.  This  objec- 
tion, indeed,  is  treated  lightly  by  some ;  but  by  the  mass  of  the  con- 
tributors it  is  considered  the  most  inconvenient  and  unseasonable 
quality  of  an  income-tax.  Even  if  the  exposure  of  a  man's  affairs 
could  do  him  no  possible  injury,  yet  as  an  offence  to  his  feelings,  or 
even  caprice,  it  is  a  hardship  which  is  not  involved  in  the  payment  of 
other  taxes.  But  apart  from  matters  of  feeling,  injury  of  a  real 
character  is  also  inflicted  upon  individuals  by  an  eiposure  of  their 
means  and  sources  of  income.  Mercantile  men,  from  the  dread  of 
competition,  take  pains  to  conceal  from  others,  especially  if  in  the 
same  business,  the  application  of  their  capital,  the  rate  of  profit 
realised,  their  connections,  and  their  credit,  all  of  which  must  be  dis^ 
closedi  perhaps  to  their  serious  injury,  when  there  is  an  investigation 
of  their  profita. 

For  these  reasons  the  mode  of  collecting  the  income-tax  certainly 
cannot  be  approved  of  as  being  "  most  likely  to  be  convenient  to  the 
contributor."  Its  general  unpopularity  when  in  operaticm  is  the  best 
proof  of  its  hardship  and  inconvenience.  Upon  the  whole,  a  tax  upon 
income  is  so  difficult  to  adjust  equitably  to  the  means  of  individuals, 
and  the  mode  of  collection  is  necessarily  liable  to  such  strong  objec- 
tion, that,  if  resorted  to  at  all,  it  should  be  reserved  for  extraordinary 
occasions  of  state  necessity  or  danger,  when  ordinary  sources  of  revenue 
cannot  safely  be  relied  on. 

The  English  Aaseued  taxa  have  as  few  objections  in  principle  as 
most  modes  of  direct  taxation.  With  an  equitable  assessment,  and 
■pecial  exemptions  in  certain  cases,  they  are  capable  of  being  made  to 
bear  a  tolerably  just  proportion  to  the  incomes  of  the  individuals 
paying  them.  They  share,  however,  in  the  general  unpopularity  of  all 
direct  taxes,  and  it  cannot  be  denied  that  they  often  press  unequally 
npon  particular  persons.  The  window-tax  was  indeed  in  many  respects 
most  objectionable,  but  it  has  happily  been  removed.  The  direct  taxes 
upon  horses,  carriages,  hair-powder,  armorial  bearings,  ^,  being  paid 
voluntarily  by  the  rich  to  gratify  their  own  taste  for  luxury  or  display, 
are  not  likely  to  meet  with  many  objectors.  The  use  of  such  artides 
generally  indicates  the  scale  of  income  enjoyed  by  the  contributor,  and 
the  tax  is  too  light  to  discourage  expenditure  or  to  make  any  sensible 
deduction  from  his  means. 

Indirect  Taxes. — In  preferring  one  tax  to  another,  a  statesman  may 
be  influenced  by  political  considerations  as  well  as  by  strict  views  of 
financial  expediency,  and  nothing  is  more  likely  to  determine  his  choice 
than  the  probability  of  a  cheerful  acquiescence  on  the  part  of  the  people. 
All  taxes  are  disliked,  and  the  more  directly  and  distinctiy  they  are 
required  to  be  paid,  ^e  more  hateful  they  become.  On  this,  as  well 
as  on  other  grounds,  **  indirect  taxes,"  or  taxes  upon  the  consumption^ 
of  various  articles  of  merchandise,  have  been  in  favour  with  most 
governments.  **  Taxes  upon  merchandise,"  says  Montesquieu,  "  tire  felt 
&e  least  by  the  people,  because  no  formal  demand  is  made  upon  them. 
They  can  be  so  wisely  contrived  that  the  people  shall  scarcely  know 
that  they  pay  them.  For  this  end  it  is  of  great  consequence  that  the 
seller  shall  pay  the  tax.  He  knows  well  that  he  does  not  pay  it  for 
himself ;  and  the  buyer,  who  pays  it  in  the  end,  confounds  it  with  the 
price."  ('  Esprit  des  Lois,'  livre  xiii.  chap.  7.)  This  effect  of  indirect 
taxes  is  apt  to  be  undervalued  by  writers  on  political  economy ;  but  it 
is  undoubtedly  a  great  merit  in  any  system  of  taxation  (which  is  but  a 
part  of  general  government)  that  it  should  be  popular,  and  not  give 
rise  to  discontent.  A  tax  that  is  positively  injurious  to  the  very 
parties  who  pay  it  without  thought^  is  certainly  not  to  be  defended 
merely  on  the  ground  that  no  complaints  are  mads  of  it ;  but  it  may 
be  safely  admitted  as  a  principle,  ih&i  of  two  taxes  equally  good  in 
other  respects,  that  is  the  best  which  is  most  acceptable  to  the  people. 
The  very  facili^^,  however,  with  which  indirect  taxes  may  be  levied, 
makes  it  neoeasary  to  consider  the  incidents  and  efibots  of  them 
with  peculiar  caution.  The  statesman  has  no  warning,  as  in  the  cases 
of  diraot  taxes,  that  evili  are  caused  by  an  impoet  which  is  productive 
and  which  every  one  seems  willing  to  pay.  When  any  branch  of  indus- 
try is  visiUy  declining,  and  its  failure  can  be  traced  to  no  other  cause 
than  the  discouraging  pressure  of  a  tax,  the  necessity  of  relief  is  felt 
at  once ;  but  if  trade  and  manufactures  are  flourishing,  and  the  country 
advancing  in  prosperity,  it  is  difficult  to  detect  the  latent  influence  of 
taxes  in  restraining  that  progress,  which  but  for  them  would  have  been 
greater ;  and  still  more  difficult  to  imagine  the  new  sources  of  wealth 
which  might  have  been  laid  open  if  such  taxes  had  not  existed,  or  had 
been  less  heavy,  or  had  been  collected  at  diffsrent  times  or  in  difforsnt 
ways. 

The  government  is  directly  interested  in  the  increase  of  national 
wealth,  and  taxes  upon  commodities  should  be  allowed  to  interfere 
with  it  as  little  as  possible.  On  this  account,  duties  upon  raw 
materials  are  objectionable.  They  increase  the  price  of  such  materials, 
and  thus  limit  the  power  of  the  manufacturer  to  pundiase  them,  and 
to  employ  labour  in  inoreasing  their  value,  and  in  adding  to  the  pro- 
ductioB  and  capital  of  the  country.   They  discourage  foreign  oommeirce 


and  the  employment  of  shipping ;  for  as  the  power  of  buying  is 
restrained,  so  also  is  that  of  selling,  and  the  interchange  of  merchan- 
dise between  different  countries  is  checked.  Moreover,  by  increasing 
the  price  of  the  exported  manufactures,  they  limit  the  demand  for 
them  abroad  and  subject  them  to  dangerous  competition. 

Similar  objections  may  be  ui^ged  against  taxes  upon  domestic  manu- 
factures, since  by  increasing  the  price  they  diminish  consumption,  and 
consequently  discourage  the  manufactures,  which  if  left  to  themselves 
would  have  given  employment  to  more  capital  and  labour,  and  would 
have  added  greatly  to  the  amount  of  national  wealth  and  prosperity. 
The  object  of  a  government  should  always  be  to  collect  its  revenue 
from  the  results  of  successful  employment  of  capital  and  industry,  and 
not  to  press  upon  any  intermediate  stage  of  production. 

The  British  legislature  has  of  late  years  very  wisely  repealed  or 
reduced  various  duties  upon  raw  materials  and  upon  manufactures. 
Of  customs  duties,  none  now  remain  but  on  articles  of  large  con- 
sumption, such  as  tea,  sugar,  wine,  tobacco,  timber,  &a,  and  aU  those 
upon  raw  material,  and  upon  articles  of  small  consumption,  where  the 
trouble  and  hindrance  to  the  merchant  exceeded  the  amount  of  income 
produced,  have  been  repealed. 

One  of  the  chief  recommendations  of  indirect  taxes  is,  that,  when 
placed  upon  the  proper  description  of  articles,  the  payment  of  them  by 
the  consumer  is  optional  If  chained  upon  what  may  be  strictly  called 
the  necessaries  of  life,  their  payment  becomes  compulsory,  and  falls 
with  unequal  weight  upon  labour.  Competition  generally  reduces  a 
lai^^e  proportion  of  the  working  classes  to  a  state  which  SbUows  them 
little,  if  anything,  beyond  necessaries ;  consequently  a  duty  upon  these^ 
as  it  will  have  no  effect  in  diminishing  the  competition  of  labour  and 
in  raising  wages,  must  reduce  the  comforts  and  stint  the  subsistence  of 
labouring  men. 

That  class  of  articles  commonly  called  luxuries,  of  which  the  con- 
sumption is  optional,  is  a  fair  subject  of  taxation.  In  principle  there 
ia  no  objection  to  such  taxes  :  they  do  not  interfere  with  industry  or 
production,  but  are  paid  out  of  the  incomes  of  the  contributors,  and 
paid  willingly,  and  for  the  most  part  witi^out  undue  pressure  upon 
their  means.  But  in  laying  on  taxes  upon  particular  articles  of  this 
description,  care  must  be  taken  to  proportion  the  chaiige  to  the  value 
of  the  artide.  Excessive  duties  fui  in  the  very  object  they  have  in 
view,  by  rendering  the  revenue  less  productive  than  moderate  duties; 
while  tiie  causes  of  their  failure  are  injurious  to  the  wealth  of  the 
country  by  discouraging  consumption,  and  to  its  morals  by  offering  an 
inducement  to  smuggling. 

High  duties  upon  foreign  articles  imported  into  a  country  are  liable 
to  all  the  objections  which  apply  to  immoderate  taxes  upon  articles  of 
consumption,  and  they  are  chargeable  with  another — ^they  diminish 
importation,  and  thereby  restrict  commercial  intercourse  and  the 
demand  for  and  exportation  of  domestic  produce  and  manufactures. 

The  success  of  moderate  duties  upon  articles  of  consumption,  in 
encouraging  the  use  of  them,  placing  them  within  the  reach  of  a  larger 
number  of  persons,  and  at  the  same  time  augmenting  the  revenue,  was 
never  better  shown  than  in  the  article  of  coffee.  In  1824  the  duty  on 
British  plantation  coffee  was  !«.,  upon  East  India  It.  6d.,  and  upon 
foreign  coffee  2«.  6d.  per  lb.,  and  Uie  quantity  cleared  for  consumption 
was  8,262,943  lbs.,  producing  a  net  revenue  of  420,988/.  In  1825 
those  duties  were  reduced  one*half ,  and  the  consequence  was  consider- 
ably more  than  a  threefold  increase  in  the  consumption,  while  the 
revenue  in  1841  had  been  more  than  doubled.  The  duty  is  now  dd. 
per  lb.,  and  the  importation  in  1859  was  65,858,029  lbs.,  of  which 
84,292,947  lbs.  were  entered  for  home  consumption.  There  ii  no 
difference  between  foreign  coffee  and  that  of  the  productiaii  of  British 
possessions. 

Thus  reductions  of  existing  duties  may  be  proved  by  auch  examples 
to  increase  the  revenue ;  but  whether  the  effect  of  them  be  immediate 
or  deferred  must  depend  upon  a  variety  of  circumstances.  If  the 
reduction  puts  an  end  to  extensive  smuggling,  the  revenue  will  derive 
immediate  benefit,  as  both  the  demand  and  the  supply  of  the  artiele 
already  exist ;  and  the  reduced  tax,  without  affecting  production  or 
consumption,  acts  as  a  police  regulation,  and  at  once  protects  the 
revenue  from  fraud.  But  where  there  is  little  or  no  smuggling,  and 
the  revenue  can  only  be  increased  by  means  of  additional  consumption, 
the  effect  of  reduced  duties  may  hd  de^prred  and  even  remote.  The 
article  may  have  to  be  produced ;  capital,  skill,  labour,  and  time  may 
be  required  to  provide  it  in  sufficient  quantities  to  meet  the  growing 
demands  of  the  consumer ;  and  even  should  the  supply  become 
abundant,  the  habits  and  tastes  of  a  people  cannot  be  changed  on  a 
sudden.  The  high  price  of  an  article  may  have  placed  it  out  of  their 
reach,  and  in  the  meanwhile  they  may  have  become  attached  to  a 
favourite  substitute,  or  may  be  slow  to  spend  their  money  upon  a 
commodity  which  they  have  learned  to  do  without.  These  and  other 
causes  may  defer  for  a  considerable  time  such  an  increase  of  con- 
sumption as  would  make  up  for  the  reduced  rate  of  tax,  especially 
when  the  reduction  has  been  so  great  as  to  require  an  extraordinary 
addition  to  the  previous  amount  of  consumption,  before  the  sacrifice 
made  in  the  revenue  can  be  redeemed.  But  where  the  article  on 
which  it  is  proposed  to  reduce  a  tax  is  already  in  universal  request, 
and  the  supply  immediate  and  abundant,  and  where  the  tax  is  so 
heavy  as  to  restrain  consumption,  no  present  loss  need  be  appr^ended 
from  a  remission  of  part  of  the  tax,  and  a  very  speedy  increase  of 
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revenue  may  be  eitpected.  Sugar  is  aa  article  of  thiB  descriptioiL  It 
has  become  a  necessary  of  life  as  well  as  a  favourite  luxury.  There 
are  scarcely  any  limits  to  the  supply  that  could  be  raised,  and  the  j 
present  dutids  add  materially  to  the  price  and  check  consumption.  As 
a  proof  of  the  suddenness  with  which  the  consumption  of  foreign 
sugar  might  be  expected  to  increase  if  the  excessive  duty  were  reduced, 
we  may  refer  to  the  effects  of  equalising  the  duties  on  East  and  West 
India  sugars  in  1836.  In  that  year  the  duty  on  East  India  sugar  was 
reduced  from  32f.  the  cwt.  to  2is.  In  1835  the  quantity  imported 
had  been  147,976  cwts. ;  and  in  1887,  one  year  only  after  the  change, 
the  import  had  increased  to  802,945  cwts. ;  in  1838,  to  474,100  cwts. ; 
and  in  1839,  to  587,142  cwts.  As  the  tax  was  diminished  only  by  one- 
fourUi,  and  the  consumption  wai  immediately  more  than  doubled,  the 
revenue  at  once  gained  considerably  by  the  reduction  of  duty.  The 
duty  now  varies  from  18«.  4(2.  to  12«.  6<i.  per  cwt.,  according  to  the 
quality,  and  the  importation  in  1859  was  7,426,791  owt& ;  the  quantity 
retained  for  home  consumption  was  8,847,119,  on  which  the  duty  was 
7,291,0892.,  and  the  estimated  value  12,516,7572. 

A  financial  experiment  will  serve  to  show  how  little  an  increased 
revenue  can  be  depended  upon  as  the  result  of  an  augmentation  of 
taxes  upon  articles  of  consumption.  In  1840  an  addition  of  5  per  cent, 
was  made  to  all  the  duties  of  customs  and  excise,  and  a  proportionate 
increase  of  revenue  was  anticipated,  but  not  resdised.  The  net  pro- 
duce of  the  customs  and  excise  in  the  year  ending  January  5th,  1840, 
amounted  to  37,911,5062.  The  estimated  produce  for  the  year  ending 
January  5th,  1842,  was  39,807,0812.,  1,895,5752.  being  expected  from 
the  additional  5  per  cent.  The  actual  increase,  however,  was  only 
206,7152.,  or  little  more  than  4  per  cent,  instead  of  the  5  per  cent, 
which  had  been  expected.  This  result  was  undoubtedly  in  part  caused 
by  a  general  stagnation  of  trade,  and  by  the  consequent  distress  which 
prevailed  in  that  year;  but  we  notice  it  because  the  principle  of  an 
mdiscriminate  augmentation  of  existing  taxes,  without  reference  to 
their  present  amount,  character,  and  circumstances,  is  very  unwise. 

We  have  said  that  experience  alone  can  show  the  precise  rate  of  a 
particular  tax  which  will  not  affect  consumption  and  will  at  the  same 
time  discourage  smuggling.  It  must  be  presumed  that  existing  rates 
have  been  fixMl  in  order  to  secure  these  results,  and  that  they  are  justified 
by  experience.  To  add  to  them,  therefore,  not  because  they  are  in- 
sufficient for  their  immediate  object,  but  because  a  general  addition 
to  the  revenue  is  needed,  is  to  neglect  experience  and  to  disturb  the 
proper  relations  between  the  amount  of  tax  and  the  value  of  particular 
articles.  During  the  last  century  it  was  a  common  financial  course  to  add 
a  general  per  centage  of  increase  upon  all  the  customs'  duties  whenever 
the  revenue  was  foimd  to  be  insufficient  for  immediate  purposes.  To 
this  unwise  policy  must  be  attributed  many  of  the  strange  anomalies 
which  formerly  existed  in  the  British  tariff.  Any  recurrence  to  so 
clumsy  a  mode  of  taxation  should  be  avoided.  The  tax  upon  each 
article  ought  to  be  adjusted  by  itself  upon  sound  principles,  and  then 
should  not  be  changed  merely  to  save  the  trouble  or  to  avoid  the  un- 
popularity of  selectmg  particular  articles  for  increased  taxation  or  of 
inventing  new  burdens. 

'  Protective,  DUcriminating,  and  Prohihitory  Duties, — The  legitimate 
object  of  taxation  is  that  of  obtaining  a  revenue  in  the  leaat  injurious 
manner  for  the  benefit  of  the  community ;  but  this  object  has  con- 
stantly been  overlooked  for  the  sake  of  ends  not  fairly  to  be  accom- 
plished by  taxation.  Legislature  should  endeavour  to  encourage 
agriculture,  trade,  and  manufactures;  and  it  would  be  culpable  to 
neglect  any  proper  means  of  encouragement,  which  are  not  only 
beneficial  to  particular  interests,  but  add  to  the  general  prosperity. 
Unfortunately,  however,  the  zeal  of  most  legislatures  upon  this  point 
has  been  misdirected.  They  have  seized  upon  taxation  as  the  instru- 
ment of  protection  and  encouragement ;  and,  using  it  as  such,  have 
injured  the  great  mass  of  their  own  countrymen,  ajad  ultimately  have 
failed  in  promoting  the  very  interests  they  had  intended  to  serve.  When 
the  system  of  protection  has  existed,  severe  injuries  and  even  injustice 
are  inflicted  whenever  an  attempt  is  made  to  undo  the  mischief  which 
has  been  done.  Reason  and  experience  unite  in  teaching  the  impolicy 
of  protective  taxes ;  and,  in  our  own  country,  this  impolicy  was 
lacluiowledged  by  the  acts  of  1846,  which  regulate  the  trade  in  grain, 
meal,  and  flour,  and  other  articles. 

The  object  of  a  protective  duty  is  to  raise  artificially  the  price  of  the 
produce  or  manufactures  of  one  country  as  compared  with  the  produce 
or  manufactures  of  another.  A  heavy  tax  easily  effects  this  object, 
and  thus  prevents  competition  on  the  part  of  that  country  whose 
commodities  are  taxed,  and  estabhshes  a  monopoly  in  the  supply  of 
those  commodities  in  favour  of  the  parties  for  whose  benefit  the  tax 
was  imposed.  The  revenue,  the  avowed  object  of  a  tax,  so  far  from 
being  improved,  is  here  actually  sacrificed  by  Uie  exclusion  of  merchan- 
dise, which  at  moderate  duties  would  fill  the  coffers  of  the  state.  The 
state  clearly  is  a  loser ;  the  foreigner,  whose  goods  ar«  denied  a  market, 
is  a  loser.  Who  then  gains  by  these  losses  f  Not  the  consumer ;  for 
the  more  abundant  the  supply,  the  better  and  cheaper  will  he  find 
the  market ;  but  the  seller,  who  is  enabled  to  obtain  a  high  price  for 
his  wares  because  he  has  a  monopoly  in  the  sale  of  them,  is  the  only 
par^  who  gains.  The  community  at  large  suffer  doubly :  first,  by 
having  to  buy  dear  instead  of  cheap  goods,  or  by  being  denied  the 
use  of  them  altogether;  and,  secondly,  by  being  obliged  to  pay  other 
taxes  which  would  not  have  been  required  if  the  very  articles  which 


would  have  made  their  purchases  cheaper  had  been  chaz^ged  with  a 
moderate  impost.  Even  the  sellers,  for  whom  all  these  sacrifices  are 
made,  do  not  derive  the  benefit  which  might  be  expected.  In  the 
goods  which  they  sell  themselves,  indeed,  they  are  gainers;  but  in 
purchasing  of  other  monopolists  they  lose  by  an  artificially  high  price, 
like  the  rest  of  the  community.  It  constantly  happens  t^,  that 
although  the  prices  at  which  they  sell  are  high,  their  profits  are  re- 
duced, by  the  competition  of  others  selling  the  same  fu-tidea,  to  the 
general  level  of  profits  throughout  the  country.  When  this  is  the 
case,  all  parties,  without  exception,  are  losers — the  state,  the  commu- 
nity, and  the  monopolists. 

Protection  may  be  accomplished  by  actual  prohibition  of  the  import 
of  particular  articles,  by  exorbitant  duties  which  amotmt  to  prohibi- 
tion, or  by  such  duties  only  as  give  the  home  producer  an  advantage. 
Duties  may  also  discriminate  between  the  produce  of  different  coun- 
tries, and  give  the  preference  to  some,  to  the  injury  and  exclusion  of 
others.  In  this  country  all  these  modes  of  protection  have  been 
resorted  to :  but  their  impolicy  has  been  recognised  by  the  legislature, 
which,  within  the  last  few  years,  has  advanced  rapidly  in  the  adoption 
of  a  more  sound  system  of  taxation.    [Tariff.] 

Duties  are  called  discriminating  or  differential  when  they  are  not 
levied  equally  upon  the  produce  or  manufactures  of  different  countries. 
The  object  of  them  is  to  give  an  advantage  to  the  country  on  whose 
commodities  the  tax  is  lightest,^Bs  compax^  with  others.  To  obtain 
such  a  preference  has  been  the  object  of  various  negotiations  and  com- 
mercial treaties  between  different  states,  as  it  opens  extensive  markets 
to  the  industry  of  the  favoured  nation.  By  the  coumiercial  policy  o£ 
England  the  principle  of  discrimination  may  be  said  to  have  been 
confined  to  the  protection  of  our  colonies  against  the  competition  of 
foreign  countries.  As  regards  each  other,  a!U  foreign  countries  enjoy 
equal  commercial  advantages  in  their  intercourse  with  England.  It 
has  been  contended  that  colonies  form  an  integral  part  of  the  mother- 
coimtry,  and  that  the  commercial  intercourse  between  the  several  parts 
of  the  British  empire  ought  to  be  viewed  as  a  vast  coasting-trade,  but 
now  foreign  vessels  are  admitted  to  this  trade  in  England,  although 
foreign  nations  refuse  to  adopt  the  like  practice.  If  this  principle  were 
acted  upon,  it  would  certainly  present  a  grand  fiscal  union  worthy  of 
admiration.  There  were  two  great  articles  of  consumption,  sugar  and 
timber,  upon  which  the  discnminating  duties  have  been  most  mis- 
chievous in  their  results.  These  discriminating  duties  have  been 
abolished.  Those  on  sugar  have  been  noticed.  ,  Those  on  timber  were 
reduced  in  1847  and  1848,  and  in  1860  the  difference  between  foreign 
and  colonial  timber  was  abolished,  and  1«.  per  load  only  is  imposed 
on  all. 

Export  IhUies. — ^Duties  levied  upon  goods  exported  to  foreign 
countries  are  ultimately  paid  by  tHe  foreign  consumer,  and  thus  have 
the  effect  of  making  the  subject  of  one  state  bear  the  burdens  of 
another.  However  desirable  this  may  appear  to  the  state,  whose 
treasury  is  enriched  at  the  expense  of  foreigners,  the  expediency  of 
such  duties  will  depend  upon  peculiar  circumstances,  and  great  nicety 
is  required  in  the  regulation  of  them:  If  a  country  possesses  within 
itself  some  produce  or  manufacture  much  in  request  abroad,  and  for 
the  production  of  which  it  has  peculiar  advantages,  a  moderate  export 
duty  may  be  very  desirable.  In  this  manner  Russia,  which  almost 
alone  supplies  tadlow  to  the  rest  of  Europe,  derives  a  considerable 
revenue  h^m  an  export  duty  upon  that  article.  Upon  the  same 
principle  a  duty  upon  machinery  exported  from  Great  Britain  would 
have  been  politic  British  machinists  far  excelled  all  others  in  skill 
and  ingenuity,  and  foreign  manufacturers  were  willing  to  pay  almost 
any  price  for  their  machinery.  Notwithstanding  the  prohibition, 
large  quantities  were  smuggled  abroad  at  an  enormous  cost,  but  the 
difficulty  and  expense  of  evasion  were  so  great  that  foreigners  had 
latterly  almost  confined  their  purchases,  in  l£is  country,  to  models  and 
drawings,  and  made  the  machinery  themselves,  with  the  assistance  of 
British  artisans,  whom  they  enticed  abroad  bv  extravagant  wages. 
The  partial  relaxation  of  the  prohibitory  law  m  1825,  by  granting 
licences  to  export  certain  kinds  of  machinery,  showed  the  extent  to 
which  the  trade  might  have  been  carried  under  a  more  liberal  policy. 
The  official  value  of  machinery  exported  under  licence  in  1840  was 
593,0642.,  in  addition  to  various  tools  allowed  by  law  to  be  exported,  of 
which  no  account  was  taken.  The  restriction  is  now  removed,  and  the 
declared  value  in  1859  amounted  to  2,562,9342. 

Though  moderate  export  duties  upon  articles  of  which  a  country 
has  almost  the  exclusive  supply  may  be  advisable,  heavy  duties  will 
check  the  demand  abroad  in  tiie  same  manner  as  they  affect  the  con- 
sumption of  commodities  at  home.  In  the  same  manner  also  they  are 
injurious  to  trade  and  unprofitable  to  the  revenue. 

All  duties,  whatever,  should  be  avoided  upon  the  export  of  produce 
or  manufactures  which  may  be  also  sent  from  other  countries  to  the 
Bame.markets.  They  would  discourage  trade  and  offer  a  premium  to 
foreign  competition. 

Although  the  temptation  is  great  to  shift  taxes  from  one  country  to 
another  by  means  of  export  duties,  this  temptation  is  equally  great  in 
'  all  countnes ;  and  if  their  several  governments  should  be  actuated  by 
I  the  desire  to  make  foreigners  contribute  to  their  revenue,  their  oppor- 
.  tunities  for  carrying  out  such  a  system  would  probably  be  equal,  and 
thus  retaliations  might  be  made  upon  each  other,  which,  after  all, 
]  would  neutralise  their  efforts  to  tax  f orolgnerB^  «Qd  leave  them  in  th« 
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Baxne  ixxntion  as  if  they  had  been  contented  to  tax  none  but  their 
ovm  subjects.  In  this  power  of  retaliation  lies  the  antidote  to  the 
evil  of  one  state  being  forced  to  bear  the  burdens  of  another  as 
"well  as  its  own.  Every  state  would  naturally  resist  such  an  impo- 
sition upon  its  subjects,  and  export  duties  can  therefore  only  be 
safely  resorted  to  in  such  peculiar  cases  as  we  have  noticed,  where 
foreigners  are  willing  to  pay  an  increased  price  for  commodities  which 
they  must  have,  and  which  they  cannot  obtain  so  good  or  so  cheap 
from  any  other  place. 

TAXATIO  ECCLESIASTICA,  signiaes  the  assessment  and  levy 
of  taxes  upon  the  property  of  the  church  and  of  the  clergy.  The  pope 
once  claimed  in  all  countries  the  first  year's  whole  profits  and  the  tenth 
part  of  the  whole  annual  profits  of  every  ecclesiastical  benefice.  These 
were  called  "  First-Fruits  and  Tenths  "  [First-Fruits  ;  Tenths],  and 
Tvere,  for  the  most  part,  paid  willingly  by  the  clergy  to  their  ecclesias> 
tical  superior.  The  popes  founded  their  claim  upon  scriptural  precepts 
and  practice,  from  the  time  of  Melchizedek.  The  pope  had  his 
collectors  in  every  diocese,  who  sometimes  by  bills  of  exchange,  but 
generally  in  specie,  yearly  returned  the  tenths  and  first-fruits  of  the 
clergy  to  Rome. 

But 'while  the  clergy  were  thus  liable  to  taxation  by  their  ecclesias- 
tical head,  it  was  maintained  by  the  Roman  Catholic  church  that  their 
property  enjoyed  complete  immunity  against  all  claims  of  temporal 
powers,  being  set  apart  for  the  service  of  God,  the  support  and  dignity 
of  the  Christian  church,  and  for  works  of  charity.  Upon  this  point 
frequent  contests  very  naturally  arose,  and  the  vast  possessions  uf  the 
church  tempted  the  pope  and  temporal  princes  by  various  modes  to 
exact  contributions  from  the  clergy.  The  means  resorted  to  by  these 
respective  powers  to  raise  a  revenue  from  the  clexgy,  and  the  laws  and 
customs  that  prevailed  upon  the  matter,  may  be  conveniently  stated  by 
dividing  the  subject  into — 

1.  Taxation  of  the  church  or  clergy  by  the  pope  for  ecclesiastical 
purposes. 

2.  By  temporal  princes  for  the  service  of  the  state. 

1.  The  pope  was  by  no  means  satisfied  with  the  regular  contributions 
of  the  clergy,  but  continually  applied  to  them  for  extraordinary  funds 
for  special  purposes.  In  1199,  Pope  Innocent  III.  issued  a  bull  com- 
manding the  prelates  and  cleigy  of  the  Christian  church  to  pay  the 
fortieth  part  of  all  their  revenues  to  defray  the  expenses  of  a  crusade. 
This  is  said  to  have  been  the  first  attempt  to  impose  a  tax  on  the 
clergy  of  all  nations  by  the  authority  of  the  pope  as  head  of  the 
church.  The  practice  became  frequent ;  and  in  1225  the  pope  enter- 
tained a  project  by  which  the  revenues  of  two  prebends  in  every  cathe- 
dral, and  the  portion  of  two  monks  in  every  monastery,  In  all  the 
countries  in  communion  with  the  Church  of  Rome,  were  to  have  been 
granted  to  the  pope  for  the  better  support  of  his  d^ity.  When  this 
project  was  laid  before  the  parliament  of  England  in  1226,  they  evaded 
a  direct  answer  to  the  papal  legate,  by  alleging  "  that  this  affair  con- 
cerned all  Christendom ;  and  that  they  would  conform  to  the  resolu- 
tions of  other  Christian  countries."    (Wiikin's  '  Concilia,*  voL  i.) 

Two  years  afterwards,  the  king  of  England,  Henry  III.,  in  order  to 
induce  the  pope  to  interfere  in  a  dispute  concerning  the  appointment 
of  an  archbishop  to  the  see  of  Canterbury,  recently  vacant  by  the  death 
of  Cardinal  Langton,  promised  him  a  tenth  of  the  moveables  not  only 
of  the  clergy  but  of  the  laity.  In  this  proceeding  there  appears  to 
have  been  a  twofold  peculiarity.  First,  a  temporal  prince  offered  the 
pope  a  contribution  from  his  clergy,  which  commonly  originated  with 
the  pope ;  and,  secondly,  a  tax  was  to  be  levied  upon  the  laity,  not  for 
the  service  of  the  state,  but  for  the  benefit  of  a  foreign  ecclesiastic. 
The  strangeness  of  the  circumstances,  however,  did  not  prevent  the 
pope  from  taking  immediate  advantage  of  the  king's  offer,  and  he 
accordingly  sent  a  logate  into  England  to  collect  the  tenths.  His 
demand  met  with  some  opposition,  chiefly  from  the  barons,  but  the 
pope  and  the  king  together  were  too  powerful  to  be  resisted.  In  the 
same  reign  the  pope's  legates  were  constantly  demanding  presents  from 
the  bishops,  monasteries,  and  deigy,  and  convening  assemblies  of  the 
church,  with  no  other  object  than  to  extort  money.  Their  proceedings 
created  such  disgust  that  the  great  barons  sent  orders  to  the  wardens 
of  the  seaports  to  stop  all  persons  bringing  any  bulls  or  mandates  from 
Rome,  and  at  last  succeeded  in  driving  the  legate  himself  out  of  the 
kingdom ;  but  the  sums  which  the  pope  continued  to  draw  from  the 
clei^  at  that  time  appear  to  have  been  enormous,  and  the  histories  of 
that  period  are  full  of  complaints  and'  remonstrances  against  papal 
exactions.  An  act  was  passed  b^  the  parliament  in  1307  ('  Statute  of 
Carlisle,'  35  Edward  I.)  to  restrain,  in  some  measure,  the  exactions  of 
the  see  of  Rome,  but  apparently  with  little  good  results ;  for  seventy 
years  afterwards  we  find  the  Commons  in  parliament  still  protesting 
against  the  extortions  of  the  pope.  In  their  remonstrance  to  the  king 
upon  that  grievance,  they  asserted  "  that  the  taxes  paid  to  the  pope 
yearly,  out  of  Englimd,  amounted  to  five  times  as  much  as  the  taxes 
paid  to  the  king."    (Cotton's '  Abridgment.') 

Although  complamts  continued  long  after  this  period,  no  measures 
were  effectual  in  limiting  the  demands  of  the  court  of  Rome  until  Uie 
pope's  authority  was  altogether  suppressed  in  England  at  the  Reforma- 
tion in  the  reign  of  Henr^  VIII. 

2.  The  immunitiee  damied  by  the  church  were  not  effectual  in  pro- 
tecting its  revenues  from  being  laid  under  contribution  for  the  service 
of  the  state.    The  kings  of  England,  sometimes  by  the  pope's  authority, 


sometimes  by  forced  or  voluntary  compliance  on  the  part  of  the 
church,  and  sometimes  by  their  own  direct  power,  obtained  large  sums 
from  the  clergy. 

William  the  Conqueror  found  the  church  very  wealthy,  and  subjected 
it  to  much  spoliation.  A  singular  occasion  for  taxing  the  clergy  arose 
in  the  reign  of  Henry  I.,  a.d.  1129.  An  ecclesiastical  council,  assem- 
bled at  London,  denounced  all  married  clergymen,  and  decreed  that 
they  should  put  away  their  wives.  The  council  committed  to  the  king 
the  execution  of  their  decrees ;  but  he,  instead  of  compelling  the 
clei^  to  send  away  their  wives,  imposed  a  tax  on  those  who  chose  to 
retam  them,  which  is  said  to  have  been  very  productive. 

The  pope  was  not  unwilling  to  assist  in  oppressing  Uie  clergy  for  the 
benefit  of  kings,  when  they  were  inclined  to  further  his  own  objects, 
either  by  undertaking  crusades,  carrying  on  wars  against  his  enemies, 
or  making  concessions  to  him.  He  would  not  sufi'er  the  immunities 
of  the  church  to  be  infringed  by  the  temporal  power,  but  often  placed 
at  the  disposal  of  princes  the  revenues  of  the  church  by  his  own 
authority.  Thus,  the  pope,  by  virtue  of  his  apostolical  power,  granted 
King  Henry  III.,  by  several  bulls,  the  goods  of  tdl  clergymen  who  died 
intestate,  the  revenues  of  all  vacant  benefices,  and  of  all  non-residents. 
In  1288,  Pope  Nicholas  lY.  granted  the  tenths  to  King  Edward  I.  for 
six  years,  towards  defraying  the  expenses  of  an  expedition  to  the  Holy 
Land ;  and  in  order  to  collect  them  at  their  full  value,  a  taxation  by 
the  king's  precept  was  begun  in  that  year,  and  finished,  as  to  the  pro- 
vince of  Canterbury,  in  1291,  and  as  to  that  of  York  in  the  following 
year,  the  whole  being  under  the  direction  of  the  bishops  of  Winchester 
and  Lincoln.  This  taxation  is  a  most  important  record,  because  all 
the  taxes  of  the  church,  as  well  to  the  kings  of  England  as  to  the  pope, 
were  afterwards  regulated  by  it  until  the  survey  made  by  Henry  YIII. ; 
and  because  the  statutes  of  colleges  which  were  founded  before  the 
Reformation  are  also  interpreted  by  this  criterion,  according  to  which 
their  benefices,  under  a  certain  value,  are  exempted  from  the  restric- 
tion in  the  statute  21  Henry  YIII.  concerning  pluralities.  ('  Preface 
to  Taxatio  Ecclesiastica,  P.  Nich.  lY.,  by  the  Record  Commissioners.') 

In  1295,  Edward,  notwithstanding  the  pope's  grant,  and  numerous 
exactions  from  the  cleigy  in  the  meantime,  being  still  in  great  need  of 
money  to  carry  on  his  wars,  summoned  deputies  from  the  inferior 
clergy  for  the  first  time  to  vote  him  supplies  from  their  own  body.  In 
the  preceding  year  he  had,  by  threats  and  violence,  exacted  a  tax  of 
half  the  revenues  of  the  clergy ;  but  now  he  thought  it  prudent  to 
obtain  their  consent  to  his  demands  in  a  more  regular  manner.  The 
clergy,  however,  would  not  obey  the  king's  writ  of  summons,  lest  they 
should  appear  to  acknowledge  the  temporal  power ;  and  in  order  to 
overcome  this  objection,  the  king  issued  his  writ  to  the  archbishop, 
who,  as  their  spiritual  superior,  summoned  the  clergy  to  meet  in  con- 
vocation.   (Gilbert's  '  History  of  the  Exchequer.') 

This  was  the  commencement  of  the  constitutional  practice  of  the 
clergy  meeting  in  Convocation  at  the  same  time  as  the  Lay  Parliament, 
and  voting  subsidies  by  its  own  voluntary  act  for  the  service  of  the 
state.  It  was  not  viewed  without  alarm  by  the  pope  and  the  high 
church  dignitaries ;  and  in  order  to  put  a  stop  to  all  such  exactions  of 
princes  from  the  clergy.  Pope  Boniface  YIII.  issued  a  bull  in  1296, 
which  forbade  churchmen  of  every  degree  to  pay  any  tribute,  subsidy, 
or  gift  to  laymen,  without  authority  from  the  see  of  Rome ;  and  de- 
clared that  if  they  should  pay,  or  princes  exact,  or  any  one  assist  in 
levying  such  unauthorised  taxes,  all  such  persons  respectively  would 
inciu'  the  sentence  of  excommunication.  (Rymer's  '  Focdera,'  vol.  L, 
part  2.) 

In  the  same  year,  however,  Edward  I.  demanded  of  the  cleigy  a  fifth 
of  their  moveables,  which  they  resisted,  on  the  ground  that  they  could 
not  disobey  the  pope ;  but  the  king  was  not  inclined  to  desist ;  and  in 
order  to  force  the  acquiescence  of  ^e  clergy,  he  put  them  out  of  the 
pale  of  the  laws.  Orders  were  issued  to  the  judges  to  hear  no  cause 
brought  before  them  by  the  dei^,  but  to  decide  all  causes  in  which 
they  were  sued  by  others.  The  clergy  could  not  long  resist  these 
oppressions ;  and  although  unwilling  to  disobey  the  papal  bull,  they 
evaded  it  by  voluntarily  depositing  a  sum  equivalent  to  the  amount 
demanded  of  them  in  some  church,  whence  it  was  taken  by  the  king's 
officers.  In  this  expedient  the  whole  ecclesiastical  body  acquiesced, 
and  thus  yielded  up  their  spiritual  privileges,  under  coercion  by  the 
temporal  power. 

At  the  Reformation,  the  chief  source  of  revenue  to  the  pope,  namely, 
first-fruits  and  tenths, was  transferred  to  the  king  "for  more  aug- 
mentation and  maintemmce.  of  the  royal  estate  of  ms  imperial  crown 
and  dignity  of  supreme  head  of  the  Church  of  England."  (Statw  26 
Henry  YIII.,  c.  3.)  In  order  to  collect  this  revenue,  a  court  of  first- 
fruits  was  established,  and  the  king  ordered  a  valuation  to  be  made  of 
all  the  episcopal  sees  and  benefices  in  England.  The  book  which  con- 
tains this  valuation  is  called  the  '  Liber  Regis.'  The  first-fruits  and 
tenths  continued  to  form  part  of  the  royal  revenue  until  Queen  Anne, 
by  the  Act  2  &  8  of  her  reign,  c.  11,  gave  up  the  proceeds  thereof  on 
the  part  of  herself  and  her  successors,  and  assigned  them  for  ever  to 
the  augmentation  of  poor  livings. 

It  now  only  remains  to  notice  more  particularly  the  practice  of 
taxing  the  dei^gy  in  convocation,  which  continued  in  full  force  till  the 
reign  of  Charles  II.  It  had  afforded  the  kings  of  England  a  lucrative 
revenue  from  the  church.  Their  influence  as  heads  of  the  church,  and 
aa  having;  ecclesiaatioal  prefermenta  to  beatow,  was  veiy  ^at  after  th« 


43 


TAXEa 


TAYLOR'S  THEOREBl 


Refonnaiion,  and  enabled  them  very  commonly  to  obtain  laigor  lubn* 
diet  from  the  convocation  than  thoae  that  were  voted  by  parliament. 
The  church,  therefore,  was  not  unwilling  to  be  deprived  of  the  expen- 
sive privilege  of  voting  separate  subaidies;  and  aoquiesoed  in  an 
arrangement  proposed  in  ltf64«5,  by  which  the  Commons  have  ever 
sinoe  voted  taxes  upon  the  possessions  of  the  church  and  of  the  dexgy, 
in  the  same  manner  as  upon  the  laity. 

TAXES.  The  general  objects,  charaotar,  and  principles  of  taxation 
and  of  different  classes  of  taxes,  are  treated  of  under  the  head  of  Ti.x, 
Taxatiox.  In  this  place  it  is  proposed  to  give  a  short  summary  of  the 
amount  and  description  of  taxes  paid  in  Great  Britain  and  Ireland, 
whether  assessed  directly  upon  property,  or  collected  indirectly  upon 
articles  of  consumption ;  including  not  only  such  taxes  as  are  paid  to 
the  general  govenmient,  but  also  idl  municipal  and  local  assessments  or 
oontributions.  ^ 

United  Kingdom^ 

The  chief  soiirces  of  revenue  will  be  seen  by  the  following  sti^tement, 
made  up  to  December  81, 1860. 

OroBS  Receipts. 

Cttstoms £2S,0$3,895 

EzeiHC 19,069,000 

Bumps 8,285,258 

Taxes  (land  and  ft6M«ed)     .         •        •    .  8,126,000 

fropertjUx 18,001,816 

Post  Office  ..»••••  8,420,000 

CrowB  londs     • 889,568 

MiflCcUaneoua 1,848,457 


Total  revenue 


.£71,967,494 


From  which  the  salaries,  &;c.  of  the  revenue  departments,  amounting 
to  4,509,402/.  has  to  be  deducted  as  the  charge  for  collecting ;  of  this, 
the  Post  Office  expenses  for  management  in  1859  was  1,851,958/.  The 
remainder,  2,657,4492.,  gives  an  average  of  leas  than  9c?.  in  the  pound  aa 
the  charge  of  collection. 

The  assessed  taxes  are  the  house-tax,  the  tax  on  male  servants, 
taxes  on  carriages,  on  horses,  on  dogs,  armorial  bearings,  horse-dealers* 
duty,  game  duties,  stage-coach  duties,  and  duties  on  ^tssengers  -con- 
veyed for  hire  by  carriages  travelling  on  railways.  In  1840  (8  &  4 
Vict.  c.  17)  10  per  cent,  additional  was  imposed  on  all  the  assessed 
taxes.  The  income-tax  was  imposed  April  5th,  1842,  for  three  years, 
and  was  then  renewed  for  another  three  yean,  and  has  been  contmued 
at  varied  intervals  ever  since.  For  1860  it  was  imposed  at  10^.  in  the 
pound ;  for  1861-2  it  is  proposed  to  reduce  it  to  9d  in  the  pound. 

Bachelors,  except  Roman  Catholic  clergymen,  pay  an  additional 
duty  of  \l.  on  male  servants.  [Bachelor.]  The  charges  for  game 
duties  are  stated  under  Game  Laws.  The  duty  on  passengers  con- 
veyed for  hire  by  carriages  travelling  on  railways  is  6  per  cent,  on 
the  gross  amount  of  the  fares.  As  to  the  duties  on  stsge-coaches,  see 
Btaoe-Carriaos. 

To  these  parliamentary  taxes  may  be  added  the  following  local 
assessments  in  England  and  Wales : — 

£ 

Poor-rates  (which  includes  connty,  borough  and  )   •  ...  ^aa 

police  rate*.  700,000/.)        .        .        .   •     .]•»*".»«« 

Church-rates  (average  of  scTen  year*)  •        •        .      261,716 

Additional  Toluntary  contributions  .        .        .    .     269,550 

Highwaj.rates 1,949,817 

Tarnpike-tolls  (England  and  Wales)        .        .    .  1,031,050 
Metropolitan  local  flMUMgennat   ...»      159,886 

nie  rates  levied  for  local  maaageaMDt  ooiild  not  be  ascertained,  but 
«neluding  poors-rates  in  Scotiand  and  Ireland^  in  the  gnnd  jury  pre- 
^entmeots  ia  th«  Utter  coimtry,  th«  whole  is  estimated  in  a  return, 
avowedly  imperfect,  laid  before  parliament)  at  15,171,6461.  in  1860. 

The  tithes  ol  Qreat  Britahi  and  Itieland  an  eaid  to  amount  to 
4,000,000^. 

There  w«w  pubUslied  under  the  direction  of  the  Poor-Law  Com- 
missioners in  1846,  a  valuable  work  entitled  '  The  Local  T^es  of  th« 
United  Kingdom,  containing  a  Digest  of  the  Law  with  a  SummaTy  of 
statistical  information  concerning  the  Several  Local  Taxes  in  England, 
Scotland,  and  Ireland.'  England  includes  England  and  Wales.  It  is 
remarked  in  the  Introduction  that  *'  these  Local  Taxes  are  of  two  kinds  : 
the  rates  raised  in  defined  districts ;  and  the  tolls,  dues,  and  fees  paid 
for  particular  services  or  on  certain  occasions.  But  those  rates  only 
will  be  here  noticed,  which  are  authorised  by  general  statutes  or  the 
common  Jaw;  excluding  such  as  derive  their  origin  frooi  speeid 
or  kxai  AoU."  The  rates  are  divided  into  three  classes.  I.  Rates 
of  independent  districts,  on  the  basis  of  the  poor-nte.  XL  Kates  of 
independrat  districts,  not  on  the  basis  of  the  poor-rate.  III.  Rates  of 
aggregate  districts,  on  the  basis  of  the  poor-rate.  No.  I.  comprehends 
—1,  The  Poor  Rate.  2,  The  Workhouse  BuUding  Bate.  8,  The 
Survey  and  Valiiation  Rate.  4,  The  Jail  Fees*  Bate.  5,  The  Oon- 
stablea'  Rate.  6,  The  Highway  Rates  (three).  7,  The  Lighting  and 
Watching  Rate.  8,  The  Militia  Rate.  No.  II.  comprehends— 1,  The 
Church  Rates  (three).  2,  The  Stfnvr  Rate.  8,  The  G«nend  Sewers' 
Tax.  4,  The  Drainage  and  Inelorare  Rates.  S,  The  Indosure  Rate. 
6,  The  Regulated  PastuM  Rate.  No.  IIL  cottprehends— 0»«w/trt.  1, 
The  County  Rate.    2,  The  Polios  Rate.    8>  The  «uw  HaH  Rate.    4, 


The  Lunatic  Asylum  Rate.  5,  The  Burial  Rate.— ^luujrecfx.  6,  The 
Hundred  BAi»,—Borowghs,  7,  The  Borough  Rate.  8,  The  Watch 
Rate.  9,  The  Jail  Rate.  10,  The  Prisoners'  Rates.  11,  The  Lunatio 
Asylum  Rate.  12,  The  Museum  Rate. — CourUiet  and  Bwouglii,  13, 
The  District  Prison  Rates. 

The  Local  Taxes  in  Scotland  are  distributed  by  Mr.  Burton  under 
the  following  heads : — 

I.  Administration  of  Justice,  which  includes  Criminal  Prosecutions, 
Court  Rooms  and  Coiwty  Buildings,  Rural  Police,  Town  Police,  Prisons. 
II.  Internal  Transit,  which  includes  Commutation  Roads,  Turnpike 
Roads,  Highland  Roads  and  Bridget  III.  Navigation.  IV.  Civio 
Economy,  which  includes  Direct  Municipal  Taxes,  Petty  Customji, 
Miscellaneous  Burdens.  Y.  Relief  of  the  Poor.  YI.  The  Church  and 
Education,  which  includes  The  Church  of  Scotland  Education.  YII. 
MisoeUsneous  Taxes. 

Mr.  Burton  observes ''  that  the  money  expended  on  the  ecclesiastical 
establishment  and  on  education,  partakes,  in  some  respects,  of  the 
nature  of  a  tax."  The  amount  of  money  annually  levied  by  local 
taxation  in  Scotland  is  not  accurately  known.  The  sum  of  956,678^  is 
the  approximate  amount  given  by  Mr.  Burton. 

The  Local  Rates  levied  in  Ireland  are  distributed  under  the  following: 
heads  in  the  work  published  under  the  direction  of  the  Poor-Law 
Coounissionera. 

L    Qrand  Jury  Cess  (in  all  the  counties,  including  counties  of 

cities  and  towns). 
II.    Poor-Rates  (in  130  Unions,  comprising  every  townland  and 

denomination  of  land  in  Ireland). 
III.    Lighting,  Cleansing,  and  Watching  Rates  (in  all  cities,  towns, 
and  boroughs   which   may  adopt  the   provisions  of    the 
statute). 
lY.    Borough  Rates  (in  certain  Boroughs). 

Y.    Pipe  Water  Rates  (in  every  city  and  town,  except  Dublin, 
Cork,  and  Limerick,  which  gives  title  to  a  bishop  or  arch- 
bishop). 
YL    Parish  Cess  (in  all  parishes,  imions  of  parishes,  or  chapelries  in 

Ireland). 
YII.    Rates  for  deserted  children  (in  all  parishes  in  Ireland,  except 

those  in  the  city  of  Cork). 
YIII.    Ministers*  Money  (in  cities  and  towns  corporate  in  Ireland). 
IX.    Board  of  Health  Rates  (in  parishes  in  which  the  lord  lieutenant 

shall  direct  officers  of  health  to  be  appointed). 
"  Besides  the  above  rates  leviable  under  general  acts  of  parliament, 
there  are  rates  leviable  under  specisl  acts  in  many  places,  as  Dublin, 
Cork,"  &c. 

Information  about  the  several  taxes  of  European  States  will  be  found 
in  the  Parliaments^  Paper,  No.  227,  of  1842,  ordered  by  the  House  of 
Commons  to  be  printed,  Srd  May,  1842. 

TAYLOR'S  THEOREM.  We  propose  in  this  part  of  the  article  to 
give  some  results  of  the  methods  of  algebraical  development  which  are 
consequences  of  the  celebrated  theorem,  the  history  of  which  is  given 
in  the  article  Taylor,  Brook,  in  Btoo.  Div.  The  simplest  parts  of  the 
Differential  and  Integral  Calculus  will  be  presumed  known.  It  is  not 
usual  in  works  on  that  subject  to  bring  together  in  one  place  the 
most  conspicuous  theorems  which  have  arisen  out  of  that  of  Taylor ; 
which  makes  it  the  more  desirable  that  such  a  thing  should  be  done 
in  a  work  of  reference.  It  is  to  be  particularly  remembered  that  we 
do  not  here  profess  to  teach  the  subject  of  development,  but  only  to 
recall  the  steps  of  the  several  processes  to  those  who  have  already 
learnt  them,  and  to  present  the  theorems  in  a  form  which  can  be  easily 
referred  to. 

As  to  notation,  we  shall  frequently  signify  differentiation  by  accents : 
thus  ^"x  is  the  second  differential  coefiOoient  of  ^  with  respect  to  x ; 
{^^oc^y  is  the  third  differential  coefficient  of  the  product  of  ^  and 
^.  And  [h]  will  ««nify  the  product  1  x  2  x  3  x  . . . .  x  (»-l)  x  n, 
ilareoyetf  when  a  series  is  written,  three  terms  will  be  written  down, 
and  the  general  term  appended. 
Tayloi^e  theorem  is  as  follows  :-^ 

^x  -^  *)  =  ^  +  ^'a?.  A  -I-  ^"x  2  +  &a      I  <p^*^x  f^ | 

This  theorem  is  true  whenever  x  has  such  a  value  that — 1.  No  one 
of  the  set  ^,  ^'x,  &g/  is  infinite.  2.  All  of  them  do  not  vanish.  Thus 
neither  of  the  following  oould  be  allowed  to  be  treated  by  it  when 
x»ai — 

V(a^  — «').!Qg«    and    €-'«-«' "^ 

In  the  first  function,  (p'x,  and  all  which  follow,  are  infinite  when 
«sa;  in  t^e  second  fx  and  all  its  differential  coefficients  vanish  when 
x»ii.  The  meaning  of  this  circumstanoe  is  as  foUovi'S  :  the  form  of 
Taylor's  theorem  essentially  requires  that  ^{x  +  h)  should  be  developed 
in  ascending  integer  powers  of  k;  oonsequentiy  when  such  form  of 
development  is  impossiblo,  this  theorem  may  ^diow  signs  of  being 
inapplicable.  Now,  Uie  first  of  these  functions  (when  x=a)  can  only 
have  ^a+ A)  expanded  in  ascending  fractional  powers ;  and  the  second 
only  in  descending  integer  powers.  Those  who  will  only  allow  the 
use  of  converging  series  may  require  also  that  h  should  be  so  small  that 
the  resulting  series  is  convergent :  but  this  Cau(^y  has  proved  always 
happens  if  A  be  small  enough. 
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In  the  Penny  C^lopsedia^  we  gare  a  oompariflon  of  fire  proofs  of 
Taylor's  Theorem.  This  was  twenty  years  ago:  rinoe  which  time 
the  character  of  elementary  works  has  changed  The  Penny  Oyolo- 
pcedia  bong  still  perfectly  accessible,  we  think  it  will  be  best  to  confine 
ourseWes,  In  the  present  work,  to  a  statement  of  the  best  form  of  the 
best  proof.  This  we  hold  to  be  a  rariation  and  amendment,  by  Mr. 
Homersham  Cox,  of  Cauchy's  proof,  which  may  be  seen  in  De  Morgan's 
Differential  Calculus.  Mr.  Cox's  proof  was  fiist  published  in  the 
Cambridge  Mathematical  Journal,  vol.  vi.,  p.  80. 

From  ^(a  +  v)  subtract  any  number  of  Taylor's  terms,  and  one  more 
with  an  undefined  constant,  and  write  this  down  with  as  many  dif- 
ferential coefficients  as  Taylor's  terms :  as  in 

v'  «*  V* 

p     ^(a  +  r)-^-^'a  v  — ^'a-g  —  4>"'a  JTs"  ^  2.8.4 

T     0*'(a  +  r)  — 0. 

All  these  vanish  with  v,  except  the  last :  choose  for  o  that  value 
wliich  makes  the  first  vanish  when  v=A.  Let  ^x  be  such  that  4^^  x 
(and  consequently  4>x,  ^'x,  ^"x,  ^"x)  does  not  become  infinite  £rom 
a;=atoa;=a  +  A.  Now  remember  that  a  function  which  vanishea  in 
two  places,  and  does  not  become  infinite  in  the  interval,  must  change 
from  increasing  to  dlminiBhing,  or  from  diminishing  to  increasing,  m 
that  interval :  so  that  its  differential  coefficient  must  change  sign,  and, 
if  not  infinite,  must  vanish.  Now  p  satisfies  these  conditions,  vanish- 
ing at  v=0  and  at  tf=:A  :  hence  Q  must  vanish  before  «=A,  and  as  it 
vanishes  at  t;=0,  and  does  not  become  infinite  in  the  internal,  q  also 
satisfies  the  conditions  :  hence  r  vanishes  before  v^h:  and  by  like 
reasoning  s,  and  T.  Now  if  some  value  of  v  between  0  and  h  makes  t 
vanish,  let  it  be  v—Bh,  $  being  a  positive  fraction  between  0  and  1. 
Hence  c=^'*(a+dA) :  and  since  c  was  so  taken  that  p  vanishes  when 
r=A,  we  have 

^{a  +  h)  =  ^  +  4»'a  .  A  -F  ^"o  2"  +  ^'"* aTs  "*"  ^^^  "*"      "^  2.8    i' 

This,  if  the  reasoning  be  carried  to  n  terms  of  Tetylor's  series,  is 
Taylor's  theorem  with  Lagrange's  theorem  on  the  remainder  of  the 
series  appended.  If  no  differential  coefficient  of  ^  up  to  ^^*^x  should 
become  infinite  from  xs  a  to  x=xa  -t-  h,  then 

* 

If  the  remainder  term  diminish  without  limit  as  n  increases  without 
limit,  Taylor's  series  gives  a  true  development. 

Some  views  of  Lambert  on  the  reduction  of  the  roots  of  equations 
(Acta  Helvetica,  1758)  into  series  were  genendised  by  Lagrange 
(M^m.  Acad.  Scl,  1768)  into  a  celebrated  theorem  of  development 
beajdng  his  name ;  and  this  again  was  generalised  in  form  by  Laplace 
(M^.  C^L).    The  problem  is  as  follows :  given 

y^v{z+x^). . .  .(a) 

required  the  expansion  of  1^,  when  possible,  in  powers  of  x.  Since 
^y  is,  by  the  preceding  equation,  a  function  of  x  and  z,  if  2  be  constant, 
and  we  differentiate  with  respect  to  x,  and  then  make  x=0,  ory=F2, 
we  may  use  Stirling's  theorem.  But  this  differentiation  would  be 
laborious  and  indirect ;  it  was  made  more  direct  (by  Laplace)  in  the 
following  manner  : — A  4!onBtant  may  have  any  Value  given  to  it,  or  may 
be  made  to  vanish,  either  before  or  after  differentiation  with  respect  to 
a  variable  :  if  then  we  can  express  differentiations  with  respect  to  a;  in 
terms  of  differentiations  with  respect  to  z  only  (in  which  x  is  constant), 
it  will  be  in  our  power  to  make  x  vanish  brfore  the  differentiations, 
which  will  reduce  the  indirect  or  implicit  to  direct  differentiation. 
This  substitution  of  c-differentiations  in  place  ol  those  (^  a;  is  done  as 
follows : — Differentiate  (▲)  both  with  respect  to  x  and  z  separately,  and 
we  have 

^  =  p'  {z  +  x<t^)  {<tnf  +  ^'v  ^}        whence 

Let  u  be  a  function  of  y  only,  that  is,  not  of  x  or  z  except  as  those 
variables  are  contained  in  y :  then 

du  dy  du  dy        d»  du 

From  this  equation  only  it  may  be  shown  (by  iNDUCmo^)  th«t 

rf»i*        d"-i    /  du\ 

d^  =  ^^v'f'y'^^) 

as  follows.    Assume  the  preceding  to  be  true  for  one  ^atae  of  n,  and> 


since  (^y)*  k  <2i» :  <2]r  is  a  function  of  y  only,  let  it  be  dv  :dy,vheiag 
another  function  of  y. 

d*  tt       d*"*    fdv  dy 


av  ny\ 
dy  dz) 


dj^  *  daf-i  V%  dz)  ■■  cb" 
d*-»-^tt        cJ*     jAf  dv  dv  dy 


du  dy  <iu1 


whence  the  theorem  remains  true  after  writing  n  -i- 1  forn.  But  it  ii 
true  when  »~1 ;  therefore  it  is  true  for  all  values  of  n.  If  then  we 
make  x=0,  or  y = Pz,  which  may  be  done  before  the  differentiations  on 
the  second  side  of  the  equation,  we  have  (u  being  ^) 

Apply  this  to  Maclaurin's  Theorem,  and  we  have  ZaplaceU  THeoreu^, 
namely, 

y  «  p  (i  +  x<t»y)  gives  ify  = 


*Pz+(^p.-^j^  +  5^((^p.)«-^)2+,&c. 
the  general  term,  ^^zf  j  (^izY  -j^  J  ^ 


Lafjraag^z  theorem,  from  which  Laplace  generalised,  is  the  case  in 
which  jx=x\  namely, 

d   f  \  sfi 

yz  +  x^fy  gives  4y  =  0«  +  (4>^z)x  + -^  [  (^)«  f « )  y  + 1  &c 

the  general  term  jjuzi  |  (^2)-f«  |-p^ 


d(^)2  a«        d'(ipz)^    a^ 


2    + 


di?     2.8 


+  ,&c 


Lagrange's  Theorem  leads  to  Biirmann*8  Theorem  (presented  to  the 
institute  in  1796).  The  second  is  in  fact  the  same  as  Uie  first,  though 
very  different  in  form,  and  arrived  at  independently.  It  is  required, 
when  possible,  to  expand  ^x  in  powers  of  ^.  Tins  might  be  done 
indirectly,  by  expanding  ^~^x  in  powers  of  x,  and  substituting^  for 
X  in  the  result.  The  form  in  which  Burmann  obtained  Lagrange's 
theorem  avoids  the  indirect  process.  Let  ^  vanish  when  x^a,  and 
let  fx=  (x—a)  :  x^t  or  x=a  +  ^  .  xx.  We  can  now  employ  La- 
grange's theorem  to  expand  ^x  in  powers  of  ^,  and  we  have 

d    /  \  (<px)^ 

Now  the  general  term  of  this  has  for  its  coefficient  the  value  of 


d— 1 


i((x*)->'*)or^{(?^7f4 


when  x=a:  consequently  ^jfx,  expanded  in  powers  of  ^,  is  found  by 
making  a?=:a  in  the  coefficients  of  the  powers  of  ^  in  tiie  following 
series: — 

When,  in  a  function  of  any  number  of  variables  x^,  x„  ftc,  the  varia- 
bles are  severally  to  receive  increments  A,,  A,,  &c.,  the  law  of  the 
development  is  best  seen  by  the  calculus  of  operations.  [Operation.] 
To  change  x  into  x-^k  is  to  perform  the  operation  «*",  d  being  Uie 
symhol  of  diffBrentiation  with  respect  to  x :  the  condensed  fonn  of  the 
development  now  before  us  is 

,Mx+Mt  +  ..-^aj„a:., ) 

where  D„  Dg,  fta  refer  to  x^,  x^  &o.  The  general  term  of  the  develop- 
ment is 

[^] H^ir^tf  *C-) 

which  must  itself  be  developed.  It  is  not  worth  while  to  pursue  this 
case  further :  we  shall  only  observe  that  when  it  is  desired  to  stop, 
the  remnant  may  be  obtained  by  writing  in  the  last  term  x^  +  6h^  for 
^1*  ^'^'^  ^or  «y  &o.,  whrnne  9,  the  same  in  all,  is  either  0  or  1  or 
between  them. 
The  value  of  x  which  makes  ^= 0  is  represented  by 

_$  _£^       (Sy*^-  f  ^0»*      (15»''*->10»>  V^^ + <»  V^)»* 
*      ^'       2^   ""         2.8^'«        "^  2.8.4^'» 

_{ 10g»"»  (f '^-^VO  -H  10»V*>  4  15^ V^  -»>  }^  _ 

2.8.4.5^'» 

where  a  is  any  asmmied  value  (the  nearsr  the  root  the  better)  and 
^,  f',  Ae.  rspreient  ^»,  ^'a,  9cc  This  series  14  obtained  by  common 
reversion  from  ^(a+A)  :»0.  T9T  the  forms  which  Paoli  gave  to  this 
series,  and  also  to  Bormann's,  see  Lacroix,  yoL  I,  pp.  806-308.    The 
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preceding  series  has  been  tised,  as  far  as  three  tenns,  in  the  article 
Afpboxdcation. 

All  that  precedes  is  found  in  elementaiy  treatises,  with  the  exception 
of  a  few  terms  of  the  last  series :  we  now  come  to  matter  which  has 
been  hitherto  only  the  property  of  the  well-read  mathematician,  but 
which  well  deserves  to  be  made  as  common  as  Taylor's  Theorem.  We 
refer  to  Arb<^pi8t's  method  of  derivation,  [Arboqast,  in  Bioo.  Div.] 
Few,  even  among  mathematicians,  are  aware  of  the  power  of  this 
process,  which  may  perhaps  arise  from  their  taking  Lacroiz's  account 
of  it,  instead  of  consulting  the  work  of  Arbogast  himself :  the  former 
has  only  exhibited  it  to  show  that  it  may  be  reduced  to  processes  of 
the  differential  calculus ;  and  even  the  latter  has  so  loaded  his  method 
with  heavy  applications,  that  he  has  concealed  much  of  its  beauty  and 
simplicity. 

The  foundation  of  Arbogast's  methods  is  a  contrivance  for  expediting 
the  expansion  of  ^(a  +  &i;  +  car+  . . . .)  into  a  series  of  the  form  a+bo; 

+  ox^  •!• The  process  by  which  B  is  formed  from  a,  o  from  b, 

&C.  is  uniform,  and  is  called  derivation ;  and  a  being  ^,  B  may  be 
called  D^,  0  may  be  called  dd^,  or  d'^,  and  so  on.  Hence  6  ought 
to  be  caJlcKl  Da,  o  ought  to  be  d'o,  and  so  on.  This  notation  is  not 
precisely  that  of  Arbogast,  but  will  do  for  our  purpose.  For  more 
detail,*  see  the  Differential  Calculus  ('  Library  of  Useful  Elnowledge '), 
pp.  328-334. 

If,  for  a  moment,  we  write  the  expansion  thus — 

^(ao  +  ajX+a^+  Ac.)  =Ao+Aja;-i-A^+  Ac. 

and  if  we  differentiate  both  sides  with  respect  to  a a>^  and  all  the 
other  coefficients  remaining  constant,  we  havd 

^(ao+a,a:  +  &c.).a- =^   +  ^a:+,&c. 
which  shows  that  a^  cannot  enter  any  coefficient  preceding  Ami  or 

^K  +  Oia?+&c.)«^   +    -^jj^aj+i&c. 

The  first  side  of  this  is  the  same  series,  whatever  letter  a.  was  made 
to  vary ;  the  second  side  is  therefore  always  the  same  series ;  whence 
we  collect  that  c^Am+n  :  dam  does  not  alter  with  the  value  of  m,  being 
always  the  coefficient  of  x"  in  the  development  of  p\ag  + a^x -^^ ,  kc.). 
It  is  enough  to  satisfy  this  condition  for  each  letter  and  its  precedi^ 
one ;  that  is  to  say,  each  coefficient  differentiated  with  respect  to  any 
one  letter,  is  to  yield  the  same  result  as  the  directly  preceding  co- 
efficient differentiated  with  respect  to  the  directly  preceding  letter. 
The  following  rules  are  found  sufficient.  To  pass  from  any  one  de- 
rivative  of  ^  to  the  next,  arrange  the  letters  a,  6,  c,  &c.,  or  a^,  a^,  a., 
&c.,  whichever  may  be  used»  in  order,  in  every  term  :  differentiate  with 
respect  to  the  last  letter  in  each  term,  and  multiply  by  the  letter 
which  comes  next  to  it.  And  when  the  last  but  one  immediately 
precedes  the  last  in  the  alphabet  or  other  consecutive  system,  do  Uie 
same  with  the  last  but  one,  and  divide  by  the  exponent  of  the  last 
letter,  as  it  becomes  after  the  increase  which  it  receives  from  the 
process  of  the  preceding  letter ;  but  in  no  case  use  any  letters  but  the 
last  or  the  last  but  one.  For  instance,  beginning  with  ^,  in  which  is 
only  one  letter,  we  have  ^'a .  h,  or 

• 

in  which  are  two  letters,  a  and  6,  consecutive.  Operate  upon  d,  and 
we  have  ^'a .  c ;  operate  on  ^a,  and  we  have  again  f  "a  .6,  which,  with 
the  6  which  was  in  before,  is  ^"a.  6^,  which  we  divide  by  the  new 
exponent  of  d,  or  by  2,  whence 


D*0a  =  ^a .  c  4- 


T 


h\ 


In  formmg  d»^,  we  use  only  cin  ^a.  c,  because  a  does  not  imme- 
diately precede  c ;  and  we  get  (the  succession  being  o,  h,  e,  e,  f,  g,  A, 
k,  &c.) 


D'^a  =  ^'a  .  e  + 


2 


26c  -f 


^'"a 


2.3**^ 

and  so  on.  As  soon  however  as  the  law  is  established,  it  is  best  to 
form  a  table  of  the  successive  derivatives  of  the  powers  of  b  by  this 
same  law  :  we  then  have 


D*  ^  a=  ^1 


0*a 
as  far  as  r~r  6* : 


A    a 

2T3  ^*~^  ^  +  &C 


in  which  ^  a,  ^"a,  &c.  are  to  be  taken  from  the  function  by  common 
differentiation,  and  the  derivatives  of  the  powers  of  b  from  the  table. 
This  being  done,  we  have 

4Ka  +  6ar  -h  ct«  +  ea:»  +  /«<  +  ^«i  +,  &c.)  = 
^  +  ixpa .  X  +  D^^ .  a^  +  ifiipa .  a^  -»- ,  Ac 

and  the  process  is  shortened  to  its  utmost  extent;  all  that  is  not 

•  There  is  a  great  deal  on  the  tubject  in  the  *  Mathematical  Treatises '  (post- 
humous)  of  the  Eev.  John  West,  published  at  Edinburgh  in  1838.  Mr.  West 
has  snbstitatcd  a  notation,  for  that  of  Arbogast,  in  which  ho  nill  probably  have 
few  followers.  The  student  who  is  not  repelled  by  this,  and  eaanot  piooure 
Arbogast's  work,  will  And  West's  treatises  abooading  in  derivations. 


differentiation  being  merely  reference  to  a  table  and  writing   the 
result 

We  shall  give  materials  for  proceeding  as  far  as  the  term  D^*^  •  a^^, 
not  that  so  much  will  often  be  necessary,  but  because  it  is  desirable  to 
show  with  how  Uttle  trouble  questions  of  enormous  labour  i&  the 
ordinary  way,  such,  for  instance,  as  that  solved  in  Rbykbsion  of 
Series,  may  be  looked  at  without  dismay.  We  have  to  form  every 
derivative  of  every  power  of  &,D**6*,  in  which  m+n  does  not  ex- 
ceed 12. 

D*b=g 
D"6  =  »l 


d6=(j 

D'6=e 

D»6=/ 

1>*6=A 

j}'b=h 

jpb^l 

D*6  =  » 

dw6=p 

D^^b=q 

d6*=26c 

d26«=26«  +  c« 

D»6«=26/+2w 

d*6>=26^+2c/+<? 

D«6>=26A  +  2cgr  +  2ef 

D«6'= 26*  ■\-2ch  +  2eg  +/* 

D^l>'=2bl+2ek  +  2eh  +  2fg 

D»6*=26TO+2cZ+2eifc  +  2/A+//» 

jfit^=2hn  +  2cm  +  2d  4-  2fk  +  2fjh 

D*  W = 26p  +  2c»  +  2«»  +  2^  +  ^i  +  A' 


d6>=86S(j 
D»6»-362«  +  86c» 
iW=36y+66(»  +  c» 


D«6»=  36'A  +  66cA  +  66«^  +  86/' +  8<^ + 6«/+ «• 
D'6»=  36*/ + 66db + 66eA  +  66>Sf + 8c«A+ 6c«^  +  8</»  +  3«y 
D«6<=36*m  +  Qbd  +  ebek+tbfh  +  ^-¥  Z<^k+6ceh-^  6cfg+  3eV 
+  ZeP 
-'•«86«»  +  66ci»  +  66rf  +  66/ifc+  ^h  +S(?l+  6cei(;'  +  dc/i  +  8<^ 


D«6» 


d6<=46»c 

d264=46'<j  +  66'c* 

D'6*  =  46y+126»«  +  46c«  . 

D<6<=  Wg  +  126V+  «*V  + 126<^«+ e* 

D*6^ = i63A  +  12b^cg  +  126*f/+ 1266*/+  126cf"  +  i<*e 

D«6*=46»ib  +  126»cA+126*<5r  +  66y»+126c«^  +  2ibcef+  ib^  +  ic^f 

D»6<=  4^1  +  126«ci+  126»eA  +  126Vi'  +  126c*A  +  246c<^  +  126c/» 

+  126c«/+  4c»«/  +  12cV+  *«* 
D"6^=46»iii  +  126«c^  +  126'ei;  +  126VA  +  66V»+  126c«ifc  +  2ibceh 

+  246</y  +  126eV  +  126c/*  +    4c»A  +  12c^  +  6cy« 

+  12cey+«< 


d6»=56*c 

dW=56*«  +  106>c« 

D»6* = 56y  +  206»ce + 106V 

D<6» «  56V + 206»c/+  106»c»+ 306«c^ + 56c* 

D*6» = 56*A  +  206»cgr + 206»</ +  306V/+ 806«c^  +  206c»«  +  c» 

D«6»=56<i;  +  206>cfc  +  2(H^eg -k-  106"/'+  806«cV  +  606»c^4-l(»»e» 

+  206cy  +  306c»e*  +  6c*« 
D'6»=56<i+206»c*  +206»«A+206VSr  +  806VA  +  606«e^  +  306»(/2 

+  3062ey  +  206cV  +  606cV+  206c«» + 5c*/ +  lOcV 

d6«=66»c 
D*6«=66»«+156*c* 
d'6«= 66*/+  306*cc  +  206»c» 
D*6«=  66»o  +  806*c/+  l^ft***  +  <506»c»c + 156«c* 
D^i*  =  66*A  +  306*c^  +  306*«/+  606»cy  +  606»ce» + «06Vc  +  66c» 
D«6«=  66»*  +  306*cA  +  306*e«y  + 156*/»  +  606»<JV  + 1206»«/+  20&V 
+  606V/ +  906«cV  +  306c*c  +  <* 


d6'=76«c 
dW=76»«+216»c« 
dV = 76y  +  426»«  +  866*c» 
D*67 = 76^ + 426»c/ +  216»<»  + 1056  V«  +  856V 
D«6?=76^A  +  426»c^  +  426»e/  +  1056V/  +  1056*c«3  +  1406»c^ 
+  216V 

d6»=867c 

D=6«=867«  +  286V 

d86»= 86y  +  566«cc  +  566V 

i^^Wg-^  5Q6V+  286«r'  +  1686*c% + 706V 


i>6»=96»c 

d'6»=96»c+3667c» 

D»6»= 96»/+  7263^c«  +  846V 


d6W= 106«c        l)»6'0:=:  106»e + 466V 
d6"«116'-«c 
To  verify  these  results,  observe  that  if  we  consider  each  letter  u  of 
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60 


11  ^2: 


the  first  dimension,  every  term  ot  D*l/  is  of  the  rth  dimension ;  hut  if 
we  consider  each  letter  as  of  the  dimension  following : — 

beefghklmn 
128456    789    10 

then  every  term  of  D"  6'  is  of  the  (n  +  r)th  dimension.  To  find  out 
if  all  the  proper  terms  be  there,  and  with  the  proper  exponents,  write 
down  the  number  of  ways  in  which  n+r  can  be  made  out  of  r  num- 
bars.  Thus,  to  verify  this  point  for  D»6*,  write  down  the  ways  in 
which  10  can  be  made  out  of  three  numbers,  namely : — 

8  +  1  +  1,  7  +  2  +  1,  6  +  8  +  1,  6  +  2  +  2,  5  +  4  +  1,  5  +  8  +  2,  4  +  4  +  2, 

4+8+8; 

take  the  letter  answering  to  each  number,  in  the  above  list,  and 
multiply  the  letters  of  each  set  together,  which  gives 

W,  bek,  beh,  (j»A,  bfg,  eeg,  </»,  «*/, 

which  are,  coefficients  excepted,  the  terms  of  D'^b^  in  the  table.  To 
verify  the  coefficients  separately,  observe  that  the  coefficient  of  that 
term  of  D"  d'  which  contains  the  «th  power,  tih  power,  &o.,  is 

1.2..8....  (r  -  l)r 

1.2.8...«  X  1.2.8.. .«  X ' 

Thus,  in  Ty*b\  the  term  containing  6*c*«  ought  to  be  multiplied  by 

.1.2.8.4.6.6.7.8  ,^^       .   ^, 

1.2.8.4.6xl.2xr^'l«^'«'"*^«^- 

But  the  best  general  mode  of  yerification  is  derived  from  the 
theorem 

IcfD'ft'  ,,    ,       1      /dD*b^\ 

^" *""'""  r  "56"' °^  ^"^' *'"'=; ^  I'dT-j  J 

that  ia,  having  a  certain  derivative  of  a  certain  power,  the  next  higher 
derivative  of  the  next  lower  power  may  be  found  by  differentiating 
with  respect  to  6,  dividing  by  the  exponent  of  the  original  power,  and 
then  performing  the  derivation.    Thus  :— 

D»6»  «  96'/+  72b^ce + 846V, 

differentiate  with  respect  to  6,  and  divide  by  9,  which  gives 

86»/+566««+566»c». 

Now  derive,  which  gives 

86V  +  566«(/+  286«^ + 1686»c««  +  706*c*, 

the  same  as  is  found  in  the  table  for  d^+^I^K  Here  we  yerify  the 
earlier  result  of  the  table  from  the  later :  to  yerify  the  later  from  the 
earlier,  use  the  following  :«— 

r-1 
D» 6'  ==  i>^> c.  r  br-^  +  D«-V .  r  -q-  6'"^  + ,  &c 


up  toe^ 


r(r-l) (r— »  +  l) 


1.2 


6^. 


in  which  the  derivatiyes  of  powers  of  e  must  be  formed  from  the 
corresponding  tabular  ones  of  6,  by  changing  each  letter  into  the  next 
following.  There  are  thus  abundant  means  of  yerification.  We  will 
mention  yet  one  method  more.  Only  the  last  letter  and  the  last  but 
one  (and  that  only  when  the  two  letters  are  consecutive)  are  used  in 
the  derivations.  If  we  use  any  letter,  no  new  term  is  produced,  but 
only  a  repetition  of  those  whidi  other  terms  give.  For  instance,  in 
D^6'  is  the  term  60i^eef;  and  in  passing  to  d'6',  we  derive  from  / 
because  it  is  the  last  letter;  and  from  e  because,  being  the  last  but 
one,  it  immediately  precedes  /  in  the  series.  We  do  not  here  use  6 
and  e  at  all ;  but  if  we  did  use  them,  we  should  only  repeat  terms 
which  will  come  into  d'6*  from  other  sources.  Thus  :--60S^eef  gives, 
from  /,  606^^!^,  which  is  set  down  in  D'6« ;  from  e,  60b^eff-^2,  or 
806^^,  which  is  also  set  down ;  from  e,  if  c  had  been  used,  we  should 
have  had  6063ee/-4-2,  or  306^/,  which,  on  looking,  we  find  set  down,  as 
arising  from  the  last  letter  of  106V*.  From  6,  in  606Sce/,  had  it  been 
used,  we  should  have  got  1206cee/-;-2,  or  606c'€/,  which  is  also  found, 
and  arises  from  the  last  letter  of  SQb(^i?.  If  then  we  ever  find  that 
derivation  from  one  of  the  unused  letters  gives  anything  but  what 
arises  from  some  of  the  letters  which  are  used,  it  is  a  sign  that  some 
error  has  been  committed. 

By  help  of  the  preceding  method,  expansions  which  analysts  usually 
avoid  as  much  as  possible,  at  almost  any  expense  of  drcumoperation, 
are  carried  on  with  the  greatest  fadUty  even  further  than  is  neoessaiy. 
The  development  of  ^{a  +  bx+ea^+  ftc.),  already  given,  is  one  instance; 
the  process  in  RsysBSioN  ot  Sebdes  is  another.  This  last  is  done  by 
expanding  x  in  powers  of  ax + 6a^  + ,  &o.,  by  Burmann's  Theorem,  and 
making  the  expansion  of  the  negative  powers  of  (a+6d;+  ex'+,  ftc), 
which  wHl  be  wanted,  by  the  method  of  derivations.  We  shall  state 
some  further  applications : — 

(6i  c«+ea»+  &c.)*=6'»+d6".  »+ii«6".  a^+,  &c. 

When  m  is  integer,  these  derivatives  are  in  the  table.  jWhen 
6  +  f!x+,ftc.,  is  a  fiboite  series,  the  whole  result  is  brought  out  with 
great  ease,  compared  with  the  trouble  of  the  common  algebraiod 
operation  :  in  this  case,  the  value  of  every  letter  after  the  last  in^he 
Cbiite  series  la  0,  or  the  last  letter  of  that  series  iinot  to  be  employed 
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in  derivation.  Let  the  reader  try  for  himself  (b-^ex  +  eac^+fa^)*  by 
this  mode  and  then  in  the  common  way,  going  only  so  far  in  Ihe  latter 
as  to  feel  sure  that  the  former  is  of  no  trouble  compared  with  it.    liCt 

m,  m  ^H-,  &c.,  be  denoted  by  m,  m^  Ac. 
2 

(a+6a:+c««+  &c)"=a"  +m6a*~'af 

+  {fMc + m^6«)  o"-' «• 

+  (ma«e + m,aD6*  +  m,6»)  a"-' a:* 

+  (may + f»,o*D*6* + 111,01)6* + mj>*)  a»-««*  + ,  &c. ; 

^e  law  of  which  is  evidenti  the  only  thing  left  being  the  substitution 
of  the  values  in  the  tables  instead  of  the  derivatives  of  6.  This  form 
is  convenient  for  fractional  or  negative  powers.  The  following  case  is 
worth  exhibiting  separately : — 


a  +  bx+,ko.        a        o'*"^ 


6'— otf 


6* — oi>6*  +  o^  6* — aD6» + a*D*6* — o*/ 

Si «•+ s; .r*-,&c. 

We  have  ayoided  the  formality  of  writing  d6  for  c,  M  for  e,  fto. 

A  +  Bag+oa:*  +  ,&o.        a        A6--Ba 
a+6a;+ca?*+,&c.    *"  o  ~       a«     * 
a(6*— ac)  — Bo6  +  ca* 


A  (6» — aob* + a*e) — Ba  (6*— oc) + ca*6— Ea' 


o* 


-x»+,  &c. 


The  law  is  here  evident  enough ;  the  next  numerator  would  be 
A(6*-aD6»+a«D«6«— a»/)-Ba(6>— aD6*+a«e)  +  ca«(6«— ac)-Ba»6+Fo*. 

The  derivatives  of  the  general  term  6*  may  be  readily  formed,  but 
the  particular  oases  are  more  useful ;  see  the  derivatives  of  a*  in  the 
general  form  above  given.  We  shall  not  overload  Ihis  subject  with 
further  examples :  enough  haye  been  given  to  show  those  who  require 
developments  of  some  extent  how  mudi  labour  they  might  saye. 

We  shall  conclude  this  article  by  reconotmending  that  the  process  of 
derivation  should  be  introduced,  without  demonstration,  of  course, 
into  elementary  books  of  algebra,  as  one  of  the  best  exerciBes  of  simple 
algebraical  operation.  We  are  firmly  of  opinion  that  the  arithmetician 
and  the  analyst  should  be  trained  early  in  the  performance  of  ope- 
rations in  which  numerous  details,  each  yery  simple  in  itself,  follow 
one  another  in  rapid  succession  with  much  sameness  and  some  diversity. 
For  this  reason  we  should  recommend,  in  arithmetic,  Homer's  process 
riiryoLUTiON  AND  EyoLUTiON]  ;  and  in  algebra,  Arbogast's  derivation. 
We  proceed  accordingly  to  divest  this  method  of  the  phraseology  of 
the  differential  calculus,  and  to  put  it  before  the  elementary  student  in 
algebra. 

The  name  of  the  process  is  derivation;  its  primary  object  the 
raising  of  any  power  of  an  expresmon  of  the  form  b  +  cx  +  ex^  +fji?  + , 
ftc,  immediately — ^that  is  to  say,  by  writing  down  the  result  at  once, 
wilhout  any  but  simple  mental  processes  in  passing  from  term  to  term. 
The  rules  are  as  follows : — 

1.  Begin  with  that  power  of  6  which  is  to  be  raised. 

2.  To  pass  from  the  coefficient  of  one  power  of  a;  to  that  of  the  next, 
multiply  each  letter  by  its  exponent ;  then  diminish  that  exponent  by 
a  unit;  then  introduce  the  next  letter.  And  if  this  last  process 
increase  an  exponent,  owing  to  the  letter  newly  introduced  naving 
been  in  the  term  before,  divide  by  the  increased  exponent  But 
remetnher  never  to  operate  on  any  letter  except  the  Uut  in  the  term,  or  the 
last  but  one ;  upon  the  last  always,  upon  the  last  but  one  when  it 
immediately  precedes  the  last  in  the  original  series  6,  c,  e,f,  ftc 

8.  If  6  +  (!x+,  &a,  be  not  an  infinite  series,  but  a  finite  number  of 
terms,  operate  as  if  the  succeeding  letters  were  severally  equal  to  0 : 
for  instance,  if  ^  be  the  last  letter,  drop  every  term  in  which  h  should 
appear,  as  &tst  as  it  arises. 

For  example,  the  fifth  power  of  b  +  cx+ea^+fa^.  Begin  with  6*, 
derive  from  it  6b*e,  the  two  first  terms  are  6*  +  56^c  .  x. 

To  form  the  coefficient  of  a?,  take  56*e,  and  observe  that  6  and  e 
follow  each  other  in  the  series,  so  that  in  the  next  derivation  there  are 
two  processes.  First,  use  e  or  e\  the  last  letter,  which  by  the  rule 
giyes  Ic^e  or  e  :  so  that  derivation  applied  to  the  first  power  of  a  letter 
gives  merely  a  change  of  that  letter  into  the  next :  hence  56^c  gives 
56V.  But  6*,  which  must  also  be  used,  gives  46*c,  and  56*c  giyes 
5(46*0)0;  so  that  e  becomes  c*,  and  we  must  therefore  divide  by  the 
increased  exponent  2,  giving  106V.    Hence  the  next  term  is 

(56*e+106»^«». 

In  the  next  derivation  Bb*e  gives  only  56y,  for  6  not  immediately 
preceding  e  in  the  series  6,  e,  e,  &o.,  is  not  used.    But  106*6*  gives 

10(86*(j)c« 
106H2«)+         3       ,or206*cg+106*c». 

Next  term  (56*/+  206»(»  +  106*c»)aj». 

In  the  next  derivation  56y  must  be  neglected  entirely,  because  /  la 
the  last  letter,  and  6  is  not  the  one  immediately  preceding.  Also 
206*ce  gives  206*<^  and  206*M-h2,  or  106*e*;  whUe  106*«*  giyes  806V« 
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and  2  x  106c .  c*-?-  4,  or  6ftd*.  The  whole  Yalue  of  (h^-ex  +  ea^  +/«^'  i* 
as  followB,  and  a  little  practice  would  enable  any  one  to  write  it  down 
at  once,  without  any  intennediate  operations : — 

65  +  56*cx+ (66<c+ 10i»c«)«»+(»y+ 206»€e+ 10W)«» 

+  (2068(t/+  106»e« + 306'c*e  +  56c<)x* 

+  (206»<j/+  806«cy+  806«ce« + 206A + «»)«■ 

+  (lOfty*  +  606«e^+  106V + 206cy  +  806<J«tf» + 5<?<c)a:« 

+  (3062c/'  +  806V/+  606cV+  206c«»+  6cy+  10c»e V 

+  (806««/«+ 806c»/«+ 606cey+  66««+  20c»c/+  10c»eS)a« 

+  (106«/»+ 606(»f« + 206«y+ 10«»/» + 80c»««/+5c^)a* 

+  (206c/« + 306e«/»  +  80cV«  +  20oBy  +  e»>c»" 

+ (206«/« + lOc'^  +  30ce*/« + 6«y)«" 

+  (56/4 + 2o«/8  +  10«y«)a:»  +  (5c/<  +  10«y«)«» + l^^a**  +/»«!» 

This  process,  so  simple  as  compared  with  the  actual  performance  of 
the  four  multiplications,  has  hitherto  lain  hid  in  works  on  the  higher 
parts  of  the  differential  calculus :  it  is  time  it  should  take  its  place  in 
every  system  of  algebra  which  contains  the  binomial  theorem,  of  which 
it  is  the  legitimate  extension. 

TEA  AND  THE  TEA  TRADE.  Though  now  so  extensively 
employed,  the  introduction  of  tea  into  Europe  is  of  oompaiatively 
recent  origin.  Macpherson,  in  his  '  History  of  European  Commerce 
with  India,'  states  that  "  tea  (aah)  is  mentioned  as  the  usual  beverage 
of  the  Chinese  by  Soliman,  an  Arabian  merchant,  who  wrote  an  account 
of  his  travels  in  the  East  about  the  year  jl  d.  850 ;"  but  that  he  had 
been  unable  to  find  any  oi^er  mention  of  it  prior  to  the  times  of  the 
Jesuit  missionaries,  who  entered  China  and  Japan  a  little  before  the 
middle  of  the  16th  century.  Anderson,  in  his '  History  of  Commerce/ 
quotes  Botero  as  giving  the  earliest  account  in  1590,  when  he  says 
that  the  Chinese, "  have  also  an  herb,  out  of  which  they  press  a  deli- 
cate juice,  which  serves  them  as  drink  instead  of  wine."  Texeira,  a 
native  of  Portugal,  about  the  year  1600,  saw  the  dried  leaves  of  tea 
at  Malacca ;  and  Olearius  found  them  used  in  1633  by  the  Persians, 
who  obtained  them  from  China  by  means  of  the  Usbeok  Tartars. 
Tea,  coffee,  and  chocolate  are  all  mentioned  in  an  act  <^  parliament  of 
1660,  whereby  a  duty  of  Sd.  is  chained  on  every  gallon  chE  chocolate, 
sherbet^  and  tea  made  for  sale.  But  the  use  of  it  in  England  at  that 
time  must  have  been  new;  for  Pepys  in  his  'Diary,'  writes,  Sep- 
tember 25, 1661,  "  I  sent  for  a  cup  of  tea  (a  Chinese  drink),  of  which 
I  had  never  drank  before."  The  Dutch  East  India  Company  probably 
first  introduced  it  into  Europe,  and  from  Amsterdam  it  was  brought 
to  London.  But  tea  must  have  continued  to  be  brought  in  small 
quantities  only;  for  in  the  year  1664  the  East  India  Company  pui^ 
chased,  for  the  purpose  of  presenting  to  the  king,  2  lbs.  and  2  ois.  of 
tea ;  and  in  the  year  1678  they  imported  4718  lbs.  of  tea»  which  was 
then  for  the  first  time  thought  worth  their  attention  as  a  branch  of 
their  trade.    ('  Macpherson,'  p.  181.) 

The  botanical  chutMters  of  the  chief  species  of  the  tea-plant  ara 
described  in  the  Nat.  Hist.  Diy.,  under  the  name  of  the  genus  Tbsa, 
to  which  they  belong. 

Tea  Cultivation.— TeA  is  cultivated  in  China  over  a  great  extent  of 
territory.  Dr.  Wallich  mentions  it  as  being  cultivated  in  Cochin 
China,  in  17"*  N.  lat.  We  know  that  it  is  cultivated  in  the  southern 
provinces  of  Yunnan  and  of  Canton.  Farther  north  the  principal 
cultivation  of  teas  for  the  foreign  trade  is  between  27"*  and  81"  N. 
lat. :  but  tea  is  said  to  be  produMd  in  several  places  to  the  north  of 
8r  {  even  in  36**,  and  also  in  the  Japanese  Islands,  which  extend  from 
80*"  to  41*'  N.  kt.  It  is  generally  said  to  be  cultivated  in  hilly 
situations.  Qrosier  states  &at  the  songlo4cha  (our  ffreen  tea)  takes 
its  name  from  the  mountain  Song*lo^  situated  in  vxe  province  of 
Kiangnan,  in  80°  N.  lat. ;  while  the  bou-y  toha  (bohea)  takes  its  name 
from  a  mountain  called  Bou-y,  situated  in  the  province  of  Fo-kiea 
Mr.  Cunningham  (at  the  time  when  Chuaaa  had  a  British  factory) 
collected  specimens  on  the  tops  of  mountains,  where  the  tea-plant 
flourished  along  with  pines.  The  deputation  sent  into  Asam  to 
examine  the  sites  of  the  tea,  saw  it  growing  in  the  vidley  of  Asam, 
and  were  thus  led  to  think  that  it  must  grow  in  similar  situationB  in 
China;  but  even  in  Asam  it  is  also  found  on  hills;  ami  there  is 
no  doubt  that  it  is  found  in  both  situations  in  China,  and  in  many 
which  must  be  moist,  though  it  is  probable  that  the  finest  varieties  of 
tea  are  cultivated  in  the  drier  soils,  and  in  situations  exposed  to  light 
and  air.  Some  soils  in  which  the  tea-plimt  is  cultivated  in  China 
yielded,  on  analysis,  in  200  parts— of  silex,  185 ;  alumina,  36 ;  carbo* 
nate  of  magnesia,  6 ;  carbonate  of  lime,  4 ;  oxide  of  iron,  18 ;  roots 
and  fibres  of  plants,  2 ;  water  of  absorption,  4*  Dr.  Abel  thought 
that  the  debris  of  granitic  rocks  would  yield  a  fitting  ndl»  and  thai 
the  Cape  of  Qood  Hope  would  afford  a  suitable  climate. 

The  culture  of  the  tea-plant  in  China  seems  simple  enough.  The 
plants  are  raised  from  seeds,  sown  in  the  places  where  they  are  to  remain. 
Several  are  dropped  into  holes  4  or  5  inches  deep  and  8  or  4  feet 
apart,  shortly  after  ihey  ripen ;  or  in  November  and  December,  as 
they  do  not  preserve  well,  from  their  oiliness.  The  plants  rise  up  in 
a  cluster  when  the  rain  comes  on,  and  require  little  further  care, 
except  that  of  removing  weeds,  till  they  are  three  years  old,  when 
they  yield  their  first  crop  of  leaves.  They  are  seldom  traiu^nted; 
but  Mmetimes  fbur  to  six  plants  ar«  put  dose  together,  so  as  to  form 
afinebush.  After  growing  sev^  or  ten  years  theyare  cut  down,in 
^er  that  the  num^^us  young  shoots  which  then  spring  out  may 


afford  a  mors  abundant  supply  of  leaves.    In  some  districts  the  bushes 
grow  unrestrained,  in  others  they  are  regularly  pruned,  to  keep  ihean 
low.     The  gatberinff  of  the  leaves  is  performed  with  great  care  :  they 
are  usually  gathered  singly,  first  in  March  or  April  (according  to  tlie 
district),  when  the  young  leaves  are  scarcely  expanded ;  the  second 
about  two  months  later,  or  May  and  June ;  and  the  third  in  August, 
or  about  six  weeks  after  the  second ;  but  the  times  necessarily  differ 
in  different  districts,  as  well  as  the  number  of  crops  which  are 
obtained,  some  growers  avoiding  the  third,  for  fear  of  injuring  the 
bushes.    When  the  leaves  are  gathered  they  are  dried  In  houses  th&t 
contain  small  furnaces,  on  each  of  which  there  is  a  flat  iron  pan  ;  upon 
this,  when  heated,  the  leaves,  partially  dried  by  exposure  to  the  sun, 
are  thrown ;  the  leaves  require  frequent  shifting  and  turning.    When 
all  are  properly  dried,  they  are  quickly  removed  either  by  the  hand  or 
with  a  shovel,  and  either  thrown  upon  a  mat  or  into  baskets  kept 
ready  to  receive  them.    They  are  then  removed  to  a  table  where  they 
are  rolled  and  cooled,  and  the  process   is  repeated;    after  which 
they  are  sifted  and  sorted  into  several  varieties. 

It  is  difficult  to  determine  whether  the  green  and  blaok  teas  are  pro- 
duced by  one  or  two  distinct  species  of  plants ;  as  the  statements  of 
apparently  equally  well  qualified  judges  are  not  only^  contradictory, 
but  directly  the  reverse  of  each  other.  The  difficulty  is  owing  partly 
to  the  Chinese  in  the  neighbourhood  of  Canton  being  able  to  prepare 
a  tea  which  can  be  coloiu^  and  made  up  to  imitate  various  qualities  of 
green  tea ;  and  large  quantities  are  thus  yearly  made  upw  The  Chinese 
tea-makers  in  Asam  and  those  in  Java  aUke  state  that  the  black  and 
green  teas  may  be  prepared  from  the  same  plant.  But  as  there  are 
plante  of  the  genus  Thca,  of  which  the  leaves  resemble  some  the  black 
and  some  the  green  teas  of  commerce,  and  as  these  differ  very  con- 
siderably from  each  other  in  their  powers  of  resisting  cold,  and  as 
there  are  green  tea  and  black  tea  districts  (the  former  to  the  north  of 
the  latter),  it  seems  probable  that  different  plants  are  preferred  for 
preparing  the  finer  qualities  of  these  different  teas. 

Tea  having  become  so  extensive  an  article  of  commerce,  and  a 
source  of  considerable  revenue,  various  attempts  have  been  made  to 
introduce  it  into  other  countries.  The  climates  are  very  different  in 
which  the  several  experimente  have  been  made;  such  as  in  Rio  Janeiro 
and  the  warm  part  of  Brazil,  and  latterly  in  the  hilly  parts  of  Java 
and  Brazil,  in  Penang,  Asam,  and  the  Himalayas.  Dr.  Abel  recom- 
mended the  Cape  of  Good  Hope.  It  is  requisite  to  have  not  only  a 
suitable  soil  and  climate,  but  ^so  cheap  and  abundant  labour.  Many 
have  been  of  opinion  that  tea  could  be  cultivated  in  the  Himalayas, 
but  the  first  published  opinions  seem  to  be  those  of  Dr.  Royle  (*  Ilustr. 
Himalayan  Botany,'  p.  6  and  107>  and  'Productive  Resources  of 
India,'  p.  259),  where,  from  a  consideration  of  a  similarity  in  latitude, 
climate,  and  vegetation,  as  far  as  any  information  could  be  procured 
on  those  subjects,  he  was  of  opinion  that  tea  could  be  successfully 
cultivated  in  the  Himalayan  mountains ;  "  for  the  different  elevations 
allow  of  every  variety  of  climate  being  selected,  and  the  geographical 
distribution  of  this  plant  is  sufficiently  extended,  and  the  natural  sites 
sufficiently  varied,  to  warrant  ito  being  beneficially  cultivated."  He 
noommended  enerlments  being  made  in  that  tract  of  the  Himalayas 
which  extends  from  Almorah  nearly  to  the  SuUej,  at  various  eleva- 
tions  from  the  valleys  up  to  7000  feet,  and  thought  that  about 
5000  feet  of  elevation  would  afford  a  suitable  climate.  Dr.  Falconer 
formed  similar  opfaiions  at  the  same  time  in  a  report  to  government. 
The  oorreotness  of  these  opinions  has  been  otearly  proved  by  tho 
success  of  the  tea  plantations  established  in  the  Kumaon  and  Qurhwal 
districts  of  these  mountains,  which  were  formed  when  the  tea  nuiseries 
were  established  In  Asam,  and  the  seeds  and  plants  sent  up  which  had 
been  obtained  from  China. 

The  Asam  telL-plant  first  attracted  public  attention  in  1884,  In  coo* 
sequence  of  replies  to  the  circulars  which  had  been  addressed  to 
several  gentlemen.  Captains  Jenkins  and  Charlton,  in  May  of  that 
year,  wrote  that  a  kind  of  tea-plant  was  undoubtedlv  indi^nous  in 
Asam.  Since  then  it  has  appeared  that  several  genUemen  were  w^ 
aware  of  the  fiict,  and  also  that  Mr.  David  Scott  had,  in  June,  1826, 
sent  leaves  and  seeds  of  a  plant  discovered  originally  by  Major  Bruce> 
which  he  said  the  Burmese  and  Chinese  concurred  in  stating  to  be 
wild  tea.  A  scientific  deputation,  composed  of  Dr.  Wallidi  and 
Messrs.  Qriffith  and  MacClelaod,  was  sent  for  the  proper  investigation 
of  Upper  Asam.  Tea  plantations  were  subsequently  established,  and 
Mr.  Bruce  was  appointed  their  superintendent.  Mr.  MaoCleland  states 
that  the  tea  tracts  are  found  in  Asam,  first  on  the  level  plain  and 
secondly  on  mounds  or  hillocks,  and  that  the  former  situations  have  a 
porous  structure  which  enables  them  to  maintain  a  dry  surface  under 
exposure  to  excessive  moisture.  Asam  teas  were  first  sold  in  1839 ; 
and  from  the  excitement  and  competition  created  by  the  novelty  d 
the  aale,  such  extravagant  prices  were  paid  as  from  16a  to  84«.  a 
pound ;  but  they  in  due  time  found  their  true  level. 

Recent  explorations  have  rendered  it  probable  thai  the  tea-plant  Is 
growing  wild  in  the  foreste  and  jungles  of  Upper  Asam,  the  Sylhet 
Hills,  the  H;malaya,  and  the  great  range  of  mountains  extending 
thence  throu|[^  China  to  the  Tang-tse-Kiang.  If  so,  its  extended 
artificial  onlture  may  reasonably  be  expected.  Mr.  Leonard  Wra^,  in 
an  elaborate  paper  on  Uie  Cultivation  of  Tea,  read  before  the  Society 
of  Arte  in  January,  1861,  gives  an  account  of  tiio  reoent  prooeedinga 
onthatsubjeot  in  India.    The  Asam  Tea  Company,  after  many  oom* 
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meroial  diflooungements,  have  brought  their  affaixi  into  a  healthv  con- 
ditioo.  Thejr  now  own  4000  acree  of  land,  which  jielded  1,000,000  lbs. 
of  tea  in  the  year  1860.  This  tea,  leUlng  in  England  (wholesale,  and 
minuB  the  duty)  at  an  avenge  of  about  2*.  per  lb.,  is  strong,  coarbe, 
harah,  and  astringent,  and  is  considered  to  be  well  fitted  for  mixing 
with  China  tea,  which  is  mostly  of  weaker  quality.  There  is  another 
company,  and  there  are  many  private  individuals,  also  cultivating  tea 
in  Aaam.  Still  more  important  are  the  operations  which  the  India 
government  has  for  several  years  been  conducting  in  the  North- West 
provinces,  under  the  able  management  of  Dr.  W.  Jameson.  Begun  on  a 
small  scale  in  1885,  they  have  now  become  very  extensive.  In  1859 
the  government  tea  plantationa  in  Eumaon,  Qurhwal,  Deyra  Dhooo, 
and  the  Kangra  Valley  comprised  2250  acres  and  seven  factories.  The 
Bohea  varietv  is  that  chiefly  cultivated.  The  government  established 
these  tea  plantations  with  a  view  to  Uie  making  of  experiments, 
and  the  encouragement  of  companies  and  private  speculators ;  and  a 
liberal  transmission  of  seeds  and  young  plants  is  granted  to  beginners. 
Land  fit  for  the  tea^ulture  is  also  granted  by  the  government  on  very 
liberal  termsi  u^d  of  such  hmd  there  is  b^eved  to  be  not  less  than 
a  million  acres  in  the  North- West  provinces  alone.  The  experience  of 
1859  showed  that  a  handsome  profit  is  derivAle  from  the  culture; 
and  numerous  persons  are  embarking  in  the  enterprise.  Many  of 
these  persons  sre  military  officers  lat^  in  the  East  India  Company's 
service,  who  find  the  healthy  dimate  of  Uie  hill  districts  suitable  at 
onoe  to  tiiemselves  and  their  families,  and  to  the  tea-culture. 

Tea-curing  and  Uh» — Whether  obtained  from  one  species  only  of 
the  genus  Tbea,  or  from  several,  all  the  tea  of  China  is  in  commerce 
brought  under  two  distinct  terms,  green  tea  and  blade  tea^  These  are 
also  distinguiahed  as  ky90H  and  6oAm.  The  European  name  Ua  is 
borrowed  &om  the  common  language  of  the  province  Fu-kian  (Foluen 
of  D'AnviUe),  where  this  article  is  called  Tia  in  their  patois :  at  Canton 
it  is  called  Tscha  or  Tschai.  Black  tea  is  called  He-tscha,  green  tea 
Lo-tscha.  The  sub- varieties  owe  their  names  to  other  circumstances, 
the  number  of  which  is  endless.  Thus  there  occur  in  the  catalogues 
of  the  Chinese  merchants  at  least  one  hundred  and  fifty  names,  many 
of  which  are  synonymes  of  other  sorts,  or  names  invented  to  impose 
on  foreigners  and  obtain  a  high  price.  The  distiiiguished  Oriental 
scholar,  Klaproth,  gives  a  list  of  about  forty  genuine  varieties,  with  an 
explanation  of  the  terms  applied  to  them.  Thus  Psk-ho,  corrupted 
into  Pekoe,  merely  meaus  **  white  down,"  being  the  first  sprouts,  or 
yet  hairy  leaf -buds  of  young  plants,  three  vears  old,  after  their  first 
flowering.  With  us  it  is  applied  only  to  a  black  tea ;  but  it  is  equally 
applicable  to  a  green  tea,  wnich  is  never  brought  to  Europe,  as  it  is  so 
delicate  and  slightly  fired  as  to  spoil  by  the  least  damp. 

Though  it  is  stated  that  black  tea  may  be  cured  as  green  tea,  and 
green  tea  as  black,  the  green  being  cured  without  fermentation  to 
which  black  tea  is  slways  subjected,  certain  it  is  that  the  preparation 
of  the  respective  kinds  is  carried  on  in  diJQTerent  parts  of  the  empire, 
and  a  different  practice  pursued  with  the  leaves  from  the  first  stage. 
In  the  green  teas  the  leaves  onlv  are  tak^  being  nipped  off  above  the 
f oot-sttuk  or  petiole,  while  of  the  black  teas  the  foot-stalk  is  always 
collected.  "  Thus  black  tea  contains  much  of  the  woody  fibre,  while 
the  green  is  exdusivelv  the  fleshy  part  of  the  leaf  itself ;  which  is  one 
good  reason  why  it  should  be  dearer."  (Davis's  '  China/  ii.,  p«  351.) 
Besides  this,  the  constant  removal  of  the  young  leaf -buda,  by  which  the 
plant  is  prevented  from  being -dotiied  with  full  grown  leaves,  which 
alone  can  elaborate  the  sap  and  contribute  to  the  further  growth  of  the 
shrub,  causes  it  to  perish  earlier,  and  compels  a  more  frequent  renewal 
of  the  plantations.  Indeed  some  eultivators  restrict  the  gathering  of 
the  leaves  to  two  harvests,  instead  of  three,  to  save  their  plants.  Those 
of  the  third  gathering  are  large  and  coarse,  and  often  eo  ri^pid  that  they 
cannot  be  rolled.  TMs  yields  a  tea  so  inferior  in  quality  that  it  is  con- 
sumed only  by  the  poorest  of  the  natives,  or,  when  very  bad,  is,  as  are 
some  of  the  finer  kinds  when  apoiled,  used  for  dyeing. 

Such  are  the  pains  taken  to  ensure  the  excellence  of  the  finest  sorts 
of  green  tea,  that  for  two  or  three  weeks  before  the  harvest  commences 
the  collectors,  who  are  trained  to  this  business  from  a  rerv  earl  v  age, 
are  prohibited  from  eating  fish  or  other  kinds  of  food  reckoned 
imclean,  lest  by  their  breath  they  should  contaminate  the  leaves. 
They  are  aldo  made  to  take  a  bath  two  or  three  times  a  day,  and  not 
allowed  to  gather  the  leaves  with  the  naked  fingers,  but  always  with 
gloves.  The  finest  tea  may,  if  the  proper  time  for  gathering  it  be 
neglected,  be  changed  into  an  inferior  tea  m  one  night.  It  is  necessary 
to  roast  tiie  leaves  the  same  evening  that  they  are  collected,  for  if  kept 
till  the  following  day  they  ferment,  become  black,  and  lose  much  of 
their  virtue.  P3ravious  to  putting  them  into  the  iron  pans  or  furnaces, 
which  are  heated  by  charcoal,  they  are  dipped  for  about  half  a  minute 
into  boiling  water.  -  About  half  or  three-quarters  of  a  pound  of  leaves 
are  put  into  the  pan  at  onoe,  and  diligently  stirred,  to  prevent  them 
from  being  burnt.  They  are  then  removed  with  a  diovd  and  thrown 
on  mats  or  into  baskets ;  and  while  yet  hot  the  soft  leaves  are  rolled 
between  the  palms  of  the  hands,  during  which  operation  a  quantity 
of  yellowish  green  juice  exudes  from  them.  This  process  of  roasting 
and  rolling  is  often  repeated  even  to  the  aizth  or  seventh  time.  This 
method  is  called  the  drff  way :  but  by  the  wet  way  the  leaves  are  first 
exposed  to  the  vapour  nf  boiliog  water,  after  which  they  are  rolled  and 
dried  on  the  iron  pans  like  the  others.  Leaves  prepared  in  the  wet 
way  hapa  a  bright  graaft  o^our ;  those  bjthe  dry,a  ia^  green  vexging 


to  brown.  From  the  green  tea,  when  prepared  in  the  dry  way,  lest  of 
the  above-mentioned  juice  exudes,  a  circumstance  to  which  the 
greater  strength  of  green  tea  is  in  some  degree  owing.  The  largir 
leaves  are  generally  selected  to  be  prepared  in  the  wet  way.  By  the 
process  of  roasting  the  leaves  lose  two-thirds  of  their  weight ;  so  that 
three  pounds  of  fresh  leaves  dry  into  one  pound  of  tea  fit  for  preserva- 
tion. It  is  by  the  process  of  roasting  that  the  flavour  is  first  developed, 
the  leaves  when  fresh  bemg  as  insipid  as  the  bean  of  oofiee  before  heat 
is  applied.  Siebold  is  of  opinion  that  the  agreeable  violet-hke  flavour 
of  tea  IS  inherent  in  the  leaves  themselves;  but  most  writer  aecribe 
the  different  flavours  of  the  choicer  kinds  of  tea  to  the  admixture  of 
the  flowers,  leaves,  or  oils  of  a  variety  of  difierent  plants.  The  chief  of 
these  are  the  OUa  fragraiu,  Chloranthut  inanupieuuB,  Oardenia  jMda, 
Aglam  odorata,  Moaoriwn  {Jagmmwn)  Sambac,  Vitex  fpieata,  CamdHa 
&uanaua,  and  C,  oieifera,  JUicium  anisatum,  Magnolia  Yulan,  and  the 
Jiosa  Indica  odoratiMsUna,  as  well  as  the  root  of  the  JrU  Jbrtntiua,  and 
Curcuma  lottga  or  turmeric,  and  the  oU  of  Bixa  OrtUanm.  The  Chinoe 
annually  dry  many  millions  oi  pounds  of  the  leaves  of  difier«nt  pbnts, 
to  mingle  with  the  genuine,  such  as  thoee  of  ash,  plum,  Ac;  so  that 
all  the  spurioua  leaves  found  in  paroels  of  bad  tea  must  not  be  sup- 
posed to  be  introduced  mto  them  by  the  dealers  in  this  oountrr. 
While  the  tea  trade  was  entirely  in  the  hands  of  the  East  India  Com- 
pany, few  of  these  adulterated  teas  were  shipped  for  thia  country,  aa 
experienced  and  competent  inspectors  with  luge  salaries  were  kept  at 
Canton,  to  prevent  the  exportation  of  audi  in  the  Company's  *hipff  - 
but  since  tlie  trade  hae  been  opened, ail  kinds  find  a  ready  outietTand, 
as  ihA  demand  often  exceeds  the  supply,  a  manufaotured  artide  ia 
furnished  to  the  rival  crews. 

The  object  of  the  drying  and  rolling  is  both  to  dlminiih  the  bulk 
and  to  enable  the  leaves  to  preserve  their  flavour.  No  tea  is  thou^t 
fit  for  use  till  it  is  a  twdvemonth old;  and  the  rioh and  luxurious 
Chinese  keep  the  fine  tea  in  jars,  made  of  the  finest  poroelam,  some  of 
which  are  thought  to  communicate  an  additional  aroma  to  the  tea,  and 
Ml  of  which  have  very  narrow  mouths  (as  may  be  observed  in  these 
brought  to  Europe,  and  add  at  a  high  price),  to  retain  the  peculiar 
odour.    If  the  tea  contracts  damp,  it  is  taken  out  and  roasted  i^ain. 

To  make  the  infusioB»  the  Chinese  pour  boiling  water  on  a  ■m^| 
portion  of  the  leaves;  they  do  not  allow  it  to  stand  or  macerate,  as  is 
done  in  England,  but  instantiy  pour  it  oif  again,  by  which  they  obtsin 
only  the  more  volatile  and  stimuUting  portion  of  its  prindples.  The 
poorer  Chinese  indeed  b^il  the  very  inferior  and  ooarse  leavss,  whish 
alone  are  within  their  reach,  and  drink  the  deeoction  repeatedly  HiiWnp 
the  day.  Tins  is  done  not  only  to  extract  such  virtuss  as  the  tea 
possesses,  but  to  qualify  the  water,  seeing  that  littie  good  drinking 
water  is  met  with  in  China,  Travellers  &id  a  supply  of  tea  a  very 
valuable  accompaniment  on  long  journeys,  as  it  impreves  the  mcst 
brackish  waters.  The  exdting  effects  ol  freeh  tea  are  such  that  it  m 
rardy  used  till  it  has  been  kept  twdve  months,  as  ahvady  stated;  and 
where  indulged  in,  it  produces  great  mental  '^Tf^^mmt.  This  property 
k  diminished  by  repeated  raastings,  but  as  green  tea  is  ls«  exposed  to 
heat  than  black,  it  retains  more  of  this  power.  Besides,  the  green  tea 
for  exportation  undergoes  some  process,  which  changes  its  colour, 
giving  it  a  bluish-green  hue.  The  Chmese  themsdves  do  not  consume 
those  kinds  of  green  tea  which  are  prepared  for  exportation.  It  is 
altogether  a  mistake  to  suppose  that  the  colour  of  green  tea  is  owing 
to  its  being  dried  on  copper  pans,  as  none  such  are  used,  and  the  most 
searching  chemical  analysis  ]s  unable  to  detect  a  trace  of  eopper  unless 
as  a  const^uent  of  the  vegetable. 

The  subject  of  the  adulteration  of  tea  has  occupied  a  laige  amount 
of  attention  within  the  last  few  years.  Irrespective  of  any  adultera- 
tion, however,  the  value  of  tea  varies  enormoudy,  according  to  its 
delicacy  and  aroma.  Mr.  Wray,  when  at  Malacca^  had  a  small  quantity 
of  "  Mandsrin  tea"  given  to  him  by  some  Chinese  merchants ;  it  is  a 
kind  never  aold  to  foreigners,  but  commands  fiOa  per  lb.  in  China 
itsell  The  vast  bulk  of  tea  used  by  the  Chinese  is  of  poor  quality; 
and  much  of  the  poorest  is  mixed  to  adulterate  the  better  kinds  for 
the  English  market.  Hr.  Wray  estimates  that  the  Chinese  consume 
2,000,OUO,000  lbs.  of  tea  annually,  more  than  ten  times  as  mudi  as 
they  sell  to  all  other  countries.  |When  the  English  tea  trade  with 
China  was  whoUjr  oooducted  by  the  East  Iftdia  Company,  it  is  believed 
that  the  soplustication  mostiy  took  place  after  the  tea  reached  the 
hands  of  other  dealers;  but  now  the  Chinese  adulterate  it  themsdves. 
Mr.  Wray  states  that  seven-eighths  of  all  the  tea  shipped  &tMn  Cldna 
in  1859  was  adulterated ;  this  was  puUidy  announced  at  a  meeting  of 
merchants,  hekl  in  Canton  in  April,  1859,  to  oonsider  the  subjeoL 
The  adultemts  were  found  to  be:  spent  tea-leaves  from  some  of  the 
urovinoeai,  unsound  leaf  from  othen»  and  three  or  four  sorts  of  plants. 
When  brought  to  this  country,  the  tea  add  at  a  (nominally)  low  price 
in  the  poorer  neighbourhoods,  undeq^oes  a  still  further  process  of 
adulteration.  This  is  proved,  not  only  by  the  saalyaes  of  Drs.  Hassell 
and  Lethsby,  and  othea,  but  also  by  the  EsLcise  seisui^s  which  so  fre- 
quently occur.  All  admit  that  imitations  U  good  tea  can  be  produced 
by  very  easy  means;  and  this  fadlitj  o&rs  a  pec^4His  temptation  to 
dishonest  persons. 

Tm  Trade.--ThB  period  when  tea  was  first  iBtroduosd  into  this 
country  has  already  been  noticed.  The  first  impettstion  by  the  English 
East  &dia  Company  took  plsae  ia  1669,  from  the  Company's  facteiy 
atBentam.    The  diimtoii  ordsnd  their  servsots  to ''send  hone  %y 
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their  ships  one  hundred  pounds  weight  of  the  best  t^  they  could  get^" 
In  1678,  4713  lbs.  were  imported ;  but  in  the  six  foUowiog  years  the 
entire  imports  amounted  to  no  more  than  410  lbs.  The  continuous 
official  accounts  of  the  trade  do  not  commence  before  1725;  but, 
according  to  Milbum  ('  Oriental  Commerce '),  the  consumption  in  1711 
was  141,995  lbs. ;  120,695  lbs.  in  1715 ;  and  287,904  lbs.  in  1720. 
Then,  talung  periods  twenty  years  ^part,  we  find  that  the  quantities 
entered  for  home  consumption  were,  in  round  numbers,  1,000,000  lbs. 
in  1740 ;  4,000,000  lbs.  in  1760 ;  5,000,000  lbs.  in  1780 ;  20,000,000  lbs. 
in  1800 ;  22,000,000  lbs.  in  1820 ;  32,000,000  lbs.  in  1840 ;  and 
77,000,000  lbs.  in  1860. 

For  above  a  century  and  a  half  the  sole  object  of  the  East  India 
Company's  trade  with  China  was  to  provide  tea  for  the  consumption 
of  the  United  Kingdom.  The  Company  enjoyed  this  trade  to  the 
exclusion  of  all  other  parties,  and  were  bound  from  time  to  time  to 
send  orders  for  tea,  and  to  provide  ships  to  import  the  same,  and 
always  to  have  a  year's  consumption  in  their  warehouses.  The  teas 
were  disposed  of  in  London,  where  only  they  could  be  imported,  at 
quarterly  sales;  and  the  Company  was  bound  to  sell  them  to  the 
highest  bidder,  provided  an  advance  of  one  penny  per  lb.  was  made  on 
the  price  at  wmch  each  lot  was  put  up.  This  price  was  determined 
by  adding  together  the  prime  cost  at  Canton  and  the  bare  charges  of 
freight,  insurance,  interest  on  capital,  and  certain  charges  on  importa- 
tion; but  by  the  mode  of  calculating  these  items,  and  the  heavier 
expenses  which  always  attend  every  department  of  a  trade  monopoly, 
the  upset  prices  were  greatly  enhanced.  The  prices  realised  at  the 
Company's  sales  were  however  in  still  greater  proportion  beyond  the 
upset  prices;  a  result  easily  produced  by  a  body  who  monopolised  the 
sole  supply ;  as  it  was  only  necessary  that  the  quantity  offered  for  sale 
should  not  be  augmented  in  proportion  to  the  growmg  demand  of  a 
i:apidly  increasing  population.  The  18  Geo.  II.,  c.  26,  passed  imme- 
diately after  a  bu^e  reduction  of  the  duty  had  taken  place,  provided 
for  such  a  contingency  as  this,  by  enacting  that  if  the  East  India  Con\,- 
pany  failed  to  import  a  quantity  sufficient  to  render  the  prices  as  low 
as  in  other  parts  of  Europe,  it  should  be  lawful  to  grant  licences  to 
other  persons  to  import  tea.  This  would  have  constituted  a  very 
efficient  check  if  it  had  been  acted  upon ;  but  eventually  the  mode  of 
levying  the  duty  gave  the  government  almost  the  same  interest  in  a 
restricted  supply  as  the  East  India  Companv.  The  duties  were  col- 
lected ad  valorem  on  the  amount  realised  at  the  Company's  sales ;  and 
thus  the  very  circumstance  which  enhanced  the  price  raised  the  total 
amount  of  duty.  The  duty,  at  that  time,  was  nominally  90  and  100 
per  cent,  ad  valorem,  but  being  chaiged  on  a  monopoly  price,  the 
difference  on  the  cheaper  teas  consumeid  by  the  working  and  middle 
classes  amounted  to  above  800  per  cent,  on  the  cost  price  of  the  same 
teas  at  Hamburg;  and  in  1880  the  difference  between  the  prices 
realised  at  the  Company's  sales  and  the  Hamburg  prices  amounted  to 
a  sum  of  1 ,889,9751.  The  sales  in  the  last  year  of  the  East  India  Com- 
pany's monopoly  are  shown  in  the  following  table : — 

An  Account  of  the  Quantity  and  Prices  of  several  sorts  of  tea  sold 
in  England  from  May  1st,  1833,  to  May  Ist,  1834  :— 


lbs. 

Bohea 6,170,963 

Congou  .  •  •  .  .  18,053,835 
Campoi         •        •        •        .  1,G0S 

Souchong  •        .        •     •        354,515 

Pekoe 514,8.11 

Twankay .  •  •  •  .  4,339,072 
Hyson  Skin  .  •  .  •  141,610 
Hyson 987,052 


a.   d, 

1  10 

2  1 

3  4 
2  9 
2  10 
2  1 

2  2 

3  6 


Total 


31,164,061 


The  Company's  sales  were  in  March,  June,  September,  and  December, 
the  latter  being  the  laigest  About  2,000,000  lb&  were  offered  belong- 
ing to  the  officers  of  the  Company,  who  were  allowed  to  import  a  cer- 
tain quantity  of  tea  on  their  own  account.  In  1839  there  were  only 
122,312  lbs.  offered  for  sale  by  the  East  India  Company;  and  the 
change  effected  by  the  3  &  4  Wm.  IV.,  c.  93,  which,  on  the  22nd  of 
April,  1834,  opened  the  trade  to  China,  is  now  complete.  The  im- 
portation of  tea  ia  no  longer  confined  to  the  port  of  London.  In  the 
four  years  ending  1834,  the  average  annual  number  of  ships  entered 
inwarids  from  China  at  the  ports  of  the  United  Kingdom  was  23; 
in  the  four  following  years  the  average  was  66 ;  other  commodities 
besides  tea  have  since  been  extensivelv  imported,  and  a  corresponding 
increase  in  the  quantity  and  variety  of  the  exports  to  China  has  taken 
place.  The  exports  of  tea  from  the  United  Kingdom,  which  formerly 
did  not  exceed  250,000  lbs.  annually,  amounted  to  4,347,482  lbs.  in 
1841,  and  have  gradually  much  increased.  The  quantity  retained  for 
home  consumption  has  also  considerably  increased,  although  accom- 
panied by  an  extraordinary  increase  in  the  use  of  coffee. 

The  tea  duty  has  long  constituted  an  important  item  in  the  English 
revenue.  It  has  varied  greatly  in  amount  at  different  times.  In  1725 
there  was  a  Customs'  duty  of  18/.  18«.  74rf.  per  100?.  of  value,  and  an 
Excise  duty  of  is.  per  lb.  Sometimes,  during  the  next  period  of  a 
hundred  years,  the  Customs'  duty  was  raised,  sometimes  lowered,  and 
on  a  few  occasions  repealed  altogether;  and  precisely  the  same  may  be 
said  of  the  Excise  duty.  In  1834  the  Excise  duty  was  finally  repealed, 
and  at  the  same  time  the  Customs'  duty  was  rated  at  1«.  6d.  to  8tf.  per 


lb.,  according  to  price  and  quality.  In  1836  it  was  reduced  to  2«.  1<2. 
per  lb.  for  all  qualities :  and  in  1840  an  additional  5  per  cent,  was 
imposed.  During  the  existence  of  the  Excise  duty,  it  was  very  vexa- 
tious to  the  retaken.  Each  of  the  himdred  thousand  tea-desJers  in 
the  United  Kingdom  were  visited  once  a  month  by  the  officers  of 
excise,  who  took  an  account  of  their  stock ;  and  no  quantity  exceeding 
six  pounds  could  be  sent  from  their  premises  without  a  permit,  of 
which  above  800,000  were  required  in  a  year.  In  short,  this  system  of 
supervision  was  very  troublesome,  costly,  and  answered  no  useful  pur- 
pose. The  number  of  teaniealers  in  1839  was  82,794  in  EngUmd ; 
13,611  in  Scotland;  12,774  in  Ireland:  total,  109,179.  Tea  is  now 
sold  by  the  importing  merchants  by  public  auction  and  private  sales. 

The  revenue  which  the  tea  duty  yielded  from  1805  to  1841  was 
singularly  uniform,  never  rising  above  4,700,000/.  and  never  falling 
below  3,100,0002.  Within  the  last  twenty  years,  the  rate  of  duty  and 
the  amount  received  have  varied  much.  In  1851  the  duty  was  fixed 
at  28.,  plus  5  per  cent.  In  Mr.  Gladstone's  tariff  of  1853,  the  duty 
was  intended  to  undergo  successive  diminutions,  bringing  it  to  Is.  lOd, 
in  1854,  Is.  Sd.  in  1855,  and  Is,  in  1856  and  later  years,— plus  5  per 
cent.  A  warlike  exp^diture  so  far  interfered  ¥rith  this  plan,  as  to 
prevent  the  lowering  going  beyond  Is,  5d.  plus  5  per  cent.  In  1857 
the  average  price  of  aU  kinds  of  tea  in  bond  was  exactly  equal  to  the 
duty,  each  being  about  Is.  6d.  The  actual  prices  in  bond  ranged 
from  5d.  to  is.  6d.  per  lb.  Mr.  M'Culloch  supposes  that  all  the 
Chinese  tea  brought  to  England  costs  on  an  average  about  Is.  per  lb. 
when  on  board  *^p  in  Chinese  ports,  all  charges  included ;  and  that 
this  is  raised  to  the  retail  consumer  to  3«.  id.  by  the  following  steps — 
freight,  insurance,  and  interest  l}d,  duty  Is.  6d,  wholesale  and  retail 
profits  Sd.  The  average  price  in  bond,  between  1850  and  1860,  varied 
from  Is.  2id.  to  It.  6id. ;  and  the  duty  realised  varied  from  4,800,OOOZ. 
to  upwards  of  6,000,0002.    The  actual  trade  in  1860  is  represented  in 

the  following  figures : — 

ibt. 

Imported 88,946,532 

Re-exported 12,087,104 


Betained  for  home  eoasumption  • 


.  76,859,428 


This  consumption  is  about  2|  lb.  per  annum  for  each  individual  of 
the  whole  population. 

On  a  recent  occasion  (May,  1861)  the  House  of  Commons  consented 
to  a  renewal  of  the  present  tea  duty  {Is.  5d.,  plus  5  per  cent.)  for  the 
financial  year  1861-62;  supporting  Mr.  Gladstone  in  an  abolition  o£ 
the  paper  duty  instead  of  a  induction  in  that  on  tea. 

The  usual  net  weight  of  a  chest  of  tea  Ib  138  lbs.  for  Bohea,  49  lbs. 
for  Pekoe  and  Hyson,  and  64  lbs.  for  Congou.  So  greatly  does  the 
proportion  of  Congou  excel  that  of  the  other  kinds,  that  64  lbs.  is  con- 
sidered  a  fair  average  of  all  the  chests ;  this  will  afford  an  approximate 
rule  for  converting  chests  into  lbs.,  in  the  commercial  lists  of  imports 
and  deliveries.  The  Chinese  weights  and  moneys  are  of  course  very 
different  from  the  TCngliah  ;  but  it  may  be  convenient  to  know  that  30 
tads  per  picul  of  tea  is  about  equal  to  1«.  Zd.  per  lb.  More  than  nine- 
tenths  of  all  the  tea  brought  to  the  United  Kingdom  in  1859  entered 
the  port  of  London ;  and  the  preponderance  is  still  increasing.  The 
great  increase  in  the  use  of  tea  hais  not  checked  that  of  coffee.  The 
following  table  shows  the  average  annual  consumption  of  tea,  coffee, 
and  cocoa,  in  the  last  four  deoenmal  periods : 


Average' 


1820-29 
1830-39 
1840-49 
1830-59 


Tea. 

Ibe. 
25,000,000 
34,000,000 
41,000,000 
63,000,000 


Coffee. 

Ibe. 
12,000,000 
24,000,000 
33,000,000 
35,000,000 


Ooooa. 

Ibe. 

500,000 

1,000,000 

2,500,000 

3,600,000 


Bringing  in  a  more  modem  article  of  consumption,  chicory,  the  figures 
for  1859  were — ^tea  76  million  lbs.,  coffee,  34  million  lbs.,  chicory,  30 
million  lbs.,  and  cocoa  3  mUlion  lbs.  The  proportion  of  black  to  green 
tea  consumed  in  the  United  Kingdom  is  about  6  or  7  to  1 ;  in  the 
United  States  the  use  of  green  tea  is  greater  than  that  of  black. 

TEA,  Medical  Properties  of.  The  botany  of  tea  is  given  under 
Thea,  in  the  Natural  Histobt  Division  of  this  work ;  its  chemical 
properties  are  noticed  under  Cafjsinb  *;  for  an  account  of  its  culture 
see  Tea  and  the  Tea  Trade. 

Before  attempting  to  estimate  the  action  of  tea  on  the  human 
system,  it  is  necessary  to  call  to  mind  that  some  of  the  effects  are  due 
to  the  plants  mixed  with  the  real  tea,  several  of  which,  such  as  the 
Chloranthus  inconspicmis,  are  stimulants  of  the  highest  order ;  and  in. 
other  instances  deleterious  chemical  compoimds  are  used  by  the 
Chinese  to  convert  damaged  black  teas  into  saleable  green  teas.  (Davis, 
'  Chinese,'  ii.  466.)  For  the  effects  of  these,  tea  is  not  justly  chargeable. 
A  correct  estimate  of  the  action  of  tea  is  not  easily  formed ;  yet  the 
most  dispassionate  inquirers  regard  it  as  a  narcotic,  the  stimulating 
period  of  which  is  the  most  conspicuous  and  of  longest  duration.  Tea 
has  been  preposterously  praised  by  some  writers,  and  unjustly  accused 
by  others  as  being  productive  of  numerous  diseases  :  above  all  it  has 
been  charged  with  causing  an  increase  of  nervous  diseases.  It  would 
perhaps  be  more  just  to  attribute  the  increase  of  such  complaints  to 
the  more  complicated  state  of  our  social  relations,  arising  from  an 
augmented  population,  and  an  advance  in  luxury,  with  the  more 
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frequent  infringement  of  the  natural  laws,  particularly  turning  night 
into  day,  and  not  s^dom  day  into  night,  as  is  the  practice  of  the 
votaries  of  fashion.    That  tea  should  not  suit  all  constitutions  or  all 
a^es  is  not  remarkable.    It  is  less  suited  for  young  children  than  for 
adults ;  indeed  for  very  young  children  it  is  extremely  improper,  pro- 
ducing, like  all  narcotics,  a  morbid  state  of  the  brain  and  nervous 
system.    It  is  also  unsuited  for  those  of  an  irritable  nature,  and  like- 
'wise  for  those  of  a  leucophlegmatio  constitution.    Such  persons  can  ill 
bear  mudi  liquid  of  any  kind,  particularly  in  the  evening,  and  prosper 
best  on  a  very  dry  diet,  to  which  growing  children  of  this  constitution 
should  be  strictly  confined.   [Diluents.]    It  may  not  be  true  that  the 
use  of  tea,  as  alleged  by  Dr.  Lettsom,  hais  been  the  main  cause  of  the 
increase  of  scrofulous  diseases,  still  as  diseases  of  this  class  are  the 
only  diseases  which  are  proved  by  the  reports  of  the  registrar-general 
to   be  stationary,  or  perhaps  more  frequent  than  others,  whatever 
impairs  the  nervous  power  and  ultimately  the  digestive  function  in 
strumous  children  should  be  avoided.    His  advice  is  sound  where  he 
says, "  It  ought  by  no  means  to  be  the  common  diet  of  boarding^ 
schools ;  if  it  be  allowed  sometimes  as  a  treat,  they  should  be  at  the 
same  time  informed  that  the  constant  use  of  it  would  be  injurious 
to  their  health,  strength,  and  constitution."    Those  to  whom  it  is 
most  suited  are  the  plethoric  and  sanguine.    Upon  the  same  principle 
it  is  a  proper  article  of  diet  and  perhaps  the  best  common  drink  at  tiie 
beginning  of  fevers  and  inflammatory  complaints.    In  a  peculiar  state 
of  brain,  termed  by  Mr.  Newnham  ('Observations  on  Medical  and 
Dietetlpal  Properties  of  Green  Tea ')  tthenic  excitement,  a  state  clearly 
bordering  on  inflammation,  especially  if  produced  by  sJcoholic  stimu- 
lants, or  by  intense  and  long-continued  application  of  mind  to  any  par- 
ticular object  of  literary  research,  green  tea  acts  as  a  salutary  remedy. 
On  the  contrary,  in  states  of  diminished  excitement,  morbid  vigilance 
and  nervous  miaturbance  follow  its  use.    It  is  not  an  imoommon 
practice  with  ardent  students,  when  pushing  their  studies  far  into  the 
night,  to  resist  the  claims  of  nature  for  repose,  and  keep  themselves 
awake  by  the  frequent  use  of  tea.    That  it  answers  the  purpose  at  the 
time  cannot  be  denied,  but  the  object  is  often  attained  at  a  fearful 
price,  the  destruction  of  health  and  vigour  both  of  mind  and  body 
being  tiie  penalty.     But  more  effect  is  produced  by  small  doses, 
frequently  repeated,  than  by  large  ones.    See  the  paper  on  the '  Uses 
of  Tea  in  the  healthy  System,*  read  before  the  Society  of  Arts,  15th 
February,  1861,  p.  188.    Dr.  Smith's  remarks  are  based  upon  a  most 
extensive  series    of    experiments — the  results    of    which  are  most 
important.    Less  injury  results  in  these  cases  from  the  use  of  coffee. 
There  is  this  difference  between  the  morbid  states  of  the  nervous 
system  produced  by  coffee  and  those  resulting  from  tea :  that  the 
former  generally  subside  or  disappear  entirely  on  relinquishing  its  use; 
those  from  the  latter  are  more  permanent,  and  often  incapable  of 
being  eradicated.    Nevertheless  many  persons  have  immediately  found 
their  health  improved  by  entirely  relinquishing  the  use  of  tea,  or  even 
omitting  it  only  at  breakfast,  for  which  meal  it  is  certainly  less  proper 
than  for  the  evening  beverage.    Those  for  whom  tea  is  unsuited  will 
generally  find  weak  cocoa  the  most  proper  substitute. 

Persons  of  a  gouty  and  rheumatic  nature,  above  all,  those  prone  to 
calculous  diseases  of  the  lithic  acid  diathesis,  find  weak  tea  the  least 
objectionable  article  of  conmion  drink.  They  should  take  it  without 
sugar,  and  with  veiY  little  milk.  (Prout, 'On  tiie  Stomaoh/ p.  217.) 
Where  the  water  is  hard,  the  addition  of  a  littie  carbonate  of  soda  not 
only  improves  the  tea,  but  renders  it  a  more  proper  beverage  for  such 
persons.  This  addition  of  an  alkali  seems  to  increase  the  action  of  tea 
upon  the  skin,  and  to  augment  its  cooling  properties.  Cream  appears 
to  lessen  the  action  on  the  skin,  as  does  also  lemon-juice.  (Smith,  ut 
iupra,  p.  189.)  Tea  should  not  be  used  till  about  four  hours  after 
any  soUd  meal. 

The  medical  uses  of  tea  are  not  many.  In  fevers  it  is  not  only  an 
excellent  diluent  at  the  commencement,  but  a  tincture  of  tea  made  by 
macerating  tea  in  proof-spirit,  and  adding  a  teaspoonful  of  this  to  a 
small  cup  of  water,  and  given  at  short  intervals  during  the  night,  aiter 
the  acute  symptoms  have  subsided,  is  often  of  great  service.  For 
this  purpose,  in  hospitals  and  workhouses,  the  leaves  which  have 
been  used  for  the  ordinaxy  infusion  may  be  macerated  in  alcohol, 
and  a  spirit  of  sufficient  strength  for  this  purpose  obtained  at  a 
cheap  rate. 

In  some  forms  of  diseased  heart  tea  proves  a  useful  sedative.  It  is 
nearly  as  valuable  an  antidote  to  poisoning  by  opium  as  coffee  is.  Some 
cases  of  poisoning  by  arsenic  and  tartarised  antimony  have  been  pre- 
vented proving  fatal  by  the  immediate  administration  of  tea  in  the 
form  of  a  very  strong  infusion.  Here  its  power  as  an  Antidote  depends 
upon  its  tannin  decomposing  the  poisonous  substances.  [Astringents.] 
But  in  poisoning  by  opivmi  it  is  useful  only  in  combating  the  secondary 
symptoms,  and  should  not  be  administered  till  the  stomach-pump  or 
other  means  have  removed  the  opium  from  the  stomach.  Some  cases 
of  severe  nervous  headache  are  relieved  by  a  cup  of  strong  green  tea, 
taken  without  milk  or  sugar.  But  this  should  be  sparingly  resorted 
to;  it  is  a  wiser  plan  to  avoid  the  causes  of  such  headaches.  Tea  has 
been  looked  upon  as  the  great  means  by  which  intoxication  was  to  be 
banished,  but  it  is  certain  that  to  relieve  the  tremblings  and  other 
unpleasant  effects  of  the  abuse  of  tea,  a  little  brandy  or  other  alcohoUc 
stimulant  is  occasionally  added  to  the  cup  of  tea,  and  so  a  habit  is 
acquired  which  can  never  afterwards  be  relinquished. 


Tea  has  frequentiy  been  denounced  as  a  useless  article  of  diet  to  the 
poor,  as  it  is  assumed  to  be  devoid  of  nutriment,  and  the  milk  and 
sugar  which  are  added  are  supposed  to  be  the  only  beneficial  ingredients. 
Dr.  Lettsom  has  given  a  calculation,  partly  his  own,  and  partiy  taken 
from  'Essays  on  Husbandry,'  to  show  how  much  is,  in  his  view, 
unnecessarily  expended  by  them  in  this  way.  But  the  observations  of 
Liebig  are  thought  to  offer  a  satis&ctory  explanation  of  the  cause  of 
the  gr^t  partiality  of  the  poor  not  only  for  tea,  but  for  tea  of  an 
expensive  and  thwefore  superior  kind : — 

"  To  see  how  the  action  of  caffeine,  asparagine,  theobromine,  &o., 
may  be  explained,  we  must  call  to  mind  that  the  chief  constituent  of 
the  bile  contains  only  8*8  per  cent,  of  nitrogen,  of  which  only  the  half, 
or  1*9  per  cent,  belongs  to  the  taurine.  Bile  contains  in  its  natural 
state  water  and  solid  matter,  in  the  proportion  of  90  parts  by  weight  of 
the  former  to  10  of  the  latter.  If  we  suppose  these  10  parts  by 
weight  of  soUd  matter  to  be  choleic  acid,  with  3*87  per  cent,  of  nitrogen, 
then  100  parts  of  fresh  bile  will  contain  0*171  parts  of  nitrogen  in  the 
shape  of  taurine.  Now  this  quantity  is  contained  in  0*6  parts  of 
caffeine;  or  2^ths  grains  of  caffeine  can  give  to  an  ounce  of  bile  the 
nitrogen  it  contains  in  the  form  of  taurine.  If  an  infusion  of  tea 
contain  no  more  than  the  ^th  of  a  grain  of  caffeine,  still,  if  it  con- 
tribute in  point  of  fact  to  the  formation  of  bile,  the  action,  even  of 
such  a  quantity,  cannot  be  looked  upon  as  a  nullity.  Neither  can  it 
be  denied,  that  in  the  case  of  an  excess  of  non-azotised  food  and  a 
deficiency  of  motion,  which  is  required  to  cause  the  change  of  matter 
of  the  tissues,  and  thus  to  yield  the  nitrogenised  product  which  enters 
into  the  composition  of  the  bile ;  that  in  such  a  condition  the  health 
may  be  benefited  bv  the  use  of  compounds  which  are  capable  of  supply- 
ing the  place  of  the  nitrogenised  substance  produced  in  the  healthy 
state  of  the  body,  and  essential  to  the  production  of  an  important 
element  of  respiration.  In  a  chemical  sense — and  it  is  this  alone 
which  t^e  preoeding  romarks  are  intended  to  show — caffeine,  or  theine, 
asparagine,  and  theobromine,  are,  in  virtue  of  their  composition,  better 
adapted  to  this  purpose  than  all  other  nitrogenised  vegetable  principles. 
The  action  of  these  substances,  in  ordixiary  ciroumstances,  is  not 
obvious,  but  it  unquestionably  exists.  Tea  and  coffee  were  originally 
met  with  among  nations  whose  diet  is  chiefly  vegetable."  (Liebig's 
'  Animal  Chemistry,'  p.  178.)  These  facts  show  in  what  way  tea  proves 
to  the  poor  a  substitute  for  animal  food,  and  why  females  and  Uterary 
persons  who  take  little  exercise  manifest  such  partiality  for  it.  They 
also  explain  why  the  attempts,  and  they  have  been  numerous,  to  find 
among  other  plants  a  substitute  for  tea  have  invariably  failed  of 
success. 

TEA,  PARAGUAY,  or  MATA.  [Tea,  Paraquat,  in  Nat.  Hist. 
Dnr.] 

TEAK,  ECONOMICAL  USES  OF.  The  teak  tree  is  found  in 
Burmah,  in  India,  and  in  various  islands  in  the  Indian  seas.  It  grows 
to  an  immense  size,  and  is  remarkable  for  its  very  large  leaves,  which 
are  from  12  to  24  inches  long,  and  from  8  to  16  inches  broad.  The 
wood  is  light,  brownish  coloured,  and  easily  worked,  as  well  as  very 
strong  and  durable.  It  is  soon  seasoned,  and  from  containing  a 
resinous  oil,  resists  the  action  of  water,  as  well  as  that  oi  insects.  The 
density  of  the  wood  varies  from  0*594  to  0*876,  accoiding  to  itc 
quality  and  the  mode  in  which  it  is  seasoned;  the  average  is  about 
0*711.  One  specimen  has  been  described  haviog  a  specific  gravity  of 
1*056 ;  but  the  accuracy  of  this  statement  is  doubtful.  From  extensive 
experience,  teak  has  been  found  to  be  the  most  valuable  timber  for 
ship-building.  Teak  is  the  principal  article  of  export,  both  in  quantity 
and  value,  from  Moulmeiu ;  near  which  port  are  vast  forests  of  the 
best  teak  in  the  world.  Splendid  baulks  of  timber  are  shipped  there, 
50  feet  in  length,  and  as  much  as  24  inches  square.  The  price  of  first 
class  teak  at  that  port,  squared  into  baulks,  is  usually  about  60«.  per 
ton  of  50  cubic  feet.  At  the  Qreat  Exhibition  of  1851,  a  very  interest- 
ing collection  was  displayed,  consisting  of  more  than  seventy  species  of 
took,  obtained  from  various  localities  and  arranged  according  to  their 
density.  They  were  collected  by  Mr.  Seppings  of  Calcutta,  and  were 
contributed  by  the  Naval  Department  of  the  Last  India  Company. 

TEAM.  Nothing  is  of  greater  importance  in  the  management  of  a 
farm  than  the  cattie  which  perform  the  necessary  work  in  ploughing 
and  other  operations  on  the  soil,  in  drawing  manure  to  the  land  ana 
cairying  the  produce  to  market.  It  is  evident  that  the  smaller  the 
expense  of  the  team  which  does  the  requisite  work  in  proper  time,  the 
greater  the  profit  of  the  farmer,  and  every  saving  in  this  part  of  the 
expense  of  cultivation  is  so  much  added  to  the  clear  gain.  Wherever 
the  land  is  only  partially  cultivated,  and  a  portion  of  it  remains  in 
coarse  pasture,  which  costs  littie  or  nothing  to  the  occupier,  or  where 
extensive  open  commons  afford  cheap  food  for  oxen,  these  last  are 
naturally  employed  in  farm  labour.  If  four  oxen  do  only  the  work  of 
two  horses,  they  are  maintained  at  a  much  smaller  expense,  and,  after 
working  for  two  or  three  years,  their  value  is  improved  for  the  purpose 
of  fatting  for  the  butcher.  The  necessary  gear  is  much  less  expen- 
sive, especially  where  the  old  yoke  is  stiU  in  use,  whether  across  the 
neck  or  the  horns.  In  fact,  for  a  poor  man  who  has  only  a  few  acres 
of  land,  and  who  is  situated  near  a  waste  or  common,  oxen  are  the 
most  economical  team.  Many,  who  in  general  have  more  theoretical 
than  practical  knowledge  of  husbandry,  have  maintained  the  general 
superiority  of  an  ox  team  over  that  composed  of  horses,  and  have 
given  d^culations  which  appear  clearly  to  establish  their  point    But 
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on  the  othei*  side,  it  may,  be  obeerved,  that  wherever  arable  land  Ib  the 
chief  object  of  the  farmer*8  attention,  and  the  tilhige  of  the  soil  it 
brought  to  any  degree  of  perfection,  there  oxen  are  nevei*  seen  at 
work,  but  have  been  invariably  superseded  by  active  horses.  Oxen  as 
draught  animals  are  almost  invariably  part  of  a  sluggish  agriculture ; 
and  though  less  costly  themselves,  yet  teaching  uow  and  dilatory 
movement  to  everyUiing  about  them,  their  use  for  tillage  operations  is 
everywhere  diminishing. 

As  to  the  cost  of  horses  per  annum,  the  following  may  suffice.  In 
the  old  mode  of  feeding,  with  as  much  hay  as  they  would  eat,  and 
two  bushels  of  oats  for  each  horse  per  week,  during  at  least  nine 
months  in  the  year,  and  giving  them  tares  or  artificial  grasses  between 
spring  sowing  and  harvest,  when  there  was  less  to  be  done,  the  expense 
of  a  horse  was  much  greater  than  most  farmers  could  now  afford ;  and 
more  land  was  devoted  to  the  keep  of  the  team  than  was  necessary. 
The  following  is  the  calculation  of  the  cost  of  the  keep  of  a  horse  in 
this  way : — 

8S  treeks,  at  2  t)iifihcla  of  oata  per  week,  at  Zt.  6d,  per  bushel  11  4 
SO  weeks,  at  1  bushel  of  oats  per  \reek,  at  3<.  6d,  per  bushel .  Z  10 
Tares,  tc,,  20  weeks,  at  65.  (1  cwt.  daily,  at  fid.)  .  .  •  8  10 
Hny,  82  weeks,  about  1|  cwt.  weekly,  at  U,  per  owt.  .  .92 
BlioelBg  •  ...•....••  0  15 
Fatrier ..05 


Total 


£S8    6 


The  hay  axkd  oats  are  at  hi^  prices,  but  at  all  events  a  horse 
cannot  be  kept  in  this  way  under  lOs.  per  week.  They  are  then, 
however,  in  excellent  condition,  and  able  to  work  ten  hours  per  day  in 
summer  and  eight  in  winter. 

The  use  of  bruised  com  and  carrots,  and  mangold-wurzel  and  chaff 
of  hay  and  straw,  secures  a  considerable  economy ;  and  taking  smith, 
larrier,  harness,  and  depreciation  of  value  {3L  per  umum)  into  account, 
the  cost  per  horse  should  not  be  more  than  30/.  a  year.  In  fact,  on 
21  farms,  the  details  of  which  have  been  given  by  Mr.  Mort<m  in  the 
Agricultural  Society's  '  Journal,'  282  horses  working  8851  arable  and 
26i9  pasture  acres,  cost  751S/.  8«.  per  annum,  or  about  26^  12i.  apiece. 
In  this,  the  wages  of  team-men  had  to  be  added,  nearly  13,000/.,  in 
oirder  to  find  the  cost  of  horse-labour  per  annum. 
i  It  is  of  great  importance  to  a  person  about  to  hire  a  farm  to  know 
exactly  what  number  of  horses  will  be  required  for  its  proper  cultiva- 
tion, and  this  depends  upon  many  circumstances,  which  must  all  be 
taken  into  consideratioD,  and  which  will  make  a  very  material  differ- 
ence, often  as  much  as  half  the  rent  of  the  land.  He  is  to  consider 
the  situation  of  the  farm-buildings,  especially  the  stalls  and  cattle- 
yards,  where  the  manure  is  to  be  made,  with  respect  to  their  distance 
from  the  fields ;  the  state  of  the  roads  and  the  aooess  to  the  fields ;  the 
distance  of  a  good  market-town,  and  whether  the  fields  lie  in  «  ring> 
leoce  or  are  scattered.  A  farm  of  good  light  loam  will  require  one 
horse  for  every  thirty-five  acres  for  its  cultivation.  The  lacger  the 
farm,  or  rather  the  fields,  the  fewer  horses  are  required  in  propcnrtion 
to  its  aze,  because  much  time  is  lost  in  turning  the  ploQgh  where  the 
furrow  is  short ;  and  ploughing  is  always  the  principal  work  of  the 
team.  If  more  than  two  horses  are  required  to  plough  the  ground, 
the  soU  must  be  very  compact  and  heavy,  and  if  this  is  not  compen- 
sated by  greater  fertility,  the  expense  of  the  horses  wiU  much  reduce 
the  profit  of  the  farmer.  The  work  in  the  field  when  the  days  are 
long  should  be  divided  so  as  to  giv«  the  horses  at  least  two  hours'  rest» 
during  which  they  should  be  fed  with  com.  When  the  fields  are 
near  the  stables  the  horses  mtay  be  brought  home,  but  a  portable 
maneer  is  eanily  carried  into  the  field,  such  as  ii  used  at  the  inns 
on  the  roads  where  carriers  stop  to  bait.  In  winter  it  may  be  as 
well  to  finish  the  day's  work  witn  only  an  interval  of  half  an  hour. 
The  time  in  summer  should  be  &x>m  5  in  the  morning  till  10,  and 
from  2  till  7  if  the  weather  is  very  warm,  resting  four  hours ;  or 
from  6  till  11  and  from  1  till  6,  resting  two  hours.  In  winter  the  time 
is  from  7  till  3,  resting  half  an  hour  or  an  hour  between  11  and  12. 
With  good  feeding  and  grooming  this  is  by  no  means  too  hard  work 
when  &e  work  requires  to  be  carried  on  briskly.  The  heavier  and 
lighter  kind  of  work  should  be  so  arranged  that  when  horses  have 
worked  hard  for  a  day  or  two,  they  may  have  one  or  two  days  of 
lighter  work.  In  most  parts  of  Ei^lsnd  the  pace  of  ilie  horses  and 
their  daily  work  are  mucn  less  than  in  Sootlaod ;  two  horses  should 
plough  an  acre  a  day  or  more,  on  an  average,  but  few  farmers  can  get 
much  more  accomplished  than  three-quarters  of  an  acre,  if  Uiey  plough^ 
a  good  depth  or  break  up  clover  or  grass  l^ys.  In  the  light  stmds  of^ 
Korfolk  and  Lincolnshire  they  go  over  much  ground;  but  there  the 
f  lUTOws  are  wide  and  shallow,  and  the  horses  might  easij^y  trot  with 
the  ^ouffhif  the  ploughman  could  keep  up  with  t£em. 

TEAZLE  {Dipsacus  FuUdnum)  is  a  pLmt  which  grows  wild  in  the 
hedges,  but  an  improved  variety  is  carefully  cultivated  in  those 
districts  of  England  where  doth  is  manufactured.  It  is  used  for  the 
purpose  of  forming  a  species  of  brush  with  which  the  finer  hairs  of 
the  woollen  fabric  are  drawn  to  the  surface,  where  they  produce  what 
is  usually  called  the  nap  of  the  cloth.  Several  attempts  have  been 
made  to  substitute  artificial  teazles,  formed  of  hooks  of  very  fine  and 
elastic  steel  wire ;  and  at  one  time  there  was  so  much  appearance  of 
success,  as  to  cause  the  cultivation  of  teaslea  to  be  ftegleoted :  but  it 


was  soon  found  that  the  wires  tore  the  fine  fibres  of  the  wool, 
especiallv  where  there  were  knots  in  the  thread,  whereas  the  hooks  of 
the  teazles  gave  way,  and  either  bent  or  broke  off  before  the  fifare 
of  the  wool  was  injured. 

Teazles  grow  starongest  and  beet  in  a  stiff  loam.    They  require  ilia 
soil  to  be  in  good  heart,  and  are  supposed  to  exhaust  it  much ;  but 
no  great  portion  of  manure  is  required  to  obtain  a  good  crop.     The 
growing  of  teazles  is  a  peculiar  traae.    The  teazle-grower  hires  a  piece 
of  ground  suited  to  hu  purpose  from  the  farmer  for  two  years,  and 
pays  a  considerable  rent     If  the  ground  is  broken  up  from  grass,  it  is 
ploughed  as  deep  as  the  staple  of  the  soil  permits,  and  as  earlr  as 
possiole,  if  before  winter  so  much  the  better :  the  ground  is  laid  in 
narrow  stitches,  on  which  the  seed  is  sown  in  April,  in  rows  from  12 
to  18  inches  apart :  moisture  is  necessanr  to  make  the  seed  germinate. 
As  soon  as  the  plants  appear,  they  are  thinned  out,  and  the  intervals 
carefully  hoed  and  weeded.    During  the  summer,  the  ground  is  several 
times  dug,  or  tpaded,  as  it  is  called,  to  a  cozisiderable  depth,  with 
vexy  narrow  and  long  spades;  this  greatly  invigorates  the  plants.     In 
November,  plants  may  be  transplanted  from  where  they  slaxxl  too  thidL 
to  the  places  where  they  have  failed,  and  also  to  other  land  cultivated 
for  the  crop.    They  should  stand  about  a  foot  apart  in  the  rows. 
During  the  ensuing  spring,  the  cultivation  is  repeated.    They  soon 
bagin  to  push  up  their  stems,  and  are  fit  to  be  out  in  July,  just  when 
the  blossom  has  fallen.    As  they  do  not  come  to  proper  maturity  at 
the  same  time,  several  successive  gatherings  are  made.    They  are  cut 
with  a  sharp  knife  about  nine  inches  below  the  head,  and  tied  in  small 
bundles  or  handfuls :  thick  gloves  are  vexy  necessary  in  this  operation. 
They  must  be  carried  under  cover  before  night,  as  the  rains  or  heavy 
dews  would  injure  them.    When  the  sun  shines,  they  are  exposed  to 
dry  in  the  same  manner  as  is  done  with  onion  seed,  and  they  are  never 
packed  close  tmtil  they  are  perfectly  dry.    When  drying  they  are 
usually  hung  on  poles;  so  that  the  air  may  circulate  between  the 
bundles.    The  bundles  are  afterwards  opened,  and  the  teazles  sorted 
into  kings,  middlings  and  scrubs,  according  to  their  size;  9000  \dngi 
or  20,000  middlings  make  a  pack. 

Teazles  are  a  very  precarious  crop ;  sometimes  they  produce  a  very 
great  profit,  and  at  other  times  a  serious  loss.  Care  and  cultivation 
lessen  the  chances  of  failure  greatly :  but  the  price  also  fluctuates  so 
much  that  it  is  an  uncertain  speculation,  resembling  in  this  respect  the 
cultivation  of  hops.  Hence  it  ia  underUken  by  men  who  are  prepared 
for  the  event,  and  who  make  the  profits  of  one  year  repay  the  loss  of 
another.  A  ^ood  crop  of  teazles  is  about  10  or  12  packs  on  an  acre  : 
this  is  sometimes  exceeded,  but  more  often  it  fails  by  one-half,  and 
a  total  failure  is  not  uncommon.  The  price  may  average  5/.  or  6/.  a 
pack,  so  that  a  good  crop  is  worth  more  than  the  land  it  grew  on ; 
the  expenses,  however,  are  large.  Although  teazles  are  said  to  exhaust 
the  ground  much,  yet  from  the  continual  stirring  of  the  soil  they 
render  it  very  fit  to  grow  other  crops,  provided  a  proper  quantity  of 
manure  is  used :  thus  very  good  crops  of  idieat  have  been  obtamed 
after  a  crop  of  teazles. 

TEETH,  DISEASES  OF  THE.  The  teeth,  like  other  organs  of  the 
body,  are  subject  to  a  variety  of  diseased  conditions.  For  practical 
purposes  they  may  be  divided  into — 1.  Disorders  attending  dentition 
or  the  cutting  of  the  teeth ;  2.  Diseases  of  the  teeth  themselves; 
3.  Diseases  of  the  gums  and  alvec^ar  processes. 

IH$eaMi  of  J)etUUion, — The  eruption  of  the  temporary  or  milk-teetk 
is  a  natural  process  after  birth  {Demtitiov,  Diseases  of  ;  and  Teetb^ 
Nat.  Hist.  Div.].  The  order  in  which  Uie  milk-teeth  appear  after 
birth  is  subject  to  considerable  variations.  Although  dentition  is  a 
natural  process^  it  is  frequently  attended  with  morbid  oonditiens. 
Prior  to  the  appearance  of  a  tooth  the  gum  above  it  increases  in 
breadth,  becomes  swollen,  and  la  hot  to  the  touch.  There  is  an 
increased  flow  of  saliva,  whioh  comes  out  of  the  mouth;  the  diild 
thrusts  whatever  may  be  placed  in  its  hands  into  its  mouth.  It  is 
more  fretful  than  usual,  has  sudden  fits  of  czying,  and  starts  in  its 
sleep.  The  cheeks  are  flushed,  the  bowels  are  irregular,  and  its  food  is 
often  thrown  off  its  stomach.  It  not  unfrequently  happens  that  a  dry 
cough  is  present,  and  sometimes  even  severe  derangement  of  the 
nervous  system. 

In  the  treatmetU  of  these  symptoms  little  ^more  is  needed  than  to 
regulate  the  state  of  the  bowels,  and  to  prevent  the  child  overloading 
its  stomach  with  milk.  It  should  not  be  put  to  the  breast  after  every 
time  it  is  sick,  but  cows'  milk,  with  a  little  water  and  sugar,  may  be 
substituted  for  its  mother's  milk.  When  convulsions  occur  and 
evidently  arise  from  the  irritation  of  the  gums,  a  free  incision  of  the 
ffum  over  the  nressing  tooth  will  often  give  great  and  immediate  reliei 
Whenever  in  tact  the  irritation  has  proceeded  so  far  as  to  produce 
obvious  inflammatory  symptoms,  recourse  may  be  had  to  lancing  the 
gums.  .  In  this  operation  care  ^uld  always  be  taken  to  divide  the 
gum  down  to  the  surface  of  the  pressing  toc^ 

Sometimes  instead  of  inflammation  of  the  jaws  there  is  an  excessive 
h^r^n^y  or  induration  of  the  gums.  In  this  case  there  is  great  irri- 
tability and  restlessness,  with  other  symptoms  of  derangement  of  the 
system,  which  can  only  be  removed  by  dividing  the  indurated  gums 
freely  down  to  the  pressing  tooth. 

During  the  presence  of  the  milk-teeth,  they  and  the  gums  are 
subject  to  the  same  diseases  as  the  permanent  teeth  in  after  Hie. 
They  are  however  subject  to  one  lonn  of  disease  which  is  peeulisr  to 
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children,  and  which  is  called  ancntm  oris.  It  is  in  fact  an  ulceration 
attended  with  a  death  of  parts  similar  to  what  is  called  phag»deoa  In 
other  organs  of  the  body.  The  ulceration  commences  in  this  case  at 
the  free  edge  of  the  gums  and  extends  to  the  alveoli  and  other  parts  of 
the  mouth.  The  surface  of  the  cheek  lying  In  contact  with  the 
tUcerated  gums  becomes  involved  in  the  same  disease,  so  that  the 
surfaces  of  the  two  ulcers  are  in  contact  The  teeth  loosen  and  in 
some  cases  become  black  from  necrosis.  The  surface  of  the  xilcer 
is  of  a  pale  yellow  or  straw  colour,  with  here  and  there  a  red  point 
raised  above  the  sur£(ice,  and  which  bleeds  on  being  touched.  This 
disease  spreads  in  some  cases  till  the  cheek  is  perforated,  but  it  more 
frequently  happens  before  this  ta^es  place  that  the  patient  either 
sinks  from  exhaustion  or  hiemorrhage  from  the  uloeration  of  some 
lai^e  vesseL 

The  treatment  in  these  cases  must  be  both  constitutional  and  locaL 
The  bowels  should  be  kept  open,  and  tonic  medicines  (iron  and  quinine), 
with  a  liberal  diet,  must  be  given.  Locally,  the  nitrate  of  silver  should 
be  applied,  and  Uie  mouth  should  be  washed  out  with  a  lotion  con- 
taining chlorate  of  potash.  This  latter  salt  has  also  been  strongly 
recommended  as  an  internal  remedy. 

The  milk-teeth  disappear  as  they  came,  at  various  ages.  They  are 
succeeded  by  what  are  called  the  permanent  teeth.  The  number  of 
these  is  thirty-two.  Twelve  of  them,  however,  belong  to  the  first 
set,  as  they  are  never  superseded.  So  that  the  true  view  of  the  case 
appears  to  be,  that  the  first  set  of  teeth  consists  of  thirty-two,  of 
which  twenty  disappear  under  the  name  of  milk-teeth,  and  are 
followed  by  twenty  others,  which  are  called,  with  the  other  twelve 
permanent  teeth. 

JHuoMs  of  the  Pcrmantnt  TeetK — The  diseases  to  which  the  per- 
manent teeth  are  subject  have  been  arranged  as  follows  by  Hr. 
Tomes : — 

Irregularity  in  the  time  of  the  eniption  of 

the  permanent  teeth. 
Irregularity  in  the  position  of  the  permanent 

teeth. 


Mechanical  Injuries  of  the  teeth 
Mechanical  injuries  of  the  alreoli   . 

Diseases  of  the  dental  tissues 


f 


Diseases  of  the  pulp 


Diseases  of  the  alveolar  periosteum 


•        • 


"Mseases  of  the  alveoli 


Diseases  of  the  gums  .        •       •       .        .< 


Fracture* 

DilaeeratioB. 

Dislocation, 

Fracture. 

Caries. 

Necrosis. 

Exostosis. 

Abscess. 

Loss  trom  the  surface. 

Absorption. 

Pain. 

Irritation. 

Inflammation. 

Ulceration. 

Granulation. 

Inflammation. 

Hsemorrhage. 

Inflammation.    ' 

Necrosis. 

Exostosis. 

Absorption. 

Inflammation* 

tJlceration. 

Boeedence. 

Tumours. 

Epulis. 

Polypus. 

Vascular  tUBOUtfl. 

Blue  gum. 


.artar. 


It  will  be  tmnecessaiy  here  to  refer  in  detail  to  these  disorders  of  the 
teeUi  and  gums,  as  many  of  them  are  common  to  these  tissues  with 
other  parts  of  the  body,  and  require  the  same  general  treatment.  We 
shall  uierefore  refer  more  particularly  to  those  disordered  conditions 
of  the  teeth  and  gums  which  produce  the  complaints  known  under 
the  name  of  toothache  and  faceache,  and  the  other  more  frequent 
disorders  of  these  organs. 

Denial  Cariet. — One  of  the  most  frequent  causes  of  pain  in  the 
teeth  is  that  destructive  process  known  by  the  name  of  cariee.  Yarious 
views  have  been  taken  of  the  nature  of  this  process ;  but  Mr.  Tomes 
defines  it  as  "  the  death  and  subsequent  progressive  decomposition  of  a 
part  or  the  whole  of  a  tooth."  Hie  changes  which  indicate  the  occur- 
rence of  this  condition  are,  first,  a  discoloration  of  the  dental  tissue, 
whidbi  is  succeeded  by  softening  and  disintegration.  The  enamel  first 
Bufiera,  and  then  the  dentine.  The  disease  spreads  in  the  direction  of 
the  dentinal  tubes  down  to  the  pulp,  forming  a  conical  cavity  with  an 
oblique  direction.  It  is  not,  however,  infrequent  to  find  the  hole  in 
the  enamel  less  than  that  in  the  dentine,  as  the  process  of  decay  goes 
on  much  more  rapidly  in  the  latter  than  in  the  former. 

This  process  of  decay  may  or  may  not  be  attended  with  pain  from 
the  time  of  its  first  setting  in.  Eventually,  however,  the  caries  extends 
to  the  pulp  cavity  where  the  nerves  are  situated,  and  pun  is  the  result. 
Even  tnis  is  sometimes  prevented  bv  a  kind  of  reparative  process  going 
on  in  the  dentine,  which  forms  the  waOs  of  the  cavit^,  and  which 
prevents  the  nerves  from  being  afifected. 


If  the  caries  extends,  the  pulp  may  become  inflamed,  and  also  the 
dental  periosteum,  which  may  be  followed  by  alveolar  abscess.  Before 
inflammation  of  the  pulp  is  established,  the  pain  from  the  tooth 
becomes  intolerable  by  irritoHon  in  the  pulp.  This  state  comes  on 
gradually :  first  a  little  pain  is  felt  when  hot  or  cold  or  sweet  or  acid 
things  are  put  into  the  mouth.  This  goes  on  increasing  till  inflamma- 
tion is  estaDlished  in  the  pulp  of  the  diseased  tooth.  This  frequently 
leads  to  irritation  in  the  pulp  of  the  sound  teeth,  so  that  pain  may  be 
felt  in  several  teeth  by  the  unsoundness  of  one. 

It  is  when  the  pulp  becomes  inflamed  that  the  violent  throbbing 
pain  known  as  toothache  comes  on.  In  this  state  a  destruction  of  the 
pulp  mav  take  place  and  the  pain  cease,  and  the  tooth  retaining  its 
vitality  from  its  external  periosteum  alone  may  still  be  useful.  This  is, 
however,  a  very  rare  occurrence. 

In  the  treatment  of  caries  of  the  tooth,  and  its  attendant  irritation 
and  inflammation  of  the  pulp,  it  should  be  recollected  that  all  external 
remedies  are  palliatives.  A  natural  cxire,  which  is  very  unlikely,  may 
go  on  whilst  a  little  relief  is  obtained  by  such  applications  as  opium, 
ether,  creasote,  alum,  chloroform,  tannic  acid,  nitrate  of  silver.  The 
multitude  of  remedies  for  toothache  show  how  utterly  intractable  a 
disease  it  is,  and  how  little  amenable  to  anything  like  external  treat- 
ment. Nor  will  internal  remedies  affect  the  tooth,  or  in  any  manner 
arrest  the  caries  which  produces  the  pain. 

If  caries  is  observed  in  the  early  stages,  before  the  pulp  cavity  is 
affected,  then  the  diseased  part  mav  be  scooped  out,  and  the  cavity 
plugged  up  in  various  ways.  This,  however,  must  be  done  early,  in 
order  to  ensure  success.  It  not  unfrequently  happens  that  where 
irritation  of  the  pulp  cavity  has  been  set  uj)  plugging  will  relieve. 
Where  irritation  is  set  up  in  neighbouring  teeth  from  inflamed  pulp, 
then  the  removal  of  the  offending  tooth  is  immediately  attended  with 
relief  to  the  othen. 

In  the  case  of  inflammation  of  the  pulp,  where  the  pain  Is  severe, 
the  tooth  should  be  removed.  The  hazard  of  ulterior  consequences 
to  the  alveolar  process  and  the  jaw  should  always  prompt  to  ^e 
removal  of  the  inflamed  tooth. 

The  consequences  of  decav  of  the  teeth  are  not  at  all  confined  to  the 
simple  pain  called  toothache.  The  inflammation  may  extend  from  the 
tooth  to  the  gums,  and  from  the  gums  to  the  surrounding  structures, 
so  that  inflammation  of  the  submaxillary  glands  takes  place,  and  a 
swelling  of  the  whole  face  occurs.  Such  inflammation  may  be  acute 
or  chronic.  When  it  is  acute  it  may  subside  in  a  few  days  after  the 
application  of  the  ordinary  remedies  for  an  acute  inflammatory  con- 
dition of  the  soft  tissues.  It  may,  however,  be  chronic,  and  attended 
with  ulceration  of  the  mucous  membrane,  which  may  extend  to  the 
throat.  In  these  cases  local  remedies  may  relieve.  The  application  of 
tannic  acid,  alum,  or  chlorate  of  potash  will  be  of  service,  but  the 
great  remedy  of  all  is  the  removal  of  the  cause — ^the  extraction  of  the 
decayed  tooth  or  teeth.  ' 

Again,  the  nervous  system  may  be  the  seat  of  the  engendered 
disease.  The  whole  of  the  nerves  of  the  face  singly  or  together  may 
be  the  seat  of  reflected  pain  from  the  inflamed  pulp  of  a  single  tooth. 
These  pains,  often  taken  for  idiopathic  neuralgia,  cannot  be  effectually 
relieved  till  the  cause  of  their  excitement  is  removed.  The  reflected 
irritation  of  the  nerves  may  not  only  affect  nerves,  but  even  tiie  brain 
Itself  and  the  oi^gans  of  the  senses.  All  obscure  pains  of  the  head  and 
affections  of  the  senses  should  be  examined  in  relation  to  the  condition 
of  the  teeth,  as  a  souroe  of  irritation  not  indicated  necessarily  by  pain 
in  the  tooth  may  be  frequently  found  in  its  disorganised  and  decayed 
condition. 

The  other  forms  of  disease  of  the  teeth  are  less  common  and  special 
than  those  we  have  spoken  of  above.  Sometimes  excessive  pain  is 
suffered  from  i^fammatum  of  the  dental  periosteura.  When  there  is 
no  decay  of  the  tooth,  and  the  pain  is  clearly  referable  to  this  oause, 
much  good  may  be  done  by  the  application  of  one  or  two  leeches  to 
the  gum  opposite  the  end  of  the  root  of  the  affected  tooth.  Antiphlo- 
gistic remedies  should  also  be  generally  applied.  Where  morbid 
growths  are  the  result  of  such  inflammation,  the  extraction  of  the 
tooth  will  be  of  service ;  but  even  then  the  inflammation  may  continue 
in  the  socket.  Sometimes  the  inflammation  is  of  a  rheumatic  charac- 
ter, and  demands  a  treatment  adapted  to  this  state  of  the  system. 

Diseases  of  the  Alveoli  and  Gumt. — From  the  periosteum  we  pass  on 
to  the  alveoli  and  gums.  The  diseases  of  the  alveoli  which  are  most 
frequent  are  absorption  and  hiemorrhage. 

Absorption  of  the  alveoli  frequently  takes  place  as  the  result  of  oon- 
atitutional  tendency,  and  a  disposition  to  this  malady  is  handed  down 
from  father  to  son.  Under  these  circumstances  it  is  not  an  unusual 
thing  to  observe  a  man  under  fifty  with  scarcely  any  teeth  in  his  head. 
This  process  takes  place  slowly,  and  almost  imperceptibly » till  the  teeth 
drop  out  one  after  another.  Absorption  of  the  alveoli  may  lUso  be 
induced  by  inflammation  of  the  gums,  which  may  be  kept  up  by 
decayed  teeth.  The  salivation  attendant  upon  the  administration  of 
mercury  is  also  accompanied  with  an  absorption  of  the  alveolar  pro- 
cesses and  a  falling  out  of  the  teeth. 

In  the  treatment  of  these  eases  the  great  thing  is  to  remove  the 
cause.  Where  decayed  teeth,  inflammation  of  the  gums  from  tartar, 
or  irregular  teeth,  are  present,  these  must  be  remov^.  Nothing  seems 
to  arrest  the  hereditary  absorption  of  the  alveoli  It  is  like  the  loss  <tf 
hair,  or  other  defect,  an  accompaniment  of  old  age,  and  in  certain  casei 
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these  symptomB  come  on  prematurely.  The  great  resource  and  oom- 
fcrt  of  the  sufferer  in  these  cases  is  the  introduction  of  artificial  teeth. 
The  manufacture  of  these  organs  has  been  carried  to  such  perfection 
tiiat  little  or  no  inconvenience  is  felt  from  their  presence  in  the  mouthy 
whilst  they  perform  the  functions  of  mastication  and  give  the  necessary 
modulation  to  the  voice  as  though  they  were  the  original  teethu  They 
have  even  this  advantage  over  natural  teeth,  that  they  never  ache. 

Hamarrhagt  from  the  periosteum  of  the  alveoli  is  not  unfrequently 
a  source  of  alarm,  and  cases  are  recorded  in  which  death  has  occurred 
from  this  cause.  It  usually  comes  on  after  the  extraction  of  a  tooth. 
Under  ordinary  cirumstances  the  socket  becomes  filled  with  a  coagulum 
of  blood,  which  arrests  all  further  bleeding ;  but  in  these  cases  the 
blood  continues  to  be  poured  out  from  the  wounded  vessels,  and  resists 
all  attempts  at  arrest.  The  best  method  of  treating  these  cases  is  to 
plug  the  socket  with  a  piece  of  lint  dipped  in  some  strong  styptic.  One 
of  the  most  efficient  styptics  for  these  cases  is  the  matico,  which  should 
be  powdered  and  applied  on  the  outside  of  a  plug  of  moistened  Unt. 

InflammcUion  of  the  Ounu, — This  may  be  either  acute  or  chronic, 
and  mav  come  on  independent  of  caries  of  the  tooth  or  other  disease. 
Acute  mflammation  is  most  frequently  seen  as  the  result  of  taking 
mercury.  [Mercurt,  Medical  Properties  of.]  Chronic  inflammation 
attended  with  ulceration  of  the  gums  is  very  frequent  It  may  arise 
from  diseased  conditions  of  the  teeth,  or  from  a  disordered  state  of  the 
system.  In  inflammation  without  ulceration  stimulant  applications 
are  very  beneficial,  whilst  the  ulcers  may  be  touched  with  nitric  acid, 
or  painted  with  a  strong  solution  of  chlorate  of  potash. 

Jilue  Gum^ — When  lead  is  introduced  into  the  system  in  small  quan- 
tities for  a  length  of  time,  its  presence  in  the  system  is  indicated  by  a 
blue  or  purplish  line  running  along  the  edges  of  the  gums  just  where 
they  meet  the  teeth.  This  curious  fact,  which  was  first  pointed  out 
by  Dr.  Burton,  has  since  been  confirmed  in  a  large  number  of  cases. 
The  blue  line  is,  however,  only  seen  in  cases  where  tartar  has  accumu- 
lated on  the  teeth.  It  is  not  seen  in  cases  either  where  there  are  no 
teeth  in  the  gums.  Wherever  present  it  indicates  the  action  of  lead 
on  the  system,  and  should  lead  to  the  investigation  of  the  circum- 
stances under  which  the  patient  has  received  tMs  substance  into  the 
system.  Mr.  Tomes  has  mentioned  tw9  cases  in  which  the  same  kind 
of  discoloration  has  taken  place  from  the  action  of  mercuiy  on  the 
system.  It  is  not,  however,  impossible  that  the  preparations  of  mer- 
cury taken  in  tbese  cases  contained  lead. 

Tartar, — The  saliva  which  is  poured  into  the  mouth  contains  cer- 
tain earthy  matters  in  solution,  which  are  precipitated  on  the  roots  of 
the  teeth  at  the  point  where  they  are  covered  by  the  gums.  This  pre- 
cipitate, which  is  a  true  salivary  calculus,  is  ouled  "  tartar."  When 
chemically  examined  it  has  been  found  to  contain  in  100  parts — 

Earthy  phosphates 79'0 

Salivary  mucos      •••«•••  12*5 

rtyalin 1*0 

Animal  matter .  7*5 
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It  assumes  a  variety  of  colours  on  the  teeth,  according  to  the  nature 
of  the  food  habitually  taken.  The  accumulation  of  this  substance  on 
the  teeth  tends  to  produce  inflammation  of  the  gums  and  to  cause 
their  absorption  as  well  as  that  of  the  alveolar  processes. 

When  tartar  has  accumulated  to  a  considerable  extent  it  should  be 
'•scaled  off  the  teeth  by  means  of  instruments  fitted  for  the  purpose. 
One  of  the  great  objects  of  the  daily  brushing  of  the  teeUi  is  the  pre- 
vention of  the  accumulation  of  this  tartar.  One  of  the  best  dentifrices 
for  habitual  use  is  the  camphorated  tooth-powder,  which  consists  of 
camphor  carefully  powdered  and  mixed  with  chalk.  All  agents  that 
would  dissolve  the  tartar  would  dissolve  tilie  teeth,  and  must  therefore 
be  carefully  avoided. 

(Tomes,  Lectures  en  Dental  Phynclogy ;  Tomes,  Manual  of  DenUd 
Surgery.) 

TEETH  OP  WHEELS.    [Wheels.] 

TEKORETIN  (C,H«r).  A  native  ciystalline  renn  found  in  the 
peat  of  Denmark. 

TELEGRAPH  (from  t^A«,  "distant,"  and  ypJ4»,  "write"),  a 
machine  or  process  for  communicating  intelligence  to  a  distance, 
usually  by  means  of  preconcerted  signak,  to  which  some  conventional 
meaning  is  attached.  The  name  semaphore  (from  (r^.ua,  "  a  sign,"  and 
9^pM,  "bear"),  was  also  applied  to  some  of  the  machines  used  for 
effecting  telegraphic  communication;  which,  in  an  extended  sense, 
may  be  considered  to  embrace  every  means  of  conveying  intelligence 
by  gestures  and  visible  signals,  as  flags,  lanterns,  rockets,  blue-lights, 
beacon-fires,  &c.,  or  by  audible  signals,  as  the  firing  of  guns,  the  blow- 
ing of  trumpets,  the  beating  of  drums  or  gongs,  &c.,  as  well  as  by  the 
xnachines  specially  provided  for  the  purpose. 

Although  telegraphic  communication,  as  a  means  of  conveying  any 
reqidred  intelligence,  b  an  invention  of  recent  date,  the  use  of  signals 
for  the  speedy  transmission  of  such  brief  messages  as  might  be  pre- 
viously arranged  between  persons,  is  a  practice  derived  from  the  most 
remote  antiquity.  The  use  of  beacon-fires,  for  example,  as  a  means  of 
giving  speedy  warning  of  the  approach  of  an  enemy,  is  alluded  to  by 
the  prophet  Jeremiah,  who  wrote  about  six  centuries  before  the 
Christian  era,  and  who  warns  the  Benjamites  to  "  set  up  «  sign  of  fire 


in  Beth-haccerem ;  for  evil,"  he  adds,  "  appeareth  out  of  the  north, 
and  great  destruction."  (Jeremiah,  vL  1.)  The  fine  description  given 
by  ^schylus,  in  his '  Agamemnon,*  of  the  application  of  a  line  of  fire- 
signals  to  commimicate  the  intelligence  of  the  fall  of  Troy,  is  often 
referred  to  as  an  early  instance  of  this  kind  of  telegraphic  despatch. 
This  simple  means  of  spreading  an  alarm,  or  communicating  intelli- 
gence, is  described  by  Scott  in  the  '  Lay  of  the  Last  Minstrel ; '  and  in 
a  note  he  refers  to  an  Act  of  Uie  Scottish  parliament  in  1455,  c.  48, 
which  directs  that  one  bale  or  faggot  shall  be  warning  of  the  approach 
of  the  English  in  any  manner ;  two  bales,  that  they  are  eoniing  indeed; 
and  four  bi&les  blazing  beside  each  other,  that  the  enemy  are  in  great 
force.  Such  signals,  though  best  adapted  to  give  information  by  night, 
were  also  available  in  the  davtime,  when  they  appeared  as  columns  of 
dense  smoke.  Torches  held  m  the  hand  and  moved  in  any  particular 
manner,  or  alternately  displayed  and  hidden  behind  a  screen,  were  also 
used  in  ancient  times  as  signals.  Polybius  describes  two  somewhat 
complicated  methods  of  telegraphing  bv  means  of  torches ;.  and  Bishop 
Wilkins,  in  his  curious  work  entitlea  '  Mercury ;  or  the  Secret  and 
Swift  Messenger/  after  describing  this  telegraph  of  Polybius,  mentions 
another  which  requires  only  three  lights  or  torches  to  indicate  the 
twenty-four  necessary  letters  of  the  alphabet,  which  are,  according  to 
this  plan,  which  he  gives  on  the  authority  of  Joachimus  Fortius,  to  be 
divided  into  three  classes  of  eight  letters  each.  The  first  class  ia 
represented  by  one  torch,  the  second  by  two,  and  the  third  by  three  ; 
and  the  number  of  the  letter  by  the  number  of  times  which  the 
torches  are  elevated  or  discovered.  Similar  to  this,  is  the  night- 
telegraph  contrived  by  the  Rev.  James  Bremner,  of  the  Shetland 
Islands,  and  rewarded  by  the  Society  of  Arts  in  1816.  ('  Soc  Trans.« 
zxxiv.)  A  single  light  constitutes  the  whole  apparatus,  and  j^the 
whole  operation  consists  in  its  alternate  exhibition  and  concealment. 
This  plim  had  been  found  suitable  for  distances  of  twenty  miles  and 
upwards,  and  had  been  successfully  put  in  operation  between  the 
lighthouse  on  Copeland  Island  and  Port  Patrick  on  the  opposite  side 
of  the  Irish  ChanneL  Bishop  Wilkins  also  describes  a  method  which, 
depends  upon  the  relative  positions  of  two  lights  attached  to  long^ 
poles,  and  which,  he  says,  "  for  its  quickness  and  speed  is  much  to  be 
preferred  before  any  of  the  rest."    This  plan  came  very  near  to  the 

Srindple  upon  which  some  of  the  subsequent  telegraphic  systemB 
epended.  In  suggesting  the  use  of  extended  lines  of  telegraphic 
communication,  he  further  hints  at  the  application  of  the  telescope 
(or,  as  he  styles  it,  '  Oalileus  his  perspective '),  to  the  deciphering  of 
distant  signals. 

Other  writers,  such  as  Kircher,  Schottus,  and  Eessler,  have  pub- 
lished plans  for  telegraphic  signals.  Kesaler  proposed  to  cut  out  such 
characters  as  it  was  desired  to  show  in  the  ends  of  a  cask,  which  was 
to  be  elevated  with  a  light  enclosed  in  it.  The  Marquess  of  Worcester 
also,  in  his  '  Century  of  Inventions,'  1663,  announces,  **  How  at  a 
window,  as  far  as  the  eye  can  discover  black  from  white,  a  man  may 
hold  discourse  with  his  correspondent,  without  noise  made  or  notice 
taken,"  &c. ;  and  again,  "  A  way  to  do  it  by  night  as  well  as  by  day, 
though  as  dark  as  pitch  is  black."  But  the  earUest  well-defined  phui 
of  telegraphic  communication  appears  to  be  that  described  in  a  paper 
addressed  to  the  Royal  Society  in  1684,  by  Dr.  Robert  Hooke,  and 
published  in  1726  in  DerhamVi  collection  of  his  '  Philosophical  Ex- 
periments and  Observations,'  pp.  142-150,  **  showing  a  way  how  to 
communicate  one's  mind  at  great  distances."  Hooke's  scheme  will 
be  understood  by  referring  to  fig,  1,  which  represents  an  elevated 
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frame-work  supporting  a  panel  or  screen,  a,  behind  which  were  to  b6 
suspended  a  number  of  symbols  or  devices,  formed  of  deal  plank,  of 
the  various  shapes  represented  by  the  small  black  figures.  The  first 
twenty-four  of  these,  which  consist  entirely  of  straight  lines,  were  to 
stand  for  alphabetic  characters;  and  the  six  devices  consisting  of 
curved  lines  were  to  be  used  as  arbitrary  signals.  Whenever  it  was 
desired  to  display  any  of  these  characters,  they  were  to  be  drawn  from 
behind  the  screen  by  a  rope  c,  passing  over  pulleys  in  the  frame-woik, 
and  so  rendered  visible  in  the  open  space  at  d.  These  telegraphs  were 
to  be  erected  upon  elevated  stations,  and  telescopes  were  to  be  used  by 
the  observers.  The  order  of  connection  between  the  signs  employed 
and  the  letters  of  the  alphabet  might,  it  is  explained,  be  infinite^ 
varied,  for  the  sake  of  8ecre(^;  and  none  of  the  parties  employed, 
excepting  those  at  the  terminal  stations,  need  have  any  knowledge  of 
the  message  oommimioated.  Hooke  further  proposed  a  scheme  for 
night  communication  by  means  of  lights  disposed  in  a  certain  order 
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About  twenty  years  after  the  date  oE  Hooke's  paper,  Amontons  brou^^bt 
forward  a  similar  plan  in  i^'Vance.  Some  other  individuals  subsequently 
devised  similar  schemes,  but  nothing  was  effected  in  ^e  practice 
application  of  telegraphic  communication  until  the  wars  of  the  French 
revolution.  Macdonald  states  that,  "Following  the  principles  laid 
down  by  Dr.  Hooke,  in  1684,  Dupuis,  in  France,  mvented  the  French 
telegraph,  which  Don  Gualtier,  a  monk  of  the  order  of  Citeauz,  in 
1 781,  modified,  and  proposed  to  Condorcet,  Milli,  and  Dr.  Franklin, 
who  recommended  it  to  the  French  government."  The  telegraph 
brought  into  use  in  1793  or  1794,  by  M.  Chappe,  was,  as  will  be  seen 
by  fig,  2,  a  very  superior  machine  to  that  of  Dr.  Hooka 
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Chappe's  telegraph,  which,  from  its  positioQ  when  at  rest,  is  some- 
times called  the  T  telegraph,  consisted  of  an  upright  pole  or  post,  at 
the  top  of  which  was  pivoted,  by  its  centre,  a  transverse  beam,  which, 
by  means  of  ropes  wprked  in  the  chamber  below,  that  served  also  for 
an  observatory,  might  be  made  to  assume  any  required  angle  with  the 
post.  Each  end  of  this  moveable  beam  earned  a  short  arm,  that  was 
capable  of  assuming  any  required  angle  with  it ;  and  these  arms  also 
were  worked  by  ropes,  which  were  conducted  through  the  axis  of  the 
beam,  in  order  that  the  necessary  degree  of  tension  might  not  be  dis- 
turbed by  the  action  of  the  machine.  Bv  this  contrivance,  without 
the  use  of  any  angles  of  less  thui  45*"  (which  might  be  indistinct  when 
viewed  from  a  great  distance,  or  under  the  influence  of  a  refractive 
atmosphere),  as  many  as  256  different  signs  might  be  made.  A  much 
smaller  number  was  however  sufficient,  as  M.  Chappe  communicated 
his  intelligence  letter  by  letter,  and  simplified  the  movements  by  using 
an  alphabet  of  only  sixteen  letters.  The  small  figures  in  the  cut  show 
some  of  the  different  positions  assumed  by  the  beam  and  arms;  and, 
as  the  connection  between  these  and  the  letters  they  were  made  to 
represent,  was  quite  arbitrary,  their  signification  might  be  changed  as 
often  as  was  necessary  for  the  purposes  of  secrecy ;  it  being  only  neces- 
sary that  the  key  should  be  known  to  the  parties  sending  and  receiving 
the  message,  although  it  might  be  transmitted  through  a  great  number 
of  intermediate  stations.  Such  telegraphs  were  first  erected  on  a  line 
commencing  at  the  Louvre,  in  Paris,  and  proceeding  bv  Montmartre 
and  other  elevated  points  to  Lisle,  in  order  to  communicate  between 
the  Committee  of  Public  Welfare  and  the  combined  armies  in  the  Low 
Countries.  Telescopes  were  used  at  each  station,  and  the  signals  dis- 
played at  one  station  were  inunediately  repeated  at  the  next ;  four 
seconds  being  found  sufiicient  for  effecting  the  required  motions,  and 
sixteen  seconds  the  time  allowed  for  observing  and  noting  down  each 
signal,  during  which  the  machine  remidned  stationary.  Barr^re,  in 
announcing  the  invention  of  the  telegraph  to  the  Convention,  on  the 
17th  of  August,  1794,  stated  that  the  news  of  the  recapture  of  Lisle 
had,  by  means  of  this  machine,  reached  Paris  in  an  hour  after  the 
troops  of  the  Republic  had  entered  the  place.  ('Annual  Register,' 
1794.) 

The  advantages  of  such  extraordinary  celerity  of  communication 
were  so  obvious,  that  in  England  and  other  countries  many  plans  were 
immediately  brought  forward,  some  of  which  differed  materially  from 
that  which  had  been  successfully  put  in  practice  in  France.  Among 
these  was  that  contrived  by  Mr.  R.  L.  Edgeworth,  whose  numerical 
telegraph  (or  a  telegraph  expressing  numbers,  which  numbers  refer  to 
letters,  words,  or  sentences,  in  a  dictionary),  will  be  understood  by 
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means  of  fig,  8,  In  which  an  index  or  pointer,  in  the  fonn  of  an  isos- 
celes triangle,  was  so  mounted  upon  a  post,  or  on  a  portable  triangular 
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stand,  that  it  might  be  tuniod  into  any  of  the  eight  positions  shown  in 
the  upper  part  of  the  cut ;  these  positions  iadicatiug,  respectively,  Q 
and  the  numerals  1  to  7.  Four  such  pointers,  mounted  side  by  side, 
as  in  the  lower  part  of  the  figure,  afford  power  for  expressing  any 
number  from  1  to  7777,  excepting  8,  9, 18, 19,  28,  29,  and  all  others 
in  which  the  numerals  8  and  9  are  required  :  the  first  pointer  repre- 
senting thousands,  the  second  hundreds,  the  third  tens,  and  the  fourth 
units.  Thus,  the  four  black  pointers  in  the  figure  being,  respectively, 
in  the  positions  indicating  2,  7,  7,  and  4,  express,  collectively,  the 
number  2774.  Further  particulars  of  this  method  will  be  found  in 
Edgeworth's  '  Essay  on  the  Art  of  Conveying  Secret  and  Swift  Intelli- 
gence,' published  in  the  sixth  volume  of  the  '  Transactions  of  the  Royal 
Irish  Academy.'  He  also  published  a  pamphlet  entitled  '  A  Letter  to 
the  Right  Honourable  the  Karl  of  Charlemont  on  the  Tellograph,  and 
on  the  Defence  of  Ireland,'  which  was  reprinted  at  London  in  1797. 

The  Rev.  J.  Gamble,  chaplain  to  the  Duke  of  York,  proposed  a 
shutter  tel^;raph,  consisting  of  a  frame-work  containing  five  boards,  or 
shutters,  arranged  vertically  one  above  the  other,  and  pivoted  in  such 
a  way  that  any  or  all  of  them  might  be  closed,  so  as  to  present  their 
broad  surfaces  to  the  eye,  or  opened,  so  as  to  show  merely  a  thin 
edge,  which  would  be  invisible  at  a  distance.  The  various  signals 
proiduced  by  closing  one  or  more  of  these  shutters  may  be  applied 
either  to  a  numerical  or  an  alphabetical  system.  A  similar  plan  sub- 
mitted to  the  Admiralty  in  1795,  by  Lord  George  Murray,  was  adopted 
in  the  first  government  line  of  telegraphs  established  in  England,  in 
1796,  between  London  and  Dover.  The  'Annual  Register 'for  that 
year  (p.  4  of  the  '  Chronicle ')  mentions  the  erection  of  the  telegraph 
over  the  Admiralty  on  the  28th  of  January,  and  states  that  information 
had  been  conveyed  from  Dover  to  London  in  seven  minutes.  The 
action  of  this  kind  of  telegraph,  which  was  continued  in  use  by  the 
Admiralty  until  the  year  1816,  is  illustrated  by  fig,  4,  in  which  a 
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represents  a  square  frame-work  with  six  octagonal  shutters,!,  2,  8, 4, 5, 
and  6,  arranged  in  two  vertical  columns,  or  sets,  and  turned  into  a 
vertical  position,  so  as  to  display  their  broad  surfaces  completely,  and 
B  represents  the  same  apparatus  with  the  boards  or  shutters  placed 
horizontally,  or  turned  one-quarter  round  upon  their  respective  axes, 
so  as  to  present  nothing  but  their  edges  to  the  eye.  The  central  space 
between  the  two  columns  of  shutters  serves  to  render  them  more 
distinct  to  a  distant  observer,  and  affords  room  for  the  ropes  and 
pulleys  by  which  the  telegraph  is  worked,  and  which  are  managed  by 
persons  in  the  observatory  below.  A  modification  of  this  kind  of 
telegraph,  intended  for  night  as  well  as  for  day  service,  was  submitted 
to  the  Society  of  Arts,  in  1805,  by  Mr.  Joseph  Davis.  About  the  same 
time  that  shutter-telegraphs  were  being  introduced  in  England,  the 
Chevalier  A.*  K.  Edelcrantz,  of  Stockholm,  was  devising  similar 
machinery  for  use  in  Sweden.  (See  Nicholson's  'Journal,'  1803; 
Society  of  Arts  '  Transactions ' -for  1808.)  Other  modifications  of  the 
shutter  telegraph  were  put  forward  from  time  to  time,  but  experience 
established  the  superiority  of  telegraphs  or  semaphores  with  moveable 
arms ;  and  these  were  greatly  simplified,  so  as  to  avoid  the  objection 
raised  to  the  old  French  telegraph.  Among  the  schemes  proposed  soon 
after  the  first  practical  application  of  telegraphs,  was  one  wnich  consisted 
in  dividing  a  large  circle  into  twenty-four  parts,  for  Uie  letters  of  the 
alphabet,  and  employing  a  traversing  radius,  or  index,  to  point  them 
out ;  wires  being  fixed  before  the  object-glass  of  the  telescope  to  enable 
the  distant  observer  to  determine  the  position  of  the  radius.  This  plan 
could  only  be  applied  to  short  distances,  because  refraction  might 
render  it  difficult  to  distinguish  between  positions  so  littio  varying 
from  each  other.  The  same  radiating  principle  was,  however,  adopted 
in  some  machines  of  a  more  practical  character ;  among  which  was  a 
telegraph  contrived  by  the  Rev.  J.  Gamble,  consisting  of  five  beams  or 
arms  pivoted  at  the  top  of  a  post,  upon  one  axis,  and  capable  of  pro- 
ducing many  different  combinations  without  using  angles  of  less  tnan 
45".  On  a  similar  principle  were  constructed  the  French  coast 
telegraphs  adopted  in  1803,  to  which  the  name  of  tcmaphnre  was  first 
appUed,  and  from  which  it  has  been  given  to  other  telegraphic  machines, 
the  action  of  which  is  dependent  upon  the  motion  of  arms  around 
pivots  placed  at  or  near  their  extremities.  These  French  semaphores, 
or,  as  tiiey  were  sometimes  called,  tignal-potU,  consisted  of  upright 
posts  with  two  or  three  moveable  arms,  turning  upon  separate  pivots, 
one  above  the  other.  Before  they  were  much  known  in  this  country. 
Captain  Pasley  had  been  led  to  observe  the  inferiority  of  the  common 
land-telegraph  to  that  used  at  tea,  which  consisted  of  coloured  flags. 
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and  by  which  three  numbers,  or  rather  three  numerals  combmed  to 
form  one  number,  mighf  be  readily  expressed.  To  remedy  this  defect, 
he,  in  1807  (before  he  had  seen  the  French  semaphore),  devised  what 
he  termed  a  "  polygrammatic  telegraph/'  a  description  of  which  was 
published  in  Tilloch's  '  Philosopldcal  Magazine,'  vol.  xzlx.  This 
machine,  fg,  5,  consisted  of  four  posts,  at  the  top  of  each  of  which  wsb 
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pivoted  a  pair  of  arms.  Each  pair  of  arms  was  capable,  by  assuming 
the  various  positions  indicated  by  the  dotted  lines  added  to  the  first 
pair,  of  funning  more  than  a  sufficient  variety  of  distinct  signals  to 
express  any  of  the  numerals  or  the  0 ;  and  consequently  the  whole 
machine  could  represent  any  number  composed  of  not  more  than  four 
figures,  besides  having  several  signals  to  spare.  In  1809  Captain 
Pasley  saw  the  French  semaphore,  which  he  described  in  the  following 
year,  together  with  a  modification  of  his  own  polygrammatic  tel^p^ph, 
founded  upon  it,  in  the  thirty-fifth  volume  of  the  periodical  just 
mentioned.  This  sinlplified  polygrammatic  telegraph,  represented  in 
jtg,  6,  has  three  pairs  of  arms,  representing  hundreds,  tens,  and  units, 

pivoted  to  different  parts  of  the  same  vertical 
post.  This  contrivance  is  adopted  by  Lieu- 
tenant-Colonel Macdonald,  witii  very  trifling 
variation>  in  his  *  Treatise  explanatory  of  a  new 
System  of  Naval,  Military,  and  Political  Tele- 
graphic  Conununication,'  published  in  1817.  By 
^X^^  the  addition  of  a  ball  and  a  vane  at  the  top  of 

^  S  -^  ^o  mast,  it  becomes  a  machine  of  the  same 
power  as  Macdonaid's  thirteen-shutter  telegraph ; 
as  each  pair  of  arms  is  capable  of '  assuming 
fifteen  distinct  positions.  Another  semaphore 
on  the  same  principle  was  sabmitted  to  the 
Society  of  Arts  in  1821,  by  Lieutenant  N.  H. 
Nicolas,  and  described,  together  with  a  method 
of  applying  a  shifting  key  to  telegraphic  com- 
munications, for  the  purpose  of  insuring  their 
secrecy,  in  the  thirty-ninth  volume  of  the 
Socie^'s  'Transactions.'  The  telegraphs  upon 
the  commercial  line  of  conmiunication  esta- 
blished between  London  and  the  Downs  were  constructed  upon  another 
modification  of  the  polygrammatic  principle ;  four  pairs  of  arms  being 
employed,  but  mounted  upon  two  posts  iostead  of  one,  as  in  Nicolas's 
■emaphore,  or  four,  as  in  the  original  design  of  Captain  Ptoley. 

In  1816  it  was  determined  to  change  the  Admiralty  telegraphs  Into 
•emaphores  constructed  on  the  principle  of  those  used  in  l^ance,  with 
the  improvements  suggested  by  Sir  Home  Popham,  who  had  previously 
done  much  for  the  miprovement  of  naval  signals.  The  action  of 
Popham's  semaphore  is  explained  by  fy,  7,  in  which  dotted  lines  are 

added  to  i^ow  tiie  various  positions  in 
which  the  arms  may  be  placea,  and  ntime- 
rals  to  show  the  numbers  indicated  by 
those  positions.  Only  two  arms  are  em- 
ployed; but  as  they  are  mounted  upon 
separate  pivots,  each  of  them  can  assume 
six  different  positions,  and  the  two  together 
are  capable  of  affording  forty-eight  signals ; 
which  number,  though  less  than  that  given 
by  the  six-shutter  telegraph,  is  sufficient  to 
express  the  letters  of  the  sJphabet  and  the 
Anbic  numerals,  and  to  leave  thirteen 
signals  unappropriated,  for  abbreviations 
and  arbitrary  signs.  This  kind  of  sema- 
phore (which  ia  minutely  described  in  the 
Ij '  Society  of  Arts  Transactions,'  voL  xxxiv.) 
was  used  at  the  government  stations  until 
superseded  by  the  electric  telegraph. 

The  vertical  post  of  this  tele^ph  was  a 
hollow  hexagonal  mast,  which,  turning  on 
a  pivot  at  its  foot,  and  in  a  collar  where  it 
passed  through  the  roof  of  the  observatory, 
could  be  moved  so  as  to  display  its  signals 
in  any  direction.  The  moveable  arms  were 
provided  with  balance-weights  In  the  form 
of  masses  of  metal  attached  to  their  e^orter 
ends,  verjr  near  to  the  pivots  upon  which  they  turned,  by  which  means 
they  could  be  moved  in  any  direction  with  the  exertion  of  a  very  small 
force ;  and  they  were  made,  when  out  of  use,  to  fall  into  grooves.or 
recesses  in  the  post,  so  as  to  become  invisible.  The  movements  were 
effected  by  means  of  two  winch-handles  near  the  base  of  the  mast, 
within  the  cabin,  one  for  each  arm.    The  winch-handles  turned  two 
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small  bevel-wheels,  which  communicated  motion  by  means  of  two 
horizontal  bevel- wheels  to  long  upright  shafts  or  rods,  which  passed  up 
the  inside  of  the  hollow  post  of  the  telegraph.  At  the  upper  ends  ol 
these  rods,  which  were  held  steady  by  suitable  bearings,  were  endlaas 
screws,  working  into  toothed  wheels  fixed  upon  the  axes  of  the  arznB, 
and  thereby  communicating  motion  to  them.  In  order  that  the  person 
who  worked  the  machine  might  know  precisely  when  the  arms  were 
brought  to  the  required  positions,  similar  endless  screws  were  added 
near  the  lower  ends  of  the  vertical  rods,  to  give  motion  by  toothed 
wheels  to  indexes,  which  gave  a  miniature  representation  of  tne  motion 
of  the  arms.  Excepting  these  indexes  and  the  winch-handles,  the 
whole  apparatus  was  inclosed  in  the  vertical  shaft  of  the  telegraph,  on 
the  outside  of  which  small  blocks  were  added,  to  enable  a  man,  with 
the  assistance  of  a  rope  from  the  top  of  the  post,  to  ascend  the  machine 
for  the  purpose  of  cleaning  and  oiling  it. 

About  the  same  time.  Sir  Home  Popham  proposed  a  modification  of 
the  semaphore  for  marine  purposes,  which,  he  conceived,  would  be 
found  very  advantageous  for  the  merchant-service,  by  superseding  the 
necessity  for  a  costly  set  of  signal-flags,  the  expense  and  wear  and  tear 
of  which  formed  a  serious  objection  to  a  system  of  general  telegraphic 
communication  at  sea,  excepting  in  the  ships  of  the  East  Indui  Com- 
pany.   His  proposed  sea-telegraph  would  not,  it  is  stated,  cost  more 
than  fifty  shillings  at  first,  and  its  wear  and  tear  would  not  amount  to 
five  shillings  a  year.    As  the  height  of  an  apparatus  resembling  tho 
land-semaphore  would  be  objectionable  for  marine  purposes,  Popham 
proposed  to  use  two*  poets,  12  feet  2  inches  hig^  and  6  inches  thick, 
each  having  a  single  arm,  6  feet  4  inches  long  and  10  inches  broad^ 
pivoted  to  the  top,  but  not  falling  into  a  slot  in  the  post,  as  in  the 
last-described  machine.    In  a  small  slot  at  the  top  of  each  post  is  a 
grooved  pulley  or  sheave,  fixed  upon  the  same  axis  as  the  arm ;  and  at 
a  convement  height  from  the  bottom  of  each  poet  another  precisely 
similar  pulley  is  mounted  in  like  way,  its  axis  passing  through  the 
post,  and  carrying  a  small  wheel  with  four  handles  at  rij^t  angles  with 
each  other,  by  which  the  machine  is  worked ;  the  motion  of  the  lower 
pulley  being  communicated  to  the  upper  one,  and  consequently  to  the 
arm,  by  an  endless  rope,  which  has  two  or  three  turns  roimd  each  of 
the  sheaves,  and  passes  up  by  the  sides  of  the  post.    When  the  tele> 
graph  is  in  use,  the  poets  may  be  attached  to  we  sides  of  a  vessel  by 
stepping  their  lower  ends  into  blocks  fixed  for  the  purpose,  and  lashing 
them  to  l^e  bulwarks ;  or  they  may  be  mounted  upon  trucks,  so  as  to 
be  readily  moved  from  one  part  of  the  ship  to  another.    The  descrip- 
tion of  this  machine  in  Sir  Home  Popham's  communication  to  the 
Society  of  Arts  mentions  but  four  positions  for  each  arm,  and  states 
that  when  placed  in  the  four  positions  diagonally  to  the  post,  one  arm 
denotes  1,  2,  8,  and  4,  and  the  other  5,  6,  7,  and  8.    This  arrangement 
gives  twentv-four  distinct  signals,  and  avoids  the  possibility  of  mis- 
taking the  horizontal  for  an  inclined  position  of  either  arm,  of  which 
there  might,  owing  to  the  motion  of  the  ship,  be  some  risk. 

Major-Qeneral  Pasley,  in  a  pamphlet  published  in  1823,  entitled 
'Description  of  the  Universal  Telegraph  for  Day  and  Night  Signals,' 
abandons  the  polygrammatic  principle,  and  adopts  the  simple  form 
shown  in  fig,  8,  which  represents  what  he  styles  the  **  universal  tele- 
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graph,"  as  adapted  for  day-service.  It  consists  of  an  upright  post  with 
two  arms,  both  attached  to  one  pivot  at  its  upper  extremity.  Each 
arm  is  capable  of  assuming  the  seven  positions  indicated  in  the  cut, 
besides  what  is  called  the  stop,  which  is  made  when  turned  down  and 
obscured  by  the  post^  Twenty-eight  distinct  signals  may  therefore  be 
made  by  the  apparatus,  as  shown  in  the  subjoined  table ;  these  being 
more  than  sufficient  for  the  letters  of  the  alphabet,  though  not 
numerous  enough  to  allow  of  a  full  alphabet  and  the  numeral 
characters. 

Tabic  of  the  separate  or  dieUnot  Signals  given  hy  Patley*s  Universal  Telegraph, 


1 

6 

15 

25 

36 

56 

3 

7 

16 

36 

37 

67 

S 

12 

17 

37 

45 

67 

4 

IS 

33 

34 

46 

5 

14 

34 

35 

47 

It  had  been  found,  in  using  Sir  Home  Popham's  ship-semaphores 
that  uncertainty  was  occasioned  by  the  signals  being  sometimes  seen 
in  reverse^  in  wnich  case  one  number  or  sign  would  be  confounded  with 
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another;  Pasley  provided  against  thia  oocurrenoe  with  hia  universal 
telegraph  by  the  addition  of  the  auxiliary  arm,  or  indicator,  marked  a, 
Jig.  8,  which,  in  whatever  direction  the  machine  may  be  viewed,  distin- 
guiahes  the  idde  at  whioh  the  numei-al  signs  commence.  It  serves  also  to 
prevent  the  position  marked  4  from  being  confounded  with  the  stop, 
whioh  it  might  be  if  there  were  nothing  to  indicate  that  the  telegraph  is 
at  work,  and  to  enable  the  eye  to  measure  its  height  The  counter- 
balance weights  of  the  arms  are  not  fixed  dose  to  the  pivot,  but  extend 
to  some  distance  from  it,  in  the  form  of  a  slender  framework  of  iron, 
with  a  ball  at  the  outer  extremity,  their  light  appearance  rendering 
them  almost  invisible  at  a  distance.  Pasley  states  that  telegraphs 
should  in  general  be  painted  black,  and,  if  possible,  so  placed  that  they 
may  be  seen  without  any  background.  If,  however,  a  backgroimd  be 
unavoidable,  the  telegragh  should  be  of  such  a  colour  as  to  contrast 
with  it.  In  some  cases,  where  the  appearance  of  the  background 
varies  muoh  at  different  periods  of  the  day,  it  has  been  found  useful  to 
paint  the  arms  white  and  black,  in  lai^e  chequers,  each  occupying 
half  of  the  width  and  half  of  the  length  of  the  arm. 

The  contrivances  which  have  been  suggested  for  effecting  telegra- 
phic communication  are  so  very  numerous,  that  anything  like  an  enume- 
ration of  them  is  impossible  in  this  place.  Several  depend  upon  the 
application  of  arms  of  various  forms  to  a  semaphoric  telegraph,  while 
another  class  of  telegraphic  contrivances  depend  upon  the  exhibition  of 
devices  or  symbols,  in  a  manner  somewhat  resembling  the  original 
contrivance  of  Dr.  Hooke.  In  Hr.  Spencer's  '  anthropo-telegraph,'  a 
man  holds  a  couple  of  diMss  in  his  hands,  and  makes  signals  by  placing 
them  in  different  positions  with  respect  to  each  other.  But  the  reader, 
interested  in  this  sort  of  detedl,  which  is  now  purely  historical,  may 
gratify  his  curiosity  by  referring  to  the '  Transactions  of  the  Society  of 
Arts.'  Macdonald's  'Treatise  on  Telegraph  Communication'  (1817), 
also  contains  a  multitude  of  similar  details. 

Marine  telegraphic  communication  is  an  object  of  great  importance, 
since  there  are  many  circumstances  whioh  render  personal  commimioa- 
tion  between  vessels  at  sea  impracticable,  and  that  sometimes  in  cases 
of  the  greatest  emergency.  But,  although  naval  signals  have  been,  of 
necessity,  long  used,  and  flags  of  various  forms  and  colours  have  been 
extensively  employed  for  the  purpose  of  making  them,  it  was  not  till 
within  a  comparatively  recent  period  that  they  were  reduced  to 
anything  like  an  efficient  telegraphic  system.  Sir  John  Barrow  states 
C  Ency.  Brit.;  art '  Navy ')  that "  The  idea  otnwmbering  the  flags,  and 
of  assigning  a  certain  number  of  correaponding  sentences  to  certain 
combinations  of  these  numbers,  was  reduced  to  something  approaching 
a  regular  system  in  the  fleet  o(  Lord  Howe ; "  and  that  in  the  year 
1798  a  new  signal-book  was  issued  by  the  Admiralty,  the  references  to 
which  were  made  by  a  numerical  arrangement  of  flags.  This  book 
contained  about  four  hundred  sentences,  expressive  of  the  most  usual 
operations  of  the  fleet ;  but  it  was  so  imperfect  that,  if  any  order  hiul 
to  be  transmitted  wMch  was  not  to  be  found  in  the  dictionair,  it 
became  necessary  to  make  the  signal  for ''  a  boat  from  each  ship ; '  an 
order  which  could  not  always  be  complied  with.  Tins  inconvenience 
was  remedied  by  the  plui,  suggested  by  Sir  Home  Popham,  of  making 
the  flag-signals  represent  the  letters  of  the  alphabet,  as  well  as  words 
and  sentences,  in  connection  with  numbers.  He  also  printed,  at 
Calcutta,  a  new  code  of  naval  signals,  which  was  subsequently  re- 
printed hi  England,  greatly  extended,  and  adopted  for  use  in  the  navy. 
Among  the  numerous  improvements  introduced  by  him  is  a  new 
method  of  cutting  the  signal  flags,  so  that,  as  he  explained  to  the 
Society  of  Arts  in  1816,  "  the  selvages  of  the  buntin  are  brought  on 
the  outer  edges  of  the  flags,  and  the  gorings  in  the  centre;  by  which 
means  the  outer  edge  is  susceptible  of  the  least  air  of  wind,  and  when 
the  flag  blows  out,  the  gorings  assist  in  keeping  it  out;  whereas  the 
old  flags  had  a  hem  on  the  outside,  which  rendered  them  difficult  to 
be  moved  without  a  fresh  breeze,  especially  in  damp  and  rainy  weather, 
as  the  hem  then  became  very  heavy."  "  Besides,"  he  adds,  "  it  is 
impossible,  from  the  nature  of  the  buntin,  to  sew  a  straight  seam,  for 
the  instant  it  is  out  it  will  become  in  some  degree  curved."  ('  Trans- 
actions,' vol.  xxxiv.) 

The  principle  of  the  numerical  system  as  applied  to  flsg-telographs 
in  the  navy  is  briefly  explained  by  Macdonald.  Nine  different  varie- 
gated flags  are  employed  to  express  the  numerals  1  to  9,  another  for  0, 
md  anoSier  called  a  tuhtlUuUf  to  repeat  any  flag  under  which  it  is 
hoisted,  in  the  case  of  the  same  numeral  occurring  twice  in  the  number 
to  be  expressed.  A  pendant  is  also  used  in  some  cases  as  a  substitute 
for  the  uppermost  figure;  and  thus,  by  the  use  of  eleven  different 
flags  and  a  pendant,  any  number  from  1  to  999  may  be  expressed 
without  displaying  more  than  three  flags,  or  two  flags  and  a  pendant, 
at  once. 

The  Codes  best  known  in  England  are  those  of  the  Admiralty,  1808, 
and  again  in  1816  and  1826,  and  the  modifications  which  form  the 
present  Admiralty  Code ;  Lynn's  Code,  1818 ;  Squire's,  1820 ;  Baper's, 
1828;  PhiUipps's,  1886;  Kohde's,  1886;  Walker's,  1841;  Eardley 
WUmot's,  1851 ;  Roger's  (American),  1854;  Reynold's  (French)  1855; 
Marryatt's  (last  edit),  1856 ;  Board  of  Trade  (2nd  edit),  1869.  In  all 
these  the  general  principle  is  the  same  as  above  explained.  A  certain 
number  of  flags  and  pendants  of  different  patterns  have  to  each  its 
own  name,  some  being  expressed  by  numerals,  others  by  letters,  while 
a  third  set  are  used  for  specific  purposes  :  one  called  the  Interrogatory, 
aski  a  question;  another  signifies  an  affirmation,  another  a  negation, 


and  so  on.  In  the  Admiralty,  this  system  is  carried  to  a  considerable 
extent,  and  requires  about  fifty  flags  or  pendants;  whUe  there  is  a 
general  system-book,  by  which  orders  are  given  for  evolutions  in  the 
fleet,  and  much  routine  information.  There  is  also  a  second  telegra- 
phic book,  including  common  words  in  English,  a  list  of  ships  in  the 
Ro^  Navy,  with  the  names  of  the  flags  by  which  each  is  distin- 
guished, and  other  useful  information.  There  is  also  a  system  of 
night  signals,  the  same  as  the  general  signal  book,  but  instead  of  flags, 
lamps,  with  or  without  blue  lights  or  guns,  convey  the  signals.  There 
is  also  a  system  of  fog-signals  xnade  by  the  firing  of  guns,  the  variations 
being  marked  by  the  intervals  between  the  reports.  In  addition  to  all 
this,  each  commander  is  furnished  with  private  and  secret  signals, 
which  are  only  used  to  ascertain  whether  a  ship  of  war  is  a  foreigner 
or  not ;  for  if  a  foreigner  the  proper  return  signal  will  not  be  known. 

A  general  code  adapted  to  merchant  vessels  was  invented  by  Captain 
Marryatt,  and  continued  in  use  up  to  the  year  1857,  when  the  Boaid 
of  Trade  published  their  '  Commercial  Code  of  Signals  for  all  Nations,' 
which  soon  came  into  general  use.  It  includes  only  18  flags  or 
pendants,  which  were  named  after  the  consonants,  and  were  so 
arranged  as  to  show  the  distinguishing  flag  of  every  British  merchant 
ship,  a  list  of  such  ships  as  are  registered  being  published  eveij  year 
by  the  Board  of  Trade,  with  an  official  number  to  each.  Each  ship 
always  retains  its  name  and  number,  although  it  may  change  its  port 
The  signals  provided  for  were  20,000,  and  4  flags  the  greatest  number 
for  any  signal  The  system  was  modified  by  a  committee  appointed 
by  the  Board  of  Trade  in  1855,  and  as  now  in  operation  provides  by 
means  of  18  flags  and  8  pendants  for  upwards  of  70,000  signals :  the 
flags  and  pendimts  are  given  under  Flag.  The  signals  are  arranged  in 
classes  for  easy  reference.  We  may  lastly  refer  %o  a  system  of  boat- 
signals  arranged  by  Captain  Wilmot. 

Sir  John  Barrow,  in  the  article  before  alluded  to,  observes  that  ft 
telegraph  employed  for  public  purposes  should  be  possessed  of  power, 
eertcmty,  ntnpUcUy,  eeUrity,  and  tecreey.  It  should  have  sufficient 
power  to  express,  by  ^distinct  positions  or  combinations  of  moveable 
ports,  any  possible  order  or  information,  either  by  letters,  words,  or 
sentences.  Its  certainty  will  depend  upon  all  its  parte  being  clearly 
defined,  wholly  within  the  field  of  the  telescope,  and  so  distinct  that 
there  shall  be  no  risk  of  mistaking  one  signal  for  another ;  whence  the 
importance  of  simplicity  becomes  obvious.  In  order  to  decide  the 
question  as  to  distinctness,  the  shutter-telegraph  at  Nunhead,  near 
New  Cross,  was  left  standing  for  some  time  on  the  same  hill  as  the 
semaphore ;  and  the  result  of  the  trial  for  a  whole  winter  was,  "that 
the  semaphore  was  frequently  distinctly  visible  when  the  boarded 
telegraph  was  so  much  tnveloped  in  mist  and  fog  that  the  particular 
boards  shut  or  thrown  open  could  not  be  distinguiidied ; "  and  that 
the  number  of  days  in  the  course  of  the  winter  upon  which  the 
semaphore  was  visible  exceeded  those  upon  which  the  shutters  could 
be  seen  by  fully  one-third. 

Any  means  of  telegraphic  eonmiunication  whioh  depends  upon  the 
deciphering  of  signals  exhibited  at  a  distant  station  is  necessarily  de- 
pendent upon  contingencies  of  weather;  but  many  plans  have  been 
contrived  for  effecting  the  object  in  such  a  manner  as  to  be  inde- 
pendent both  of  light  and  of  the  state  of  the  atmosphere.  For  com- 
munication between  the  diffiarent  parts  of  a  house  this  object  may  be 
effected  by  a  mechanical  connection,  by  chains  or  wires,  between  two 
dials  with  revolving  indexes  or  pointers,  in  such  a  way  that  when  one 
pointer  is  directed  to  a  particular  letter  or  word  inscribed  upon  the 
dial  to  which  it  is  attached,  the  other  may  exhibit  a  similar  movement 
The  attention  of  the  servant  is  engaged  previously  by  ringing  a  bell ; 
and  when  the  required  signal  has  been  made,  a  spring  returns  both 
indexes  to  their  original  position.  Speaking-pipes,  or  tubes  to  convey 
the  voice  from  one  place  to  another,  are  also  available  for  short  di» 
tances,  but  their  range  is  too  limited  for  application  on  an  extended 
scale.  One  of  the  early  schemes  of  this  character  depends  upon  the 
principle  of  water  finding  its  level ;  but,  independently  of  the  difficulty 
which  might  arise  from  the  friction  of  water  in  a  very  long  pipe  of 
small  diameter,  such  as  would  be  required  to  connect  the  vertical  tubes 
in  which  the  observations  would  be  made,  such  a  plan  involves  the 
necessity  of  having  all  the  communicating  stations  at  or  near  the  same 
level.  Other  hydiavdic  telegraphs  depend  upon  the  comparative  inoom- 
pressibility  of  water  or  other  liquids ;  it  being  proposed  to  lay  down 
small  pipes  of  any  required  length,  and  to  indicate  different  signals 
by  pressing  more  or  leas  upon  the  surface  of  the  fluid  contained  in 
them,  which  would  transmit  the  motion  to  the  opposite  end  of  the 
pipe,  where  it  might  be  pointed  out  upon  a  dial,  or  in  any  other  con- 
venient manner.  Mr.  Yallance  described  such  a  method  of  telegraphic 
communication  in  a  pamphlet,  published  in  1825,  of  which  Hebert 
gives  some  account  ('  Engineer's  and  Mechanic's  Enoydopsedia'^ ;  and 
some  similar  schemes  have  been  more  recently  propounded.  Air  con- 
fined in  small  pipes  has  also  been  tried  to  a  limited  extent  as  a  pneu- 
matio  telegraph ;  but  in  this,  as  well  as  in  the  hydraulic  system,  the 
risk  of  leakage  is  a  serious  disadvantage. 

TELEGRAPH,  ELECTRIC.  The  attempts  to  render  one  or  other 
of  the  phenomena  of  electricity  subservient  to  the  purposes  of  tele- 
graphy, have  been  numerous.  From  the  earliest  date  whioh  we  can 
assign  to  the  existence  of  an  electric  telegraph,  its  essential  parts  have 
been  the  same.  These  are,  1st,  the  source  of  electrical  power;  2nd, 
the  conducting  material  by  which  this  power  is  enabled  to  travel  to 
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the  required  locality ;  and  3rd,  the  apparatus  by  which  at  the  distant 
end  of  the  line,  the  existence  of  this  power,  its  amount,  or  the  direc- 
tion of  its  action,  is  made  known  to  the  observer.  In  the  earlier  stages 
of  the  invention,  the  investigations  of  its  promoters  were  confined  to 
the  last  of  these  three  essentials ;  and  so  long  as  the  illustration  of  the 
idea  was  oonfined  to  the  lecttu'e-table,  this  part  claimed  pre-eminence. 
But,  with  the  proposed  application  of  the  principle  to  purposes  of 
general  utility,  there  arose  the  necessity  for  an  equal  degree  of  atten- 
tion to  the  two  former  requisites. 

The  experiments  of  Dr.  Watson  in  England,  in  1747^  and  of  Franklin, 
in  1748,  on  the  banks  of  the  Schuylkill  river,  may  have  suggested 
the  conveyance  of  information  by  means  of  electricity.  The  earliest 
authenticated  instance  of  any  attempt  to  reduce  this  idea  to  practice, 
appears  to  have  been  that  of  M.  Lesage  at  Geneva,  in  1 774,  and  of  Lomond 
in  France,  in  1 787.  They  employed  as  an  indicator  a  pair  of  pith  balls, 
suspended  from  one  end  of  an  insulated  wire,  at  the  other  end  of  which 
was  the  operator,  provided  with  an  electrical  machine.  On  chai^ging 
the  wire  with  electricity,  the  pith  balls  would  exercise  mutual  repul- 
sion, and  diverge  from  one  another ;  but  on  removing  the  electrical 
chai^  from  the  wire  by  the  contact  of  some  conductor,  \he  balls 
would  collapse.  It  is  evident  that  certain  numbers  of  successive 
divergences  might  be  made  to  denote  x)articular  preconcerted  signals. 
Subsequently  to  this,  the  phenomenon  of  the  spark,  as  seen  on  the 
passage  of  electricity  through  an  uninterrupted  conductor,  was  used 
for  the  transmission  of  signals.  Were  the  various  letters  of  the  alpha- 
bet formed  in  this  manner,  upon  a  table,  and  connected  each  one  with 
a  distinct  and  insulated  wire,  any  particular  letter  might  be  rendered 
visible  in  a  darkened  room,  by  passing  an  electrical  charge  through  the 
appropriate  wire.  This  in  fact  constituted  the  telegraph  of  Reusser, 
or  Reiser,  invented  in  1794.  Betancourt  and  Dr.  Salva  in  Spain,  in 
1798,  appear  to  have  made  experiments  on  the  transmission  of  the 
charge  through  wires  of  great  length. 

A  somewhat  similar  form  of  apparatus,  involving  the  same  principle, 
was  constructed  by  arranging  the  sevei^  wires  in  succession,  wiUi  a 
single  break  in  each.  The  various  wires  bore  the  names  of  the  dif- 
ferent letters  or  figures,  and  any  rei^uired  signal  was  indicated  by 
passing  the  charge  through  the  proper  wire,  when  the  spark  visible  at 
the  interruption  of  the  circuit  would  denote  the  letter  to  the  observer 
at  the  farther  end. 

This  was  the  point  to  which  the  invention  had  advanced,  at  the 
commencement  of  the  present  century.  The  discovery  by  Volta,  in 
1800,  of  the  pile  which  bears  his  name,  forms  the  commencement  of  a 
new  era  in  electric  telegraphs,  although  there  was  no  immediate 
application  of  the  phenomena  of  the  galvanic  current  to  the  purpose. 
Indeed  several  important  discoveries  had  to  be  made  before  an  electric 
telegraph  of  any  value  was  possible. 

In  1807,  Sommering  at  Munich  proposed  to  construct  an  electric 
telegraph  un  the  principle  of  the  decomposition  of  water  by  the 
Voltaic  current,  as  discovered  in  1800  by  Nicholson  and  Carlisle.  The 
form  of  his  apparatus  was  the  following : — In  a  glass  trough  containing 
water,  thirty-five  gold  pegs  or  pins  were  arranged  vertically,  this 
number  of  pegs  corresponding  to  Uie  letters  of  the  alphabet,  together 
with  the  nine  digits.  Each  of  these  pins  was  connected  wiUi  a  wire, 
which  extended  to  the  place  whence  the  signal  was  to  be  transmitted. 
At  this  point  they  terminated  in  brass  strips,  arranged  in  a  frame  side 
by  side,  but,  like  the  wires  and  pins,  insulated  from  each  other.  Each 
brass  strip  bore  the  name  of  the  letter  or  figure  which  belonged  to  the 
pin  to  wUch  it  was  connected.  The  operator,  when  wishing  to  send 
any  communication,  connected  the  two  poles  of  the  battery  with  the 
brass  strips  bearing  the  names  of  the  two  first  letters  required. 
Decomposition  of  the  water  in  the  trough  at  the  distant  end  was 
instantly  indicated  by  the  evolution  of  bubblea  of  gas  from  the  two 
gold  pins,  which  thus  became  the  two  electrodes  or  poles  of  the 
battery.  The  letters  forming  any  communication  were  to  be  in  tUs 
manner  denoted  in  pairs,  the  inventor  ingeniously  availing  himself 
of  the  different  quantities  of  the  two  gases  evolved  to  point  out 
the  relative  position  of  the  letters  in  each  pair,  the  hydrogen  being 
employed  to  indicate  the  first  letter.  Schweigger  proposed  to  add  to 
this  svstem  a  plan  for  calling  the  attention  of  the  correspondent  at 
the  distant  station  by  the  discharge,  by  the  current,  of  a  pistol  chai^ged 
with  the  mixed  gases. 

In  1816,  Mr.  Ronalds,  of  Hammersmith,  invented  an  electric  tele- 
gi^ph,  in  which  the  use  of  frictional  electricity  was  recurred  to.  This 
telegraph,  which  was  shown  to  several  scientific  men  at  the  date  above 
given,  was  fully  described  by  the  inventor  in  a  work  published  by 
him  in  1823.  Mr.  Ronalds  employed  the  divei^gence  and  collapse 
of  a  pair  of  pith-balls  as  the  telegraphic  indication,  in  which  respect 
the  principle  was  the  same  as  that  adopted  by  Mr.  Lomond;  but 
to  this  simple  apparatus,  a  distinct  contrivance  was  appended,  in 
order  to  render  the  communication  more  rapid  and  easy.  A  single 
wire,  perfectly  insulated  by  being  suspended  from  silken  strings,  or 
buried  in  glass  tubes,  surrounded  by  pitch,  and  protected  by  wooden 
troughs,  was  extended  between  the  two  stations.  From  the  end  of 
this  wire  was  suspended  in  front  of  the  dial  of  a  clock  a  pair  of 
pith-balb,  so  that  while  the  wire  was  charged  the  balls  would  remain 
divergent,  but  would  instantly  collapse,  when  the  wire  by  contact 
with  the  earth,  or  with  the  hand  of  the  operator,  was  dischaiiged.  A 
persoa  at  one  end  having  therefore  an  electrical  machine  by  which 


he  could  maintain  the  wire  in  an  electrified  state,  and  the  pith-balls 
at  the  farther  extremity  consequently  in  a  state  of  divergence, — had 
it  of  course  in  his  power  to  give  an  instantaneous  indication  to    an 
observer  at  that  farther  extremity  by  touching  the  wire  with,    hia 
hand,  which,  discharging  the  electricity,  would  allow  the  balla  to   ool* 
lapse  for  an  Instant.     But  instead  of  merdy  employing  the  saooeasive 
movements'  of  the  pith-balls  to  denote  the  various  agnails,  Mr.  Ronalds 
added  another  apparatus  for  this  purpose.      Two  clocks,  very  accu- 
rately adjusted  to  the  same  rate  of  going,  carried,  instead  of    the 
ordinary  seconds  hand,  light  discs,  on  which  the  various  letters  of  the 
alphabet,  the  figures,  and  other  required  signals  were  engraved.  These 
discs  turned  with  a  regular  step  by  step  movement,  behind  a  screen 
of  metal,  in  which  was  made  a  sznall  opening,  sufficient  to  allow^  of 
one  lettOT  at  a  time  being  seen.      As  the  discs  turned  round,  each 
letter  in  succession  would  be  visible  through  this  space;  and  it  ia 
evident  that  if  the  clocks  were  started  with  the  same  signal  visible, 
the  movement  of  the  discs  would  bring  similar  signals  into  view  at 
the  same  time.     One  of  these  instruments  was  situated  at  each  end 
of  the  communicating  wire.    The  operator  who  was  about  to  traiu- 
mit  any  communication,  watched  the  dial  of  his  clock  until  the  letter 
he  required  was  visible,  and  at  that  instant  discharged  the  wire.     The 
momentary  collapse  of  the  balls  at  the  distant  end  would  then  warn 
the  observer  to  note  the  letter  visible  on  his  instrument,  which  would 
form  a  part  of  the  intelligence  to  be  received.    The  successive  letters 
or  signflJs  constituting  any  message  were  denoted  in  this  manner  as  the 
clock  dials  continued  to  turn  round.    In  order  to  avoid  the  necessity 
for  constant  attention  on  the  part  of  the  observer,  an  arrangement 
was  adopted  by  which  a  pistol  could  be  fired  by  the  spark  at  the 
farther  end,  to  summon  the  attendant  to  hia  instrument.    Variouii 
signals  were  aUo   concerted  beforehand,  by  the  use  of  which  the 
time  necessary  for  the  transmission  of  any  intelligence  was  lessened. 
These   experiments  of  Mr.  Ronalds'  were   made  with  the  interven- 
tion of  several  miles  of  wire,  carried  backward  and  forward  acroes 
his  grounds. 

In   1819,   Professor  Oersted  of   Copenhagen  made   his  great   dis- 
covery of  the  action  of  the  galvanic  current  upon  a  magnetic  needle. 
He  observed  that  when  a  current  is  passed  along  a  wire,  placed 
parallel  and  near  to  a  magnetic  needle,  free  to  turn  on  its  centre,  the 
needle  ia  deflected  to  one  side  or  the  other,  according  to  the  direc- 
tion in  which  the  current  is  transmitted.    He  further  noticed  that 
the  position  of  the  wire,  whether  above  or  below  the  needle,  had  an 
equal  influence  with  the  direction  of  the  current  in  determining  the 
side  to  which  the  deflection  took  place.      [Eleotro-Dtnamics.]    The 
power  of  a  single  wire  in  causing  this  deviation  of  a  needle  is  but 
small,  but  this  was  remedied  by  the  invention  of  the  maUipUer,  or 
Galyanombter,  by  Rx)fe8sor  Sdiweigger,  iu  which  the  needle,  being 
surrounded  with  many  successive  coUs  of  insulated  wire,  is  acted  upon 
by  the  joint  force  of  all.    Under  a  somewhat  different  form,  this  dis- 
covery now  forms  the  basis  of  the  needle  electric  telegraph. 

Very  shortlv  after  this  important  discovery  had  been  made,  Arago 
and  Amp6re  m  France,  and  Seebeck  in  Berlin,  succeeded  in  rendering 
iron  magnetic,  by  the  passage  of  a  galvanic  current  through  a  wire 
coiled  around  the  iron,  and  Stui^^n  in  England  produced  the  first 
electro-magnet.  [Electro-Maqnetism.]  It  was  found  that,  provided 
the  iron  to  be  magnetised  were  perfectly  soft  and  pure,  the  magnetic 
property  remained  only  during  the  actual  transmission  of  the  elec- 
tricity, and  was  lost  immediately  on  the  interruption  of  the  electric 
circuit.  If  the  iron  which  was  exposed  to  the  influence  of  the  galvanic 
current  were  combined  with  sulphur,  carbon,  or  phosphorus,  the 
magnetic  power  became  to  a  greater  or  less  extent  permanent  in  it 

Tlie  invention  of  the  voltaic  battery,  of  the  deflection  of  the  needle, 
and  of  the  magnetisation  of  soft  iron,  formed  the  three  great  steps  in  the 
history  of  the  electric  telegraph. 

M.  Amp^e  suggested  the  employment  of  the  discovery  of  Oersted  as 
early  as  1830,  and  this  suggestion  was  acted  upon  by  Professor 
Ritdiie,  in  a  model  telegraph  exhibited  by  him  at  the  Royal  Institu- 
tion. Ampere's  {dan  however  was  far  from  possessing  the  simplicity 
00  essential  in  an  instrument  designed  for  practical  use.  Not  less  than 
thirty  paLra  of  conducting  wires  were  necessary,  according  to  his 
scheme,  for  maintaining  a  telegraphic  communication. 

Baron  SchiUing  also,  in  Prussia,  in  1832  and  1833,  following  the  idea 
originated  by  Ampere,  proposed  a  similar  form  of  telegraph,  in  which 
there  were  as  many  of  these  galvanometers,  each  with  its  approp'iate 
circuit,  as  there  were  letters  or  signs  to  be  used  in  the  various  com- 
municationa  In  fact  there  were  86  needles  and  72  wires.  In  1833, 
Qauss  and  Weber  proposed  to  employ  the  separate  movements  of  a 
suspended  bar  as  signals :  but  its  indications  must  have  been  feeble,  as 
they  had  to  be  observed  through  a  telescope  placed  at  spme  distance 
from  the  oscillating  bar.  In  1837i  M.  Alexander  exhibited  a  model  of 
a  proposed  form  of  telegraph,  containing  25  needles,  to  be  acted  upon  as 
in  Ampere's  arrangement.  In  tins  instrument  a  distinct  needle  was 
employed  for  the  indication  of  each  letter,  these  needles  bearing  at  one 
end  light  screens  of  paper,  which  concealed  from  view  a  letter  or  figure, 
until  by  the  deflection  of  the  needle  the  screen  was  removed,  and  the 
letter  brought  into  sight.  M.  Alexander,  however,  effected  one  great 
improvement,  in  substituting  a  single  return  wire,  to  which  one  end  of 
all  the  coils  was  joined  for  the  several  distinct  return  wires  existing  in 
the  previous  invention  of  M.  Schilling.    At  a  later  period  this  gentle. 
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man  undertook  a  series  of  experiments,  with  a  view  to  the  establish- 
ment of  a  communication  hy  means  of  a  single  wire;  but  some 
mechanical  difficulties  appear  to  have  arrested  his  progress.  In  both 
of  these  telegraphs  all  that  was  requisite,  in  addition  to  the  indicating 
apparatus  and  conducting  wires,  was  a  contrivance  by  which  the  con- 
nection of  the  voltaic  batteries  could  be  made  with  any  pair  of  wires  in 
the  former,  and  with  any  single  wire  and  the  return-conductor  in  the 
latter  of  the  two  inventions.  In  M.  Alexander's  instrument,  a  set  of 
keys  resembling  those  of  a  pianoforte,  and  corresponding  to  the  number 
of  needles,  was  arranged  on  a  frame  or  table.  One  pole  of  the  battery 
being  connected  to  the  return  or  common  wire,  the  other  pole  was 
joined  to  a  plate  of  metal,  or  to  a  trough  of  mercury,  extending  beneath 
all  the  keys.  On  depressing  any  key,  the  wire  belonging  to  it,  which 
was  continued  to  the  end  over  the  battery  connection,  was  brought 
into  contact  with  this  bar  or  trough.  The  current  would  then  flow  along 
the  conducting  wire,  around  the  multiplier*coil  in  the  distant  instru- 
ment, and  return  by  the  common  wire  to  the  voltaic  battery.  The 
keys  bore  the  same  letters  as  the  needles  to  which  they  were  con- 
nected, so  that  the  operator  communicated  any  letter  by  pressing  down 
the  corresponding  key. 

In  these  two  instruments  no  use  was  made  of  the  power  which 
exists  of  determining  the  deflection  of  the  needle  to  either  side,  by 
merely  reversing  the  connections  of  the  battery. 

We  have  thus  traced  the  history  of  the  telegraph  up  to  the  point  at 
which  it  first  assumed  the  practical  form  in  Cooke  and  Wheatstone's 
inventions ;  but  what  had  been  accomplished  remained  either  unknown 
or  ^was  known  only  to  a  few  leading  men  of  science,  until  the  unex- 
pected development  of  the  electric  telegraph  in  the  hands  of  those 
gentlemen  led  each  one  who  was  in  possession  of  anv  title  to  the 
merit  of  having  believed  in,  and  experimented  upon,  its  possibility, 
to  produce  his  tiUe,  or  to  have  it  eagerly  put  forward  by  his  friends 
and  fellow-coimtrymen. 

In  June,  1837,  the  exjperiments  of  Messrs.  Cooke  and  Whealstone, 
which  had  been  progressmg  for  more  than  a  twelvemonth,  appeared  so 
far  successful  as  to  induce  them  to  apply  for  a  patent  for  their  inven- 
tions. The  principal  points  of  novelty  in  this  patent  were  the  use  of  a 
much  smaller  number  of  needles  to  denote  all  the  required  signals,  the 
employment  of  the  temporary  magnetism  excited  by  the  current  in 
soft  iron,  to  ring  an  alarum ;  and  the  reciprocEtl  arrangement  by  which 
the  invention  was  rendered  practically  applicable  to  a  long  line  of  com- 
munication. In  explaining  the  invention,  Mr.  Cooke  ('Telegraphic 
Railways ')  says : — "  If  a  magnetic  needle  were  placed  parallel  and  near 
to  any  part  of  a  conducting  wire,  which  we  will  suppose  to  be  laid 
down  between  London  and  Blackwall,  the  transmission  of  an  electric 
current  from  a  voltaic  battery  would  cause  the  needle  to  change  its 
position,  BO  as  to  stand  during  the  continuance  of  the  current  at  right 
angles  to  the  wire,  being  turned  in  one  direction  or  the  other  acconmig 
to  the  course  of  the  current.  If  this  deflexion  of  the  needle  were 
limited  by  two  fixed  stops  placed  respectively  at  the  two  sides  of  one  of 
its  poles,  the  motion  of  that  pole  to  one  stop  might  evidently  consti- 
tute one  signal,  and  its  motion  to  the  other  stop  another  signal." 
Such  an  apparatus  is  shown  in  Jig,  1,  the  dial  upon  which  the  signals 

Fis.l. 


the  position  indicated  in  the  figure ;  and  a  current  in  the  opposite 
direction  would  produce  a  deflexion  towards  the  opposite  side.  While 
no  current  passes  through  the  wire>  the  magnet  and  pointer  remain 
vertical.  The  next  cut  (Jig.  2)  represents  three  such  instruments 
complete,  and  connected  together  by  wires  enclosed  in  tubes,  which 
may  be  of  any  required  length.  One  of  these  may  be  supposed  to  be 
at  itie  Bfinories,  the  next  at  an  intermediate  station,  and  the  third  at 
Blackwall;  and  as  each  is  provided  with  a  battery,  and  a  handle 
(beneath  the  dial)  by  which  the  conducting  wire  may  be  connected 
wiUi  it  at  pleasure,  Uie  attendant  at  every  station  at  which  such  an 
inatnmient  is  placed  can  instantaneously  communicate  the  signal  to 
"stop"  or  to  "go  on"  to  all  the  other  stations;  attention  being 
previously  engaged  by  ringing  a  bell,  placed  above  the  dial.    Fig,  3 

fig.  S. 


are  represented  being  removed.  In  this  cut  a  may  be  supposed  to 
represent  the  battery,  and  6  6  the  conducting  wire,  which  Is  formed 
behind  the  dial  into  a  ooil  c:  ddin  the  front  or  index  needle,  mounted 
upon  an  axis  passing  through  the  coil,  another  needle  on  the  same  axis 

Fig.  S. 


being  within  the  coil.  The  front  needle  carries  upon  its  extremity, 
which  comes  through  the  dial,  an  index  or  pointer  c.  The  arrows 
indicate  the  direction  of  the  current  required  to  deflect  the  magnet  to 


represents  a  dial,  in  which,  by  the  combination  of  four  such 
magnets  and  pointers,  all  the  letters  of  the  alphabet  may  be  expressed 
by  pointing  one  or  two  needles  towards  them ;  and  of  course  a  larger 
or  smaller  number  of  signals  might  be  made  on  the  same  principle  if 
necessary.  A  telegraph  with  two  pointers,  showing  eight  signals,  is 
considerod  by  Mr.  Cooke  to  be  sufficient  for  all  ordinary  purposes. 
The  wires,  where  several  are  used,  are  covered  with  some  insulating 
material  (such  as  a  mixture  of  ootton  and  caoutehouc),  and  combined 
into  a  rope  and  enclosed  in  an  iron  tube,  which  may  be  either  buried 
beneath  Uie  surface  of  the  earth  or  supported  above  it. 

The  instrument  which  was  brought  into  use  on  the  Great 
Western  Railway  shortly  after  the  date  of  the  patent,  contained  five 
needles,  arranged  with  their  axes  in  a  horizontiJ  line.  The  needles 
when  at  rest  hung  vertically,  by  reason  of  a  slight  preponderance 

Sven  to  their  lower  jends.  Each  coil  was  connected  with  one  of  the 
ng  conducting  wires  at  one  end,  and  was  united  at  the  other  with  a 
rod  of  metal,  which  joined  together  the  similar  ends  of  all  the  coils. 
The  current  was  transmitted  from  the  opposite  end  of  the  wires 
(where  a  set  of  ^five  pairs  of  finger-keys,  for  making  the  connections 
with  the  batteiy,  was  placed)  through  two  of  the  wires  at  once.  That 
is  to  say,  one  of  the  wires,  of  which  one  key  was  pressed  down,  served 
to  convey  the  current  from  one  pole  of  the  battery  to  the  distant 
instrument,  while  the  key  of  a  second  wire  being  brought  into  contact 
with  the  other  pole,  the  current  returned  bv  the  rod  of  metal  con- 
necting the  coils  and  the  second  wire  to  the  battery  again.  Two 
needles  were  in  this  manner  deflected  at  once,  and  it  will  be  obvious 
that  the  current  would  pass  in  opposite  directions  around  their  coils, 
and  consequently  that  the  deflections  must  be  in  contrary  directions. 
The  needles  would  therefore  converge,  either  above  or  below  their  line 
of  centres,  as  one  or  other  of  the  pair  of  keys  belonging  to  each  wire 
was  depressed.  ^  Fixed  stops  were  so  placed  on  each  side  of  the  needles  • 
as  to  limit  their  motion,  and  when  resting  against  them,  the  needles 
were  parallel  to  two  converging  lines,  at  the  point  of  intersection  of 
which  a  letter  was  placed.  {Fig.  3.)  This  was  the  signal  indicated  by  the 
movement  of  the  needles.  In  a  similar  manner,  as  lines  were  drawn 
diverging  from  the  centre  of  each  axis,  mutually  crossing  one  another, 
a  number  of  points  of  intersection  were  formed,  at  each  of  which  was 
a  letter  or  signal.  Any  of  these  letters  could  be  indicated  by  the 
simultaneous  movement  of  two  needles,  so  that  a  communication  could 
be  carried  on  with  certainty  and  tolerable  rapidity.  At  the  same  time 
a  i)]an  was  recognised,  by  which  the  number  of  wires  requisite  for 
maintaining  a  communication  might  be  reduced,  by  using  one  of  them 
at  times  as  a  return  wire  only,  there  being  no  needle  in  connection 
with  this  one.  One  needle  could  by  the  use  of  this  wire  be  deflected 
by  itself  either  to  the  right  or  left,  and  tiius  of  course  each  would 
furnish  two  signals,  in  addition  to  those  formed  by  its  simultaneous 
deflection  with  any  other.  The  instruments  at  the  two  stations  were 
always  rendered  reciprocating ;  that  is,  at  each  end  of  the  line  were 
placed  an  instrument,  a  set  of  finger-keys,  and  a  voltaic  battery,  so 
that  either  station  could  transmit  or  receive  a  signal.  By  an  ingenious 
arrangement,  the  keys,  on  being  released  after  depression,  were  nutde 
to  resume  by  themselves  the  position  necessary  to  enable  that  which 
had  been  the  signalling  station  to  become  the  recipient.  By  this 
means  messsages  and  answers,  or  words  and  their  acknowledgments, 
could  follow  one  another  without  the  necessity  for  any  intervening 
adjustment  of  the  instruments. 
The  bell  or  alarum  which  was  to  be  rung,  when  the  attention  of  the 
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clerk  at  the  distant  terminuB  was  reqiiiredi  was  either  direct  or  indirect 
in  its  action.  In  the  first  case  the  attraction  exercised  by  a  horse' shoe 
piece  of  soft  iron,  rendered  temporarily  magnetic  by  the  galvanic  cur< 
rent,  was  made  to  draw  an  armature^  likewise  of  soft  iron,  towards  it, 
and  by  this  action  impel  a  small  hammer  against  a  beU.  In  the  second 
form  of  alarum,  fig.  i,  the  movement  of  the  armature  merely  released 


ng.k. 


a  detent  or  catch  from  a  train  of  clock-work  driven  by  a  spring  or 
weight.  This  clock-work,  by  the  intervention  of  a  scape-wheel  and 
pallets,  rang  the  bell  as  in  a  common  alarum. 

In  April,  1838,  Mr.  Cooke  obtained  a  patent  for  some  further  im- 
provements in  this  apparatus.  Of  these  the  most  prominent  was  the 
mode  of  introduction  of  the  intermediate  apparatus.  Before  the  date 
of  these  patents,  the  two  stations  at  the  extremities  of  a  line  of  tele- 
graph had  alone  been  put  in  communication  with  each  other;  but 
means  were  now  devised  by  which  any  number  of  intermediate  in- 
struments might  be  introduced  between  the  two  terminals,  and  any 
intelligence  rendered  simultaneously  visible  in  all  or  in  any  of  them, 
as  required.^  Furthermore  any  one  of  these  instruments  could  be  put 
in  communication  with  the  rest,  either  generally  or  in  part  only ;  and 
the  same  mechanical  adjustment  which  limited  the  connection  of  any 
intermediate  instrument  to  one  part  of  the  line,  pla(Md  its  bell  in  the 
circuit  of  the  other  part.  Thus  if,  while  intelligence  was  being  trans- 
mitted in  one  direction  from  an  intermediate  station,  some  message  of 
importance  were  required  to  be  sent  from  the  terminus,  or  any  other 
station  on  the  excluded  side,  the  ringing  of  the  bell  at  the  communi- 
cating station  would  ^am  the  attendant  to  restore  his  instrument  to 
its  intermediate  position,  and  thus  leave  the  line  clear  throughout. 

In  the  same  patent  were  included  some  improvements  on  the  mode 
of  protecting  and  insulating  the  wires,  which  were  to  be  laid  beneath 
the  earth,  in  tubes  or  troughs  of  wood,  iron,  earthenware,  or  other 
material ;  and  also  in  the  expedients  for  detecting  the  exact  position 
of  any  accident  or  derangement,  without  the  necessity  of  imoovering 
the  whole  length.  Two  needles  were  also  shown  to  be  sufficient  for 
carrying  on  a  complete  communication  with  ease  and  rapidity. 

In  the  course  of  the  ensuing  year  (1889)  Messrs.  Cooke  and  Wheat- 
stone's  telegraph  was  brought  into  actual  operation  upon  the  Great 
Western  Railway,  where  its  capabilities  were  tested.  The  results  of 
this  trial  demonstrated  that  the  undertaking  was  thus  far  successful, 
and  that  the  question  of  the  practicability  of  the  electric  telegraph,  so 
long  at  issue  among  scientific  men,  was  set  at  rest. 

We  must  here  go  back  a  little,  to  notice  Dr.  Steinheil's  telegraph, 
which  was  erected  between  Munich  and  Bogenhausen  in  1837.  In 
this  instrument,  two  needles  or  magnetic  bars  were  placed  within  an 
elongated  coil  of  fine  wire.  These  bars  were  suspended  on  axes  passing 
transversely  across  the  ooD,  and  in  their  quiescent  position  lay  parallel 
to  one  another  and  to  the  Glides  of  ihe  coil.  They  had  their  poles 
placed  the  same  way,  so  that  when  a  current  was  transmitted  along 
the  wire,  they  had  a  tendency  to  move  In  the  same  direction,  remain- 
ing still  parallel  to  each  other.  Against  the  outer  end  of  each  needle 
or  bar  a  stop  was  placed,  which  checked  its  motion  on  one  side,  but 
left  it  free  to  turn  to  the  other.  The  opposite  poles  of  the  two  bare 
were  therefore  prevented  from  moving  out  from  the  coil,  under  the 
influence  of  the  deflecting  current ;  and  the  effect  of  this  arrangement 
was,  that  the  two  bars  could  not  move  simultaneously,  but  only  alter- 
nately. Both  were  acted  upon  alike,  but  when  the  inner  end  of  one 
was  free  to  move  outward,  the  other  bar  remained  pressed  against  its 
stop,  and  was  fixed ;  and  on  reversing  the  current,  the  efiecte  upon 
the  two  needles  were  also  reversed;  that  which  was  before  stationary, 
now  moved  forward,  while  the  other  was  fij^ed  In  order  to  bring 
back  the  needles  to  their  ordinary  position,  a  permanent  magnet  was 
fixed  near  to  each  at  the  back  of  the  coU,  by  uie  attraction  of  which 
the  needles  were  again  rendered  parallel  after  the  cessation  of  the 
deflecting  power  of  the  current.  The  inner  ends  of  these  bars  carried 
each  a  light  brass  arm,  terminating  in  a  cup  furnished  with  a  small  per- 
forated beak  or  spout.  These  cups  were  filled  with  printing-ink,  whidi 
oozed  through  the  beak,  and  formed  a  minute  bead  or  drop  at  its  point, 
which,  from  its  viscid  consistence,  did  not  drop  off.  These  beaks  were 
arranged  so  as  to  be  in  the  same  horizontal  line,  and  at  a  distance  from 
each  other  a  little  less  than  the  width  of  a  strip  of  paper,  which  was 
placed  before  them.  If  then  a  galvanic  current  were  passed  through 
the  coil,  80  that  the  right-hand  needle  tended  to  pass,  with  the  end 
beai-ing  the  cup,  out  from  the  coil  towards  the  paper  (the  cup  on  the 
other  needle  receding  as  far  as  the  stop  would  allow,  and  then  re- 
maining fixed),  the  little  beak  would  just  touch  the  paper,  and  leave  a 


minute  dot  of  ink  on  its  siurface.  By  reversing  the  current  the  other 
needle  would  approach  and  leave  a  point  of  ink  on  the  opposite  edge  of 
the  strip  of  paper.  By  the  varied  number  and  arrangement  of  these 
dots,  on  one  or  both  edges  of  the  paper,  the  various  letters  of  any 
communication  were  denoted.  The  paper  used  in  this  apparatus, 
being  obtained  in  a  long  strip  or  ribbon,  and  coiled  upon  a  roUer,  was 
made  to  pass  slowly  lengthwise  before  the  printing  points  by  a  sample 
application  of  a  weight  and  cord,  which  as  the  printing  was  effected 
gradually  wound  the  ribbon  upon  a  second  drum  or  reel.  Thi«  instru- 
ment was  also  adapted  to  give  audible  signals,  by  the  substitution  of 
small  knobs  for  the  ink-oups,  and  of  two  bells  of  different  tones  for  the 
ribbon  of  paper.  One  beU  being  so  placed  as  to  be  sounded  by  the 
first  needle,  and  the  other  by  the  second,  the  pre-oonoerted  combina- 
tions of  their  sounds  might  indicate  various  letters  to  a  listener. 

In  the  construction  of  his  telegraph.  Dr.  Steinheil  made  a  capital 
diaoovery.  He  found  that  the  oonduothig  power  of  the  earth  mig^t  be 
made  to  occupy  the  place  of  the  return  wire.  All  that  is  neoeseary  is, 
that  the  wire  which  connects  the  two  ends  of  the  metallic  conductor 
with  the  earth,  shall  be  carried  to  a  sufficient  depth  below  the  surface 
so  as  to  be  always  in  contact  with  moist  earth  or  with  water :  and  that 
it  shall  be  at  this  point  attached  to  a  plate  or  other  piece  of  metal,  of 
about  two  or  three  feet  superficiaL  For  the  ordinary  Yoltaio  hm.ttery, 
Dr.  Steinheil  substituted  -the  magneto-electric  machine ;  in  which, 
according  to  Faraday's  great  discovery,  the  electric  current  was  derived 
by  induction  from  a  permanent  magnet. 

The  electric  telegraph  invented  by  Prof.  Morse,  of  America,  has  led 
to  a  large  amount  of  controversy^  a  daim  having  been  put  in  for  him 
as  the  first  actual  inventor  of  a  practical  electric  telegraph  in  1832, 
while  on  board  the  packet-boat  Sully.  The  Abb^  Moigno  states  that  a 
Mr.  Jackson  wrote  to  the  Academic  Franfaise,  affirming  that  he  had, 
in  1832,  communicated  this  plan  to  Mr.  Morse,  while  returning  together 
from  Europe  to  America,  on  board  the  Sully.  Even  admitting,  however, 
the  claims  of  either  party,  it  would  only  show  that  they  did  not  think 
sufficiently  well  of  their  scheme  to  enter  upon  it  imtil  nearly  three 
months  after  the  first  English  patent  for  an  deotric  telegraph  had  been 
sealed,  and  the  practicability  of  such  an  apparatus  demotistrated  in 
England.  The  first  really  official  letter  on  Uie  subject  from  Professor 
Morse,  is  dated  September  27,  1887.  Cooke  and  Wheatstone's  first 
patent  for  an  electric  telegraph  was  sealed  three  months  before  this, 
namely,  on  June  12,  1887.  The  difference  between  this  telegraph  and 
the  preceding  suggestions  and  contrivances  was  very  great.  The  ex- 
periments of  these  gentlemen  had  been  proceeding  for  a  long  time 
previously,  so  that  when  in  June,  1887,  their  patent  was  obtained,  it  was 
not  for  an  arrangement  of  doubtful  practicability,  or  of  a  fomi  to  be 
perfected  only  after  repeated  trial  On  the  contrary  it  was,  within  a 
few  months  after  the  date  of  the  patent,  put  up  and  brought  into  actual 
and  daily  use.  Some  bf  its  details  have  since  been  simplified,  and  the 
modes  in  which  the  electric  cmrent  is  made  to  give  the  required 
indications  have  been  greatly  varied ;  but  the  great  features  and  prin- 
ciples of  their  first  invention  remain  unchanged,  and  not  only  so,  but 
they  form  an  essential  part  of  nearly  if  not  quite  all  the  later  tele- 
graphs of  other  inventors. 

The  telegraph  exhibited  by  Morse  in  September,  1837,  was  essen- 
tially a  registering  instrument,  the  various  signals  being  traced  on  a 
strip  of  paper.  The  plan  appears  to  have  been  the  following : — an 
electro-magnet  was  so  placed  as  to  be  within  attracting  distance  of  an 
armature  fixed  to  the  shorter  arm  of  a  lever,  of  which  the  longer  end 
carried  a  pencil  projecting  sideways  from  it,  and  pressed  lightly  against 
a  sheet  of  paper.  This  paper,  by  a  contrivance  analogous  to  that  of 
Dr.  Steinheil,  was  made  to  tiavsl  slowly  beneath  the  penciL  So  long 
as  no  attractive  power  was  exerted  by  the  electro-magnet,  the  pencil 
would  continue  to  trace  a  straight  line  as  the  paper  moved  onwards ; 
but  on  momentarily  making  the  circuit  with  the  battery,  the  armature 
was  drawn  to  the  electro-magnet,  and  the  pencil,  carried  by  the  arm  of 
the  lever  upwards,  made  an  angular  mark,  like  the  letter  V  reversed, 
on  the  paper.  These  angles  might  either  be  joined  in  groups,  by 
rapidly  succeeding  completions  of  the  circuit,  or  they  might  be  se^ 
rated  by  longer  or  shorter  spaces  of  straight  line.  The  nine  digits 
were  represented  by  corresponding  numbers  of  angles,  and  these  were 
combined  so  as  to  form  all  possible  numbers.  A  diort  space  inter- 
vening between  two  or  more  successive  groups,  denoted  that  they  must 
be  taken  together  to  form  a  total  of  two  or  more  places  of  digits ;  while 
a  longer  space  showed  the  actual  completion  of  one  number  and  the 
commencement  of  the  next.  All  the  necessary  words  were  represented 
by  various  numbers,  as  arbitrary  signs,  a  previously  arranged  dictionary 
being  used  for  their  interpretation.  This  plan  had  also  been  proposed 
by  Mr.  Ronalds,  to  simplify  the  working  of  his  telegraph. 

In  the  telegraph  erected  by  Professor  Morse,  in  1844,  between 
Baltimore  and  Washington,  a  different  mode  of  recording  the  signals 
was  adopted.  The  use  of  the  pencil  was  found  objectionable,  from  its 
so  frequently  requiring  fresh  pointing,  and  from  tne  risk  of  breakage. 
The  same  arrangements  were  retained  in  regard  to  the  paper,  but  it 
was  made  in  its  course  to  pass  over  a  roller  having  a  groove  around  it 
The  long  arm  of  the  lever  carried  a  blunt  steel  point,  standing  over  ^ 
the  groove  in  the  roller.  When  therefore  the  arm  of  the  lever  was 
depressed,  by  the  attraction  of  the  magnet  upon  the  armature,  the 
steel  point  pressed  the  paper  into  the  groove,  and  produced  an  indenta* 
tion.    If  the  attraction  were  momentary,  a  depressed  point  was  pro- 
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duoedj  but  If  theaotion  vcere  continued  tor  alonger  time,  klangtbened 
dspraoion  wm  tlie  reault,  m  th«  paper  wu  drawD  on.  The  combilw- 
tions  of  lh«m  two  kinjs  of  inarka  denatad  the  tbiIoiu  letMra  ud 
Thn*,  dot  Mid  duh  .  —  ia  Uken  to  lignifj  aj  — ...  to 
{  utd  M  OD.  Thii  1«  oiOled 
il  what  ii 


ngaily  A(  —  .  —  .tore;  — , ,  d 
ths  dot  tud  dtah  ood&    Fig.  t 


driTcs  two  gri)ipiiu;  lolleng.  Is  its  paM>ge  the  paper  goei  over  i 
bra«8  roller  D,  Gontaming  the  Groove.    If  while ''  '   " 

drann  over  the  roller  b,  the  derk  al 
means  of  a  com 
an  iuBtant,  the 

Hteel  point  would  mark  the  paper  'with  a  deprewed  dot  The  epriug 
would  laiie  the  arm  the  momeot  the  magnet  bad  ceaied  to  act.  But 
if.  Instead  of  tranimitting  oolf  a  momentary  ouireDt  the  communica' 
ting  clerk  were  to  cootinue  the  tnuisiiiiBiiun  lor  a  short  time,  the  arm 
would  be  pulled  down  during  tbat  time,  and  the  point  would  indeat  a 
line  in  the  paper. 

In  Jul;,  1838,  Mr.  Edward  Davy  obtained  A  patent  for  improvs- 
meots  In  apconituB  for  making  tel^rapbic  gignala  b;  meaoi  of  electric 
currente.  The  principid  feature  in  thui  patent  ie  a  cktmkally  marking 
telegraph,  in  which  a  local  circuit  (completed  b;  galvanometer  needlee 
acted  on  by  the  line  circuit,  and  forming  tho  boaia  of  what  ia  called  the 
relay  ri/item)  marks  chemicaUj  prepared  paper,  which  is  moved  forward 
by  clockwork  released  by  an  etactnc  magnet.  Two  line  wire*  are  used 
to  convey  the  electrio  current  and  one  return  wire,  with  a  battery  and 
two  galvaDometers  (deflecting  opposlta  ways)  to  ctu^  wire ;  the  battery 
to  the  return  wire  giving  a  preponderance  to  currents  through  that 
wire,  twelve  different  gignals  can  thua  be  produced.  The  action  is  as 
followfl  :  on  one  or  more  of  di  keys  being  pressed  down,  either  two  or 
three  of  the  gnlvanometers  act;  and  aa  the  three  wires  admit  of  tba 
current  proce«ding  in  either  direction  through  them,  it  cno  complete 
either  two  or  three  out  of  the  six  circuits  of  the  local  battery ;  thus 
marking  longitudinally  properly  prepared  paper  at  two  or  three 
out  of  six  phceH.  Ths  clock-work  eecapement  for  moving  the  paper 
a  gufficient  distance  between  the  signals,  conaiete  of  two  levers,  one 
of  which  cairie*  the  armnture,  and  works  on  a  horizontal  axis 
carried  by  the  other  lever.  When  the  armature  is  attracted,  it  releasee 
a  pin  from  a  notched  fly  vane,  and  enables  it  to  move  half  a  revolu- 
tion ;  and  when  the  current  ceaaes,  the  pin  ia  again  removed,  and 
replaced  by  lateml  motion  given  to  the  second  lever  1^  a  wheel  prraang 
•gainst  a  projection  on  it.  Calico  "  impregnated  with  hydriodate  of 
potash  and  muriate  of  lime,"  is  preferably  used  to  receive  the  mai^  or 

We  may  hero  state  in  more  precise  terms  the  principle  of  the  diemicat 
prrnting  telegraph.  A  train  of  clockwork  is  used  to  keep  a  ribbon 
of  jBper  constantly  unwinding  from  a  dram,  and  nassing  over  a  metal 
roller  b,  Jig.  S.    A  small  steel  wire  c,  connected  witb  the  wire  from  tbc- 


ita  way  to  the  earth,  paas  through  the 
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stflal  wire  c,  through  the  paper  strip,  to  the  roller  b.  This  paper  being 
chemically  prepared  with  a  colourless  sotutiou,  is  coloured  when  de- 
composed by  the  passage  of  an  electrio  current  through  it.  In  this 
way,  by  regulatitig  tlie  duratiuu  of  the  ciiTrent,  the  pa|>er  can  bo 
sbdned  In  dots  and  lines,  as  in  the  symbol -printing  arrangement. 

An  ingenious  modification  of  the  chemical  printing  telegraph  was 
made  in  the  vriting  ttUgrapk.  It  is  evident  that  if ,  instrnd  of  cmplming 
a  long  ribbon  of  paper,  enough  of  it  were  taken  to  pass  once  round  tho 
roller  6,  and  if  this  roller  not  only  rotated  on  ita  aiis,  but  was  also  by 
means  of  a  scrtiw  made  to  advance  slowly  from  side  to  side  as  it 
rotated,  the  stool  wiro  would  trace  on  the  paper  a  spiral  line.  If  also. 
Instead  of  oommunioaljng  by  a  key,  there  were  at  the  other  end 
another  roller,  exactly  like  h,  and  which  by  means  of  clockwork  could 
be  tumad  at  precisely  the  same  speed  as  o,  and  with  the  same  rute  of 
shift  endwise,  than  a  tracer,  mtiug  on  this  second  roller  would,  if  tho 
eurrent  were  kept  continually  pasaiogj  trace  precisely  the  same  spiral 
as  the  wire  on  the  first  roller  b.  But  supposing  the  current  only  to  be 
maintained  by  the  pressure  of  this  tracer  against  tho  metal  roller,  and 
if  the  surface  of  the  roller  were  partly  covered  with  a  non-conducting 
material,  suob  as  shell-hic  or  resin,  the  tracer  in  passing  over  this  as  the 
roller  turned  round,  would  cease  to  make  its  stained  mark,  but  it  would 
bagin  to  mark  fl^nin  as  soon  as  the  tracer  bad  come  upon  the  metal. 
In  using  this  machine  the  words  of  the  message  arc  nTJttcn  on  a  slip  of 
tin-foil  m  a  non-conducting  varnish.  As  aoon  ai  thi«  is  dry,  the  tin-foil 
is  vrrapped  round  the  tracer  roller,  and  the  tracer  being  made  to  boar 
upon  it,  the  two  roUers,  one  at  the  communicating  and  the  other  at 
the  receiving  station,  are  alartod  at  the  same  moment.  Then,  while 
the  tnK«r  rests  on  the  tin-foil,  the  wire  on  the  roller  b  will  con- 
tinue to  make  its  stained  spiral  line  on  the  prepared  paper ;  but 
wbeueTer  in  its  passage  the  trrkcer  reata  on  a  piece  of  the  varnished 
writing,  the  current  will  be  broken,  and  the  spirals  traced  by  the  steel 
wire  will  be  interrupted  ;  which  interruptions  will  evidently  coincide 
with  the  writing  which  has  pAjwcd  under  the  tracer ;  so  thst  ou  taking 
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In  January,  1810,  and  in  July,  1811,  Professor  Wheatstone  obtiuned 
two  important  patents,  the  first  of  which  was  in  counL-otiun  with 
Mr.  Cooke.  Tho  eUclro^agnriic  telegraph  may  be  regarded  as  a 
variation  of  the  alarum  ;  but  instead  of  the  detent,  there  ore  t*o  light 
spring  pieces,  shown  in  jig.  8,  one  with  a  hook-shapod  end,  and  the  other 
an  oUuse  wedge  or  pudiing  piece  (known  as  a  cJuwi  cr  and  dHra-^, 
at>d  instead  of  the  catch-wheel  of  the  alarum,  there  is  a  light  a 


ment  wheel  Under  this  arrangemen 
towards  the  magnet  will  pull  the  wheel  round  one  tooth,  and  the 
motion  of  the  armature  from  the  magnet  by  means  of  a  light  spring, 
will  push  the  wheel  round  another  tooth.  The  axis  of  the  wheel 
carries  a  light  index  band,  which  points  as  the  wheel  turns  round  to 
the  Tarious  letters  arranged  near  the  edge  of  a  disc.  The  currants 
which  work  this  telegraph  are  eent  by  means  of  a  fomiBuninitor, 
fig.  9,  consisting  of  a  brass  disc  turning  freely  on  ita  centre,  and 
marked  with  letters,  as  in  the  disc,  fig.  8.  Opposite  each  alternate 
letter,  ths  brass  is  out  away,  and  a  small  notch  of  ivory  inserted,  so 
that  on  turning  round  the  disc  a  metal  spring,  wlitch  beara  against 
its  edge,  tests  aJteroately  on  the  conducting  brass  and  the  non- 
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conducting  ivory,  whereby  the  current  is  allomataly  tnumiUed  aod 
interrupted.  A  radiating  ana  ptoceodB  from  eaoh  letter  for  the  wn- 
venisDoe  o£  turning  the  disc.  If  the  diio  eUnd  lo  th«t  ita  Btop-maA  + 
be  oppoeitB  to  a  flied  mark,  the  Bpring  is  reatiiig  on  an  ivory  piece,  and 
if  at  Uie  eame  moment  the  indei  of  the  distant  telegraph  in  connection 
with  it  be  also  pointing  to  the  + ,  then  on  moving  the  communicator 
one  atep  forwarf,  bo  that  the  letter  A  comes  to  the  fixed  mark, 
the  coirent  will  be  tranamitted  along  the  wire,  the  electro-magnet, 
fig.  8,  will  draw  down  ita  armature  bo  bb  to  pull  the  wheel  one  tooth 
forward,  and  make  iU  index  alao  point  to  the  letter  a.  On  agam 
moving  the  communicator  «o  that  iie  index  points  to  b,  the  current  is 
interrupted,  the  armature  of  the  distant  telegraph  falla  back,  puahing 
the  wheel  round  another  tooth,  and  bringing  ita  index  also  to  ».  In 
thia  way  the  iadei  may  bo  moved  slap  by  step  to  different  letters  «o  as 
to  apell  out  a  word  or  meaBaga,  which  word  or  meBSage  will  be  repeated 
on  the  disc  of  the  distant  telegraph,  A  slight  pause  la  made  after  each 
letter  of  the  meaaage,  to  insure  certainty;  numerouB  modifications  have 
been  made  in  thia  machine,  for  increasing  the  rapidity  of  ita  action.  An 
additjon  of  printing  mechttniam  to  this  inatrument  forma  the  type- 
prinllng  telegraph.  In  this  the  escapement  axis,  instead  of  carrying  a 
fixed  disc,  hae  l^ht  radiating  anna  of  steel,  at  Uie  ends  of  which  are 
printing-types  a, /at.  10,  II.     In  front  of  the  tjpca  ia  a  small  roller  or 


plate  b,  for  receiving  the  blow  of  a  printing-hammer  c,  which  stonila 
behind  the  typediac,  ThepaperwhichreceivesthaimpreeaioniB placed 
between  the  roller  and  the  type  disc,  which  paper  ia  coiled  on  the 
roller  d,  and  is  drawn  off  by  [Basing  between  two  other  roUerB  e,  which 
hold  the  paper  ti^U;  and  turn  a  little  way  round  aftar  each  blow 
of  the  liammer. 

The  eclJan  ia  as  follows : — The  type  disc  is  turned  round  by  alter- 
nately transmitting  and  interrupting  the  current  until  the  proper 
letter  is   brought  into  the  proper  poaition   to  be  struck,  when,  the 

irbei        •        ■  ■  '     ' 

rollers  ,  .  .   .  „         . 

that  of  one  letter,  when  the  type-disc  is  again  moved  onward 
next  letter  required,  which  is  struck  in  like  manner,  and  so  with  idl 
the  rest  of  the  letters  in  the  meaange.  The  hammer  usually  strikes 
by  the  farce  of  *  Bpring,  which  is  releaaed  by  the  train  which  acts  upon 
£e  drawing-rellers.  The  mechanism  is  so  contrived  that  the  hammer 
cannot  atr^s  while  the  type-disc  is  in  motion,  but  falls  as  soon  as  a 
pause  ia  made,  that  is,  when  the  right  letter  is  brought  into  position. 
The  types  are  inked  by  means  of  a  small  roller  smeared  with  printing- 
ink,  which,  as  the  type-dieo  revolves,  presses  lightly  against  their  sur- 
faces. Or  a  ribbon  of  carbonio  ink  transfer-pap«r  may  be  drawn 
round  between  the  type-disc  and  the  white  paper  ribbon.  Numerous 
variations  have  beeu  made  in  the  type-printing  telegraph,  the  beat 
known  of  which  is  by  Mr.  Bain.  In  this  machine  the  types  were 
arranged  on  the  edge  of  the  disc  or  wheel,  radiating  from  its  centre ; 
and  the  printing  of  any  one  upon  the  cylinder  was  effected  by  the 
movement  forward  of  the  entire  type-wheel  and  ita  alia,  by  a  crank 
and  connecting  gear  in  the  printing  train,  instead  of  one  punch  or  type 
only  being  struck  down  by  the  printing-hammer,  in  impressing  a  signal. 
It  was  also  proposed  to  use  two  clocks  at  the  two  communicating  sta- 
tions, to  rotate  the  type-wheels  with  a  uniform  motion.  These  clocks, 
having  been  adjusted  to  exactly  the  same  rate,  and  being  started  from 
the  same  signal,  would  bring  continually,  at  each  atatiou,  similar  type 
opposite  to  the  paper  cylinders  at  the  same  moment.  The  action  of 
this  part  of  the  apparatus  ia  exactly  analogoua  to  that  of  Mr.  Ronalds', 
already  described.  A  hand  or  index  revolving  on  a  dial  In  front  of  the 
machine,  at  the  same  rate  as  the  type-wheel,  indicates  to  the  operator 
the  signals  which  are  successively  in  a  position  ready  for  printing  in 
his  own  instrument,  and  therefore,  if  the  clocks  go  accurately  togeUier, 
in  a  similar  position  in  his  correspondent's  instrument.  At  the  same 
time  this  hand,  by  coming  in  contact  in  ita  revolution  with  a  pin, 
placed  by  the  operator  opposite  to  any  signal  that  he  wishes  to 
print,  completes  the  electric  circuit  at  Uiis  moment,  and  by  so  doing 
stops  the  type-wheel,  and  relessas  the  printing-train  at  each  station, 
A  similar  figure  having  thus  been  impreased  on  the  cylinder  at  the 
two  ends  of  the  line,  the  operator  removes  the  pin,  uid  replaces  it 
opposite  the  next  signal  he  requires  to  send.  The  moment  the  pin  is 
removed,  and  the  circuit  therefore  breken,  the  hands  and  type-wheels 
at  each  station  resume  their  evolutions   which  ve  again  checked  by 
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the  contact  of  tlio  baud  and  pin  aa  before.  It  should  be  stated  that 
the  idea  of  the  two  clocks,  as  well  as  that  of  the  prinUng-tdegraph,  fraa 
borrowed  from  Wheatatone. 

Bain's  nngk-indtx  telegraph,  which  was  the  instrument  proposed  by 
him  for  practical  use,  consisted  of  two  hollow  cylindrical  ooils  of  wire, 

E laced  horimitally  a  short  distance  apart,  with  their  axes  in  the  aame 
ne.  Between  tiism  a  small  bar-magnet  was  lixed  across  a  delicate 
apring,  which  in  front  passed  through  the  dial-plate  of  the  instrument, 
and  was  turned  up  to  form  an  index.  The  two  coils  were  connected, 
ao  that  an  electrtc  current  entering  from  the  line  wire  would  pass 
through  both.  When  titis  was  the  caae,  the  bar-magnet  would  be 
attracted  towBrds  one  coil,  while  at  the  same  time  it  would  be  repelled 
by  the  other.  These  actions  tended  to  carry  the  magnet  to  the  same 
aide,  as  &r  as  the  spring  to  which  it  was  attaohed  and  a  fixed  stop 
would  allow  of  its  moving.  The  reversal  of  the  current  inverted  the 
effecta  of  the  coils,  and  the  magnet  would  then  pass  to  the  other  side. 
The  combinations  of  these  two  movements  represented  the  various 
letters  and  rignals,  they  being  denoted  to  the  observer  by  the  index  on 
the  dial  of  tiie  instrument.  The  movement  of  the  index  to  the  left 
denoting  the  letter  I,  and  to  the  right  the  letter  v,  thia  instrument 
obtained  the  name  of  '  I  and  v  Telegraph.' 

In  1842,  Mr.  Bain  patented  bis  proposed  plan  for  working  an  electric 
telegraph  by  means  of  an  rarth  batlen/.  At  one  end  of  the  line  he 
buried  in  moist  earth  a  large  plate  of  zinc,  and  at  the  other  end  a 
plate  of  copper,  iron,  'or  other  substance  such  as  coke  or  charcoal, 
which  might  act  the  part  of  a  negative  pbto  to  the  sine.  Then,  on 
connecting  these  distant  plates  with  a  wire  insulated  from  the  earth,  a 
current  of  electricity  would  constantly  pass  from  the  one  plate  to  the 
other.  Indeed,  the  distant  plates  curmected  with  the  wire,  aa  above 
described,  may  be  I'egorded  merely  as  a  battery  of  one  pair  of  plates, 
separated  by  a  very  wide  interval  of  exciting  material,  represented  by 
the  earth.  It  woa  at  first  supposed  by  Mr.  Bain  that  this  current 
would  be  applicable  to  all  telegraphic  purposes,  but  subsequent  experi- 
ments showed  that  it  was  available  only  for  a  few  miles  of  distance  ; 
its  intensity  not  being  sufficient  to  enable  it  to  travel  through  any  great 
length  of  wire.  In  some  cases,  where  a  constant  current  c3  low  inten- 
^ty  ia  required,  thia  earth  bittery  might  be  of  use. 

In  1843,  Mr.  Cooke  introduced  the  mode  of  extending  the  wires 
between  diatant  places,  so  that  their  inaulation  from  one  another,  and 
from  the  earth,  might  be  maintained  without  the  expense  and  difficulty 
hitherto  incurred ;  before  this  period  the  wires  having  been  covered 
with  cotton,  and  insulated  by  coating  them  with  ahell-loc,  resin,  or 
pitch,  had  been  laid  down  in  pipes  of  wood  or  iron.  It  was  now 
proposed  to  insulate  the  wires  by  suspending  them  in  the  air  upon  posta 
or  standards  of  wood  or  iron,  the  wiree  not  coming  in  actual  contact 
with  any  part  of  the  standard,  but  passing  through  rings  of  porcelain 
or  earthenware.  [Glass  was  afterwarda  found  to  be  the  beat  insulator.] 
The  atandarda  were  uaually  fixed  at  from  forty  to  aiity  yards  asunder, 
and  at  each  quarter  of  a  mile  a  stouter  poet  was  placed,  to  i>car  the 
I  winding  or  straining  apparatua.  Thia  was  a  simple  winding-reel,  con- 
nected with  a  ratchet-wheel  and  click  to  prevent  its  recoil,  after  the 
wire  had  been  strained  up  by  iU  means.  The  intermediate  posta 
within  each  quarter  of  a  mile  only  supported  the  wire,  without  refer- 
ence to  its  tension,  which  depended  aolely  on  the  winding  posts. 
Instead  of  the  copper  wires  hitherto  employed,  iron  wires  of  a  larger 
size  were  now  used.  By  the  adoption  of  this  method  of  extending  the 
conducting  wires,  the  coat  of  construction  of  an  electric  telegraph  was 
reduced  nearly  one-half,  and  at  the  same  time  the  risk  of  imperfect 


insulation  was  diminished.  So  long  as  the  wires  were  buried  in  tubes 
beneath  the  ground,  it  was  always  deemed  prudent  to  add  a  return 
wire,  extending  from  one  end  of  the  line  to  the  other ;  as  it  was  found 
very  difficult  to  nmder  the  inaulation  aufficiently  good  to  enable  the 
earth  itself  to  be  used  as  half  of  the  circuit.  The  tendency  of  the 
electric  fluid  to  escape  from  the  wires  in  the  tubes  to  the  earth,  was 
much  greater  than  to  another  wire  lying  in  the  same  tube,  so  that  the 
latter  plan  was  always  adopted.  But  when  the  suspended  conductor? 
came  into  operation,  the  insulation  was  rendered  >a  complete,  tliat  the 
earth  was  subeequentiy  in  all  casta  used  to  return  the  current,  ly 
which  means  an  economy  of  one  wire  threughout  the  whole  line  woa 
effected.  In  addition  to  this,  another  advantaga  was  gained  by  the 
suspension  of  the  wires,  in  the  facility  with  which  accidental  errors  or 
injuries  were  discovered  and  rectified.  While  the  tubes  were  in  use, 
it  was  necessary  to  supply,  at  about  each  quarter  of  a  mile  along  the 
line,  a  proving  or  testing  post,  within  which  the  wires  were  brought 
up  to  a  box,  so  as  to  afford  the  means  of  examining  any  of  them  as  to 
their  insulation  and  conducting  power.  For  this  purpose,  Ur.  Cooke 
had  invented  an  inatrument  «Sled  the  dtttdor,  by  which  the  perfect 
state  of  each  wire  oould  be  tested,  and  the  poaition  of  any  error  or 
fault  discovered  with  considerable  accuracy.  Still,  with  all  these 
appliances,  the  detection  and  repair  of  any  derangement  of  the  wires 
demanded  considerable  skill,  and  led  to  no  email  expense.  But  when 
the  wires  were  in  sight  throughout,  any  contact  or  fracture  was  at  one* 
visible,  and  was  easUy  and  quickly  repaired. 

We  must  here  pause  in  the  attempt  to  trace  the  history  of  this 
great  invention  through  the  medium  of  its  patents.  The  reader  who 
is  desirous  of  pursuing  the  subject  in  this  way,  is  referred  to  one  of 
the  valuable  volumes  printed  by  order  of  the  Commissioners  ot 
Patents,  entiUed '  Abridgments  ot  Specificationa  relating  to  Electricity 
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and  M&gnetifim,  their  Generation  and  Applications'  (1859).  This 
Tolume  contains  an  introduction  of  zciiL  pages,  and  an  abstract  of  patents 
extending  to  728  pages,  exclusive  of  a  copious  index.  A  single  speci- 
men of  this  index  will  show  the  extent  of  patent  influence  that  has 
been  exerted  down  to  the  year  1857.  For  example :  under  '  Tele- 
g^phs '  (Electric),  we  have  for  acoustic  telegraphs,  14  patents ;  copying 
telegraphs,  8 ;  dial  telegraphs,  68 ;  embossing,  1 ;  gold  leaf,  2 ;  mag- 
neto-electric, 23 ;  marking,  33 ;  needle,  39 ;  pointer,  32 ;  portable,  7 ; 
printing,  44 ;  and  recording  telegraphs,  5  patents ;  while  the  compo- 
nent parts  of  electric  telegraphs  are  the  subjects  of  separate  patents 
under  distinct  heads,  such  as  alarums,  telegraphic,  76  patents ;  insula- 
tors, 42  patents ;  galvanic  batteries,  nearly  three  columns  of  names. 

It  is  not,  however,  too  much  to  say,  that  amidst  this  formidable 
list  of  patentees  in  our  own  country,  without  referring  to  claimants  in 
Kurope  and  America,  there  are  but  a  very  few  names — ^perhaps  onlv 
one  name — that  posterity  will  care  to  remember  in  connection  with 
the  practical  working  of  the  electric  telegraph.    Although  the  principal 
facts  necessary  to  the  construction  of  an  electric  telegraph  had  been 
known,  as  we  have  seen,  ever  since  1821,  yet  it  was  not  until  the  gene- 
ral establishment  of  railways  that  telegraphic  wires  could  be  safely 
carried  to  any  great  distance.    Moreover,  the  importance  of  the  inven- 
tion was  by  no  means  understood.    The  government  was  satisfied  with 
the  working  of  the  semaphore ;  railway  directors  looked  upon  the  elec- 
tric telegraph  as  a  new-fangled  invention,  and'  the  public  was  not  yet 
alive  to  its  innumerable  advantages.    One  fact,  however,  must  be 
insisted  on,  namely,  that  to  this  country  belongs  the  honour  of  this 
great  invention ;  tiiat  in  the  year  1837  a  needle  telegraph  had  been 
invented,  so  complete,  and  at  tiie  same  time  so  simple  in  its  operation, 
that  it  could  be  worked  by  any  one  who  knew  how  to  tc»d ;  that  in 
June  of  that  year  the  patent  for  this  telegraph  had  been  sealed,  and,  a 
month  later,  we  wires  were  laid  down  between  the  Euston  Square  and 
Camden  Town  Stations  of  the  North-Western  Railway,  a  distance  of  a 
mile  and  a  quarter,  and  that  on  the  25th  of  July  messages  were  actu- 
ally sent  between  these  two  stations.  Professor  Wheatstone  being  in 
the  Euston  Square  Station,  and  Mr.  Cooke  in  that  at  Camden  Town, 
the  witnesses  being  the  engineers,  Messrs.  Fox  and  Stephenson.    Now, 
it  is  quite  true  that  M.  Arago  claimed,  before  the  French  Academy  of 
Sciences,  for  .M.  Steinheil  the  precedence  in  this  matter,  inasmuch  as 
he  had  his  telegraph  in  operation  on  the  19th  of  July,  1837 ;  but  it 
must  be  remembered  that  Wheatstone's  patent  was  tiUcen  out  in  the 
Juno  of  that  year,  and  was  based  on  numerous  previous  successful 
experiments ;  whereas  Steinheil  published  no  description  of  his  instru- 
ment until  August,  1838,  and  it  ia  admitted  that  in  the  interval  he 
had  altered  and  amended  his  instrument,  and  soon  afterwards  absn- 
doned  it  for  a  modification  of  one  by  Morse.    The  claim  of  the  last- 
named  gentleman  we  have  already  disposed  of.     In  September,  1837, 
he  exhibited  an  imperfect  instrument,  although  he  i^rwards  suc- 
ceeded in  producing  one  of  first-rate  excellence,  which  is  still  laigely 
used  in  the  United  States  of  North  America. 

But  to  return  to  Cooke  and  Wheatstone's  telegraph :  it  received 
notice  to  quit  the  London  and  Birmingham  line,  but  Mr.  Brunei  gave 
the  patentees  permission  in  1839  to  lay  it  down  on  ^e  Great  Western 
Railway.  This  was  first  done  as  far  as  West  Drayton  (13  miles),  and 
it  was  afterwards  extended  to  Slough  ^8  miles),  the  wires  in  both 
these  preliminary  trials  being  inclosed  in  iron  tubes  laid  on  the  ground. 
On  proposing  to  extend  this  line  to  Bristol,  much  opposition  was 
offered  by  the  directors,  and  the  telegraph  again  had  notice  to  quit 
But  oh  the  proposal  of  Mr.  Cooke  to  retain  the  line  of  wires  at  his  own 
expense,  he  was  permitted  to  do  so,  on  condition  of  transmitting  the 
railway  signals  free  of  charge,  and  of  extending  the  line  to  Slough.  In 
return  for  this  favour,  he  was  allowed  to  transmit  messages  for  the 
public,  which  was  accordingly  done,  one  shilling  being  charged  for  a 
message ;  but  the  public  did  not  avail  themselves  much  of  the  new 
instrument,  and  its  value  was  scarcely  appreciated  until  the  3rd  of 
January,  1845,  when  it  was  used  to  convey  a  message  to  the  London 
police,  directing  them  to  arrest  Tawell  on  a  charge  of  murder,  the 
message  flashing  past  the  criminal  while  he  was  travelling  express  to 
escape  the  consequences  of  his  crime.  Bv  the  end  of  1845  upwards  of 
500  miles  of  telegraph  were  in  operation  m  this  country.  In  1846  the 
Electric  Telegraph  Company  commenced  their  operations  with  a  con- 
siderable capital,  a  large  portion  of  which  was  expended  in  the  purehase 
of  Wheatstone  and  CooWs  patents,  and  the  system  which  they  had 
introduced  became  rapidly  extended.  In  due  time  other  telegraph 
companies  were  competing  with  the  original  company,  the  system 
spread  over  Europe,  and  soon  no  railway  was  deemed  complete  without 
its  telegraphic  wires.  In  the  United  States  of  America  the  telegraphic 
system  is  far  more  complete  and  extensive  than  in  the  Old  World ; 
but  the  telegraph  wires  are  for  the  most  part  independent  of  the  rail- 
ways, and  hence,  it  is  said,  arises  the  larger  number  of  railway  acci- 
dents in  that  country.  But  the  telegraphic  system  could  not  be 
regarded  as  complete  while  nations  separated  from  each  other  by  seas 
and  oceans  remained  unconnected  by  the  electric  wire.  So  long  back 
as  1840,  Mr.  Wheatstone  stated  to  a  parliamentary  committee  his 
conviction  of  the  practicability  of  uniting  Dover  to  Calais  by  means  of 
a  telegraphic  wire,  and  two  years  later  he  had  made  arrabgements  for  a 
line  across  Portsmouth  Harbour,  although  ciroumstances  over  which 
he  had  no  control  prevented  its  being  carried  out.  About  this  time 
the  introduction  of  gutta  percha  offered  itself  as  an  excellent  insu- 
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lating  material  for  the  wire,  and  its  first  application  was  made  in  1847, 
by  Lieut.  Siemens,  of  the  Prussian  artillery,  for  a  Une  across  the  Rhine 
at  Cologne.    The  first  submarine  wire  was  laid  down  in  August,  1850, 
by  the  "  Submarine  Telegraph  Company,"  between  Dover  and  Cape 
Grisnez,  near  Calais.    It  was  a  copper  wire  inclosed  in  gutta  pereha. 
About  27  miles  of  it  were  conveyed  on  board  the  Goliath  steam-tug, 
and  wound  round  a  large  iron  drum  to  facilitate  the  paying  out.    The 
end  of  the  wire  attached  to  the  land  was  conveyed  to  Uie  South-Eastem 
Railway  Terminus,  and  the  vessel  started  from  Dover,  paying  out  the 
wire,  and  attaching  pieces  of  lead  to  it  at  intervals  to  assist  it  in 
sinking.    Electric  communication  was  kept  up  hourly.    At  length  the 
vessel  came  to  an  anchor  off  Cape  Grisnez,  and  the  end  of  the  wire  was 
sent  ashore  in  a  boat.    Several  messages  were  passed  between  the  two 
shores  during  the  day ;  but  on  attempting  to  resume  the  correspond- 
ence next  morning,  no  answer  could  be  obtained.     It  was  ascertained 
that  the  wire  had  snapped  asunder ;  but  the  experiment  proved  the 
possibility  of  connecting  England  with  the  Continent  by  means  of  a 
submarine  electric  cable.    In  the  followingyear  a  stronger  6able  was 
laid  successfully,  and  has  continued  to  work  down  to  the  present  time, 
notwithstanding  occasional  injuries  from  the  anchors  of  ships  and  boats. 
In  1851  and  1853  lines  were  laid  between  England  and  Ireland  and 
England  and  Belgium.    In  1853  a  Une  was  laid  from  Orfordness  to 
Schevening  in  Holland ;  in  fact  four  separate  cables  were  laid,  each 
containing  one  conducting  wire,  so  that  the  injury  to  one  line  might 
not  interfere  with  the  working  of  the  others.    In  we  same  year  a  line 
was  laid  across  the  Solent,  from  Hurst  Castle  to  Yarmouth,  in  the  Isle 
of  Wight    The  first  line  of  considerable  length,  however,  was  that  laid 
in  1855  between  Balaklava  and  Varna,  during  the  Crimean  war.    This 
line  was  310  miles  in  lengUi,  and  consisted  of  a  copper  wire  covered  with 
gutta  pereha,  except  at  the  diore  ends,  which  were  protected  by  iron  wire. 
This  line  was  laid  by  Messrs.  Newall,  and  it  remained  in  good  order  for 
some  months,  until  the  end  of  the  war,  when  it  was  broken.    This  tem- 
porary success  of  the  Black  Sea  Telegraph  led  to  the  formation  of  the 
Atlantic  Telegraph  Company.  The  attempt  made  by  this  company  to  kiy 
a  line  to  America  in  1857  failed  from  the  breaking  of  the  cable  after  about 
335  miles  had  been  payed  out.    Another  attempt  in  1 858  was  apparently 
successful,  and  messages  were  exchanged  during  three  weeks  between 
Valencia,  in  Ireland,  and  Newfoundland ;  but  the  signals  became  variable 
and  feeble,  and  at  length  ceased  altogether.    And  thus  was  lost  3000 
miles  of  cable,  and  375,000/.  sterling,  for  the  value  of  the  cable  can 
scMxsely  exceed  the  expense  of  lifting  it,  and  therefore  its  recovery  will 
not  probably  be  attempted.    It  is  now  proposed  to  alter  the  route  for 
this  line,  and  to  carry  a  cable  by  way  of  Greenland  to  America.    In 
1854  the  Mediterranean  Telegraph  Company  laid  down  wires  between 
Spezzia  and  Corsica,  and  between  Bonifacio  and  Sardinia,  and  from 
thence  in  1855  to  Algeria.    This  last  cable  seems  to  have  failed.    In 
1857  the  British  government  agreed  to  assist  the  company  in  the  con- 
struction of  a  line  from  Cagliari  to  Malta,  and  thence  to  Corfu.    This 
line  has  been  unfortunate.    Another  line  from  Portland  to  the  Channel 
Islands  has  met  with  several  accidents,  and  the  experience  with  it,  as 
weU  as  with  the  Red  Sea  and  India  telegraph  cable,  show  the  wisdom 
of  the  Report  made  by  the  Board  of  Trade,  that  our  knowledge  in  1859 
was  not  such  as  to  justify  the  submerging  of  another  deep  sea  cable, 
without  further  experiments  being  made ;  uid  they  recommended  Uie 
appointment  of  a  committee  to  investigate  the  subject.    A  committee 
was  accordingly  appointed,  and  from  tiie  connection  witii  it  of  such 
men  as  Professor  Wheatstone,  Mr.  E.  L.  Clarice,  and  Mr.  Varley,  we 
should  hope  for  a  great  increase  of  our  knowledge  on  the  subject. 
While  we  are  writing,  a  case  is  under  investigation  which  shows  the 
necessity  for  this  inquiry.    A  cable  manufactured  for  the  government 
for  the  purpose  of  connecting  Falmouth  with  Gibraltar,  had  its  desti- 
nation onanged  in  the  spring  of  1860  to  a  projected  line  from  Rangoon 
to  Singapore.     In  order  to  preserve  the  cable,  it  was  placed  in  water- 
tanks,  but  when  transferred  on  board  the  ship  which  was  to  convey  it 
to  India,  it  was  coiled  dry,  and  the  moisture  imbibed  by  the  hemp, 
being  gradually  squeezed  out,  caused  the  iron  covering  to  rust ;  and  as 
this  process  of  rusting  generates  heat  enough  to  soften  the  gutta  pereha, 
the  safety  of  the  cable  became  endangered,  so  that  it  had  to  be  again 
taken  out  of  the  ship  and  deposited  in  tanks. 

The  practical  working  of  a  telegraph  involves  such  a  multiplicity  of 
details,  that  we  cannot  attempt  in  an  article  of  this  kind  to  convey 
much  minute  information.  St&l,  however,  there  are  certain  prominent 
features  which  a  reader  moderately  acquainted  with  electrical  science 
will  readily  und^hBtand.  An  electric  telegraph,  whether  for  land  or 
sea,  consists  of  three  essential  parts :  1st,  the  tmntnUUing  appanUua, 
for  generating  electric  action  at  one  end,  known  as  the  aauler  ;  2ndly, 
an  electrode  or  insulated  path  along  which  the  electricity  may  travd, 
and  familiarly  known  as  the  line  or  the  wire,  or,  in  the  submarine  tele- 
graph, the  ccMe ;  3rdly,  the  apparatus  used  at  the  other  end  of  the 
line  to  render  evident  the  signals  forwarded  by  the  transmitting  appa- 
ratus :  this  is  called  i^e  receiving  apparatus  or  intirumaU,  or  simply  the 
tnf^Twnent,  , 

And  first  as  to  the  transmitting  apparatus.  This  is  usually  a  voltaic 
battery,  consisting  of  alternate  pairs  of  copper  and  amalgamated  zinc 
plates,  arranged  in  troughs  of  some  compact  wood  made  tight  with 
marine  glue,  subdivided  into  compartments  by  means  of  slate,  or 
the  troughs  are  of  glazed  gutta  pereha.  Each  compartment  contains 
the  copper  of  one  pair  and  the  zinc  of  the  next.   [Galvanic  Battkbt.J 
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Jiiter  the  plates  huTe  been  introduced^  the  compartments  are  filled 
with  sand,  which  is  moistened  with  dilute  sulphuric  acid  (1  strong  acid 
to  15  water).  This  arrangement  diminishes  the  risk  of  leakage,  and 
lessens  the  amount  of  evaporation.  The  acid  hjis  to  be  renewed  once 
in  ten  or  fourteen  days,  according  to  the  amount  of  work  performed  l^ 
the  telegraph.  In  the  Electric  Telegraph  Company's  central  office  at 
Lothbury  Uie  battenes  are  contained  in  two  long  narrow  ohambers  in 
the  basement  of  the  building.  There  are  upwards  of  sixty  DanieU's 
batteries  at  work :  they  take  rank  as  sixes,  twelves,  and  twenty-fours, 
according  to  the  number  of  their  elements  or  plates,  the  twenty-fours 
working  the  longer  lines,  and  the  smaller  batteries  the  shorter  ommits. 
A  twenty-four,  when  in  full  work,  requires  only  a  gill  of  dilute  sul- 
phuric add  per  month,  and  its  zinc  plates  last  three  months.  Other 
batteries  require  1  lb.  of  sulphate  of  c^per  per  month,  with  a  little 
sulphate  of  zinc  or  salt  and  water.  The  entire  amount  of  electric 
power  employed  by  this  company  throughout  the  country  is  said,  on. 
the  authority  of  an  article  in  the  '  Quarterly  Review '  (1854),  to  be  pro- 
duced by  8000  twelve-plate  batteries,  or  96,000  cells,  which  are  Imed 
with  1,500,000  square  inches  of  copper,  and  about  the  same  of  zinc. 
To  work  i^ese  batteries,  6  tons  of  acid  and  &5  tons  of  sand  are 
required  every  year.  When  a  distant  station-clerk  finds  by.  the  weak 
action  of  his  needles  that  the  batteiy  is  not  up  to  its  work,  he  sends 
word  that  it  requires  "  refreshment,"  and  it  is  aooordingly  served  with 
its  gill  of  sulphuric  acid. 

Another  form  ol  battery  which  eontinues  in  action  for  a  consider^ 
able  time  consists  of  plates  of  amalgamated  zino  and  gas  coke  excited 
by  solid  sulphate  of  mercury  moist^ed  with  water ;  they  are  arranged 
in  oompartments  as  in  the  sand  batteyy. 

Some  lines  are  worked  by  means  of  the  magneto-elootric  maohina 
[Magvsto-Eleotbioitt.]    The  Atlantic  cable  during  a  portion  ol  its 
brief  existence  was  worked  by  a  secondary  current.    An  electric  cable 
sunk  in  water  is  apt  to  become  chaiged  with  electricity  after  the 
numner  of  a  iieyden  jar,  and  so  to  reost  the  passage  of  the  current 
along  its  central  conducting  wire.    The  idea  was,  that  by  using  a 
secondary  current  it  would  by  its  pulsations  dirolaoe  the  oiarge,  and 
allow  the  current  to  be  tcanimitted.    Hr.  Whitehouse  fed  his  double 
induction  coils  by  means  of  what  he  calls  a  "  perpetual  maintenance 
batteiy."     This  battery  consists  of  large  plates  of  platiaized  silver, 
and  amalgamated  zinc,  mounted  in  ceUs  of  gutte  percluL    There  are 
several  plates,  both  of  silver  and  zinc,  in  each  cell ;  but  all  the 
zinc  pliU«8  rest  upon  a  longitudinal  bar  of  metal  at  the  bottom 
of  the  cell,  and  all  the  silver  plates  hang  upon  a  similar  bar  at 
the  top  ol  the  cell,  so  that  thus  there  is  virtually  but  a  single 
stretch  of  silver,  and  a  single  stretch  of  zinc  in  operation.     Tins 
arraogement  is  made  because  it  enables  any  portion  of  either  silver 
or  zinc  to  be  removed  lor  repair  or  renewal  without  stopping  for  a 
moment  the  operation  of  the  batteiy.    As  any  one  lamina  becomes 
imperf eot»  it  can  be  taken  ont  from  its  groove,  and  replaced.    Each 
cell  contains  two  thousand  square  inches  of  acting  suzlace,  and  is 
charged  with  the  usual  mixture  ol  acid  and  water,  and  there  are  ten 
I  such  cells  in  the  battery.    This  combination  is  so  poworful  that  when 
)the  broad  strips  of  copper  plate  which  form  the  polar  extensions  are 
i  brought  into  contact  or  separated^  brilliant   flashes  are  produced, 
accompanied  by  a  loud  cra<^Ung  sound.    The  points  of  hugepUers 
[are  made  red-hot  in  five  seconds  when  placed  between  them,  and  iron 
(screws  bum  with  vivid  scintillation.    These  brilliant  effects  an,  how- 
lever,  produced  at  the  expense  ol  the  apparatus ;  the  metallic  surfaces 
Ifrom  which  they  are  emitted  rapidly  burning  away  during  their  con- 
itinuance.    In  order  to  alleviate  this  injurious  effect,  contact  is  made 
and  broken,  during  the  transmission  ol  electrical  signals,  by  means  of  a 
key  presenting  a  very  large  surface  of  metal     A  horizontal  bar, 
flattened  at  the  top,  turns  backwards  and  forwards  pivot-ways,  and 
tilts  its  edges  against  twenty  flat  brass  springs  resembling  in  form  the 
keys  of  a  piano-forte,  ten  being  on  each  side.    A  constant  dight  leak 
of  the  current  is  also  continuously  maintained  through  a  coil  of 
platinum  wire  placed  in  water.    By  this  contrivance  the  injurious  force 
,of  the  spark  is  pretty  well  absorbed  and  das^oyed.    The  cost  of  main- 
taining this  magnificent  batteiy  at  work  is  said  not  to  exceed  a  shilling 
per  hour. 

But  lor  the  reason  above  stated  the  voltaic  current  is  by  no  means  a 
fleet  messenger  compared  with  other  agents  which  are  at  the  command 
of  the  electrician.  Consequentiy  it  is  not  the  electric  stream  generated 
in  this  powerful  battery  which  was  designed  to  be  actually  sent 
across  the  Atlantic  on  the  performance  of  telegd^h  service.  Tliis 
primary  i>ower  is  only  used  to  call  up  and  stimulate  the  eneigy  of  a 
more  speedy  traveller.  The  voltaic  current,  generated  in  the  battery, 
is  transmitted  to  induction  coils,  arranged  in  pairs,  each  coil  being 
arranged  as  in  Ruhmkorfi^s  apparatus,  a  ngure  of  which  is  given  under 
Maonsto-Elxctricitt,  ooL  428.  It  is  the  secondary  current  induced 
by  this  apparatus  which  it  was  proposed  should  perform  the  work  of 
rushing  across  the  Atlantic.  This  independent  secondary  current  was 
therefore  the  trangmiesUm  current^  and  the  coil  in  which  it  was  produced 
was  properiy  the  trantmistum  coil.  The  coils  were  used  in  pairs,  becatise 
each  one  inductively  increases  the  power  of  its  neighbour,  and  in 
return  has  its  own  energy  inductively  increased  as  well  The  great 
heating  power  of  the  batteiy-current  is  rendered  harmless  by  the  size 
and  extent  of  the  primary  coil  through  which  it  is  passed.  If  at  any 
time,  by  accident,  the  current  should  find  a  short  course  for  itself  in 


ooasequence  of  the  silk  covering  of  the  wire  being  injured,  the  accident 
is  immediately  indicated  by  the  rapid  rise  of  the  temperature  of  tl^ 
coil.  The  transmission-ourrent  necessarily  gets  considerably  weakened 
when  it  has  passed  through  a  distance  of  1800  or  1900  xnilea.  Ckm- 
sequentiy  this  weakened  current  was  not  to  be  immediatelj  employed 
to  print  or  record  the  signals  transmitted.  The  weakened  tranwTniwBion- 
current  was  merely  caused  to  open  and  close  the  outlet  of  a  fresh  battery 
destined  to  do  the  printing  or'  leoording  labour.  The  strand  of  the 
Atlantic  cable  was  continued  into  a  coil  of  fine  wiie,  wound  about  a 
bar  ol  soft  iron.  When  the  transmission-current  flowed  through  th« 
coil,  the  bar  became  a  temporary  magnet,  which  had  the  direction  of 
its  polarity  determined  by  the  nature  oi  the  current  (poeitive  or 
negative)  sent  throu^  the  coiL  The  pole  which  is  north  when  the 
transmission-current  Ib  positive,  becomes  south  whoi  the  traniimigaion- 
cuzrent  is  negative.  Near  to  tiie  temporary  magnet  a  permanent 
magnet  was  so  placed  that  it  could  traverse  backwards  and  forwards 
upon  a  pivot  as  it  was  actuated  by  the  temporary  magnet  The  north 
pole  of  the  permanent  magnet  was  attracted  by  the  south  pole  of  the 
temporaiy  one,  and  vke  var$d ;  so  that  as  the  polarity  of  the  temporary 
magnet  was  reversed,  the  permanent  magnet  was  made  to  traverse. 
When  it  traversed  one  way,  it  opened  the  outiet  of  the  local  battery  by 
effBcting  a  contact,  and  caused  it  to  print;  when  it  traversed  the  other 
way  it  shut  off  the  current  of  the  local  battery,  so  that  it  ceased  to 
print. 

It  was  the  peculiar  advantage  of  this  relay-instrument  (as  it  is  called) 
that  the  temporary  magnet  had  no  other  work  to  do  than  to  tarn  the 
permanent  magnet  upon  its  almost  friotionless  pivot.  It  had  no  spring 
to  overcome,  su<^  as  is  more  commonly  employed  in  this  claas  of 
instruments.  The  arrangement  was  so  sensitive  that  the  apparatus 
could  be  put  in  action  by  a  fragment  ol  zinc  and  a  sixpence  pressed 
against  the  tongue.  These  t&yn  might  indeed  be  ordinarily  heard 
cUcking  backwards  and  lorwards,  and  worldng  automatically  when  the 
large  induotian-coils  were  in  operation  wi^on  a  lew  leet  of  them, 
actoally  doing  a  little  business  on  their  own  account,  although  not  in 
communication  with  any  current,  and  transmitting  the  same  aignals 
and  messages  as  those  which  were  being  forwarded  through  the  agency 
ol  the  indnction-coils.  As  the  poles  of  the  induction-coil  magnets  were 
reversed,  the  poks  of  the  relay-magnets  were  actuated  different  waya 
Kr.  YHiitehouse  made  the  instruments  even  more  delicate  by  apply- 
ing a  second  permanent  magnet,  so  that  it  could  be  made  by  a  screw- 
adjustment  to  increase  or  i^twiinUli  the  attraction  acting  on  the  working 
magnet,  either  wav.  When  the  printing  battery  was  brought  into 
operation  by  the  relay,  it  delivered  its  message  by  the  agency  of  one  of 
Ploleasor  Mone*s  printing  instruments  already  described. 

Professor  W.  Thomson,  in  commenting  on  the  above  arrangement 
('  Bncyo.  Brit,'  art '  Electric  Telegraph'),  nrefers  the  voHaic  battery 
to  any  other  source  of  electricity  "lor  au  great  telegraphic  work^ 
and  he  expresses  his  conviction — somewhat  boldly,  we  think, — ^that  "if 
no  induction  coils  and  no  batteiT  power,  either  positive  or  exceeding 
20  cells  ol  DanieU's  negative,  had  ever  been  applied  to  the  cable  since 
the  landing  of  its  ends,  imperleot  as  it  then  was,  it  would  be  now  in 
full  work  day  and  night,  with  no  prospect  or  probability  of  failure." 

Secondly,  as  to  the  Une. — In  most  parts  ol  England  the  wires,  as 
Irom  the  commencement  ol  the  system  in  this  country,  are  supported 
on  poles  at  a  height  ol  several  feet  from  the  ground;  but  in  a  few 
cases,  such  as  along  the  mail-coach  road  from  London  to  Dover,  a  sub- 
terranean arrangement  has  been  adopted :  the  wires  being  encased  in  a 
wooden  trough,  and  deposited  a  foot  or  two  beneath  the  surface  of  the 
ground.  This  arrangement  is  also  adopted  in  the  streets  of  London, 
and  of  other  large  towns.  It  has  also  been  adopted  by  the  English 
and  Irish  Magnetic  Company,  on  a  great  extent  of  their  lines ;  and  it  is 
that  adopted  in  Prussia.  The  wires  from  the  central  station  hi  London 
are  insulated  by  being  wrapped  with  cotton  thread,  and  coated  with  a 
mixture  of  tar,  resin,  and  grease,  or  gutta  percha  is  used  in  preference. 
Nine  such  wires  are  packed  in  a  half -inch  leaden  pipe,  and  four  or  five 
such  pipes  are  packed  in  an  iron  pipe  about  8  inches  in  diameter, 
which  pipes  are  laid  under  the  foot-pavements,  and  are  thus  conducted 
to  the  terminal  stations  of  various  railways.  Testing-posts  are  placed 
at  intervals  along  the  streets,  by  which  any  failure  can  be  detected  and 
the  locality  of  the  defective  wire  ascertained  at  least  within  the  dis- 
tance of  two  posts.  The  London  District  Telegraph  Company  do  not 
bury  their  wires,  but  are  now  engaged  in  weaving  a  metalhc  web  oyer 
the  tops  of  our  houses. 

The  exposed  conducting  wires  which  run  along  the  side  of  a 
railway  are  of  gidvanised  iron,  about  the  sixth  of  an  mch  in  diameter. 
The  higher  price  of  copper  prevents  it  from  being  employed,  although 
this  metal  is  a  much  better  conductor  of  electricity  than  iron.  When 
a  great  length  of  wire  is  to  be  stretched  between  two  distant  points, 
without  immediate  support,  steel  wire  is  sometimes  used.  ^  The  gal- 
vanised iron  wire,  in  the  neighbourhood  of  large  manu&cturing  towns, 
is  liable  to  be  attacked  by  the  sulphur  acids  of  the  smoke,  and  the 
zinc  being  converted  into  a  soluble  sulphate  is  washed  off  by  the  rain, 
and  the  iron  wire  becomes  quickly  corroded.  We  have  already 
spoken  of  the  earthenware  or  glass  insulators  attached  to  the  posts, 
for  supporting  the  wire.  An  insulator  should  not  only  be  a  non- 
conductor, but  it  should  throw  off  the  rain  quickly  and  completely, 
otherwise  the  moisture  will  form  a  conductor  to  the  earth ;  indeed, 
the  dripping  of  wet  fnom  one  line  to  another  below  it,  will  sometimes 
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turn  away  the  oarrent  from  its  work.  Wet  and  foggy  weather  always 
baa  the  effect  of  diminishmg  the  current  and  requiring  greater 
battery  power;  unless,  indeed,  Uie  plan  should  be  adopted  of  imtehing 
the  line,  that  is,  instead  of  sending  a  message  along  a  direct  line, 
where  the  wires  are  enveloped  in  rain  or  damp  fog,  or  are  otherwise 
'*  sick"  as  it  is  called,  the  Ime  is  switched  on  to  another  and  more  cir^ 
cuitous  route,  where  the  wires  are  in  good  working  order.  Spiders' 
threads  covered  with  dew  sometimes  divert  the  current,  as  does  also 
atmospheric  electricity.  Indeed,  a  thunderstorm  was  foitnerly  a 
source  of  danger  to  the  telegraph  clerks.  Professor  Loomis  says  tliat 
the  telegraphic  wires  are  very  sensitive  to  an  i^sproaohing  storm,  and 
often  bScome  highly  charged,  even  when  the  storm  is  so  distant  that 
the  thunder  cannot  be  heajnd  nor  the  lightning  seen.  Under  such  cir- 
cumstances, if  one  stand  in  the  room  of  a  tel^grsphio  station,  and 
place  one  hand  upon  a  telegraphic  wire,  and  rest  the  other  on  the  wire 
which  oommunieates  with  we  earth,  a  sharp  shock  is  felt  in  the  arms, 
and  sometimes  across  the  breast.  This  shock  is  very  painful ;  although 
when  the  two  wires  are  brought  within  striking  distance  of  each  other, 
only  a  faint  spark  is  to  be  seen.  But  when  the  thunder-cloud  is  near, 
such  experiments  are  dsngerous.  In  such  case,  a  thunder-doud  pass- 
ing over  the  wires  may  charge  them  to  such  an  extent  that  the 
electricity  may  fuse  the  thin  wire  oi  the  ^electro-magnety  and  render 
the  magnet  itself  unserviceable.  On  some  occasions  an  explosion 
takes  place  in  the  telegraph-room  sufficient  to  fuse  thick  wix«s,  and 
to  expose  the  clerks  to  considerable  danger.  A  weak  charge  of 
atmospheric  electricity  has  the  same  effect  on  the  wires  as  the  cur- 
rent of  a  voltaic  battery;  it  makes  a  point  in  the  telegraphic 
register.  If,  however,  a  storm  pass  over  the  wires,  these  points 
become  numerous ;  and  as  they  show  themselves  between  the  points 
of  a  telegraphic  message,  they  make  the  writing  indistinct,  and  often 
illegible,  so  that  on  such  occasions  the  clerks  usuaUy  suspend  their 
labours.  Various  contrivances  have  been  made  for  drawing  off 
electricity  from  the  wires,  without  disturbing  the  current,  advan- 
tage being  taken  of  .the  tension  of  the  former,  which^giyes  it  a  striking 
distance  not  possessed  by  the  latter.  In  addition  to  atmospheric 
electricity  the  line  is  liable  to  be  disturbed  by  what  are  called  *'  earth 
currents."  If  both  ends  of  a  long  wire  be  connected  with  the  earth, 
currents  will  pass  through  the  line  apparently  in  consequence  of 
▼ariations  in  the  electrical  condition  of  the  earth  in  different  places. 
Mr.  Varley  has  observed  that  these  currents  are  continually  flowing 
about  the  earth  in  one  direction  or  another  throughout  the  day,  and 
reach  a  maximum  about  ^'40  P.v.  During  magnetic  storms  or  the 
aurora  borealis,  currents  are  sufficiently  strong  to  interrupt  the  working 
of  the  lines :  they  flow  sometimes  in  one  direction,  sometimes  in 
another,  and  often  change  their  direction  in  a  few  secondsL 

But  if  in  land  lines  the  insulation  of  the  wires  is  attended  with 
difficulty,  the  insulation  is  very  much  more  difficult  and  uncertain  in 
carrying  a  cable  through  great  lengths  of  ocean.  In  transmitting  a 
current  along  an  insulated  land  line  connected  with  the  earth  at  one 
end,  and  wiw  a  battery  communicating  with  the  earth  at  the  other, 
the  strength  of  the  current  diminishes  in  an  inverse  ratio  to  the 
length  of  the  wire.  When,  however,  the  conducting  wire  is  wrapped 
up  in  an  insulating  material  and  immersed  in  water,  we  have  the  three 
parts  of  a  Leyden  jar,  namely,  the  wire  takes  the  place  of  the  inner 
metallic  coating,  the  gutta  percha  that  of  the  insulating  glass,  and  the 
iron  wire  covering  or  the  water  that  of  the  outer  coating,  so  that  not 
only  does  the  strength  of  the  current  diminish  inversely  as  the 
length,  but  the  arrangement  must  be  discharged  before  a  message 
can  be  sent,  and  the  rate  of  signalling  must  depend  ultimately  on 
the  rapidity  with  which  the  diarge  and  dischai|;e  can  be  effected. 

But  there  are  mechanical  difficultlee  arising  from  the  materials 
employed.  The  copper  conducting  wire  is  deficient  in  strength,  and  a 
moderate  strain  put  upon  it  may  produce  a  permanent  elongation :  while 
the  materials  which  envelope  it,  being  more  elastic,  return  to  their 
original  bulk  when  the  strain  is  removed,  the  elongated  copper  does  not 
do  so,  but  will  thus  cut  its  way  through  the  gutta  percha  cover.  The 
oopper  wire  is  usually  made  into  a  strand  for  the  mte  of  strength,  and 
it  has  even  been  proposed  to  cover  the  copper  with  fine  steel  wires 
before  putting  on  the  gutta  percha,  so  that  the  chief  strength  of  the 
cable  might  be  in  its  core.  Copper  wire  is  preferred  on  account  of  its 
superior  conducting  power  for  electricity,  which  is  seven  times  greater 
than  that  of  iron.  But  this  superiority  is  greatly  dependent  on  the 
purity  of  the  copper.  No  substonce  added  to  copper  increases  its  con- 
ducting power ;  but  the  presence  of  other  metals  may  reduce  its  con- 
ducting power  below  tliat  of  iron.  The  conducting  power  of  copper 
also  varies  with  the  temperature. 

Qutta  percha  is  also  subject  to  various  changes  which  mterfere  with 
its  insulatUig  power ;  although  usuallv  considered  as  a  good  insulator 
it  is  by  no  means  perfect,  especially  when  it  is  exposed  to  a  tolerably 
high  temperature.  At  32**  there  is  a  very  small  leakage  of  electricity 
through  it;  at  52"  the  leakage  is  three  times  as  great;  at  72^  it  is 
nearly  six  times ;  and  at  92*  ten  times  as  great  as  at  32*".  While  laying 
the  Red  Sea  cable,  the  temperature  in  tibe  hold  of  the  ship  was  92*, 
and  the  insulation  was  so  bad  that  the  engineers  could  not  speak 
through  the  cable;  but  when  in  the  water  at  the  depth  of  300  &thoms 
and  the  temperature  7^,  the  insulation  became  much  better.  Gutta 
percha  also  varies  greatly  in  its  quality :  it  may  contain  foreign  matter, 
or  bo  porous,  or  air  buboles  may  become  entangled  with  it  during  the 


hmng  oui  all  of  which  may  tend  to  destroy  its  insulating  power. 
There  m^  be  bad  joints  or  small  punctures,  or  a  strong  battery 
power  may  produce  a  chemical  action  injurious  to  its  stability.  Its 
duiabilily  is  also  seriously  affdoted  by  exposure  to  light  and  air,  so 
that  in  shallow  water  india  rubber  may  be  a  preferable  coating.  Outta 
percha  is  also  liable  to  injury  from  friction  or  horn  pressure,  and  both 
it  and  the  hempen  packing  are  Hable  to  the  attacks  of  marine  animals^ 
a  species  of  Teredo  devouring  the  hemp,  and  another  Teredo  penetrat- 
ing the  gutta  percha. 

Hence  it  will  be  seen  that  the  great  problem  of  ocean  telegraphy 
cannot  by  any  means  be  regarded  as  ^Ived.  The  best  form  of  cable 
remains  to  be  invented:  it  shouM  be  light  and  flexible  for  deep  waters, 
and  sufficiently  strong  in  shallow  ones  to  resist  the  rude  grip  of  an 
uichor.  Some  cables  weigh  8  or  4  tons  per  ;mile;  others  8  or  9  or 
even  more,  while  light  cables  weight  about  14  or  2  tons  per  mile.  The 
method  of  stowing  them  on  boa^  a  ship,  and  the  machinery  for  pay- 
ing them  out  require  to  be  reconsidered ;  but,  above  all,  the  many 
costly  blunders  which  have  been  peipetrated  with  various  cables 
ought  not  to  be  again  possible,  such  as  the  heating  of  the  Rangoon 
eable,^  and  the  error  in  reckoning  in  paying  out  the  Cagliari  and 
Algeria  cable,  so  that  there  was  not  enough  cable  to  reach  the  land : 
the  ship  held  on  during  five  days  to  the  cable  and  then  broke  off 
in  the  midst  of  a  storm.  It  \b  not  our  business  here  to  do  more  than  allude 
to  the  failures  of  telegraphic  cables  consequent  on  the  plan  adopted  by 
our  government  of  granting  premiums  to  telegraphic  companies. 

This  part  of  our  subject  will  not  be  complete  without  a  few 
details  as  to  the  mode  of  preparing  the  Atlantic  cable.  A  strand 
of  seven  wires  of  pure  copper  of  the  No.  22  gauge,  was  finst  pre^ 
pared,  it  being  the  sixteenth  of  an  inc^  in  difuneter  when  twisted. 
The  strand  of  seven  wires  was  adopted  in  preference  t6  a  single 
wire  of  the  same  practical  capacity,  because  the  probability  of  a 
destruction  of  continuity  was  in  this  way  greatly  diminished.  In 
case  of  ai^  accident  occurring  it  was  very  unlikely  l^at  all  the  seven 
wires  would  be  broken  in  exactly  the  same  place,  and  so  long  as  only 
one  of  them  remained  sound,  the  electrical  transmission  could  be  carried 
on.  The  strand  itself  was  subject  to  a  strain  which  stretched  it 
twenty  per  cent,  without  any  appreciable  injury  to  its  conducting 
power  being  discovered.  To  show  that  no  amount  of  attenuation  which 
oould  be  produced  by  accident,  could  interfere  to  any  important  extent 
with  its  utility  as  a  telegraphic  conductor,  one  mile  of  wire  eleven 
times  smaller  than  the  strand,  was  introduced  into  a  gap  made  in  a 
600-niiles  length  of  the  cable,  and  the  effect  produced  on  the  trans- 
mitting power  of  the  cable  by  the  interpolation  was  tested.  It  proved 
that  the  transmitting  capacity  of  the  cable  was  only  diminished  by 
one  thirty-seventh  part. 

As  the  copper  strand  was  prepared,  it  was  relied  upon  drums,  and 
then  taken  frem  the  drums  to  have  three  separate  coatings  of  gutta 
pereha  applied,  until  the  aggregate  diameter  was  thus  brought  up  to 
about  three-eighths  of  an  inch.  The  gutta  pereha  used  for  these 
coatingB  was  prepared  with  great  care.  It  was  first  rasped  into  shreds, 
and  washed,  and  next  pressed  threugh  several  layers  of  fine  wire  gauze, 
and  kneaded  for  hours  in  the  interior  of  iron  cylinders  by  steam 
machinery.  It  was  then  squeezed  by  powerful  screws,  threugh  dies, 
as  the  strand  of  copper  was  gradually  drawn  along  between  them,  and 
so  made  to  adapt  itself  as  a  compact  sheath  to  the  strand.  Three 
several  and  successive  coatings  were  given  to  the  strand  in  order  that 
any  imperfection  left  in  the  first  might  be  compensated  and  remedied 
by  the  next  coat  applied.  The  completed  core  was  subjected  to  s 
pressure  of  five  tons  upon  the  square  inch,  by  the  use  of  hydrauli ; 
power,  without  the  insi^ating  material  being  at  all  injured  by  the  force 
applied. 

During  the  process  of  the  manufacture  of  this  core  it  was  submitted 
to  constant  examination  to  prove  both  that  the  continuity  of  the 
copper  strand  continued  unimpaired,  and  also  that  the  insulating 
power  of  the  gutta  pereha  sheath  was  as  complete  as  it  was  required  to 
be.  The  continuity  was  proved  by  passing  a  voltaic  current  of  low 
intCTmty  from  a  battery  of  a  single  pair  of  plates,  through  the  strand, 
and  then  causing  it  to  record,  a  signal  after  issuing  from  the  wire. 
A  battery  of  low  intensity  was  employed  for  this  purpose,  because  it 
made  the  test  so  much  the  more  severe.  A  strong  battery  might  have 
thrown  the  current  through  a  slight  imperfection,  which  a  weak 
battery  might  not  be  able  to  overcome.  The  due  perfection  of  the 
insulation  was  tried  by  turning  up  bito  the  air  the  end  of  the  length  of 
core  about  to  be  examined,  and  by  then  connecting  one  pole  of  a 
voltaic  battery  of  five  hundred  pairs  of  plates  with  t£e  nearer  end  of 
the  length  of  wire,  and  the  other  pole  with  the  earth,  a  magnetic 
galvanometer  being  suspended  within  a  coil  continuous  with  the  strand. 
So  long  as  the  insulation  of  the  strand  was  fairly  perfect,  the  copper 
wires  became  charged  with  the  electricity  of  which  but  very  Uttle 
could  escape,  and  so  no  current  was  produced  through  the  strand,  and 
no  deflection  of  any  consequence  appeared  in  the  magnetic  needle. 
When  the  insulating  sheath,  on  the  other  hand^  was  miperfect,  the 
electrical  charge  leaked  threugh  the  imperfections  to  the  earth,  and  so 
got  back  to  the  opposite  pole  of  the  battery.  In  this  way  a  current 
was  set  up  in  the  wire  to  supply  the  leakage,  and  the  magnetic  needle 
was  deflected  from  its  position  of  equilibrium,  the  deflection  being  in 
proportion  to  the  amount  of  the  current.  A  strong  battery  of  five 
hundred  pairs  of  plates  was  employed  in  detecting  imperfect  insula- 
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iion,  in  preference  to  a  weak  one,  because  a  strong  current  would 
force  a  passage  through  an  imperfection  which  might  be  too  slight  to 
allow  a  weak  current  to  make  its  way.  During  the  progress  of  the 
work,  a  plan  was  devised  which  enabled  the  testing  for  both  con- 
tinuity of  the  strand  and  insulation  of  the  sheath  to  be  carried  on 
simultaneously.  •  A  voltaic  current  can  pass  through  a  charged  Leyden 
jar  without  either  the  current  or  the  charge  being  in  any  practical 
way  interfered  with.  Therefore  the  entire  length  of  cable  under 
examination  was  joined  up  into  a  loop  or  endless  ring,  and  a  yoltaio 
battery  of  five  hundred  pairs  of  plates  had  one  of  its  poles  connected 
with  the  conducting  strand  of  this  ring,  and  the  other  pole  placed  in 
communication  with  the  earth.  A  small  insulated  battery  of  low 
tension  was  also  introduced  into  the  circuit  of  the  ring,  so  that  its 
current  flowed  round  continually,  from  pole  to  pole,  through  the 
strand.  An  insulated  bell  was  also  so  placed  in  the  circuit,  that  any 
break  of  continuity  dropped  a  needle,  before  held  magnetically  fast, 
and  caused  the  bell  to  sound.  Another  bell  instrument  was  so 
arranged  that  it  was  rung  whenever  the  current  from  the  five  hundred 
cell  battery  began  to  run,  in  consequence  of  electrical  leakage,  with 
undesirable  speed.  The  feeble  battery  in  the  circuit  rung  its  bell 
whenever  the  circuit  was  broken.  The  strong  battery  out  of  the 
circuit  rung  its  bell  whenever  an  outflowing  current  was  set  up 
through  the  strand,  in  consequence  of  the  insulating  sheath  being 
unable  to  retain  the  chaise. 

During  the  prosecution  of  these  experiments  the  discovery  was  made, 
that  the  insulating  power  of  gutta  percha  is  very  matcoially  affected  by 
temperature.  A  high  temperature  seems  greatly  to  impair  its  insula- 
ting capacity,  and  the  recurrence  of  a  lew  temperature  speedily  restores 
it  to  its  original  excellence.  An  opportunity  was  taken,  when  a  single 
flake  or  tier  of  the  completed  cable  was  lying  at  the  bottom  of  the 
receptacle  in  the  yard  of  the  manufactory  at  Greenwich,  to  watch  the 
changes  which  the  natural  variation  of  temperature  during  forty-eight 
hours  produced  in  its  conducting  capability.  When  the  Uiermometer 
stood  at  42°,  the  deflection  of  the  galvanometer  needle  was  barely  8" ; 
but  when  the  thermometer  rose  to  59**,  the  deflection  of  the'  magnetic 
needle  became  64*.  Even  passing  sunshine  and  cloud  made  the  tell- 
tale needle  traverse  out  and  in  with  surprising  rapidity.  There  was 
reason  to  conclude,  from  the  soundings  taken  by  Lieutenant  Dayman 
of  the  Cyclops,  that  the  bottom  of  the  Atlantic  would  supply  the  low 
temperature  essential  to  the  good  performance  of  the  insulating 
material. 

The  separate  lengths  of  manufactured  core  were  joined  into  longer 
extents  in  the  following  manner.  The  gutta  percha  was  scraped  from 
the  ends  for  a  short  distance,  and  these  were  placed  in  contact.  A 
piece  of  copper  wire  was  then  attached  by  firm  brazing  to  one  side  of 
the  joint,  and  wound  round  the  strand  until  it  reached  as  far  on  the 
other  side,  being  there  brazed  again.  A  second  binding  was  then 
effected  outside  the  first  in  precisely  the  same  way,  and  several  layers 
of  gutta  percha  placed  over  the  whole  by  the  aid  of  hot  irons.  In  case 
of  the  core  on  each  side  of  the  joint  being  at  any  time  so  dragged  that 
the  ends  of  the  strand  were  broken  asunder,  this  outer  investment  of 
wire  would  unroll  spirally  without  being  detached  from  the  strand. 
Thus  the  electric  continuity  of  tiiie  strand  would  be  preserved  even 
when  the  strand  itself  was  severed. 

Every  two  miles  of  the  completed  core  were  wound  upon  channelled 
drums  with  deep  flanges,  iron  shod  at  the  rim,  so  that  they  could  be 
rolled  about  and  made  to  perform  their  own  locomotion.  When  the 
contents  of  these  drums  were  used  in  supplying  the  cable  with  more 
core,  one  of  the  ends  was  attached  to  the  outgoing  core  of  the  com- 
pressed cable,  and  so  the  contents  were  unrolled  from  the  drum  as  the 
external  metallic  wires  were  spun  round  the  core.  During  the  unrol- 
ling, a  serving  of  hemp,  saturated  with  a  mixture  of  pitch  and  tar,  was 
compactly  wound  round  the  core  to  act  as  a  bed  for  Uie  external  me- 
tallic sheath.  ^  Then  eighteen  strands,  each  of  seven  wires  of  chBiooal 
iron,  were  twisted  firmly  round  the  core.  The  strands  and  the  cable 
were  made^  by  prec^ly  analogous  machinery.  A  lai^  horizontal 
table,  containing  seven  bobbins  on  the  circumference  in  the  case  of  the 
strand  machine,  and  eighteen  in  the  case  of  the  closing  or  finiahmg 
machine,  was  whirled  round  by  steam-power  with  great  rapidity.  A 
central  wire,  or  the  core,  was  drawn  up  through  a  hole  in  the  middle 
of  the  table,  and  so  invested  with  a  twisted  whorl  of  wires  or  strands, 
given  off  from  the  bobbins  as  the  table  revolved.  The  strands  were 
used  in  completing  the  cable,  instead  of  solid  wires,  because  by  this 
means  greater  flexibility  and  strength,  for  the  material  used,  were 
obtained.  The  external  investment  of  iron  was  solely  designed  to  pro- 
tect the  coated  core  from  mechanical  violence  during  the  act  of  sub- 
mez^gence,  and  to  confer  upon  it  a  convenient  amount  of  weight  for 
effecting  its  sinking  in  the  sea. 

Each  strand-machine,  during  the  manufacture  of  the  cable,  was 
worked  day  and  night,  and  in  twenty-four  hours  spim  ninety-eight 
miles  of  wire  into  fourteen  miles  of  strand.  The  several  strand-machines 
at  work  simultaneously  every  twenty-four  hours  transformed  2068 
miles  of  wire  into  294  miles  of  strand.  As  much  as  thirty  miles  of 
cable  have  been  made  within  twenty-four  hours.  At  one  time  all  the 
wire-drawers  in  England  proved  to  be  unable  to  supply  the  exacting 
demands  of  the  machinery,  and  the  works  had  to  pause  for  a  short 
space.  The  entire  length  of  wire,  iron  and  copper,  spun  into  this 
wonderful  structure,  amounted  to  832,600  mUes ;  a  length  sufficient  to 


engirdle  the  earth  thirteen  times  t  The  completed  cable  weighed  from 
nineteen  hundredweight  to  one  ton  per  mile,  and  proved  to  be  able  to 
bear  with  impunity  a  direct  strain  of  five  tons.  In  the  salt-water  _  the 
weight  of  the  cable  would,  however,  not  exceed  fourteen  hundredweight 
per  mile ;  and  as  the  greatest  depth  of  the  Atlantic  in  which  it  w^ouid 
have  to  be  laid  is  only  a  little  more  than  two  miles,  and  a  certain  por- 
tion of  the  weight  would  necessarily  be  borne  by  friction  against  the 
particles  of  the  water  as  the  rope  sank,  it  was  anticipated  that  the  €sable 
would  never,  imder  any  circumstances,  be  required  to  meet  a  strain  of 
more  than  one  ton  and  a  half. 

The  failure  of  the  Atlantic  cable  was  due,  in  some  respects,  to  the 
haste  with  which  it  was  manufactured.     The  company  had  obtained, 
in  1864,  the  exclusive  right,  for  fifty  years,  of  landing  cables  on  the 
shores  of  Newfoundland  and  Labrador,  and  in  1866  the  British  as  well 
as  the  American  government  made  a  grant  of  14,0002*  a  year,  oon« 
ditional  on  success,  the  company  pledging  themselves  to  make  the  first 
attempt  to  lay  the  cable  in  1867.    It  ia  now  admitted  that  the  con- 
struction of  we  cable  was  hastily  commenced,  before  the  experiments 
necessary  to  ascertain  the  proper  form  and  other  conditions  had  been 
completed.    "  The  manufaoture  was,  however,  not  fairly  commenced 
till  February,  1867,  and  2600  miles  were  completed  in  June,  1857. 
Half  was  made  at  Messrs.  Newall's  works  at  Birkenhead,  and  half  at 
Messrs.  Glass  and  Elliot's  works  at  Greenwich.    The  manufacture  was 
very,  much  hurried.    The  portion  made  by  Messrs.  Glass  and  Elliot, 
not  being  under  cover,  suffered  from  exposure  to  heat.    The  testing  of 
each  coat  of  gutta  percha  in  water  was  recommended  by  Mr.  White- 
house,  but  this  could  not  be  performed  on  account  of  the  speed  at 
which  the  cable  was  required  to  be  made.    In  the  manufacture  of  the 
last  400  miles  a  system  of  testing  the  copper  wire  for  its  conducting 
power  was  introduced,  by  which  an  improvement  of  from  20  to  25  per 
cent  in  the  conductivity  of  the  cable  was  obtained.    Messrs.  Newadl's 
half  of  the  a^le  was  put  on  board  the  United  States'  ship  Niagara^ 
and  Messrs.  Glass  and  Elliot's  half  wasput  on  board  the  Agamemnon ; 
but  so  backward  were  the  preparations,  that  the  machinery  for  laying 
the  cable  was  being  put  together  as  the  ships  went  round  to  Valentia. 
The  break  machinery  was  novel  and  cumbrous."  ('  Edinburgh  Review/ 
1861.) 

The  object  for  which  all  these  complicated  arrangements  are  made 
is  for  the  purpose  of  indicating  at  the  distant  station  certain  electric 
signals  by  visible  motions  or  by  sounds,  or  by  marks  on  a  ribbon  of 
paper.    In  all  these  cases  there  must  be  a  contrivance  for  connecting 
the  voltaic  battery  or  other  electro-motor  with  the  line,  in  such  a  way 
as  to  be  able  to  send  along  it  a  positive  or  a  negative  current  at  will,  so 
as  to  be  able  to  produce  variety  in  the  signals  at  the  distant  station, 
and  having  performed  its  worx  there,  the  current  returns  back  to  the 
battery  by  way  of  the  earth.    In  this  way,  as  already  explained,  the 
circuit  is  completed  without  the  necessity  of  a  return  wire.    Although 
a  line  of  earth,  as  a  conductor  of  electricity,  is  many  thousand  times  infe- 
rior in  power  to  a  line  of  metal  of  the  same  diameter,  yet  as  the  conduct- 
ing power  of  bodies  increases  in  proportion  to  the  area  of  the  section  of 
the  conductor,  and  the  area  of  the  conducting  portion  of  the  earth 
between  the  two  stations  may  be  indefinitely  extended,  we  thus  have 
a  return  line  offering  less  resistance  than  the  wire  which  conveys  the 
current.    All  that  is  necessary,  therefore,  instead  of  the  return  wire,  is 
to  buiy  a  large  copper  plate  in  the  earth,  and  to  connect  with  it  a  wire 
from  the  telegraphic  apparatus  at  the  end  of  the  line.    Instead  of  this 
copper  plate,  or  earth  as  it  is  called,  the  gas-pipes  and  water-pipes  of 
towns  are  used  as  earths.    In  the  Electric  Telegraph  Company's  Cen- 
tral Station  at  Lothbury,  an  earth  was  formed  by  digging  a  hole  in  the 
foundations  until  moist  ground  was  arrived  at,  and  into  this  a  cylindes- 
of  copper,  40  lbs.  in  weight,  was  sunk,  and  this  was  covered  up  with 
crystals  of  sulphate  of  copper.   All  the  earth-wires  of  the  establiBJiment 
are  connected  with  this  eaith-plate.    The  general  arrangement  will  be 
made  dearer  by  means  <^  ^.  12,  in  which  T  and  L  represent  two 
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telegraphic  instruments,  one  stationed  in  York,  another  in  London, 
connected  by  an  insulated  air-line.  F  Q  are  two  earth-plates,  connected 
by  iheans  of  wires  to  each  instrument  A  message,  we  will  suppose, 
is  being  transmitted  from  London  to  York.  If  o  z  represent  the  bat* 
tery  at  the  London  Station,  the  current  wUl  pass  from  o,  to  a  wire 
connected  with  the  earth-plate  Q,  thence  through  200  miles  of  earth ; 
when  at  the  York  earth-plate,  F,  the  current  will  be  taken  up  again, 
and,  by  means  of  the  wire,  wUl  act  upon  the  instrument  t,  from  which 
it  irill  pass  to  the  line,  return  back  to  London,  pass  through  the  coil  of 
the  instrument,  deflecting  the  needle,  and  so  back  to  the  end  z  of  the 
battery,  where  the  current  will  be  completed. 
Now,  in  order  that  the  derk  may  have  it  in  his  power  to  send  the 
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current  in  either  direction,  00  as  to  deBect  the  distant  needle  either  to 
the  right  or  to  the  left  at  pleasure,  some  such  arrangement  as  the 
f  ollo^ng  ifl  necesaary.  There  are  many  arrangements,  more  or  less 
simple,  having  the  same  object  in  view,  but  we  give  this  one  for  the 
sake  of  illustrating  the  principle  :—F%g,  18  represents  the  galvanometer 
coil,  with  its  needle,  nf,  at  rest,  or  in  a  position  to  rteeive  a  message. 
Now,  suppose  the  current  from  the  distant  battery  to  enter  the  coil  o 
by  the  wire  L.  It  will  pass  through  the  coil  and  come  out  by  the 
left-hand  wire  connected  with  a  metallic  spring,  v.  It  will  then  pass 
along  the  brass  cross-piece  <2  to  the  metallic  spring  t,  and  complete  the 
circuit  by  means  of  the  wire  attached  to  the  earth-plate  p,  and  the 
earth,  by  which  it  returns  to  the  distant  station.  The  battery  0  z, 
at  the  receiving  station,  remains  inactive,  its  extreme  wires  being 
attached  to  insulated  pieces  of  brass  at  either  end  of  the  vertical  piece 
connected  with  d.    Hence  no  current  can  pass,  since  the  wire  from  0 
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number  of  stations  which  can  communicate  with  each  other  simul- 
taneously, the  larger  must  be  the  number  of  the  wires. 

When  the  instrument  consists  of  two  needles  and  two  coils  the 
alphabet  may  be  made  out  somewhat  in  the  following  manner.  Calling 
the  left-hand  needle  No.  1,  and  the  right-hand  No.  2,  and  indicating 
one  movement  of  either  needle  to  the  left  by  U  and  one  movement  to 
the  right  by  r,  the  combinations  of  movements  which  stand  for  the 
various  letters  of  the  alphabet  are  the  following  : — 


No.  1 

No.  2 

No.  1 

No.  2 

Needle. 

Needle. 

Needle. 

Needle. 
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is  insulated,  If,  however,  a  signal  has  to  be  transmitted  from  this 
instrument  to  the  distant  station,  the  derk  works  the  handle  in  front 
of  the  instrument,  and  presses  d  against  the  spring  t,  fig,  14,  whereby 
the  lower  extremity  of  the  brass  piece  is  brought  into  contact  with  the 
other  spring,  v,  and  the  current  now  passes  in  the  direction  of  the 
arrows,  that  is,  from  c  to  v,  through  the  wire  attached  to  P,  into 
the  eaith  through  the  distant  station,  where  the  instrument  is  arranged 
for  receiving  the  signal,  as  in  fig.  18,  where  it  produces  a  deflection  of 
the  needle ;  the  current  then  returns  by  L  to  the  ^vanometer  coil  o, 
deflects  the  needle,  and  returns  by  the  wire  attached  to  the  spring  t, 
and  BO  by  the  metallic  piece  d,  through  the  wire  attached  to  z,  and  thus 
completes  the  circuit.  By  reversing  the  motion  of  the  handle,  the 
direction  of  the  current,  and  the  motion  of  the  needles  in  the  coil,  will 
be  reversed,  both  in  the  near  and  in  the  distant  instrument,  as  in  fig.  16. 
When  the  clerk  has  finished  making  his  signals,  the  springs  v  and  t 
restore  the  cross-piece  d  to  the  position  shown  in^j^.  18,  so  that  the 
instrument  adjusts  itself  for  receiving  signals  from  the  distant  station, 
the  battery  0  z  is  thrown  out  of  action,  and  the  conducting  communi- 
cation with  the  line  is  restored  by  means  of  the  cross-piece  d.  In  this 
way  the  same  motion  of  the  needle  is  produced  at  the  same  instant  at 
both  stations,  so  that  the  sender  and  the  receiver  of  the  message  each 
perceives  the  signals. 

There  is  in  general  but  one  needle  in  connection  with  each  galvano- 
meter coil.  The  astatic  arrangement  formerly  adopted  is  not  now  in 
use ;  the  outside  needle,  by  which  the  clerk  Imows  now  the  signals  are 
proceeding,  beiug  formed  of  ivory,  or  some  inert  substance,  attached  to 
the  same  axis  wUch  carries  the  magnetic  needle  within  the  coiL  The 
needles  are  limited  in  their  motions  by  means  of  smallivory  studs  fixed 
in  the  dial,  and  they  are  thus  prevented  from  swinging  too  £sr  over, 
while  their  motions  are  made  precise  and  dear.  It  was  formerly  the 
practice  to  give  a  preparatory  notice  of  a  message,  to  the  distant  station 
by  ringing  uie  electric  alarum,  but  this  was  found  to  be  so  intolerable 
to  the  persons  in  waiting  that  it  has  been  abandoned,  and  the  clicking 
sound  of  the  needle  against  the  ivory  studs  is  suffident  to  'draw  the 
attention  of  the  clerk  to  the  arrival  or  passing  of  a  message.  When  a 
message  is  sent  from  London  to  York,  for  example,  all  the  needles  of 
the  intermediato  stations  are  similarly  deflected ;  but  each  derk  knows, 
by  a  special  signal,  when  he  is  required  to  be  spoken  with.  There  are, 
however,  contrivances  called  "  commutators,"  by  which  a  message  is 
made  to  pass  any  one  or  more  stations  without  entering  thenL  In 
this  way  intermediate  stations  may  communicate  with  each  other; 
otherwise,  they  would  have  to  remain  idle  while  two  exterior  stations 
were  communicating  with  each  other.     Of  course,  the  larger  the 


Of  course  it  is  possible  to  form  an  alphabet  with  one  needle  and  one 
wire  only ;  the  communication  is  not  so  rtlpid  as  with  two  wires  and 
two  needles,  but  the  construction  of  the  Une  is  more  economical,  and 
the  system  is  adapted  for  use  between  places  of  second-rate  importance. 
Various  alphabeto  and  modes  of  signallinff  have  been  contrived  with  a 
view  to  celeritY,  and  some  of  these  are  mgenious.  We  sdect  one  by 
the  Rev.  H.  Highton,  as  described  by  Mr.  E.  Highton :  a  smsll  slip  of 
gold  leaf  inserted  in  a  glass  tube  is  made  to  perform  part  of  the  electric 
circuit  of  the  line  wire,  and  near  it  is  a  permanent  magnet.  When  a 
current  of  dectridty  is  passed  along  the  line  wire,  the  gold  leaf  is 
instantiy  deflected  to  the  right  or  to  the  left  according  to  the  direction 
of  the  current.  Now  supposing  the  deflection  of  the  gold  leaf  to  the 
left  signified  Uie  figure  1,  and  the  deflection  to  the  right  the  figure  8, 
we  have  the  alphabet  made  up  in  the  following  manner :  twice  to  the 
right,  or  38,  signifies  A ;  twice  to  the  left,  once  to  the  right,  and  once 
to  the  left,  or  1181  =B ;  811  =  C ;  183=D ;  a  idngle  signal  to  the  left, 
or  1  =  E ;  thus  acting  on  the  correct  principle  of  representing  the 
letters  of  most  frequent  occurrence  by  the  most  rapidly  executed 
sign^;  F  818,  G  1188,  H  113, 1  81,  J  8188,  K  1881,  L  831,  M  1118, 
N  18, 0 11,  P 1111,  Q 1818,  R  888,  S  111,  T  8,  U  181,  V  1811,  W 1388, 
X  3113,  T  8111,  Z  dl8L  A  motion  to  the  left  signifies  "  Bo  under- 
stand," and  one  to  the  right  "Not  understand."  "Repeat"  is  ex- 
pressed by  8881,  and  "  Wait "  by  8888. 

Stdnhttl  suggested  the  plan  of  receiving  tdeeraphic  signals  by  mesns 
of  two  bells,  one  muffled  and  the  other  free,  to  be  struck  by  the  needle 
or  needles  when  deflected  by  two  currents.  This  plan  has  been  adopted 
by  Sir  Charles  Bright  on  the  relay  system,  with  a  local  battery  to 
supply  the  mechanical  power  required  to  strike  the  bells.  This  is 
used  at  the  prindpal  stations  of  the  British  and  Irish  Magnetic  Tele- 
graph Company.  The  transmitting  instrument  is  a  key  invented  by 
Highton,  consisting  of  a  couple  of  springs,  one  marked  -t-  and  the 
other  — ,  connected  one  with  the  eaiih  and  the  other  with  the  line. 
When  these  springs  are  at  rest,  or  pressing  upwards,  the  line  and  the 
earth  are  in  connection  with  one  another,  and  with  the  positive  pole  of 
the  battery,  the  negative  pole  being  insulated.  When  the  earth-spring 
marked  -(-,  is  preased  down  by  the  finger,  the  earth  connection  is 
thrown  on  the  negative  pole,  and  the  positive  pde  is  left  on  the  tele- 
graph line,  which  thus  recdves  a  positive  current.  When  the  line- 
spring  marked  —  is  pressed  down,  the  positive  pole  of  the  battery  is 
left  in  connection  with  the  earth,  and  the  line  is  thrown  into  connec- 
tion with  the  negative  pole  of  the  battery,  and  will  thus  recdve  a 
negative  current.  Now  it  is  perfectly  easy  to  make  the  two  bells  take 
the  place  of  the  gold  strip,  and  callinff  the  left-hand  bell  1,  and  the 
right-hand  bell  8,  Highton's  nomencmture  becomes  applicable.  The 
receiving^erk  is  seated  between  the  two  bells,  and  his  ear  being  alone 
engaged  in  reodving  the  signals,  he  can  write  down  the  letters  which 
they  represent  as  eftsily  as  when  one  derk  is  employed  to  watch  the 
needle,  and  dictate  the  message  to  another  who  writes  it  down. 
WheUier  this  system  may  not  induce  an  increased  amount  of  nervous- 
ness in  the  derks  employed,  we  are  not  able  to  say,  but  it  is  stated 
that  the  use  of  the  ordinary  needle  tdegraph  is  apt  to  produce  nervous 
irritebilil^  in  the  clerks  who  are  long  employed  upon  it 

A  considerable  advance  has  recentiy  been  made  in  tdegraphs  in  con- 
sequence of  Professor  Wheatotone's  copious  list  of  improvemente  in 
the  whole  of  the  telegraphic  system,  embodied  in  two  patento  dated 
2nd  of  June,  1858,  and  numbered  respectivdy  1239,  1241.  We  give 
these  numbers  in  order  that  persons  interested  in  the  subject  may  the 
more  readily  jprocure  the  printed  copies  of  the  specifications,  which  are 
accompanied  the  one  by  six  and  the  other  by  ten  sheete  of  illustrative 
engravings.  The  basis  of  this  invention  is  the  Letter  Telegraph  of  1889^ 
now  called  the  Univinal  Tdegraph;  and  it  is  so  simple  in  its  action 
that  no  training  is  required  to  use  it;  for  the  message  may  dther  be 
spdt  out  on  a  dial  by  bringing  common  letters  opposito  a  fixed  pointy 
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tlie  neceaaary  electrical  currentB  being  developed  by  an  ordinary  Toltaic 
battery,  or,  still  better,  by  induction  from  a  permanent  magnet.  This 
telegraph  ia  being  rapidly  adopted  in  London,  where  it  forma  the 
London  Diatriot  Telognph ;  and  alao  throaghout  the  eouatry  by  mer- 
chaata  and  mano&eturan,  aa  a  meaaa  of  communication  at  their  offieea 
and  eetabliahmenta  at  a  diatance;  alao  from  one  portion  of  a  large 
warehouse  to  another,  between  the  aeveral  heada  of  depatimenta  and 
the  manager'a  room,  through  milla  and  publie  worl»,  or  whereTer  the 
conatant  transmisaion  and  receipt  of  intelligence  ia  of  importance. 
Thia  system  has  been  in  use  at  the  London  Docks  during  the  last  few 
years,  and  alao  aeryea  to  communicate  between  Uie  Houaea  of  Parlia- 
ment and  her  Majesty'a  printers  in  Shoe  Lane.  All  we  can  pretend  to 
do  in  this  place  ia  to  give  a  brief  outline  of  the  more  important  fea- 
turea  of  thia  invention.  It  ia  deacribed  as  Wheatatone's  AtUofnatic 
Printing  Telegraph,  and  ia  capable  of  printing  500  lettera  per  minuta 
The  order  and  succession  of  the  electnc  currents  are  determined  by 
perforated  bands  of  paper,  aomewhat  after  the  manner  of  the  carda  in 
a  Jacquard  loom.  The  different  letters  are  represented  by  groupa  of 
points,^.  16,  and  theae,  when  arranged  for  a  meesage,  are  aeparated 
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by  smaller  pointa,  ^.  17,  ao  aa  to  prevent  any  mistake  from  the 
coaleacenoe  of  adjacent  lettera,  and  the  chaiuctera  are  printed  vrithout 
adding  to  the  weight  or  causing  any  resistance  in  the  moving  parte  of 
the  electro-magneta.    The  invention  consiata  of  a  new  combination  of 
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mechanism,  for  the  purpose  of  transmitting  messages  previously  pro- 
pared  through  a  telegraphic  ohx;uit,  and  causing  them  to  be  printed  at 
a  diatant  station.  Long  strips  of  paper  aro  prorated  by  a  machine, 
provided  with  apertures  so  grouped  aa  to  ropreaent  the  lettera  of  the 
alphabet  and  other  aigna  {jig,  17) :  a  atrip  thua  prepared  is  placed  In  an 
instrument  aaaodated  with  a  source  of  dectric  power,  which  on  being 
aet  in  motion  moves  it  alottfl%  and  causes  it  to  act  on  two  pins,  in  such 
a  manner  that  when  one  of  them  ia  elevated  the  current  is  transmitted 
to  the  telegraphic  cirouit  iii  one  direction,  and  when  the  other  la 
elevated  it  la  transmitted  in  the  reverse  direction  :  the  elevatlona  and 
depresaiona  of  theae  pina  aro  governed  by  the  apertures  and  intervening 
intervals.  These  currenta  following  each  other  indifferontly  in  these 
two  oppoflite  directions  act  upon  a  writing  instrument  at  a  distant 
station  m  such  a  manner  aa  to  produce  corrosponding  marks  on  a  slip 
of  paper  (Jg.  18)  moved  by  appropriate  mechanisnL 

Fig.  18. 
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Each  part  of  thia  tele^phic  ayatem  ia  atated  by  the  inventor  to 
have  its  Independent  onginality  and  to  be  capable  of  asaociaiion 
with  other  forma  of  apparatua  already  known.  The  first  of  theae 
inventions  is  an  instrument  called  a  PerfonUw  for  piercing  Uie  slips  of 
paper  in  the  order  required  to  form  the  message.  The  alip  paases 
throuffh  a  guiding  groove,  at  the  bottom  of  which  is  an  opening  larae 
enou^  to  admit  of  the  to-and-fro  motion  of  the  upper  end  of  the 
frame  containing  three  punches  on  a  level.  Each  of  these  punchea, 
however,  may  be  separat^y  elevated  by  the  preasuro  of  a  fingei^keyi 
and  at  the  moment  of  its  elevation  two  oifferent  movementa  are 
auccessiveljr  produced.  Ist,  a  clip  is  raised,  which  holda  the  paper 
firmly  in  its  poaition ;  2nd,  the  frame  containing  the  three  punchea 
ftdvancea,  by  which  the  punch  which  ia  raiaed  carriea  the  ribbon  of 
paper  forward  the  proper  distance;  during  the  reaction  of  the  key 
ponsequent  on  the  removal  of  the  preasuro,  the  dip  first  faatens  the 
paper  and  then  the  frame  falla  back  to  ita  normal  poaition.  The  two 
external  keya  and  punchea  are  employed  to  make  the  holea,  which 
grouned  together  represent  letters  and  other  characters,  and  the  middle 

Sunch  makes  the  holea  which  mark  the  intervals  between  the  letters. 
.  simple  addition  to  the  perforator  enables  a  printed  message  which 
naa  been  received  to  be  retransmitted  to  a  more  diatant  station, 
without  any  tranalation  or  knowledge  of  the  meaning  of  the  meesage! 
The  printed  band  paasea  between  two  rollera,  one  of  which  ia  moveable 
by  a  finger-screw,  ao  aa  to  cauae  the  characters  to  paaa  auocessively 
before  the  eyes  of  the  operator.  The  keya  of  the  perforator  aro  acted 
upon  with  the  right-hand  and  the  finger-acrew  with  the  left;  aa  the 
^ractera  successivelv  appear  the  keya  are  pressed  down  in  the  order 
«  the  pointa  of  which  the  lettera  consiat,  an  operation  which  acarcely 
tequu«8  any  skill  to  perform,  and  which  needs  no  change  in  the 
alphabet  usually  employed,  the  pointa  at  one  aide  repreaenting  the 
tfiort  daahes,  and  those  at  the  other  aide  the  long  daahea,  the  order 
vaually  observed  remaining  the  same. 

The  aecond  apparatua  ia  the  IVan«}At<(er>  which  receives  the  atripa  of 
paper  aa  prepared  by  the  perforator  and  traoamita  the  currents  pro- 


duced by  the  electro-motor  in  the  order  and  direction  correspoxidizi^  t. 
the  holea  perforated  in  the  alip.     Thia  it  eiieo<a  by  mechaaiaoi  ssome> 
what  aimilar  to  that  of  the  perforator.    An  eccentric  produces    ani 
rogulatea  three  diatinct  movementa.    lat,  th«i  to-and-fro  moveoaezit   %A 
a  amall  frame  which  containa  a  groove  to  roceive  the  atrip  o£  pap*^, 
and  carry  it  forward;  2nd,  the  riaing  and  falling  of   a  apring-^^P* 
which  holda  the  paper  firmly  during  t£e  receding  motion^  but  allowB 
it  to  move  freely  during  the  advancing  motion ;  8rdly,  the  aimultaiieous 
elevation  of  three  wires  placed  parallel  to  each  other,  resting  at  one  of 
their  enda  over  tiie  azia  of  the  eccentric,  and  their  &ee  endfl  entering 
oofireaponding  holea  in  the  grooved  frame.    Theae  three  wires  are  n^^ 
fixed  to  the  azia  of  the  eccentrioi  but  each  of  them  resta  against   it  bj 
the  upward  preasuro  of  a  apring,  ao  that  when  a  light  pressure  ia 
exerted  on  the  free  enda  of  either  of  them  it  ia  capable  of  being 
separately  depreaaed.    When  the  alip  of  paper  is  not  inserted^  and  the 
eccentric  ia  m  action,  a  pin  attached  to  each  of  the  external  wires 
touches,  during  Ute  advancing  and  receding  motions  of  the^  frame,  a 
different  apring,  and  an  arrangement  is  adopted  by  meana  of  inBulatios 
and  contacts  properly  applied,  by  which,  while  one  of  the  wires  is 
elevated  and  the  other  remaina  depreased,  the  current  paasea  froni  the 
voltaic  battery  to  the  telegraphic  cirouit  in  one  direction,  and  paasea 
in  the  other  direction  when  the  wire  before  elevated  is  depressed,  and 
vice  xtnA  ;  but  while  both  wires  are  elevated  or  depressed  the  passing 
of  the  current  is  interrupted.     When  the  prepared  slip  of  paper  ia 
inserted  in  the  groove  and  moved  forward,  whenever  the  end  of  one  of 
the  wirea  entera  an  aperture  in  ita  corresponding  row,  the   current 
paaaea  in  one  direction,  and  when  the  end  of  the  otber  wire  enters  an 
aperture  in  the  other  row  it  paaaea  in  the  other  direction.     B  v  this 
means  the  currents  are  made  to  succeed  each  other  automaticail  j  in 
their  proper  order  and  direction,  to  give  the  requisite  variety  of  aignala. 
The  middle  wire  onlv  acts  as  a  guide  during  the  operation  of  the  cui^ 
rent.    The  wheel  which  drives  the  eccentric  may  be  moved  by  the 
hand  or  by  any  motive  power.    Were  the  movements  of  the  trans- 
mitter effected  by  machinery^  then  any  number  might  be  attended  to 
by  one  or  two  aasistanta.    Instead  of  a  voltaic  batterv,  a  magneto- 
electric,  or  an  electro-magnetis  machine  may  be  used  aa  the  source  of 
electric  power,  in  which  case  the  transmitter  and  the  magneto-electric, 
or  electro-magnetic  machine  form  a  single  apparatusj  moved  by  the 
same  power,  and  so  adapted  to  each  other  that  th^  currenta  are  pro- 
duced at  the  momenta  when  the  pina  of  the  transmitter  enter  the 
aperturea  of  the  perforated  paper.    The  tranamitter  requires  onl j  a 
single  telegraphic  wire. 

The  third  apparatus  is  the  Recording  or  Printing  apparatus,  which 
prints  or  impresses  legible  marks  on  a  strip  of  paper  corresponding  in 
their  arrangement  witii  the  apertures  in  the  perforated  paper.  The  pens 
or  atylea  aro  elevated  and  depreaaed  by  their  connection  with  the  mov- 
ing parte  of  electro-magneta.    The  pena  are  entirely  independent  of 
each  other  in  their  action,  and  aro  ao  arranged  that  when  the  current 
paaaea  through  the  coila  of  the  electro-magnet  in  one  direction,  one  of 
the  pena  ia  d^reaaed,  and  when  it  paaaea  in  the  contrary  direction  the 
other  pen  ia  depreaaed;  when  the  ciurenta  ceaae,  light  aprings  reatore 
the  pena  to  their  uaual  elevated  positions.    The  method  of  supplying 
the  pens  with  ink  depends  on  the  principle  that  a  liquid  will  not  flow 
from  a  capillary  opening  unleaa  it  be  electrified.  Accordingly  a  shallow 
reservoir  ia  made  in  a  piece  of  metal,  gilt  within,  and  at  the  bottom  of 
thia  reaervoir  aro  two  capillary  holea ;  the  enda  of  the  pena  are  placed 
immediately  above  theae  small  holes,  which  they  enter  when  the 
electro-magneta  act  upon  them,  carrying  with  them  a  aufflcient  chaige 
of  iok  to  make  a  legible  mark  on  the  atrip  of  paper  which  passes 
beneath  them.    The  motion  of  the  strip  ia  produced  and  regulated  by 
appaimtua  aimihir  to  that  employed  in  other  register  or  printing  tele- 
gn^ha.    Among  the  auxiliary  improvementa   is   a    AxindaUjrt  for 
converting  the  points  or  marlu  into  the  ordinary  alph<ibetic  characters. 
In  thia  inatrument  thero  aro  nine  finger-atopa  in  two  parallel  rows  of 
foiu*  each  and  the  remaining  one  is  placed  aeparately.    Thero  is  also  a 
wheel  on  the  oiroumference  of  which  aro  placed  at  equal  distancea 
thirty  typea,  ropreaenting   the  lettera    of  tl^  alphabet  and  other 
characters.    Other  mefthaftiam  ia  ao  dispoaed  and  connected  thereto, 
that  when  the  keya  of  the  upper  row  aro  depressed  the  wheel  ia  made  to 
advance  one,  two,  four,  or  eight  atepa  or  letters,  and  when  the  keys  of 
the  lower  row  aro  depreaaed  the  wheel  advanoea  two,  four,  eight,  or 
sixteen  steps  respectively.    By  thia  arrangement,  when  the  stops  are 
touched  aucceasively  in  the  oider  in  which  the  points  aro  printed  on 
the  paper,  touching  the  first  atop  for  one  point,  the  flrat  and  second 
for  two  pointa,  &c.,  and  aelecting  the  atopa  of  the  upper  or  lower  row, 
according  aa  the  point  is  in  the  upper  or  lower  row  of  the  printed 
ribbon,  the  l^pe  wheel  will  be  brought  into  the  proper  position  for 
placing  the  letter  correaponding  to  the  aucceaaion  of  points  over  a 
ribbon  of  paper.    The  ninth  stop,  when  it  ia  preaaed  down,  acts  so  aa 
to  impreaa  the  type  on  the  paper,  to  cauae  the  advance  of  the  paper,  in 
order  to  bring  a  fresh  place  beneath  the  type  wheel,  and  i ubaequenUy 
to  reatoro  the  type  wheel  to  ita  initial  poaition. 

Professor  Wheatstone  romarks,  that  for  the  profitable  working  of  a 
telegraphic  line,  the  operator  ahould  manipulate  as  rapidly  as  is  con- 
sistent with  the  eorroot  transmiasion  of  the  message ;  but  this  requires 
skill,  even  when  the  language  of  the  despatch  ia  known,  but  in  a 
language  unknown  to  the  operator,  or  in  cipher,  he  must  proceed  witli 
caution  and  slowness.    Under  the  new  system  the  prepared  messages 
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can  be  transmitted  with  equal  rapidity  in  whatever  language  or  cipher 
they  may  he,  and  the  perforated  handa  may  he  prepared  at  leisure,  and 
even  be  subjected  to  the  revision  of  a  corrector. 

Although  this  system  is  being  extensively  introduced  in  the  metro- 
polis and  elsewhere,  it  does  not  interfere  with  the  working  of  other 
companies,  such  as  the  Electric  and  International  Telegraph  Company, 
as  it  is  now  called,  which  transmits  messages  not  only  to  all  parts  of 
the  United  Kingdom  and  Ireland  and  the  Continent,  but  also  by  street 
lines  between  various  parts  of  the  metropolis,  its  central  station  in 
Liothbury  gathering  up  the  messages  from  its  branch  offices,  and  trans- 
mitting them  to  distant  stations.     Arrangements  are  made  for  sending 
messages  at  small  cost  between  any  of  the  metropolitan  stations,  of 
which  at  the  time  we  are  writing  there  ore  about  33.    In  addition 
to  these  stations  there  are  wires  >)etween  the  Octagon  Hall  in  the 
Houses  of  Parliament,  and  the  St.  James's  Street  Commercial  Station,  bo 
that  diuing  the  sitting  of  Parliament  an  abstract  ol  the  bufliuess  of  the 
two  houses  is  made  every  half  hour  as  it  proceeds,  and  is  posted  up  at 
the  various  club-houses,  and  also  at  the  Italian  Opera  House.   Members 
can  thus  know  whether  their  presence  is  required  in  the  House  or  not. 
The  Opera  House  wire  communicates  with  the  Strand  offioe,  so  that 
messages  may  be  sent  thence  to  aU  parts  of  the  kingdom.    The 
government  wires  proceed  from  Somerset  House  to  the  Admirslty,  and 
thence  to  Portsmouth  and  Plymouth  by  the  South* Western  and  Great 
Western  railways. 

The  Portsmouth  and  Plymouth  Doekyacds  also  eonmiunicate  by 
means  of  subterranean  lines  with  the  naval  estaldishments  at  Deptford, 
Woolwich,  .Chatham,  Sheemess,  and  with  the  Cinque  Ports  of  Deal 
and  Dover.  These  wires  are  worked  independently  of  the  Telegraph 
Company,  and  the  messages  are  sent  in  cipher,  the  meaning  of  wluch  is 
not  known  to  the  clerks  who  transmit  the  signals.  There  sre  also 
wires  running  from  Buckingham  Palace,  and  the  chief  Police  Office  in 
Scotland  Yard,  to  the  station  at  Charing  Cross,  and  thence  on  to 
Lothbury,  whUst  the  Post-Offioe,  Lloyd's,  the  Stock  Exchange,  and 
the  Com  Exchange,  communicate  directly  with  the  Central  Office. 

At  the  present  time  almost  every  important  town  in  Great  Britain 
is  furnished  with  means  of  telegraphic  communication  to  other 
towns.  As  fast  as  any  new  railways,  whether  trunk  or  branoh  lines, 
are  opened,  so  surely  is  the  telegraph  laid  down;  insomuch  that 
the  length  of  telegraph  is  nearly  coincident  with  the  length  of  raiL 
The  exceptions  to  this  rule  are  so  few  as  scarcely  to  disturb  the 
simplicity  of  the  rule  itself.  From  numerous  places  in  the  metropolis, 
messages  are  every  day  being  quickly  flashed  to  Aberdeen  in  one 
direction,  to  Liverpool  in  another,  to  Dover  in  a  third,  to  Southampton 
in  a  fourth,  to  Plymouth,  to  Milford  Haven,  to  Holyhead — ^indeed,  to 
almost  all  our  outports,  and  to  nearly  every  inland  town  of  any  com- 
mercial pretensions.  A  system  is  everywhere  acted  on,  that  the 
principal  railway  stations  shall  at  the  same  time  be  telegraph  stations, 
some  of  the  wires  being  for  public  use,  and  the  others  for  railway  use. 
The  charges  have  been  and  are  being  gradually  lowered,  to  the  gretA 
advantage  of  all  parties ;  and  the  messages  now  sent  are  of  countless 
variety — the  price  of  funds,  the  state  of  the  markets,  orders  to  nurchase, 
the  arrival  of  ships,  what  ships  have  just  hove  in  sight,  what  ships 
have  foundered,  the  receipt  of  important  news,  the  Queen's  speech, 
the  result  of  elections,  the  divisions  in  a  debate,  the  running  of  a  race, 
the  progress  of  the  Court  while  travelling,  the  state  of  the  weather,  the 
direction  in  which  a  great  storm  is  travelling,  the  verdict  of  an 
important  trial,  the  sending  for  a  doctor,  the  detection  of  a  thief  or 
murderer,  inquiries  after  h^th,  announcements  of  iUness  or  of  death, 
inquiries  after  lost  luggage — these  are  only  some  of  the  open  or 
confidential  communications  intrasted  to  the  wirsei  Nor  must  we 
forget  the  various  submarine  cables,  which  although  all  have  had 
occasional  mishaps,  yet  taken  collectively  afford  a  remarkably  complete 
series  of  channels  through  which  messages  may  be  exchanged  between 
Great  Britain  and  dXL  the  neighbouring  countries ;  and  now  the  English 
pubUo  hear  with  as  Uttie  surprise  of  messages  or  ttkgrami  (to  use  a 
new  word,  concerning  which  Greek  scholars  for  a  time  carried  on  a 
fierce  battle)  brought  imder  water  as  if  brought  on  dry  land. 

On  the  continent  of  Europe  we  find  telegraphic  wires  ramifying  in 
all  directions.  Nations  were  never  more  struck  with  the  wonders  of 
the  electric  telegraph  than  on  the  occasion  of  the  d«tth  of  the  Czar 
Nicholas  in  1855.  On  the  2nd  of  March  the  Earl  of  Clarendon  announced 
in  the  House  of  Lords  that  the  Czar  had  died  at  St.  Petersburg  at  one 
o'clock  on  that  same  day.  Two  distinct  messages  had  been  received,  one 
vid  Berlin  and  the  Hague,  the  other  vid  Berlm  and  Ostend,  both  com- 
municating a  message  telegraphed  to  Berlin  from  St.  Petersburg,  and 
all  in  four  hours  after  the  actual  death.  Not  only  have  the  dreary 
wastes  of  Russia  been  brought  vrithin  the  civilising  inflnence  of  the 
electric  wire,  but  lines  in  all  directions  have  been  laid,  with  or  without 
regard  to  railways.  Nearly  all  the  chief  cities  in  Europe  are  now  linked 
together.  Circuitous  as  is  the  route  from  London  to  Trieste,  going 
through  Belgium,  Prussia,  several  minor  German  States,  Saxony, 
Bohemia,  Austria,  and  Istria,  the  connection  is  nevertheless  complete ; 
and  telegrams  are  twice  a-month  transmitted  to  us  relating  to  Indian 
aflauis,  brought  to  Trieste  from  Alexandria.  Italy,  in  railways  and  in 
telegraphs,  is  in  arrear  of  Austria ;  and  Spain  is  lower  on  the  list  than 
Italy.  Turkey,  to  the  great  astoniihment  of  many  of  the  Osmanlis, 
has  been  made  a  sharer  in  the  last-going,  high-pressure  operations  of 
the  age :    she  possesses  an  electric  telegraph,  extending  from  the 


Austrian  frontier  to  Constantinople;  and  messages  can  now  be  flashed 
from  London  to  the  seat  of  the  Ottoman  empire.  We  have  alzeady 
glanced  at  other  submarine  lines,  and  must  now  oonolude. 

In  sending  messages  in  the  United  Kingdom  by  telegraph,  either 
cipher  may  be  used,  or  the  ordinaj^  signals  known  at  the  Telegraphic 
Office ;  but  such  is  the  jealousy  of  despotism,  that  on  the  continent  of 
Europe  cipher  is  never  permitted,  except  by  the  governments  for  their 
own  use. 

An  interesting  use  of  the  sub-way  telegraph  may  be  here  noticed. 
In  proportion  as  the  use  of  Greenwich  time  has  become  familiar  on  all 
the  Eiiglish  railways,  so  has  it  become  important  to  ascertain  this  time 
with  precision,  in  such  a  way  as  to  enable  all  the  station-clocks  to  be 
regulated  thereby.  This  is  one  purpose  of  the  time-ball  in  the  Strand. 
The  Electric  Tdegraph  Company,  the  South-Eastern  Railway  Com- 
pany, and  the  Astronomer  Royal,  have  acted  in  conjunction  in  the 
establishment  of  this  plan.  A  subterranean  wire  has  been  carried  from 
the  Observatoiy,  through  Greenwich  Park,  and  across  Bkckheath  to  the 
Lewisham  station  of  the  North  Kent  Railway ;  thence  to  the  London 
Bridge  Station ;  and  thence  to  the  Telegraph  office  in  the  Strand.  At 
the  top  of  this  office  has  been  erected  a  hollow  shaft,  up  the  interior  of 
which  the  electric  wire  is  carried,  and  a  large  light  ball,  capable  of 
moving  eight  or  ten  feet  vertically,  slides  easily  up  and  down  near  the 
top  of  the  shaft.  At  ten  minutes  before  one  o*clock  each  day  the  ball 
is  raised  nearly  to  the  top  of  its  shaft  or  spindle;  and  at  five  minutes 
before  one  it  is  raised  quite  to  the  top.  At  one  o'clock  precisely, 
exact  to  a  single  second,  the  great  or  master-clock  at  Greenwich 
Observatory  puts  in  action  a  small  piece  of  mechanism  which  sends  an 
electric  shock  through  the  wire  to  the  Strand ;  the  wire  at  this  end  is 
connected  with  another  piece  of  mechanism,  which  releases  the  ball 
and  allows  it  to  fall  suddenly.  The  hall  falls  upon  a  kind  of  piston  in 
an  air-cylinder,  so  as  to  break  the  force  of  the  concussion.  As  this 
ball  is  130  feet  above  the  level  of  the  Thames;  as  it  is  six  feet  in 
diameter,  exhibits  bright  colours,  and  falls  through  a  considerable 
space,  its  descent  can  be  seen  for  a  great  distance  on  all  sides ;  and  all 
who  dioose  to  regulate  their  clocks  and  watches  by  this  standard  can 
do  so.  An  electric  clock  with  four  dials,  illuminated  at  night,  has  been 
put  up  on  a  pillar  in  front  of  the  office ;  it  indicates  Greenwich  time 
at  all  hours.  The  various  railway  stations  receive  their  time  from  the 
Strand  office,  which  is  the  medium  of  conununication  from  the 
Greenwich  Observatory.  There  can  be  little  doubt  that  these  arrange- 
ments will  contribiite  powerfully  to  the  adoption  of  Greenwich  tune 
in  church  clocks  and  other  public  clocks.  So  useful  is  this  Considered 
to  be,  that  a  plan  has  been  under  consideration  for  erecting  an  electric 
time-ball  on  the  summit  of  the  South  Foreland ;  the  descent  of  such 
a  time-ball  at  one  o'clock  each  day,  could  be  witntased  by  the  captains 
of  ships  many  miles  out  in  the  Channel.  #ho  could  regulate  their 
dm>nometers  by  this  means,  as  the  time-oall  would  show  Greenwich 
time.  It  was  also  proposed  that  the.  electric  current  should  fire  off  a 
gun  at  the  same  time  and  place,  so  that  the  sound  might  be  heard  if 
the  descent  of  the  ball  could  not  be  seen.  This  jnvposal  has  actually 
been  adopted  at  Edinbui^gh  and  elsewhere. 

TELEKYTHRIN.    [Lichxns,  Colourhto  Matters  of.] 

TELESCOPE  (from  the  Greek  teUteopoi,  mKttrKdvos, "  fer-seeing"), 
an  optical  instrument  consisting  of  a  tube  which  contains  a  system  of 
glass  lenses  having  all  their  centres  in  one  oonmion  axis,  or  a  tube 
containing  a  metaOic  speculum  in  combination  with  such  lenses  :  by 
either  kind  of  instrument  distant  objects  are  caused  to  appear  magnified, 
and  more  distinct  than  when  viewed  by  the  naked  eye.  Those  which 
are  constructed  with  glass  lenses  only  are  called  dioptric,  or  refracting, 
an4  the  others  catoptric,  or  reJUcting  telescopes.  In  the  former  kind 
the  rays  in  the  pencils  of  light  which  come  £rom  every  part  of  the 
object  viewed  are,  by  the  first  lens  on  which  they  are  incident^  made 
to  converge  so  as  to  form  an  image  at  the  foeus  of  the  lens.  In  some 
cases  the  rays  in  each  pencU  are  intercepted  by  a  second  lens,  and,  by 
its  refractive  power^  are  made  to  enter  we  eye  in  parallel  directions : 
in  other  cases,  the  rays,  after  having  crossed  each  other  at  the  place 
where  the  image  is  formed,  fall  in  a  divergent  state  upon  a  second  lens, 
and  by  it  are  refracted  so  as  to  emerge  from  it  in  parallel  directions. 
£Vequently,  however,  the  parallelism  of  the  rays  is  effected  by  two  or 
more  lenses  in  addition  to  tha^  called  the  Uject-glau,  by  which  the 
image  was  formed.  In  reflecting  telescopes  an  image  is  formed  by  the 
reflection  of  the  rays  in  the  pencus  of  light  coming  from  the  object,  after 
having  impinged  upon  the  concave  surface  of  the  speculum :  in  some 
cases  this  image  is  viewed  through  one  glass  lens  or  more,  but  frequently 
the  njB,  before  or  after  forming  the  image,  are  reflected  from  a  second 
mirror,  and  are  subsequently  transmitted  to  the  eye  throu^  lenses. 

By  Uiese  instruments  objects  even  in  the  remotest  depths  of  space 
are  rendered  aooessihle  to  human  vision ;  and  terrestrial  objects  faintly 
visible  in  the  distance  are  brought,  as  it  were,  dose  to  the  eye.  In  the 
hands  of  astronomers  th^  were  the  means,  almost  immediately  on 
being  invented,  of  making  more  discoveries  in  the  heavens  than  had 
been  made  during  5000  years  previously;  thej  form  a  valuable  addi- 
tion to  the  instruments  employed  by  the  mariner  and  the  surveyor, 
and  they  will  ever  constitute  the  most  i^^reeable  companion  of  the 
traveller,  by  enabling  him  to  distinguish,  in  every  direction  from  him, 
objects  which  it  might  be  difficult  or  impossible  for  him  to  approach. 

In  exhibiting  the  principles  on  whion  a  telescope  is  eonstruoted,  it 
will  be  proper  to  commence  with  an  explanation  of  the  means  by 
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which  the  image  of  an  object  Ib  formed  at  the  foouB  of  a  lens  or  of  a 
reflectixig  mirror.  With  respect  to  a  lena,  if  it  be  of  the  kind  called 
convex  [Lens],  the  rays  in  the  pencils  of  lig^t  which  proceed  from  eTery 
part  of  an  object,  as  a  p  B,  Jig,  1,  m  passing  throu^  the  lens,  supposing 

Fig.  1. 
A 


B 

the  latter  to  have  a  proper  degree  of  curyature,  are  made  to  con- 
veiige  by  the  refracting  power  of  the  glass  at  points,  as  a,  F,  and  h,  and 
the  assemblage  of  such  points  constitutes  an  image  of  the  object :  if  a 
screen  were  placed  at  f  perpendicularly  to  the  axis  PF,the  object  would 
be  represented  on  it,  in  an  inverted  position. 

If  the  lens  were  of  a  concave  form,  the  rays  in  the  several  pencils, 
after  passing  through  it,  would  be  made  to  diverge  from  one  another, 
and  consequently  no  image  could  be  formed :  yet  if  the  directions  of 
the  rays,  after  refraction,  were  produced  backwards,  they  would  unite 
between  tiie  lens  and  the  object,  in  points  correspondiog  to  those 
which  constitute  the  image  formed  by  the  convex  lens. 

If  the  rays  in  the  pencils  of  light  proceeding  from  different  points, 
A,  p,  Bfjig,  2,  in  an  object  are  reflected  from  the  surface  of  a  concave 

Fig.  2. 


mirror,  supposing  the  latter  to  have  a  certain  degree  of  curvature,  those 
rays  will  imite  in  as  many  points,  a,  F,  and  6,  and  form  an  image  of  the 
object  If  a  screen  were  placed  at  f  the  object  would  be  represented 
on  it,  in  an  inverted  position.  The  rays  in  each  pencil  reflected  from 
the  surface  of  a  convex  mirror  are  made  to  diverge  from  each  other  ; 
and  in  that  case  no  image  is  formed. 

Now,  if  the  object  a  b  be  so  remote  that,  in  each  pencil,  the  rays 
incident  upon  a  lens  may  be  considered  as  parallel  to  one  another,  the 
point  F  is  called  the  principal  focuB  ;  and  in  the  article  Li^s,  there  will 
be  found  a  collection  of  formulfie  for  the  reciprocals  of  the  focal  lengths 
of  lenses  of  all  the  different  kinds;  it  l:^ing  imderstood  that  the 
diameter  of  the  lens  is  small,  which  is  generally  the  case  with  telescopes, 
and  tiutt  Uie  light  is  homogeneous.  But,  since  all  light  is  not  of  one 
kind,  and  a  lens  acts  like  a  prism  in  causing  in  each  pencil  the  rays  of 
the  differently  coloured  light  to  diverge  from  one  another,  it  follows 
that  each  of  the  coloured  lights  will  form  its  own  image  at  its  proper 
focus ;  and  the  image  formed  by  light  of  one  kind  being  seen  by  the 
eye  along  with  the  images  formed  by  liffht  of  the  other  kinds,  the 
representation  of  an  object  when  formed  by  a  single  lens  appears 
to  be  indistinct  and  surrounded  by  a  coloured  fringe.  [Aohromatio  ; 
Light  ;  Dzspsbbion.]  It  may  be  observed  that  the  principal  focxis  of 
any  lens,  with  respect  to  each  colour,  may  be  obtained  from  the 
f  ormulse  in  Lens,  by  substituting  in  them  the  value  of  fi  (the  index  of 
refraction)  for  the  given  kind  of  Ught; 

Thus,  in  an  optical  instrument,  in  addition  to  the  distortion  of  the 
image  arising  from  the  sphericity  of  the  lens,  there  is  an  indistinctness 
caused  by  the  dispersion  of  the  different  colour-making  rays ;  and,  in  a 
good  telescope,  it  is  requisite  that  both  of  these  imp^ections  should 
as  far  as  possible  be  removed.  The  ehromatie  abenutim,  as  the  dis- 
persion of  the  colour  is  called,  constitutes  by  far  the  greater  evil  of 
the  two,  for  Newton  has  shown  that  it  exceeds  the  former  nearly  in 
the  ratio  of  6449  to  1 ;  but  fortunately  it  is  that  which,  to  an  extent 
sufficient  for  practical  purposes,  admits  of  being  easily  corrected. 

Since  different  kinds  of  glass  have  different  degrees  of  dispersive 
power,  it  is  evident  that  the  chromatic  aberration  may  be  diminished, 
if  not  wholly  removed,  by  causing  the  light  to  pass  through  two  lenses 
of  different  kinds  of  glass,  and  of  such  forms  that  they  may  refract  the 
rays  in  each  pencil  in  opposite  directions.  The  object-glass  of  a  tele- 
scope  when  so  formed  is  said  so  be  achromatic,  and  the  manner  in 
which  the  effect  is  produced  may  be  understood  from  the  following 
description.  Let  p  Q  be  the  direction  of  a  pencil  of  compound  light 
incident  on  the  first  surface  of  the  convex  lens  a  b,  Jig.  3,  in  a  direction 
parallel  to  the  common  axis,  x  t,  of  the  two  lenses.  By  the  refractive 
power  of  this  lens  {crown  glass)  the  red  rays  in  the  pencil  woidd,  if  no 
object  were  interposed,  proceed  in  the  direction  Q  6,  meeting  z  t  in  r, 
and  the  violet  ray  in  the  pendl  would  proceed  in  the  direction  Q  e, 
meeting  the  axis  in  v.  But  the  refractive  power  of  the  concave  lens 
CD  {Jlint  glass)  acts,  from  its  form,  in  a  direction  contrary  to  that  of 
the  convex  lens,  causing  Mm  rays  either  to  diverge  from  the  axis  x  t. 


or  to  meet  it  in  points  beyond  v  and  r,  towards  r  :  suppose  f^he  car- 
vature  of  this  lens  to  be  such  that  the  red  rays  in  the  penal  f  q  vrould, 
after  refraction  in  both  lenses,  meet  the  axis  in  F  (the  ray  Q&r  taking 


Fig.  8. 
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the  direction  h  f)  ;  then  the  dispersive  power  of  this  kind  o£  g^lass 
exceeding  that  of  the  other  kind,  the  violet  rays  in  the  refracted  pencil 
will  tend  farther  away  from  the  axis  than  the  red  rays  do^  and  thus 
will  tend  towards  the  latter;  the  ray  Qcr,  for  example,  taking  the 
direction  e  f.  It  is  conceivable,  therefore,  that,  the  curvatures  of  the 
surfaces  of  the  lenses  may  be  such  that,  in  each  incident  pencil,  tbe 
red  and  violet  rays  (the  extreme  rays  of  the  spectrum)  sLall,  after 
refraction,  imite  at  the  place  of  the  image ;  and  thus  the  fringe  due  to 
these  two  colours  mav  be  destroyed. 

If  the  two  kinds  of  glass  dispersed  the  different  colour-making  rays 
in  the  same  proportions,  their  oontraiy  refractions  would  cause  all  the 
colours  to  be  united  on  the  image  formed  at  f  :  no  two  kinds  of  g^laas 
have,  however,  becoi  as  yet  discovered  which  possess  this  property ; 
and  therefore  the  red  and  violet  images  only  are  united  :  fortunately, 
in  uniting  the  extreme  rays  of  the  spectrum,  the  others  are  brought  ao 
near  t<^ther,  that  for  ordinary  purposes  the  image  is  as  free  from 
colour  as  can  be  desired. 

From  the  description  just  ^ven  it  will  be  evident  that  the  place  f, 
of  an  image  in  which  the  dispersion  of  the  red  and  violet  raya  is 
corrected,  may  be  determined  on  obtaining,  from  the  common  theoreoos 
of  optics,  algebraic  expressions  for  the  food  lengths  of  the  compound 
lens  for  each  of  those  kinds  of  light,  and  making  the  expressions  equal 
to  one  another.  Thus,  supposing  b  and  s  to  be  the  radii  of  the  curve 
surfaces  of  a  double  convex  lens  of  crown  glass,  and  ^  the  index  of 
refraction  for  light  of  one  kind  (red,  for  example) ;  supposing  again 
that  the  rays  in  the  pendls  of  incident  light  are  parallel  to  one  another 
and  pass  tm-ou^h  the  lens  very  near  the  axis ;  then,  by  a  fundamental 
theorem  in  optics  we  have,  F  being  the  distance  from  the  focus  to  the 
lens,  which  is  moreover  without  thickness. 


F  = 


R.8 
B-hS  '  M— 1  ' 


but  sinoe,  in  the  present  case,  the  lens  may  be  supposed  to  be  isosceles 

B 

(B=8),wehaveF=  2{fi^l\' 

In  like  manner  the  focal  length  f',  of  a  double  concave  lens  of  flint 
glass,  b'  being  the  radius  of  each  surface,  and  ^'  the  index  of  refraction 

B' 

for  red  rays,  is  equal  to  —  ^iu'—W  ^^  "^^'  being  incident  near  the 

axis. 

Hence,  by  a  fundamental  theorem  in  optics, 

b'  b  b'  b  BB^ 

M-l  -  M-1  •  /«^-i  •  •  Z^TTT)   •  2{bV-1)— »(/»'~l)} 

and  this  last  term  is  the  focal  length  of  the  compound  lens  for  red 

2(m-1)        2(m'— 1) 
rays.     Its  reciprocal  is  equal  to  — - —  —  — -7 — ,  which,  in  the 

B  B 

algebraic  sense,  is  the  sum  of  the  reciprocals  of  the  focal  lengths  of 
the  separate  lenses. 

On  writing  m  +  'm*  and  M'  + V>  hi  place  of  11  and  /  hi  the  last 
expression,  we  have  for  the  reciprocal  of  the  focal  length  of  the  com- 
pound lens  for  violet  rays, 

2(M  +  gM-l)        W-^^pl-l) 

B  "  B'     "      • 

In  an  achromatic  telescope  the  focal  lengths  of  the  compound  lens 
for  red  and  violet  rays  are  to  be  equal  to  one  another;  and  it  is 

evident  that  this  condition  will  be  fulfilled  when  -r*  —  —  ~  0.   From 

B  B 

this  equation  we  have  r  :  u'  : :  H/i :  Hfi';  then,  dividing  the  antecedents 
by  /i— 1  and  the  consequents  by  h'—l,  we  have  [Dispebsioit]  the 
ratio  of  the  focal  lengths  of  the  two  lenses  equal  to  that  of  tiie  dis- 
persive powers  of  the  two  kinds  of  glass ;  and  hence,  the  focal  length 
of  the  compound  lens  being  assumed  at  pleasure,  those  of  the  separate 
lenses,  consequently  the  radii  of  their  sur&tces,  may  be  obtained. 

In  order  to  diminish  the  spherical  aberration,  the  object-glasses  of 
achromatic  telescopes  frequently  consist  of  three  lenses,  of  which  the 
first  and  third  are  of  the  kind  odled  double  convex,  and  are  formed  of 
crown  glass,  while  the  second  is  double  concave,  and  made  of  flint 
glass.  In  this  case,  since  the  index  of  refraction  is  the  same  for  the 
third  lens  as  for  the  firstj'lf  the  radius  of  each  surface  of  the  third  lena 
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be  r",  the  reciprocal  of  the  principal  focal  lengths  of  the  separate 
lenses  for  red  rays  will  be. 


2(m-1) 


B 


2fM'-l)        ^  2(/x-l) 
,  and  — TTi 


R 


these  being  added  together,  their  sum  will  be  the  reciprocal  of  the 
focal  lengUi  of  the  compound  lens  for  one  kind  of  light  On  sub- 
stituting  in  the  above  terms,  ^  +  ^M  ^^^  M»  <^cl  n'  •¥  9fi'  for  fj^,  in  order 
to  obtain  the  reciprocals  of  the  focal  leng^  for  violet  rays^  we  shall 
have,  when  the  chromatic  aberration  is  corrected, 


jj«  =  0,  or 


8/a' 


71  1  \        V 


But  r—  is  known  from  tables  of  the  refractive  indices  for  different 

kinds  of  glass  :  therefore  if  any  convenient  relation  between  the  radii 
of  two  of  the  lenses  be  assumed,  the  values  of  all  the  radii,  and  con- 
sequently the  focal  lengths  of  the  several  lenses,  may  be  found. 

The  investigation  of  formula)  for  the  correction  of  the  sphericiil 
aberration  is  a  process  of  some  labour,  and  is  scarcely  a  fit  subject 
except  for  a  mathematical  work :  it  is  treated  with  great  perspicuity  in 
Ilobison's  '  Mechanical  Philosophy,'  vol.  iii.,  from  v^ch  the  subjoined 
theorem  is  borrowed,  the  notation  only  being  changed  for  that  which 
has  l)een  adopted  above ;  and  also  in  the  articles  Lens  and  Speculum. 
If  a  compound  object-glass  consists  of  one  double  convex  lens  of  crown 
glass  and  a  double  concave  lens  of  flint  glass,  and  a  ray  of  light  be 
incident  upon  the  anterior  surface  of  the  former  in  a  direction  parallel 
to  the  axis,  at  a  distance  from  thence,  which  is  expressed  by  e ;  the 
distance  from  the  lens,  of  the  point  at  which  the  ray  after  refraction 
will  meet  the  axis,  is  f—f^{q  +  q')t  where  /  is  the  focus  for  parallel 
rays  infinitely  near  the  axis,  and  may  be  found  as  above,  and  f^q  +  q') 
is  the  aberration.  Here,  neglecting  the  thickness  of  the  lenses  and  the 
interval  between  them, 

J  2' 


fi-1 
q=  ^ 


l»3 


nn^ 


R% 


andn  = 


RS 


R  +  8 


(r  and  8  being  the  radii  of  the  two  surfaces  of  the  convex  lens),  and 


q'= 


M'-lfA 


"< 


m'    I 


n'3  "~      rV^      "^    rV2    ■*■     F.n's     ~     p.rV  J  2  * 


rV 


where  F  is  the  principal  focus  of  the  convex  lens,  and  n'=  —  »»  .  -•  i 

R  *r  B 

(r'  and  s'  being  the  radii  of  the  surfaces  of  the  concave  lens.) 

It  is  evident  that,  in  order  to  correct  the  spherical  aberration,  the 
values  of  the  radii  of  the  surfaces  must  be  determined  from  the 
equation  q  +  q'=0.  This  equation  is  however  indeterminate,  because 
it  contains  several  unknown  quantities ;  but  it  may  be  made  subject 
to  certain  conditions  by  which  there  will  remain  only  one :  for 
example,  the  different  radii  of  the  lenses  may  be  made  to  have  any 
given  relation  to  one  another,  so  that  the  values  of  all,  in  terms  of  any 
one,  may  be  substituted  for  theuL  In  the  values  of  q  and  9'  the 
terms  represented  by  n  and  n'  are  resp^ively  equal  to  half  the  radii 
of  equivalent  isosceles  lenses ;  and  it  has  been  shown,  in  the  investi- 
gation concerning  the  chromatic  aberration,  that  these  are  to  one 

another  as  8^  to  9//;  consequently  n'=n  r— ,  and  therefore  n'  is 

known  in  terms  of  n.  If  again,  it  be  supposed  that  r'=b,  or  that  the 
nearest  surfaces  of  the  convex  and  concave  lenses  have  equal  cur- 
vatures,  the  value  of  R  may  be  found  from  the  equation  q  +  q'  =  0,m 
terms  of  n,  by  a  quadratic  equation. 

Sir  John  Herschel,  in  a  paper  on  the  aberration  of  compound  lenses 
and  object-glasses  ('Phil.  Trans.,'  1821),  has  also  investigated  formulae 
for  the  values  of  the  chromatic  and  spherical  aberrations;  and 
M.  Littrow,  of  Vienna,  setting  out  with  Siller's  formula  for  spherical 
aberration  (' Dioptrica,'  tom.  iii.,  1769),  and  introducing  in  it  the 
values  of  the  focal  lengths  of  two  lenses  so  that  the  former  aberration 
may  be  corrected,  has  obtained  two  equations  from  which  the  radii  of 
the  four  surfaces  may  be  determined  by  such  conditions  as  may  be 
thought  convenient.  ('  Memoirs  of  the  Astron.  Soc/  vol.  iii.,  part  2). 
In  solving  the  problem  relating  to  the  determination  of  tb#four  radii. 
Professor  Littrow  uses  a  method  which  possesses  some  facilities  for 
computation,  and  on  that  account  it  has  been  adopted  in  the  following 
process. 

The  radii  of  the  surfaces  of  the  first  lens  may  be  determined  on  the 
supposition  that  the  whole  refraction  of  light  in  passing  through  the 

Fig.  4. 


X 


kiiH  is  a  minimum  ;  that  is,  that  the  incident  and  emergent  rays  make 

equal  angles  with  the  surfaces,  or  with  those  radii.    Thus  lot  a  ray  p q,  ' 

AiiTS  AND  scr.  Drv.  VOL.  vni.  ' 


Jig,  4,  be  incident  on  the  first  surface  in  a  direction  parallel  to  the  axis  X  T 
of  the  lens,  and  infinitely  near  it;  and  rqt  being  the  radius  (-^R) 

produced,  of  that  surface  let  the  angle  pqt  of  incidence  be  repre- 

a 
sented  by  a;  then  fill  : :  a  :  ~  (=RQr,  the  angle  of  refraction  at 

that  surface).    But  if  r'qt'  be  the  radiua  (  =  b)  produced,  of  the 
second  surface;  then,  in  the  triangle  r'qr, neglecting  the  thickness 

of  the  lens  and  substituting  aroB  for  their  sines,  8  :  b  :  :a:^a;  and 

B 

B  a 

"T  a  +  a—  -  ( = t'q  r)  ia  the  angla  of  incidenoe  on  the  second  surface : 

B  ft 

and,  by  optics,  1  is  to  /li  as  this  last  angle  is  to  — -—  +  a(fi-- 1),  the 

angle  of  refraction  ( =  t'q  7^  at  the  second  surface.    But  by  hypothesis, 

R         2—fi 
this  angle  is  to  be  equal  to  a;  therefore  --  =  ;     Again,  by  optics 

RS  1 

— --  .  "Zli  '^  oqual  to  the  focal  length  of  the  Jens ;  and  suppoaing 

R       n—fi  +  l 
this  to  be  equal  to  unity,  we  obtain  ~  ss  — __-     :  equating  this  last 

20i-l)     ,  2(m-1) 

^  -  whence  8  =  -gn^  - 


2-/i 
term  with  above,  we  get  B 


Therefore  the  two  radii  are  found  on  the  supposition  that  the  focal 

distance  of  the  lens  is  unity. 

Now  PQT  being  the  angle  of  incidenoe  as  above,  and  qr  the  direction 

sin  PQT 
of  the  ray  after  one  refraction,  we  have  by  optics,  sin  rqf->  - ; 

and  by  trigonome        in  the  triangle  rqf, 

sin  RQF         ,  /sin  rqp        N 

SmFQF'  Vsm  P'QF  /* 

also,  representing  the  thickness  mn  of  the  lens  by  t, 

sin  RQF 


/su 

I  F  =  R  I  -T 
\Bll 


+  1 


Ji-B—i 


^Binp'QF 
Then^  by  trigonometry,  in  the  triangle  r'qf, 

8F  +  8— < 

we  get Binp'QF»sinT'QF; 

BW-tS  —  t 

consequently  by  optics, /u  sin  p'QF=sin  t'qf^  or  the  sine  of 

B 

the  angle  of  refraction  at  the  second  surface. 

Now  t'qf'— t'qf  +  p'qf  =  qf'ii,  or  the  angle  which  the  second 
refracted  ray  makes  with  the  axis  of  the  lens  :  but  by  trigonometry, 
in  the  triangle  r'qf',  we  have 

Bin  t'qf  ,        /sin  t'qf         \ 

»'''=«  S^T^i  whence  HF  =8  {^y^  -l). 

Suppose  next  a  double  concave  lens,  the  centres  of  whose  surfaces 
are  at  r"  and  r"',  and  whose  radii  are  r'  and  s',  to  be  applied  to  the 
convex  lens  on  the  side  N  :  then,  neglecting  the  thickness  of  the  con- 
cave lens  and  the  distance  between  the  two,  and  supposing  qf",  qf'" 
to  be  the  directions  of  the  ray  of  light  after  the  tturd  and  fourth 
refractions  respectively,  we  have  in  the  triangle  b"qf',  by  trigo- 
nometry, 

r'  +  s'f' 

— -> —  sin  p'qf'— Bin  t'qf*, 

or  the  sine  of  incidenoe  on  the  first  surface  of  the  second  lens ;  and  by 
optics, 


R'-^S'F' 


bV 


sin  p'QF'«sin  t''qf*. 


But  p'qf'— (t"qf'-t"qf")=p'qf";  and  in  the  triangle  r'QF*,  by 
trigonometry,  we  have 


b"f"=r' 


sin  t"qf" 


sm  P  QF 


w  * 


(sin  t"qf"        \ 
sin  p'^qf"^  ~'^) '  "*^  considering  nr*^  to  be 

equal  to  s',  r'"f"  will  be  equal  to  nf"— s'. 
Again,  in  the  triangle  r"  qf",  we  have  by  trigonometry, 


,/// 


"— 


sm  R'"QF"  = 


NF"  — 8' 
B' 


^f^ 


smQF'^N 


for  the  sine  of  incidence  on  the  fourth  surface ;  therefore,  by  optica), 

HF"-8' 


8' 


/li'8inQF"K-8inR'"QF'", 


the  sine  of  refraction  at  the  fourth  surface ;  then 

QP"N-(T'"QF"-T'"Qr'")  =  P'QF'",  OF  »QF"'ir; 


n 
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wd  by  irigoQometryj  in  ih«  triangle  Qt'^B"',  we  have 

.  Bin  R"Qy'* 


B V"  =  8' 


Bin  Qf 


^-  and  NF'- 8' f '?^^^'"  +  1^ 
'"M .  and  NF-  -  8  ^^  ^  ^„,^    +  1^, 


the  focal  distance  o£  the  compound  lens. 

These  values  being  reduced  to  what  they  become  when  the  incident 
ray  fq  is  infinitely  near  the  axis  of  the  lenses ;  that  is^  whei^  the  (Uigles 
are  substitated  lor  their  sines^  there  may  be  obtained 


MF 


/»—  1        S 


/*» 


HF~t 


+  M-lt 


R' 


8* 


NF 


HF*^' 


^'  UF 


By  means  of  these  eqnatioBS,  elimbiating  the  quantities  UWf  vw'f  and 
nf",  and  neglecting  powers  of  t  above  the  nrst,  there  may  be  obtained  a 

value  of  -—jTi :  then  differentiating  this  value  with  respect  to  to  fi,  yi', 

and  nf'",  and  making  the  resuHing  value  of  the  difierantial  of  w*" 
equal  to  zero  (which  is  a  condition  necessary  in  order  that  the  chro- 
matic dispersion  may  be  corrected  for  rays  near  the  axis),  there  ma^v  be 

1         1                                          2(m— 1) 
obtained  a  value  of  r;  +   r;.    Again  on  substituting for  b^j 

2(m  -- 1) 
ind  -^ — r~  lor  8,  as  above  found,  there  will  reeult 


2-M 


J^/  =  l-  Jzri  {^  +*  ('^  +  1)^}  %  +  iM^.and 


r*/  ^•  77  *= 

B  8 


4t^**<^+ !)'}£• 


Now  the  value  of  if f'"  may  be  directly  eomputed  from  the  formula) 
first  investigated ;  afterwards  assuming  different  values  of  r',  and  sub^ 
stituting  them  in  the  last  equation,  let  the  eorresponding  valuee  of 
b'  be  found.     With  these  values  of  a'  find  corresponding  values  of 


/sin  R^'QF"'        \ 

i  a\r>  nv*^'W  +  ^  I J  *^*^  ^»  of  NF*",  and  proceeding  according  to  the 

usual  methods  of  trial  and  error,  there  will  at  length  be  found  a  value 
of  N  f"'  agreeing  with  that  which  was  computed  by  the  direct  process  : 
the  four  radii  will  then,  consequently,  be  determined. 

Investigations  relating  to  the  dispersion  of  light,  and  rules  for  com- 
puting the  radii  of  curvature  for  achromatic  object-glasses,  will  also  be 
found  in  an  essay  by  Mr.  P.  Barlow  of  Woolwich,  printed  in  the  *  Philo- 
sophical Transactions '  for  1827. 

Though  on  thus  uniting  the  red  and  violet  light  by  lenses  of  erown 
and  flint  glass  the  chromatic  dispersion  is  in  a  great  measiu'e  correctedt 
yet  when  the  image  is  examined,  it  is  foimd  to  be  surrounded  by  a 
green-coloured  fringe.  The  difficulty  of  procuring  flint  glass  of  suffi- 
cient purity  is  also  a  eerious  impediment  to  the  perfection  of  achro- 
matic lenses  for  telescopes.  The  steps  that  have  from  time  to  time 
been  taken  to  remedy  this  evU  are  noticed  in  the  following  article  on 
the  history  of  the  teleecope,  [Txle800fi,  Hibtoby  of,}  but  we  may 
here  mention  that  in  the '  Transactions*  of  the  Royal  Society  of  Edin- 
burgh, 1791,  there  is  given  an  account  of  some  experiments  made  by 
Dr.  Blair,  from  which  he  was  led  to  the  discovery  of  the  fluid  medium, 
which,  being  applied  between  lenses  of  erown  glass,  renders  the  com- 
pound lens  completely  achromatic.  By  adding  liquid  muriatic  add  to 
chloride  of  antimony,  or  sal  ammoniac  to  chloride  of  mercury,  he 
succeeded  in  obtaining  a  spectrum  in  which  the  coloured  rays  in  each 
pencil  followed  the  same  law  of  dispersion  as  takes  place  in  crown 
glass.  Therefore,  confining  a  small  quantity  of  either  of  these  liquids 
between  the  convex  surfaces  of  two  plano-convex  lenses,  or  between 
those  of  a  piano  and  a  convex  meniscus  lens,  of  crown  glass.  Dr.  Blair 
obtained  an  object-glass  in  which  the  chromatic  aberration  was  entirely 
destroyed ;  and  he  is  said  to  have  thus  constructed  one  of  9  inches 
focal  length,  and  as  much  as  3  inches  in  diameter  or  aperture.  Object- 
glasses  so  made  were  for  some  years  on  sale  in  London ;  but  either 
from  the  crystallisation  of  the  fluids,  or  the  negligence  of  t)ie  artiste  in 
compounding  them,  the  telescopes  became  imperfect,  and  gradually 
fell  into  disuse. 

•  Dr.  (Sir  David)  Bi^wster,  in  his  '  Treatise  on  New  PhUosophical 
Instruments,'  recommends  the  employment  of  sulphuric  acid  and.oil  of 
cassia  for  the  composition  of  fluid  lenses,  by  which  the  secondary 
spectrum  may  be  destroyed ;  the  acid  being,  of  all  known  substances, 
that  which  exerts  the  greatest,  and  the  oil  that  which  exerts  the  least, 
action  on  the  green-coloured  rays.  The  correction  of  the  chromatic 
dispersion  by  means  of  fluids  was  also  attempted  by  Mr.  Barlow,  as 
noticed  in  the  following  article.  But  probably  from  imperfections  in 
the  forms  of  the  glasses,  the  images  of  objects  were  found  to  be  not  well 
defined ;  and  the  construction,  in  consequence,  has  not  been  adopted. 

The  image  forme<l  by  the  great  speculum  of  a  reflecting  telescope  is 
free  from  the  inconveniences  attending  the  chromatic  aberration  of 
light ;  for  the  angles  of  incidence  being  equal  to  those  of  reflection,  in 
any  pencil  coming  from  a  point  in  an  object,  all  the  rays  will  converge 
to  one  point  at  the  place  where  the  image  is  formed.  If  the  sur^e  of 
the  speculum  were  that  which  is  formed  by  the  revolution  of  a  parabola 


about  its  axis,  then  d  the  laya  in  any  pencil  prooeeding  from  a  Tery 
remote  object,  as  one  of  the  celestial  bodies,  and  being  ineiden^  oa  the 
speculum  in  a  direction  parallel  to  the  axis,  would,  by  the  nature  cf 
the  parabola,  converge  aooucately  in  the  focus  of  the  curve ;  and  on 
this  account,  an  effort  is  always  made  to  give  to  the  reflecting  surface 
of  the  speeulnm  a  paraboloidal  figure.    The  advantige  doee  not,  bcw- 
erer,  bold  good  with  the  pencile  which  fikll  on  the  mirror  in  directloBs 
oblique  to  the  axis ;  and  therefore  that  figure  is  of  less  inaportaace, 
when  the  telescope  is  to  be  used  for  viewing  terreetrial  objects,  than 
when  it  is  to  be  employed  for  astronomical  purposes ;  for  then,  am 
account  of  the  great  distance  of  the  objects,  the  several  pencils  of  li^ht 
fall  on  the  mirror  with  a  very  small  obliquity  to  its  axis. 

The  telescope  invented  by  Galileo  consisted  of  one  convex  lena,  a  b, 
^.  ^,  and  ol  a  eonoave  leoa,  aj>;  the  distance  between  them  b«in|[;  equal 
to  the  difference  between  the  focal  lengths  of  the  two  lensea.  In  thia 
instrument^  if  tl^e  pbject  o  p  were  so  remote  that  the  rays  in  eauh 


pencil  of  Ught  might  be  considered  as  parallel  to  one  another,  there 
would  be  formed  at  its  principal  focus  an  inverted  image  (op)  of  that 
object  by  the  union  of  the  rays  in  each  pencil  in  one  point ;  then  the 
concave  lens  being  placed  between  ab  and  that  image,  in  such  a 
situation  that  its  principal  focus  may  coincide  with  the  place  of  that 
image,  the  rays  in  each  pencil  will,  by  the  refracting  power  of  the 
lens,  be  made  to  emerge  parallel  to  one  another ;  and  in  this  case,  by 
the  optical  properties  of  the  eye,  distinct  vision  is  obtained. 

The  line  o  x  o  is  the  axis  of  the  pencil  of  light  from  o ;  and,  as  this 
passes  through  the  centre  x  of  the  len?  ab  without  refraction,  tht» 
angle  zxo  is  equal  to  half  the  angle  under  which  op  would  be  observed 
by  an  eye  at  x  when  no  telescope  is  interpoeed,  while  (m  n  parallel  to 
Y  0  being  the  direction  of  a  ray  in  that  axis  after  refraction  in  c  d)  z  to 

half  the  angle  under  which  o  P  is  seen  in  the  telescope :  the  ratio 


IB 

between  these  angles  is  therefore  the  measure  of  the  magnifying  power 

of  the  telescope ;  and  since  the  angles  are  to  one  another  as  Y  z  is  to 

s  X,  neariy,  it  loUows  that  —  nearly  expreeeee  the  magnifying  power. 

YZ 

This  is  the  construction  of  what  is  called  an  opera  ^ass  ;  and  the 
Qalilean  telescope  is  now  used  chiefly  for  viewing  objects  within  a 
theatre,  or  an  apartment,  since  if  considerable  magnifying  power  were 
given  to  it  the  extent  of  the  field  of  view  would  be  very  smalL 

A  simple  telescope  may  also  be  constructed  by  means  of  two  convex 
lenses,  .^.  6,  which  are  placed  at  a  distance  from  one  another  equal  to 
the  sum  of  their  focal  lengths.  For  the  image  being  formed  at  the  focus 
z,  of  the  lens  a  b,  which  is  nearest  to  the  object,  as  in  the  Galilean 
teledcopCiand  t)eing  supposed  to  be  a  plane  surface,  the  light  also  being 


Fig.  6. 
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supposed  to  bo  homogeneous,  the  rays  of  each  pencil,  after  crossing  at 

the  focus  and  proceeiling  from  thence  in  a  divergent  state,  ou  be.u^ 

allowed  to  fall  upon  the  surface  of  the  second  lena,CD,  may  be  refrautcd 

in  the  latter  so  as  to  pass  out  from  thence  in  parallel  direction:} ;  ami 

consequently  distinct  vision  of  the  object  may  be  obtained  by  au  eye 

situated  so  a^  to  receive  the  pencils. 

If  X  o  be  tne  direction  of  Uie  axis  of  a  pencil  of  light  coming  from 

o,  one  extremity  of  the  object  o  p,  which  is  supposed  to  be  so  remote 

that  all  the  rays  in  each  pencil  may  be  considered  as  parallel  to  uno 

another ;  then  the  angle  z  x  o  it  half  the  angle  under  which  the  object 

o  p  would  be  seen  by  an  eye  at  x  without  a  teleficoi>e,  while  the  raja  o£ 

that  pencil  entering  the  eye  at  E  in  the  direction  n  £,  which  is  parallel 

to  0  Y,  the  angle  z  y  o  is  half  the  angle  under  which  the  same  object  U 

seen  when  viewed  through  the  telescope.    Now  these  angles  are  to  one 

z  X 
another  nearly  as  z  Y  to  z  x ;  therefore  —  will  express  nearly  the 

ZY 

magnifying  power  of  the  instrument.  As  the  pencils  of  light  from  o 
and  p  cross  the  axis  of  the  eye  at  £  before  they  are  united  on  the 
retina,  the  image  of  the  object  o  p  is  formed  in  the  eye  in  a  position 
contrary  to  that  which  is  formed  when  the  object  is  viewed  without 
the  telescope ;  Uierefore,  on  looking  through  the  latter,  the  object  o  p 
appears  to  be  inverted. 

But  the  image  formed  at  op,  instead  of  being  a  plane,  is  nearly  on  a 
portion  of  a  spherical  surface  whose  centre  is  at  x ;  and,  on  the  uther 
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hand,  in  order  that  the  rays  in  each  pencil  may  after  refiraeWon  In  c  d 
be  parallel  to  one  another,  they  ought  to  diverge  from  a  point  nearly 
in  the  surface  of  a  sphere  whose  centre  is  at  Y,  the  two  spherical 
surfaces  V)eing  in  contact  at  z  :  consequently  when  the  distance 
between  the  lenses  is  such  that  the  oroaslng  of  the  rays  in  a  pencil 
parallel  to  the  axis  takes  place  exactly  at  s,  the  crowing  s  in  one  of  the 
oblique  pencils  will  be  at  a  certain  distance  from  the  pdnt  «*,  at  which 
it  ought  to  be  to  permit  the  rays  in  it  to  ^  out  of  c  D  parallel  to  one 
another ;  the  rays  of  the  pencils  which  proceed  from  the  margin  of  the 
object  will  not  then  emerge  parallel  to  one  another,  and  consequently 
that  margin  will  not  be  distinctly  seen.  Monsover,  from  the  unequal 
refrangibillty  of  the  diffferent  kinds  of  light,  the  rays  In  each  pendl 
will  be  decomposed  in  passing  through  the  lens  c  D,  so  that  though  the 
chromatic  aberration  were  perfectly  corrected  in  the  image  at  p  o,  it 
would  exist  in  the  image  which  is  formed  in  the  eye  by  the  rays 
emerging  from  c  D. 

The  spherical  aberration  can  only  be  diminished  by  diminishing  the 
inclination  at  which  the  rays  in  the  marginal  pencils  fall  upon  the 
mirface  of  the  lens  after  having  crossed  at  the  focus  of  the  object- 
glass  ;  that  is,  by  using  a  lens  of  lees  convexity  or  of  greater  focal  length ; 
adding  a  second  eye-glass  in  order  finally  to  render  the  t*ys  in  each 
l^cncil  parallel  to  one  another.    Thus,  if  it  be  required  to  praeerre  the 
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same  magnifying  power  and  field  of  view  as  might  be  bbtuned  with  any 
single  eye-glass ;  let,  sjb  before,  x,^.  7,  be  the  place  of  the  object-glass, 
op  the  image  formed  by  it,  and  let  c  i>  be  the  place  of  the  single  eye- 
glass :  then  draw  a  line  o  q  so  as  to  bisect  the  angle  D«  T,  which  may 
be  considered  as  the  whole  refraction  produced  by  the  lens  CD:  let  o, 
on  the  right  or  left  of  op,  be  ^e  assumed  place  of  what  is  called  the 
Jidd-ffloM,  and  draw  o  H  perpendicular  to  x  T,  the  axis  of  the  telescope, 
meeting  x  D  in  n ;  also  through  h  draw  M  R  K  parallel  to  oQ,  cutting 
o  0,  or  o  0  pi'oduced,  in  h  :  again  draw  M  if  perpendicular  to  the  axis  of 
the  telescope,  and  H  R  paraUel  to  o  T ;  also  draw  R  8  perpendicular  to 
the  axis.  Lastly,  draw  a  v  parallel  to  ^q  to  meet  x  o  in  tr,  and  u  v 
perpendicular  to  the  axis.  Then,  from  the  principles  of  optics,  if  a 
lens  be  placed  at  o,  having  its  focal  length  equal  to  o  ▼,  and  another  at 
n,  whose  focal  length  is  n  K ;  the  ray  x  o  H  will  by  refraction  In  the 
first  lens  take  the  direction  H  s,  and  by  refraction  in  the  second  lens  it 
will  take  the  direction  s  t  parallel  to  o  Y  or  1)  E :  thus  the  present 
visual  angle  s  T  B  will  be  equal  to  D  s  y,  which  was  obtained  with  the 
single  eye-glass. 

This  is  called  the  ffuyf/Ttenian  eye-pien,  and  it  is  that  which  is  gene- 
rally  used  for  astronomical  telescopes  :  the  object  seen  through  it  is 
inverted,  as  in  the  last-mentioned  telescope. 

If  the  places  o  and  r  of  the  two  eye-glasses  are  given  (o  H  being  very 
near  op ;  its  focal  length  being  also  known)^  and  it  be  required  to  find 
the  focal  length  of  B  8  so  that  the  red  and  vicdet  rays  in  eadi  pencil 
may  emerge  from  it  parallel  to  one  another,  that  lengUi  ml^t  be 
determined  in  the  f ollowh^  manner.  In  a  pencil  of  rays  croesin^  each 
other  at  h,  fig,  8,  let  Hnt  be  tne  directiott  ci  jk  mean  tay^  and  Br,  h«  those 

I'i^.  a. 


F 

-v 

L...... 

^.^ w 

r 

'r 


m 


of  a  red  and  a  violet  ray ;  thcM  last  will  make  with  one  anotiier  an  angle 
equal  to  about  ^  of  the  angle  DB»,  which  nu^  be  aoppoedd  to  be  known. 
Now,  by  optical  prineii^es,  if  these  rays  are  to  emer^  from  n  8  in 
directions  poxallel  to  one  another,  the  focal  lengths  of  ^e  lens  for  red 
and  violet  raya,  namely,  B  F  and  b/  muat  be  to  one  another  as  28  to 
27,  and  the  fod  f  and/ must  be  in  i^aees  detemuned  bv  perpendi- 
culara  drawn  to  the  axis  from  points  w  and  w,  in  which  the  Udb  b  w 
supposed  to  be  drawn  paraUel  to  rr  or  w',  meets  Br  and  hv  ;  that  is, 
by  finding  the  poaitioa  ol  a  line  to  be  drawn  from  b  to  est  the  given 
Unea  bt,  bv,  bo  that  b  w  may  be  to  bw  aa  28  to  27.  For  this  purpose, 
having  drawn  the  stni§^t  line  h  b,  the  angles  b  h  w,  b  Bur  will  be 
known ;  let  them  be  represented  by  a  and  b ;  also  let  the  angle  H  B  w 
be  represented  by  B :  then  by  trigonometry  we  shall  have,  after  a  few 
rednctions,  27  cotan.  a— 28  eotan.  6=ootan.  9. 

In  order  to  afford  a  view  of  objects  in  the  same  position  as  they 
appear  to  have  when  seen  by  the  naked  eye,  a  telescope  may  be  formed 
with  Uiree  lenses  besides  the  object>^aaB.    In  the  constmction  of  this 


instrument,  if  attention  ia  paid  only  to  the  rays  which  suffer  a  mean 
refraction,  the  first  eye-glass,  or  that  which  is  nearest  to  the  object-end 
of  the  telesoope,  may  be  placed  between  the  image  formed  by  the 
object  lens  and  the  eye,  with  the  foci  of  the  two  lenws  in  coincidence ; 
by  this  means  the  rays  in  each  pencil  will  emerge  from  the  first  eye- 
gLaas  in  directions  parallel  to  one  another,  those  of  the  pencils  which 
are  oblique  to  the  axis  of  tiie  telescope  croaaing  each  other  at  some 
point  in  the  latter  axis.  A  second  eye^iiaas  is  then  placed  at  any 
convenient  distance  from  the  former,  beyond  the  place  where  the 
oblique  pencils  cross  each  otiier ;  and  by  tins  lens  a  second  image  is 
formisd  in  a  position  contrary  to  that  which  is  formed  by  the  object 
lena/  Lastly,  the  third  lens  being  placed  between  this  image  and  the 
eye  at  a  distance  from  ihe  former  equal  to  its  focal  length,  the  rays  in 
the  several  pencils  will  emerge  parallel  to  one  another,  and  an  erect 
image  of  the  object  will  thus  be  formed  in  the  eye. 

The  ratio  between  the  angles  under  which  an  object  would  be  seen 
by  the  naked  eye,  and  that  by  which  it  ia  seen  in  the  telescope,  ia  com- 
pounded of  the  ratios  of  the  focal  lengths  of  the  several  lenses; 
thus,  if  P  be  the  focal  length  of  the  object-lens,  /',  /",/'"  those  of 
i^e  eye-lenses,  reckoned  in  order  towards  the  eye,  the  expression 

ft — 27;>  will  denote  the  magnifying  power. 

But  both  the  ^herical  aberration  and  the  chromatic  dispersion  in 
such  a  telescope  are  very  considerable ;  and  before  the  invention  of  the 
achromatio  object-glass,  Mr.  Dollond  endeavoured  to  diminish  the 
former  by  an  eye-tube  oonaisting  of  five  lenses  disposed  ao  as  to  divide 
the  bendings  of  the  pencils  nearly  equally  between  them.  Such 
telescopes  are  not  now  uaed ;  and  Mr.  Dollond  succeeded  at  length  in 
constructing  telescopes  with  four  eye-glasses,  from  which  both  dis- 
tortion and  colour  are  removed  as  much  perhaps  as  a  removal  is 
poasible. 

This  is  accomplished  by  placing  Uie  firat  eye-glaas  beyond  the  image 
formed  by  the  object-ghss,  and  at  a  distance  from  it  less  than  the 
focal  length  of  that  eye-glass :  by  ihu  disposition  the  rays  of  mean 
refrangibillty  in  each  pencil  which  diverges  from  the  image  are  not, 
after  refraction,  parallel  to  one  another,  but  go  on  with  diminished 
divergency.  A  little  way  beyond  the  place  where  the  axes  of  the 
oblique  pencils  cross  the  axis  of  the  telescope  there  is  placed  the 
second  eye-glass,  which  is  of  such  focal  length  that  the  mean  refrangi- 
ble rays  in  each  pencil,  after  passing  through  it,  meet  in  a  point,  and 
thus  a  second  image  of  the  object  is  formed  near  the  eye :  the  use  of 
these  two  lenses,  therefore,  is  to  cause  the  second  Image  to  be  formed 
by  a  gradual  convergence  of  the  ravs  in  each  pencil.  But  the  several 
penciL  of  rays  are  intercepted  by  ue  third  eye-glass  (commonly  called 
the  field-glass),  and  the  second  image  is  thereby  formed  rather  nearer 
to  the  first  than  it  would  be  without  such  field-lens :  from  this  image 
the  rays  in  each  pencil  diverge,  and  by  the  refractive  power  of  the 
fourth  eye-glass  they  are  made  to  enter  the  eye  in  parallel  directions : 
thus  distinct  vision  of  the  external  object  is  obtained.  The  field-glass 
might  have  been  placed  between  the  eye  and  the  second  image,  as  in 
the  Huygfaenlan  eye-piece  before  described ;  but  the  aberration  arising 
from  tbs  spherical  form  of  the  ^aoses  is  a  little  less  by  the  constmc- 
tion juat  mentioned. 

Now,  in  each  pencil,  the  red  and  violet  rays  which  had  been  united 
at  ihe  image  formed  l^  the  object-glass,  and  which  there  crossed  each 
other,  go  on  from  thence  diverging  from  each  other  till,  on  the  oppo- 
site aide  of  the  axis  of  the  teleeoope,  they  fall  upon  the  surface  of  the 
second  eye-giaas  :  after  passing  through  this  lens,  the  violet  ray,  which 
Is  always  more  refracted  than  the  red  ray,  gradually  converges  towards 
the  latter,  and  at  length  meets  it  in  some  place  short  of  that  at  which 
the  rays  of  mean  refraction  \mite  to  form  the  second  image.  The 
praetioe  is  to  fix  the  third  or  field-glass  exactly  or  nearly  at  the  place 
where  the  red  and  violet  rays  so  unite  in  all  the  pencils;  for  the 
diflbrettt  coloured  rays  croaaing  each  other  in  that  place,  they  are 
finally,  by  the  refractive  power  of  the  fourth  eye-glass,  made  to  enter 
the  eye  in  parallel  directions,  and  thus  afford  a  view  of  the  object 
neariy  or  wholly  free  from  colour. 

In  forming  the  eye-glasBes  of  tele»x>pes  it  may  be  observed  that 
they  should  be  such  as  will  allow  the  incident  and  emergent  pencils  of 
nys  to  be  nearly  equally  inclined  to  their  surftu^es :  on  this  acooimt 
the  first  and  fourth  eye-glasses  are  of  the  planoconvex  form;  the 
flat  side  of  tliat  which  is  nearest  to  the  object^lass  bemg  towards  the 
latter,  and  that  of  Uie  other  towards  the  eya 

Besides  the  power  of  magnifying  objects,  that  of  affording  distinct 
vision  with  given  quantities  of  light  is  often  an  essential  requisite  in  a 
telescope,  particularly  to  naval  men,  who  have  occasion  during  the 
obseunty  of  the  night  to  keep  in  view  a  ship  of  which  they  may  be  in 
chase.  This  subject  was  investigated  by  the  late  Sir  William  Herschel, 
and  an  account  of  his  researehes  on  what  he  calls  the  "  space-pene- 
trating.power  of  telescopes  "  was  printed  in  the '  Philosophiai  Transac- 
tions'  for  1800. 

Herschel  states  that  he  was  aware  of  this  property  of  telescopes  as 
early  as  the  year  1777,  when  he  had  constructed  a  Newtonian  telescope 
with  a  speculum  whose  focal  length  was  20  feet :  for,  on  directuig  the 
instrument  to  a  chureh-steeple  at  a  considerable  distance,  he  could 
distinguish  the  hour  by  the  clock,  though  with  the  naked  eye  he  could 
not  see  the  steeple  itself.    In  order  to  obtain  a  formula  for  the  space* 
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peDstrating  power,  bo  obaerrea  that  the  quMitit;  of  light  received  by 
the  natur^  e;e  vuiea  directly  with  the  aperture  of  the  pupil,  or  with 
thn  square  at  its  radius,  and  iQTersely  with  the  iquare  of  the  distonca 
of  the  object :  aim  that  the  quuitity  of  light  tnuumitted  by  a  tele' 
■cope,  Buppooing  Done  to  bo  loot  in  the  reflectiona  from  the  mirrors,  or 
in  refraction  through  the  leoiiea,  will  vary  directly  with  the  square  of 
the  radius  of  the  aperture  and  inveniely  with  the  square  of  the  diatADce 
of  the  object.  But,  from  eiperiments  on  the  measure  of  light,  it 
appeara  tliat  the  whole  quantity  incident  upon  a  plate  of  glosa  is  to 
the  quantity  transinitted  through  it  as  1  is  to  '93B1,  or  to  the  quantity 
iO«t  as  1  is  to  '0619 ;  and  from  this,  the  whole  quantity  of  incident 
light  being  luiity,  on  estimate  may  be  made  of  Uie  quantity  oE<light 
tranamitt^  through  all  the  lenoea  of  a  teleecops  :  with  leepect  to  the 
quantity  lost  in  reflection  frum  mirrora  Sir  W.  Heracbel  found  that 
out  of  100,000  incident  rays,  only  15,212  reached  the  eye  after  two 
reflections. 

I  l^et  the  quantity  of  incident  light  be  to  that  which  arrives  at  the 
eye  a*  1  to  m ,'  than  r  being  the  radius  of  the  pupil,  and  a  that  of 

the  aperture  ot  a  telescope,  —^  will  express  the  ratio  between  the 


le  quonUty  of  light,  ~  V>  eipreases  the  penetrating 


-  Vi  "'(>''' K^)('    It  is  nececsatyto  observe  that,  in  these  eipressiong, 

it  is  Buppoeed  that  the  pencil  of  light  tranimitted  by  the  telescope  is 
not  greater  than  the  pupil  of  the  eye. 

>  It  has  been  said  above  that,  in  refleoting  telescopes,  a  speculum  at 
one  extremity  of  the  tuba  serves  the  purpose  of  the  object-f^ass  in 
refracting  telescopes  by  fanning  an  image  at  its  foens ;  and  the  manner 
in  which,  in  the  former  instruments,  the  imaga  is  transmitted  to  the 
eye  remains  now  to  be  explained. 
The  following  diagram  represents  a  longitudinal  section  througli  the 


axis  X  T  of  the  instrument,  which  is  supposed  b)  be  of  the  Gregorian 

kind.  A  B  is  the  tube  which  contains  the  specula,  and  is  open  at  the 
end  c  B  ]  and  at  the  extremity  neareat  t^  the  eye  of  the  observer  is  a 
tube  Kr  containing  two  lenses,  mn  is  the  anterior  surface  of  the 
|;reat  speculum,  which  lias  a  circular  perforation,  mA,  at  its  centre  :  □ 
u  a  small  speculum,  concave  like  the  former,  its  surface  being  either 
spherical  or  parabolical  It  is  connected  with  the  side  of  the  tube  i.  B 
by  the  arm  a  k,  and  is  capable  of  being  moved  in  the  direction  of  the 
aiia  X  T  by  means  of  the  rod  P  s  ;  the  latter  posses  through  a  knob  q, 
which  is  fixed  to  the  side  of  the  tube,  and  works  in  the  knob  b,  which 
passes  through  on  oblong  perforation  in  the  side  of  the  tube,  and  is 
attached  to  the  part  K  of  the  arm  h  k.  This  movement  is  given  to  the 
small  muTor  in  order  that  its  focus  may  be  mode  to  coincide  with  the 
place  of  the  image  formed  by  the  great  speculum ;  Uiat  image  being 
at  diETerent  distances  from  the  latter  accoiding  to  the  diatance  of  the 
object  from  the  observer. 

Let  o  be  the  upper  part  ot  an  object,  and  let  O  N  be  the  direction  of 
the  rays  in  a  pencil  of  light  diverging  from  o  ;  the  rays  of  this  pencil 
will,  after  being  reflecl«d  at  W,  converge  to  o,  which  will  be  the  lower 
part  of  the  image  ot.  SYom  o  the  rays  in  the  pencil  diverge,  and  having 
fallen  upon  the  small  mirror  at  u,  they  are  reSectod  from  thmce 
towards  the  eye-piece  E  F :  having  passed  through  the  orifice  mA,  they 
fall  on  the  lens  at  r,  hy  which  they  are  mode  to  unite  at  p,  wbera  an 
image,  pg,  ot  the  object  is  formed.  IVom  p  the  rays  in  the  same 
pencil  again  diverge,  and,  falling  on  the  lens  at  i,  they  are  made  to 
emerge  in  parallel  directions,  so  that  the  sye  is  enabled  to  obtain  dis- 
tinct vision  of  the  object  in  the  same  poaition  as  if  the  latter  ware 
viewed  by  the  naked  eye.  The  rays,  after  being  reflected  at  n,  might 
with  a  due  concavity  of  the  amaller  mirror  have  united,  as  at  p',  in 
front  of  the  great  mirror,  and  the  second  image  might  hive  been 
twnied  at  p'q' :  in  this  case  the  rays  in  each  pencil,  after  crossing  one 
another,  would  have  fallen  in  a  divergent  sUte  on  the  lens  at  F,  and 
then,  by  the  refractive  powera  of  both  lenses,  they  would  have  entered 
the  eye  in  parallel  directions  as  before.  The  positions  of  the  lenses  at 
B  and  F,  and  the  curvatures  of  their  surfaces,  are  determined  according 
to  the  method  of  Huygheni ;  and  the  construction  differs  in  no  respect 
from  that  which  has  hceti  desciibcd  in  sj-e-iking  of  the  eye-pieces  of 
dioptric  teleecopefi. 
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The  magnifying  power  ot  a  reflecting  telescope  ot  this  kind  iM  ex- 
pressed by  the  formula  -J-1 — i  ;  in  which  vi  is  the  focal  length  of  the 

great  speculum,  oy  is  the  distance  of  the  small  q>ecu] 
image  pg,  xy  ie  the  focal  length  of  the  second  eye-gUsB,  i 
focal  length  of  the  small  speculum  for  parallel  rays. 

In  the  Cassegrainian  telescope  the  small  mirror  O  is  moda  convex, 
and  it  is  placed  oo  as  to  intercept  the  rays  from  the  great  speculiitn  M  :• 
before  the  image  ol  is  formed;  the  rays  of  each  pencil  oonsequenllc 
foil  in  a  convergent  state  on  the  small  mirror,  and,  after  reflection  Eruni 
thence,  unite  to  form  the  image  either  ot  p'q'  or  after  refraction  in  ths 
first  eye-glaaa  r.  It  is  obvious  that  these  teleocopes,  with  equal  moj^- 
nifying  power,  will  be  ehorter  then  the  Uregorian  telescopes  by  mvi': 
thui  twice  the  focal  length  of  the  small  speculum ;  and  it  may  be  added 
Chat,  in  some  degree,  the  spherical  aberration  is  corrected  by  the  con- 
trary curvatures  of  the  two  mirrors. 

The  Newtonian  reflecting  telescopes  have  one  concave  speculum  ac 
the  bottom  of  the  tube ;  and,  in  each  pencil  o[  light,  the  rays  reflected 
from  it  fall  in  a  convergent  state  upon  a  small  plane  mirror  placed  so 
as  to  moke  an  angle  of  4S*  with  the  axia  1 1  uf  the  telescope  :  after 
the  second  reflecljon  the  rays  unite  and  form  on  image  which  is  viewed 
through  a  Huyghenian  eye-piece  fixed  in  the  side  of  the  tube  A  B  ,oppo- 
sjte  the  plane  mirror ;  that  is  near  the  open  end  of  the  tub& 

The  great  teleecope  constructed  by  Herschel  differs  from  the  New- 
tonian telescope  only  in  having  no  small  mirror.  The  surface  of  the 
great  speculum,  which  ia  4  feet  in  diameter,  has  a  small  obliquity  to 
the  axis  i  t,  so  that  the  image  formed  by  reflection  from  it  folia  near 
the  lower  side  of  the  tube  at  its  open  end  :  at  this  place  there  is  a 
aUdiog  apparatus  which  carries  a  tube  containing  the  eye-glaaeee.  The 
observer  in  viewing,  is  situated  at  the  open  end  of  the  tube,  with  his 
back  to  the  object,  and  he  looks  directly  towards  the  centre  of  the 
speculum,  the  magnitude  of  which  is  siicb  that  the  rays  intercepted 
bv  his  head,  in  coming  from  the  object,  do  not  in  anv  sensible  degree 
diminish  the  brighCuess  of  the  image. 

Formerly  the  great  speculum  of  a  reflecting  teleacope  was  pressed 
into  its  cell  by  means  of  springs  attached  to  the  interior  aide  of  the 
brass  plate  at  a  ;  but  the  vibrations  of  the  springs  were  found  to  cause 
tremulous  motions  in  the  image  at  the  focus  of  the  mirror;  and  this 
effect  was  BO  great  as  to  render  reflecting  telescopes  inferior  to  those  of 
the  dioptric  kind.  The  Kev,  Mr,  Edwards,  who  detected  the  c&use  of 
the  tremors,  at  once  removed  it  by  taking  away  the  springe  ('  Naut. 
Aim,,'  1787);  and  the  same  gentleman  further  improved  the  distinct- 
ness ot  the  image  by  enlarging  the  apertiu^  to  which  the  eye  is  applied 
It  has  been  observed  also  that  when  the  great  speculum  is  nearly  in  a 
vertical  portion,  and  consequently  rests  on  its  lower  extremity,  its 
weight  bends  it,  and  thus  causes  a  change  in  the  figure  ot  its  poliahad 
sur^ice ;  on  this  account  it  is  recommended  that  the  speculum  should 
be  made  to  reet  on  two  smsll  wedges,  placed  one  on  each  ude,  at  about 
4S*  from  the  lowest  point. 

Since  Bpecula  have  been  enlarged  in  their  proportionB  the  difficulties 
in  the  way  of  attaining  distinct  vision  have  increased.  Sir  W. 
Herschel's  48-inch  reflector  weighed  25  cwt.,  but  the  S-teet  speculum 
of  Lord  RoBse  weighs  no  less  then  4  tons.  This,  as  Sir  John  Heracbet 
remsrks,  requires  the  use  of  very  powerful  and  costly  machinery  in  the 
construction  of  such  specula  and  also  in  their  management  when  con- 
structed. Speculum  metal,  though  highly  elastic  and  rigid  a,  as  above 
notited,  lisble  to  bend,  and  thus  lose  its  flgure.  Heischel  notices  the 
case  of  aspeculum  of  18  inches  aperture,  20  feet  foous,  and  2  inches  in 
thickness  which  was  found  to  be  totally  spoilt,  by  being  supported  on 
three  points  at  its  circumference,  and  when  reclined  against  a  Sat  and 
strong  wooden  back,  with  a  single  thin  packthread  interposed  down  the 
middle,  all  trace  of  flgure  was  destroyed,  and  the  surface  was  divided 
into  two  lobes,  each  producing  an  imperfect  image  of  a  star,  connected 
vritb  an  irregular  burr  of  light.  Lord  Rosse  found  that  a  Strang 
pressure  of  the  hand  at  the  back  of  bis  6-feet  speculum,  which  ia 
nearly  6  inches  in  thickness,  produced  sufBcient  flexure  to  distort  the 
image  ot  a  star;  and  in  one  of  Foucault'e  silver-glass  mirrors  tke 
excess  ot  central  pressure  of  a  somewhat  over-inflated  air  cushion 
deatroyed  distinct  vision.  The  speculum,  therefore,  requires  to  be 
unifojmly  supported  over  eveiy  part  of  the  back.  Where  the  weight 
does  not  exceed  200  or  300  lbs.  a  bed  of  sevoial  layera  of  eiSD 
textured  woollen  blanket  is  sufficient,  provided,  as  Herschel  remarks 
"  the  whole  be  supported  on  s  back  so  strong  as  not  to  yield  under  the 
pressure  in  any  part  more  than  a  small  aliquot  of  the  total  oomprtssiixi 
ot  the  cushion."  For  small  mirrors  or  for  light  gloss  ones  an  air- 
cushion  is  a  good  contrivance.  For  a  veiy  heavy  one,  such  as  Lard 
Rosse's  six-feet  speculum,  an  ingenious  plan  was  adapted  on  the  idea 
of  the  common  "  splinter  bar,"  by  which  the  pull  of  two,  four,  or  eight 
horses  drawing  at  once  is  equalised  so  as  to  distribute  the  work 
equally  among  them.  The  busk  ol  the  mirror,  suppoaed  to  be  of 
uniform  thickness,  is  divided  into  three  aectors  of  120°.  Let  the 
centre  ot  gravity  of  each  of  these  sectors  be  sustained  by  a  projectiog 
knob,  at  one  of  the  angular  points  ot  a  slab  ot  iron  in  the  form  of  on 
equilsteral  triangle,  which  is  itself  sustained  by  a  point  under  its  centre 
of  gravity.  In  this  way  each  sector  being  separately  supported  would 
produce  no  strain  on  the  others,  and  the  whole  weight  would  be 
equally  distributed  among  the  three  polnta  ot  support.    But  to  prevent 


105 


TELESCOPE. 


TELESCOPE,  HISTORY  OF  THE. 


100 


Fig.  10. 


tlie   flexure  of  each  sector  it  may  be  divided  into  three  portions  of 
equal  weight,  and  the  centre  of  gravity  of  each  portion  being  found, 
it  in  turn  is  supported  on  a  pin  or  knob  on  one  angle  of  a  sxuaUer  or 
Bccoudary  iron  slab,  which  in  its  turn  is  supported  on  its  centre  of 
gravity  by  resting  on  one  of  the  points  of  the  primary  triangle.    In 
tlie  case  of  a  six-feet  speculum  each  of  these  secondary  areas  may  be 
subdivided  into  three   equal  tertiaiy  aiipas  si^nilarly  supported  on 
tertiary  triangular  slabs  each  supported  at  its  centre  of  gravity  on  one 
angle  of  a  secondary  one.    In  this  way  the  mirror  may  be  conceived  as 
being  subdivided  into  twenty-seven  equal  areas,  each  separately  sup- 
ported at  its  centre  of  gravity,  and  th\is  not  liable  to  bend  by  its  own 
vreight.      In  practice,  however,  certain  levers  are  introduced,  the 
action  of  which  does  not  interfere  with  the  principle  of  the  contrivance. 
This  clever  arrangement,  however,  was  defeated  by  the  adhesion  or 
Btickage,  as  it  is  called,  of  the  metal  to  its  cushion,  and  this  stickage 
amounted  to  two  tons  when  the  speculum  was  resting  on  the  bottom 
of   the  tube.    Hence  it  has  been  found  necessary  to  suspend  the 
speculum  from  above,  by  means  of  bands  of  steel  or  some   other 
support. 

A  reflecting  telescope  is  liable  to  irregular  action  from  currents  of 
unequally  heated  air  in  the  tube,  which  cause  remarkable  distortiond 
and  movements  in  the  images  of  objects.  Sir  John  Herschel  ('  Results 
of  Cape  Observations ')  describes  a  method  of  substituting  for  the  tube 
an  open  frame-work  of  iron  which  gets  rid  of  the  objection  from 
counter  currents  of  air. 

Under  Speculum  some  details  are  given  respecting  the  composition, 
the  grinding,  and  the  polishing  of  specula.  Ab  similar  information 
respecting  glass  lenses  is  not  given  under  the  article  Lei«s,  the  deficiency 
may  to  some  extent  be  supplied  in  this  place ;  the  reader  desirous  of 

more  ample  information  is  referred  to  the 
third  volume  of  Holtzapffers '  Mechanical  Mani- 

{)ulation,'  1850.      The  spherical  surfaces  of 
enses  are  formed  by  grinding  the  glass  in 
counterpart  metal  tools  (fig.  10),  prepared  to 
the  proper  curvatures  with  the  assistance  of 
grinding  and  polishing  powders.     The  tools 
are  in  pairs,  concave  and  convex,  and  these  are 
first  made  to  correct  each  other's  errors,  which 
they  do  on  the  principle  which  applies  also  to 
the  lenses  then:iselves  "  of  the  natural  tendency 
of  two  surfaces  which  grind  each  other  by 
equable  rubbing  over  every  part  to  work  each  other  into  a  spherical 
concavity  and  convexity  exactly  fitting."     (Herschel)    Hence  it  is 
comparatively  easy  to  form  lenses  into  truly  spherical  surfaces. 

The  concave  and  the  convex  tools  grind  each  othei  true  with  the 
assistance  of  emery  and  water,  although  Mr.  Ross  thinks  greater 
accuracy  is  attained  by  using  the  emery  dry.  The  glass  fox  the  lens 
is  brought  to  the  circular  form  by  means  of  shanks  or  flat  pliers  of 
'soft  iron,  or  to  save  the  material  (since  good  optical  glass  is  more 
precious  than  gold)  selected  fragments  of  glass  blocxs  are  softenea  oy 
heating  to  redness,  moulded  to  nearly  the  required  form,  and  then 
carefully  annealed.  Each  lens  is  then  coated  on  one  side  with  a  layer  of 
cement,  which  is  run  into  a  hemispherical  mass  sufficiently  thick  to  be 
grasped,  so  as  to  form  a  handle :  but  if  the  lens  is  of  large  size  it  is 
cemented  to  a  metal  handle,  as  a  wooden  one  would  swell.  '  The 
cement  is  made  by  mixing  wood-ashes  with  melted  pitch.  The  glass  is 
first  rough  ground  within  the  metal  shell  or  basin  (fig,  11),  either  with 

river-sand  and  water,  or  coarse  emery  and 
water,  until  the  surface  is  brought  nearly  to 
the  curve  of  the  shell.     The  glass  is  rubbed 
with  large  circular  strokes,  and  when  the 
grinding  has  been  carried  far  enough,  the 
glass  is  warmed,  the  cement  handle  is  shifted  to  the  other  side,  and 
the  grinding  is  continued  on  the  second  surface  of  the  lens.    The 
paraUeliam  of  the  two  sides  is  obtained  by  observing  that  the  edge  of 
the  glass  is  of  equal  thickness  all  round.     The  grinding  is  then  con- 
tinued with  washed  emery,  six  sizes  being  used,  the  last  size  being 
the  fine  powder  collected  after  one  hour's  subsidence,  and  which  leaves 
BO  smooth  a  surface  that  when  the  lens  is  held  between  the  eye  and 
the  light  it  shows  a  semi-polish.     Grinding  the  lens  to  the  true  figure 
or  irueing  the  lens,  as  it  is  called,  is  geil^nJly  done  upon  a  post  with 
the  concave  brass  tool,  much  in  the  same  manner  as  the  concave  and 
the  convex  brass  tools  are  made  to  correct  each  other.    The  grinding  is 
continued  with  each  size  of  emery,  until  the  marks  made  with  the 
previous    size    are    removed ;    everything    being   carefully    washed 
between  the  changes  of  sizes ;  for  should  a  speck  of  a  larger  size  get 
into  the  work  it  might  make  a  scratch  which  v/.)uld  render  it  necessary 
to  re-commeuce  the  grinding.    The  polishing  is  performed  with 'the 
<T^siBtance  of  putty  powder,  sifted  through  lawn  and  enclosed  in  a  box 
>vith  a  lid  perforated  with  small  holes;  or  still  better,  mixed  with 
water  in  a  corked  bottld,  which  is  shaken  up  every  time  the  powder  is 
to  be  applied,  and  allowed  to  subside  for  a  few  seconds.    A  small 
quantity  of  the  water  is  then  taken  out  with  a  clean  stick,  and  thrown 
upon  the  polisher,  so  that  only  the  suspended  portions  of  the  putty 
powder  are  used.    The  powder  is  put  upon  a  piece  of  thick  silk  (lute 
string),  cut  to  the  width  of  about  seven-eighths  the  diameter  of  the 
lens,  and  stretched  across  the  middle  of  the  brass  tool.     The  lens  is 
rubbed  backwards  and  forwards  in  straischt  lines  along  the  silk,  while 
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at  the  same  time  it  is  twisted  round  in  the  hand,  and  also  traversed 
gradually  sideways,  until  the  centre  of  the  lens  is  brought  to  the  edge 
of  the  silk,  when  the  direction  of  the  traverse  is  reversed.  For  the 
most  carefully  finished  lenses,  however,  a  pitch  tool  is  prepared  as 
described  under  Speculum. 

Mr.  C.  Varley  has  described  ('  Trans.  Society  of  Arts,'  vol.  xlix.)  a 
lathe  for  grinding  and  polishing  lenses  in  which  instead  of  the  lower 
tools  being  mounted  on  a  fixed  post  they  are  mounted  on  a  revolving 
axis  placed  vertically.  Mr.  Qrubb,  of  Dublin,  has  an  apparatus  for  figur- 
ing and  polishing  lenses,  which  is  said  to  be  very  successful.  For  very 
accurate  work,  the  arrangement  shown  in  fig.  12 
may  be  adopted.  After  grinding  in  the  metal 
basin  (%.  11),  the  lens  isattachedtothe  lower  end 
of  a  vertical  rod,  of  which  the  upper  end  termi-^ 
nates  in  a  steel  ball,  working  in  a  cup  and  fitting 
accurately,  so  that  every  point  of  the  surface  of 
the  lens  may  move  in  a  spherical  surface  concen- 
tric with  the  steel  balL  The  rod  is  gnusped  by  a 
woollen  holder,  to  prevent  the  heat  of  the  hand 
from  elongating  the  rod.  Below  the  lens  is  a 
small  polisher  of  pitch,  spread  on  brass  and 
covered  with  a  fine  polishing  powder  mixed 
with  water.  The  polisher  admits  of  nice 
adjustment  by  means  of  a  screw.  The  rod  is 
worked  to  and  fro  as  well  as  circularly,  and  the 
lens  gradually  acquires  a  perfectly  spherical 
and  polished  surface,  the  radius  of  which  can 
be  adjusted  by  lengthening  or  shortening  the 
rod.  In  manufactories  where  large  quantities 
of  common  lenses  are  ground  and  polished,  a 
number  are  arranged  on  a  convex  tool,  such  as 
7,  18,  or  21  around  a  central  lens,  forming 
what  is  called  a  Uock  of  lenses.  Lenses  of 
medium  quality  and  size  are  generally  ground 
true  and  polished  seven  at  a  time. 

In  forming  the  object  glasses  of  achromatic 
telescopes,  it  is  necessary  to  measure  accurately 
the  radii  of  cturvature  of  the  lenses,  which  are 
first  tried  experimentally,  and  are  afterwards 
made  as  nearly  as  possible  to  the  radii  obtained 
by  calculation.  In  order  to  measure  the  cur- 
vature of  the  grinding  tools,  Mr.  Ross  invented 
an  instrument  called  a  wpkerometeTf  a  descrip* 
tion  of  which  will  be  found  in  the  'Trans. 
Society  of  Arts,'  (vol.  liii.) 

The  edges  of  lenses  are  made  true  by  grind- 
ing in  a  laihe  by  means  of  a  piece  of  brass 
supplied  with  emery  and  water ;  but  in  setting 
the  lenses  in  the  lathe  for  this  purpose,  it  is 
cemented  upon  a  chuck,  and  before  the  cement 
has  set,  the  lathe  is  set  spinning,  and  the 
reflection  of  a  fixed  object,  such  as  a  candle 
flame  or  a  window  bar  is  watched,  and  the 
lens  is  adjusted  until  the  image  appears  to  be 
quite  stationary,  notwithstanding  the  revolution  of- the  lens.  This 
^ows  that  the  axis  of  the  lens  and  that  of  the  mandril  of  the  lathe 
coincide  and  consequently  that  the  lens,  when  its  edge  is  ground  cir- 
cular, and  put  in  the  tube  of  the  instrument,  will  coincide  with  the 
axis  of  such  tube. 

The  centering  of  the  lenses  of  an  achromatic  telescope,  so  that  all 
the  centres  of  curvature  of  their  surfaces  shall  lie  in  one  straight  line, 
and  that  coincide  with  the  common  axis  of  the  telescope  and  its  eye- 
piece, is  an  adjustment  of  considerable  delicacy.  WoUaston's  method 
of  doing  this  is  described  in  the  '  Philosophical  Transactions'  for 
1822,  and  depends  upon  the  circumstance  that  the  various  images  of  a 
candle,  of  which  there  are  fifteen  for  a  triple  object  glass,  are,  if  the 
lenses  be  exactly  centered,  all  in  a  right  line  directed  from  the  candle. 

TELESCOPE,  HISTORY  OF  THE.  It  has  been  the  fate  of 
almost  every  instrument  by  which  science  has  been  extended,  or  the 
well-being  of  man  promoted,  that  the  precise  epoch  of  its  invention, 
and  even  the  name  of  the  indiividual  to  whom  the  world  is  indebted  for 
it,  are  alike  unknown.  This  is  particularly  the  case  with  the  telescope, 
of  which  the  earliest  notices  are  that  it  existed  in  England  and  in 
Holland  near  the  end  of  the  16th  or  in  the  beginning  of  the  17th 
century. 

There  is  in  Strabo  a  passage  (iii.,  p.  180,  Falconer's  ed. ;  p.  138, 
'  Casaub.')  in  which,  speaking  of  the  enlargement  of  the  sun's  disc  at 
his  rising  and  setting  in  the  sea,  it  is  stated  that  the  rays  (of  light) 
in  passing  through  the  vapours  which  rise  from  the  water,  as  through 
tubes,  are  dilated,  and  thus  cause  the  apparent  to  be  greater  than  ti^e 
real  magnitude  (of  the  object);  and  from  this  it  has  been  inferred 
(Dutens, '  Recherches,'  &c.),  though  the  inference  is  probably  without 
foundation,  that  there  then  existed  tubas  furnished  with  lenses  for 
magnifying  objects  by  refracting  the  light.  It  would  be  needless  to 
make  any  observations  on  an  inference  founded  upon  an  hypothesis  so 
obscurely  expressed  :  the  words  in  Strabo  probably  signif v  only  that 
the  rays  of  light  might  become  divei^gent  in  passing  along  the  intervals 
between  the  particles  of  vapour« 
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Omitting  then  all  notice  of  this,  and  of  the  ill-understood  passages 
In  Aristo[mane8  ('Clouds*)  and  Pliny  (lib.  xxrvi.,  e.  C7)  concermng 
thinsparent  spheres,  or  lenses  for  concentrating  the  rays  of  light,  it 
must  be  acknowledged  that  before  the  end  of  the  ISth  century  lenses 
of  glass  were  in  constant  use  for  the  purpose  of  assisting  the  eye  iti 
obtaining  distinctness  of  vision.  Vitello,  a  native  of  Poland,  in  that 
century,  gave  some  obscure  indications  of  the  apparent  magnitudes 
of  objects  when  viewed  through  a  segment  of  a  sphere  of  glass; 
and  Roger  Bacon,  in  his  '  Opus  Majus/  both  mentions  the  like  fact, 
and  expresses  himself  in  sucn  a  manner  as  to  indicate  that  in  his 
time  (he  died  in  1292)  8i)ecUcles  were  already  in  use.  He  may  not 
have  actually  made  combinations  of  lenses  in  one  instrnment,  but  there 
is  no  doubt  of  his  being  aware  of  the  fact  that  lenses  might  be  arranged 
80  that  objects  seen  througli  them  would  appear  to  be  magnified. 

The  idea  being  known  to  the  learned^  it  is  scarcely  possible  to 
douVit  that  the  combination  of  two  lenses,  or  of  a  concave  or  convex 
mirror  and  a  lens,  must  have  been  often  made  during  the  three 
centuries  which  elapsed  between  the  time  of  Bacon  and  that  which  is 
generally  considered  as  the  epoch  cf  the  invention  of  telescopes.  Dr. 
Dee,  in  his  preface  to  Euclid's  *  Elements/ (1570)  having  mentioned 
that  some  skill  is  required  to  ascertain  the  numerical  strength  of 
an  enemy's  force  when  at  a  distance,  observes  that  the  "  captain,  or 
whosoever  is  careful  to  come  near  the  truth  herein,  beside3  the  judg- 
ment of  his  eye,  the  help  of  his  geometrical  instrument,  ring,  or 
staffe  astronomical  [probably  for  determining  the  measure  of  distances] 
may  wonderfully  help  himself  by pentpeciive glasses"  These  last  can 
only  signify  some  kind  of  telescope,  which  therefore  must  have  been 
then  in  general  use.  And  in  the  '  Pantometria*  of  Digges  (1571)  it  it 
stated  that "  by  concave  and  convex  mirrors  of  circular  (spherical)  and 
parabolic  forms,  or  by  frames  of  them  placed  at  due  angles,  and  using 
the  aid  of  transparent  glasses  which  may  break,  or  unite,  the  images 
produced  by  the  reflections  of  the  mirroni,  there  may  bo  represented 
a  whole  region  :  also  anv  part  of  it  mav  be  augmented,  so  that  a  small 
object  may  be  discerned  as  plainly  as  if  it  were  close  to  the  observer, 
though  it  may  be  as  for  distant  as  the  eye  can  descrie."  In  the  pre- 
face to  the  second  edition  (1691)  the  editor,  who  was  the  author's  son, 
affirms  that  "  by  proportional  mirrors  placed  at  convenient  angles,  his 
father  could  discover  things  far  off,  that  he  could  know  a  tnan  at  the 
distance  of  three  miles,  and  could  read  the  superscriptions  on  coins 
deposited  in  the  open  fields."  There  is  iirobably  some  exaggeration 
in  thii»  aocount,  but  it  is  sufficiently  manifest  from  it  that  reflecting 
telescopes,  or  optical  instruments  containing  combinations  of  mirrors 
and  lenses,  were  know^n  in  England  before  the  end  of  the  16th  century. 
The  claim  of  Baptista  Porta  (between  1545  and  1615)  to  the  invention 
of  the  telescope  appears  to  have  no  other  foundation  than  the  circum- 
stance that  he  perceived  a  small  object  to  be  magnified  when  viewed 
through  a  convex  lens. 

It  is  highly  probable  that  the  telescope  had  been  Invented  long 
before  th«  value  of  such  an  Instrument  was  duly  appreciated ;  and  it 
may  have  been  owing  to  the  very  gradual  discovery  of  Its  importance 
that  the  name  of  the  inventor  sunk  into  obliWon :  about  the  middle 
of  the  17th  century,  however,  an  effort  was  made  to  discover  the 
traces  of  the  invention,  and  Peter  Borellus,  in  his  work  entitled '  De 
vero  Telescopii   Inventore,*  which    was   pnbUdied   in   1<J65    at   the 
Hague,  has  given  testimonials  in  favour  of  two  persons;  the  first  of 
these  is  Zachariah  Jans,  or  Jansen,  and  the  other,  Hans  Lapprey,  or 
LippeiiBheim,  both  of   whom  are  said  to  have  been  opticians,  or 
spectacle-makers,  residing  at  Middleburgh.    In  a  letter  written  by  a 
son  of  Jans,  it  is  stated  that  the  epoch  of  the  discovery  is  the  year 
1690 ;  but  bv  another  account,  the  year  1610.     The  same  author  has 
also  given  a  letter  from  M.  William  Boreel  (envoy  from  the  States  of 
Holland  to  the  British  Court)  which  seems  to  throw  some  light  on  the 
acts.    The  writer  of  the  letter  asserts  that  he  was  acquainted  with 
the  younger  Zachariah  Jans,  when  both  of  them  were  children,  and 
had  often  heard  that  the  «lder  was  the  inventor  of  the  micnaeope :  he 
adds  that,  about  the  year  1610,  the  two  opticians  Jans  and  Lapprey  first 
constructed  telescopes,  and  that  they  presented  one  to  Prince  Maurice 
of  Nassau,  who  desired  that  the  invention  might  be  kept  secret  as 
(the  United  Provinces  being  then  at  war  with  France)  he  expected 
to  obtain  in  the  field,  by  means  of  the  instrument,  some  advantages 
over  the  enemy.     The  writer  further  states  that  the  invention  be- 
came known,  and  that  soon  afterwards  Adrian  Hetius  and  Cornelius 
Drebbel  went   to    Middleburgh   and    purchased  telescopes    at    the 
house  of  Jane.      This  account    differs  from  that  which  is  given  by 
Descartes,  (*  Dioptrics,'  cap.  1)  who,  writing  in  Holland,  states  that 
about  thirty  years  previously,  Metius  (who  was,  he  obswvcs,  a  native 
of   Alckmaer),  having  always  taken  pleasure  in   forming   burning- 
minors   and   lenses   of  glass  and   of  Ice,  by  chance  placed  at  the 
extremities  of  a  tube  two  lenses,  one  thicker  in  the  middle,  and  the 
other  thinner,  than  about  the  edg«  (convex  and  concave) ;  and  thus, 
he  adds,  was  formed  the  instrument  which  is  called  a  telescope.    The 
'Dioptrics'  was  published   at   Leyden,  in    1637,  and  therefore  the 
time  of  the  supposed  invention  by  Metius  is  neariy  coincident  with 
that  at  which,  according  to  Borellus,  it  was  made  by  Jans.      From 
the  papers  of  Harriot,  it  appears  that  this  mathematician  observed 
•pots  on  the  sun,  in  1610,  with  telescopes  magnifying  from  ten  to  | 
thirty  times;  but  it  is  uncertain  whether  he  got  them  from  Holland,  | 
or  wheth#?r  they  were  made  in  this  country ;  and  the  only  conclusions  | 


at  which  it  is  possible  now  to  arrive,  are,  that  teleseopei 
in  England  and  Holland  about  the  end  of  the  16th  century,  an<i  thai 
in  both  countries  they  were  then  in  a  form  which  rendered  Hiem  i»ac- 
tically  useful. 

The  two  Jansens,  father  and  son,  appear  to  liave  twed  their  tefe- 
Bco|)es  in  observing  the  heavens ;  and  the  latter  is  said  to  faar^ 
remarked  four  small  stars  near  Jupiter:  it  has  been  concluded  frk-«rs 
thence,  that  he  was  the  first  discoverer  of  the  satelUteB  tA  that  pla&et : 
but  though  this  may  be,  he  probably  did  not  continue  his  obeerraticra" 
long  enough  to  enable  him  to  determine  their  distances  from  it,  or  the 
times  of  their  revolutions. 

The  use  of  the  telescope,  and,  probably,  even  the  knowledge  of  tfe- 
fact  that  it  had  been  invented,  must  have  been  for  many  years  cr^- 
fined  to  the  north  of  Europe ;  for  it  appears  that  it  was  not  till   t j« 
year  1609  that  Galileo,  who  then  happened  to  be  at  Venice,  heard  f  rora 
a  German  a  rtimour  of  the  discovery  which  was  said  to  have  been  ma-f«! 
in  Holland.    The  Italian  philosopher  states,  in  the  '  Bideretis  Niincitis/ 
that  he  had  then  no  knowledge  of  the  nature  of  the  instrument,  ao-i 
tliat  he  requested  a  friend  at  Paris  to  send  him  some  information  efm- 
cemiiig  it.     On  being  informed,  merely,  that  it  was  a  tube  contain ir.j: 
glaj)«  lenses,  his  acquaintance  with  the  nature  of  the  refractioB  of  li/^t 
enabled  him,  it  is  said,  to  discover  that  one  of  the  leoMi  must  lEaT« 
been  convex  and  the  other  concave,  and  also  to  determine  the  dwtxiiee 
at  which  they  should  be  placed  from  one  another  in  order  that  the 
objects  seen  through  them  might  appear  magnified    and    difftinec. 
Without  however  supposing  that  Galileo  was  here  guided  by  theor»'ti- 
cal  considerations  merely,  it  is  easy  to  conceive  that  as  lenses  of  ditfereot 
forms  were  then  in  use  for  spectacles,  he  might  have  obtained  fitnn  an 
optician  some  which  were  of  different  degrees  of  ooovezity  and  cf^- 
cavity ;   and  after  a  few  trials  he  must  have  found  such  as  wouI-.l 
constitute  an  instrument  possessing  magnifying  power. 

The  telescopes  which  he  constructed  consisted  of  one  convex  object- 
gla^^s  and  ono  concavie  eye-glass,  whi<^  were  placed  at  the  extremities 
of  a  leaden  tul>e ;  and  the  first  of  them  magnified  the  heights  ai»i 
breadths  of  objects  throe  times  only.  Soon  afterwards  he  made  one 
which  magnified  eight  times ;  and  subsequently  he  succeeded  in  form- 
ing a  telescope  with  a  magnifying  power  which  caused  objects  to  appear 
abont  thirty  times  as  great  as  they  appear  to  the  unassisted  eye. 

The  knowledge  which  man  had  acquired  of  the  viaibltt  hoar«.'ns 
received  many  important  accessions  from  the  discoveries  that  Oaliieti 
was  enabled  to  make  by  means  of  the  telescope.  Except  the  sun  an<l 
moon,  not  one  of  the  celestial  bodies  had  hitherto  been  observed  to 
have  any  visible  form  or  magnitude,  and  it  was  to  the  eye  of  re3S<m 
alone  that  those  appeared  to  be  anything  but  plane  surfaces.  The 
fixed  stars  and  the  planets  wore  alike  known  only  as  luminous  asd 
ill-defined  points ;  but  when  seen  through  a  telesoope,  the  planets  wens 
found  to  have  eerttdn  magnitudes,  and  some  of  them  to  nndei^  varia- 
tions of  form;  while  the  fixed  stars  appeared  unchanged,  or  only 
divested  of  the  radiance  with  which  they  seem  to  be  surrounded  when 
seen  by  the  naked  eye ;  and  hence  it  became  obvious  that  the  former 
must  constitute  a  disthwt  group  of  bodies  infinitely  nearer  the  earth 
than  the  others.  The  sun,  from  the  spots  observed  on  his  surface,  was 
found  to  revolve  on  its  axis,  and  consequently  was  ascertained  to  be 
globular ;  and  the  light  and  dark  spaces  on  the  mooa  wen  diettncUy 
perceived  to  be  mountains  and  valleys,  nearly  resembling  those  features 
on  the  surface  of  the  earth.  Galileo  relates,  in  the  work  above  men- 
tioned, that  in  the  year  1610  he  discovered  the  four  sateliites  of  Jupi- 
ter, and  observed  Uiat  they  revolved  about  that  pLinet  as  our  moon 
revolves  about  the  earth.  Nearly  ut  the  same  time  he  observed  th;it 
Saturn  presented  a  remarkable  appearance  :  at  first  he  thought  it  was 
accomi^anied  by  two  smaller  planets ;  but  on  using  a  telescope  of  siijm?- 
rior  magnifying  power,  these  were  found  to  be  portions  of  a  vast  annu- 
lus  which  surrounds  Saturn  without  touching  his  surface ;  and  soon 
afterwards  he  ascertained  the  fact  that  Venus  exhibited  phases  similar 
to  those  of  the  moon. 

The  species  of  telescope  which  was  used  by  Galileo  continued  for 
several  years  unchanged ;  yet  it  is  extremely  defective,  on  account  of 
the  small  extent  of  the  field  of  view  which  it  affords  when  its  magm- 
fying  power  is  considerable ;  and  the  Bjitavian  or  Galilean  telesoope,  as 
it  was  called,  is  now  chiefly  used  in  the  form  of  an  opera-g^ass.  it  is 
due  to  the  memory  of  KepSer  to  state  that  he  pointed  out  (in  his 
'  Dioptrics ')  the  possibility  of  forming  telescopes  with  two  lenses,  both 
ol  which  are  convex ;  but  he  did  not  reduce  lus  ideas  to  practice  by 
the  construction  of  such  an  instrument,  and  the  honour  of  having  been 
the  first  to  do  so  is  to  be  attributed  to  the  Jesuit  Scfaeiner,  who,  in  his 
'  Rosa  Ursina '  (1650),  gives  a  descriiition  of  telescopes  with  one  convex 
eye-glass.  He  observes  that  they  cause  the  images  of  objects  to  appear 
in  inverted  positions ;  and  adds,  that  thirteen  years  previously  he  had 
used  such  a  telescope  in  the  presence  of  the  Archduke  Maximilian. 

Telescopes  with  a  single  convex  eye-glass  have  been  since  designated 
astrofi'jmical,  from  the  circumstance  tliat  they  were  long  employed  for 
celestial  observations ;  the  greater  extent  of  their  field  of  view  having 
caused  them,  notwithstanding  the  inver<$ion  of  the  image,  to  supersede 
for  that  purpose  the  telescopes  of  Galileo.  It  ought  to  be  remarked, 
however,  that  telescopes  with  two  eyeglasses,  by  which  the  object 
might  be  seen  in  a  direct  position,  as  it  appears  to  the  naked  eye,  were 
(kscribed  by  Kepler,  and  constructed  by  Scheiner ;  but  as  they  caused 
the  object  to  a{^)ear  much  distorted  and  coloured  about  the  mai^gin  of 
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the  field,  they  w«re  not  esteemed.  Pk«  de  Rfaettai  about  the  same 
time,  oonstnicted  lor  teleecopee  eje^tubee  containing  three  lensee, 
-which,  he  obedTee,  afford  a  better  image  than  thoee  with  two.  The 
Bame  pereon  was  the  inventor  of  what  is  called  a  hinocukar  UUteope, 
that  is,  an  instrument  which  consLsts  of  two  telescopes  having  equal 
magnifying  powers,  and  placed  near  each  other  in  such  positions  that 
an  object  might  be  obsenred  with  both  ejes  at  tiie  same  time. 
Attempts  have  been  since  made  to  revive  iiut  invention;  but  the 
advantages,  if  anj  there  be,  are  more  than  compensated  by  the  trouble 
of  directing  the  two  tubes  to  the  object.  By  combining,  however,  the 
stereoscopic  principle,  some  advaatsiges  are  likely  to  arise,  as  in  the 
case  of  the  binocular  microscope. 

The  znagnifying  power  of  a  dioptrical  telescope  ineraastng  with  the 
ratio  which  the  focal  length  of  the  object-glass  bears  to  that  of  the  eye- 
glass, and  since,  by  increasing  the  focal  length  of  the  former  without 
increasing  its  diameter,  the  coloured  border  round  the  image  is  dimi- 
nished so  that  vision  is  rendered  more  distinct,  the  opticians  of  the 
17th  century  were  induced  to  form,  for  object-glasses,  lenses  which 
were  segments  of  very  great  spheres — that  is,  lenses  of  grsat  focal 
lengths.  Campani,  at  Bologna,  by  order  of  Louis  XIV.,  made  tele- 
scopes having  object-glasses  whose  focal  lengths  were  as  great  as  180 
feet;  and  with  such,  Csssini,  in  1671  >  discovered  the  satellites  of 
Saturn. 

Huyghens,  who  was  so  ingenious  mechanio,  as  well  as  a  good 
philosopher,  contrived  to  use  an  object-glass  of  long  focus  for  astrono- 
mioal  purposes  without  placing  the  system  of  lenses  in  a  tube.  On 
the  top  of  a  long  pole  which  was  planted  vertically  in  the  ground,  he 
mounted  the  object-glass,  having  fixed  it  in  a  frame  with  joints  so  that 
its  axis  could  be  moved  in  any  direction  by  means  of  a  string  which 
was  held  in  the  hand  of  the  observer ;  and  the  axis  being  in  a  line 
passing  through  the  oelestisl  body,  a  short  tube  containing  the  eye- 
glasses was  fixed  to  a  stand  near  the  ground  with  its  vub  in  the  same 
direction.  An  atrial  refractor  (as  this  kind  of  instrument  was  called), 
having  an  objeot-gbas  123  feet  focal  length,  was  made  by  Huyghens 
and  presented  to  the  Royal  Society ;  and  with  it  Dr.  Bradley  made 
some  of  his  astronomical  observations.  Pound  used  it  to  furnish  the 
diameters  of  Jupiter  and  Saturn,  and  the  elongations  of  their  satellites, 
calculated  on  by  Newton  in  his  '  Principia.'  It  is  described  l^  Huy- 
ghens in  his  '  Aitrosoopia  Compendiaria,'  which  was  printed  at  the 
Hague  in  1684.  M.  Auzout  is  said  to  have  executed  an  aerial  refiactor 
at  Paris  of  600  feet  focal  length  ;  but  this  proved  unmanageable.  But 
the  chief  merit  of  Huyghens  as  an  improver  of  astronomical  telescopes 
consists  in  his  construction  of  an  eye-piece  with  two  lenses  so  combined 
OS  both  to  enlarge  the  field  of  view  and  diminish  the  aberrations 
produced  l^  their  spherical  forms. 

There  is  some  probability  that  the  elder  Digges  had  contrived  an 
instrument  which  constituted  a  species  of  catoptric  or  reflecting  tele- 
scope ;  but,  on  account  of  the  obscure  manner  in  which  the  instrument 
is  described,  it  will  be  scarcely  necessary  to  notice  further  his  claim  to 
the  honour  of  the  invention.  It  appears  that  P^re  Mersenne,  in  his 
correspondence  vrith  Descartes, and  in  his  'Catoptrics'  (1651),Buggested 
the  idea  of  a  concave  spherical  mirror  to  be  used,  like  the  principal 
lens  of  a  dioptric  telescope,  for  forming  in  its  focus  an  image  of  an 
object ;  and  that  this  image  being  viewed  through  a  convex  eye-glass 
of  proper  curvature,  the  original  object  would  appear  to  be  magnified. 
Descartes,  in  his  reply  to  Mersenne,  which  is  said  to  have  been  written 
in  1639,  makes  several  objections  to  the  scheme,  and  no  effort  was  tiien 
made  to  put  it  in  practice.  But  the  great  length  of  the  dioptric  tele- 
scopes which  were  then  in  use  rendering  the  management  of  uiem  very 
inconvenient,  ingenious  men  were  induced  to  attempt  a  construction 
in  which,  with  equal  magnifying  power,  much  smaller  dimensions 
might  be  employed.  Mr.  James  Gri^ory  of  Edinburgh,  in  his  '  Optica 
Promota '  (lt>(i3),  published  a  suggestion  for  forming  a  telescope  by 
means  of  tlie  image  at  the  focus  of  a  concave  speculum.  The  mirror 
was  to  be  of  polished  metal  with  a  paraboloidal  surface,  which  by  the 
])rupertie8  of  that  curve  would  cause  all  rays  incident  upon  it  in 
directions  parallel  to  the  axis  to  converge  accurately  at  one  point. 
It  ia  uncertain  whether  Gregory  hod  any  knowledge  of  Mersenue's 
treatise,  or  whether  the  idea  originated  with  himself ;  but  this  is  of 
little  consequence,  for  not  being  able  to  find  an  artist  who  could  exe- 
cute such  a  speculum,  though  he  came  to  London  for  the  purpose,  the 
suggestion  was  abandoned,  and  men  of  science  continued  to  direct 
their  inquiries  to  the  means  of  improving  dioptric  telescopes. 

When,  however,  Newton  had  discovered  the  unequal  refrangibility 
of  light,  and  had  ascertained  that  the  aberration  produced  by  this 
cause  about  the  focus  of  a  lens  was  many  himdred  times  greater 
than  that  which  was  caused  by  the  spherval  form  of  the  ghuss,  he 
gave  up  the  hope  of  being  able  to  construct  refracting  telescopes 
which  should  be  free  from  this  defect,  and  applied  himself  to 
the  formation  of  specula  for  those  of  the  catoptric  kind :  the  image 
formed  by  reflection  from  a  mirror  being  free  from  what  b  called  the 
chromatic  aberratUm,  and  consequently  incomparably  more  distinct 
than  one  which  is  formed  by  the  refraction  of  light  in  a  lens  of  any 
transparent  medium. 

In  the  beginning  of  1669,  Newton  having  obtained  a  composition  of 
metals  which  appeared  likely  to  serve  for  a  mirror,  began  with  his  own 
hands  to  grind  its  surface  to  a  spherical  form ;  and  early  in  the  year 
1672  he  completed  two  telescopes  :  of  the  construction  and  performance 


of  these  instmments  he  sent  to  the  Royal  Society  an  account  which 
was  read  in  the  Jantmry  of  that  year.  The  radius  of  the  concave  metal 
in  one  of  them  was  19  inches,  and  the  telescope  magnified  about  36 
timea.^  The  rayi^  before  forming  an  image  in  the  focus  of  the  speculum, 
were  interoeptea  by  a  glass  prism,  or  a  plane  mirror,  and  the  image, 
formed  after  this  see<md  reflection  was  viewed  by  a  convex  eye-glaq^ 
whKh  was  fixed  for  the  purpose  in  the  side  of  the  tube.  In  the 
teksoope  propofed  by  Gregory,  the  rays  in  each  pencil  of  light,  after 
oroesing  at  the  foensof  the  great  8i>eculum,  were  to  fall  upon  the 
surface  of  a  small  .concave  mirror ;  and  by  this  being  again  reflected, 
they  were  to  form  a  seeond  image  near  the  anterior  surface  of  the  first 
speculum :  through  a  perforation  in  the  latter  the  image  was  to  be 
viewed ;  a  convex  lens  being  interposed  between  the  image  and  the  eye 
of  the  observer.  This  has  been  always  called  the  Gregorian  telescope ; 
and  in  1672,  the  year  in  which  Newton  complete  his  reflectipg 
telescopes,  M.  Cassegrain,  in  France,  proposed  one  which  differed  from 
that  of  Gregory  only  in  the  rays  reflected  from  the  great  speculum 
being  intercepted  by  a  small  convex  mirror;  from  this  the  rays  of  each 
penal  wexe  again  reflected,  and  they  were  made  to  form  an  image  near 
the  anterior  surface  of  the  great  sjpecolum;  this  image  was  to  be 
viewed  through  a  convex  lens  behind  an  aperture  in  the  latter  specu- 
lum, as  in  the  telescope  of  Gregory.  It  does  not  appear  that  M. 
Cassegrain  constructed  such  a  telescope,  but  it  may  be  ob8erve<l  that 
the  image  formed  after  reflection  from  the  convex  speculum  would  be 
more  free  from  the  aberration  caused  by  the  surfaces  of  the  mirrors, 
and  would  also  be  rather  greater,  than  that  which  is  obtained  from 
the  concave  speculum  of  Gregory,  or  the  plane  one  which  was  used  by 
Newton. 

The  first  reflecting  telescope,  hi  which  the  great  speculum  was 
perforated  so  ihsX  objects  could  be  viewed  by  looking  directly  at  them, 
was  executed  by  Dr.  Hooke,  and  produced  before  the  Royal  Society  in 
February,  1674.  But  the  difficulty  of  obtaining  metal  proper  for  the 
purpose,  and  of  giving  it  a  perfectly  spherical  form,  for  a  long  time 
prevented  reflecting  telescopes  from  attaining  the  desired  degree  of 
perfection.  In  1718  Mr.  Hadley  succeeded  in  executing  two  teles- 
copes, each  about  five  feet  long,  which  were  considered  gm)d ;  and  he 
gave,  in  the  '  Philosophical  Transactions'  (1723),  a  description  of  the 
methods  employed  in  their  construction.  By  his  advice  Dr.  Bradley, 
who  vras  then  professor  of  astronomy  at  Oxford,  in  conjunction  with 
Mr.  Molyneux  at  Kew,  applied  themselves  to  the  construction  of  the^^o 
instruments :  having  executed  one  which  was  satisfactory,  they  in 
1788  instructed  Scarlet  and  Heame,  two  London  opticians^  in  the 
processes  which  they  used,  and  these  artists  presently  succeeded  in 
making  good  reflecting  telescopes  for  general  sale.  Mr.  James  Short 
of  Edmbuigh,  also  soon  afterwards  distinguished  himself  by  his  skill 
in  forming  such  telescopes :  he  attempted  at  first  to  make  the  principal 
speculimi  of  glass,  but  finding  that  this  material  had  not  sufficient 
steadiness  to  preserve  the  form  of  its  surface,  he  devoted  himself  to 
the  improvement  of  metallic  specula,  and  succeeded  in  giving  them, 
it  is  supposed,  a  correct  parabolic  figure,  by  which  means  his 
telescopes  admitted  of  larger  apertures  than  any  that  had  before  been 
made. 

The  processes  adopted  by  Mr.  Mudge  In  grinding  and  polishing  the 
mirrors  for  reflecting  telescopes,  and  in  giving  them  the  parabolic 
figure,  may  be  seen  in  the  '  Philosophical  Transactions '  for  1777.  See 
also  Spkculuh. 

But  the  reflecting  telescope  was  carried  to  a  high  degree  of  excellence 
by  Dr.  (afterwards  Sir  William)  Herschel.  This  distinguished  astro- 
nomer, while  residing  at  Bath,  employed  his  leisure  hours  in  grinding 
and  polishing  specula,  with  which  he  formed  telescopes,  both  of  the 
Newtonian  and  Gregorian  kinds;  and  about  the  end  of  1783,  that  is 
subsequently  to  the  discovery  of  the  planet  which  is  sometimes  called 
by  his  name,  being  aided  by  the  liberality  of  the  king  (George  III.),  he 
began  the  formation  of  a  speculum  four  feet  in  diameter  and  forty  feet 
in  focal  length :  the  telescope  to  which  it  appertains  is  of  the  Newtonian 
kind,  the  observer  being  placed  in  a  seat  near  the  open  end  of  the  tube, 
and  viewing  the  image  through  a  system  of  eye-glasses.  With  this 
telescope,  which  was  completed  in  1789,  objects  are  magnified  about 
6500  times ;  and  on  the  night  after  it  was  finished,  Dr.  Herschel  dis- 
covered the  sixth  satellite  of  Saturn.  The  attempts  that  have  been 
made  to  form  a  reflecting  telescope  possessing  a  higher  degree  of 
perfection  than  that  of  Herschel  will  be  noticed  presently. 

While  the  improvement  of  reflecting  telescopes  was  in  progress,  the 
efforts  to  combine  glass  lensos  in  order  to  diminish  the  coloured  fringes 
by  which  the  images  in  dioptrical  telescopes  are  surrounded  were  nut 
entirely  neglected ;  and  as  early  as  1729,  a  private  gentleman,  Mr. 
Chester  More  Hall,  of  Essex,  influenced,  it  appears,  by.  an  opinion  thai 
the  humours  of  the  eye  are  combined  so  as  to  correct  the  dis{)crsiop9 
which  ^wh  alone  would  produce  in  the  different  kinds  of  light,  con- 
trived to  'combine  two  lenses  of  different  kinds  of  glass  in  such  a  way 
as  to  form  an  inuige  which  was  free  from  colours :  it  is  added  that 
telescopes  with  such  object-glasses  were  in  the  possession  of  several 
individuals  many  years  afterwards.  ('Gent.  Mag.',  October,  1790; 
'  Phil.  Mag.',  November,  1798.) 

In  1747,  Euler,  guided  also  by  the  constitution  of  the  eye,  conccivefl 
the  possibility  of  forming  a  lens  compounded  of  two  holUrw  spherical 
segments  of  glass,  inclosing  water  between  their  concave  sides,  which 
should  be  free  from  the  chromatical  and  spherical  aberrations ;  and  in 
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investigatiog  the  curvatures,  he  assumed  that  the  logarithms  of  the 
terms  expressing  the  ratio  of  the  refraction  of  a  mean  ray  in  passing 
from  air  into  glass,  and  from  air  into  water,  were  proportional  to  the 
logarithms  of  the  terms  expressing  the  ratio  of  the  refractions  of  red 
rays  in  the  same  media.  He  was  not  able  to  obtain  from  any  artist  a 
lens  of  this  nature,  in  which  the  proposed  end  was  accomplished,  and 
Mr.  Dollond,  in  a  short  paper  which  is  printed  in  the  '  Pnilosophical 
Transactions'  (1752),  contested  the  justness  of  Euler*8  principle  on  the 
ground  that  it  was  contrary  to  one  which  he  conceiyed  to  be  founded 
on  the  experiments  of  Newton. 

But  M.  Klingenstiema,  a  Swedish  mathematician,  having  soon 
afterwards,  in  a  Mdmoire  which  was  sent  to  the  Academic  des  Sciences, 
pointed  out  that  the  principle  which  had  been  adopted  by  Dollond  was 
not  conformable  to  the  acknowledged  laws  of  refraction,  the  latter 
determined  immediately  on  having  recourse  to  experiment.  Either 
guided  by  tiie  object-glaases  constructed  under  the  direction  of  Mr. 
Hall,  or  from  a  series  of  experiments  made  by  himself  on  the  refrac- 
tion of  light  in  wedges  of  crown  and  flint  glass,  he  discovered  that  by 
employing  a  convex  lens  of  the  former,  in  combination  with  a  concave 
lens  of  the  latter  kind,  the  rays  of  the  different  colours  in  each  pencil 
of  light,  after  refraction  through  both,  might  be  made  to  unite  at  the 
focus,  and  thus  produce  an  image  of  the  object  nearly  free  from  colour. 
For  this  important  discovery  Mr.  Dollond  received  from  the  Royal 
Society  the  Copleian  medal.  In  1765  his  son,  Mr.  Peter  Dollond, 
diminished  the  aberration  of  light  on  account  of  the  spherical  forms  of 
the  lenses  by  combining  together  two  convex  lenses  of  crown  glass  with 
a  concave  lens  of  flint  glass  between  them :  this  construction  is 
particularly  advantageous,  by  the  increased  aperture  which  it  allows 
when  the  focal  length  of  the  compound  lens  is  short. 

For  several  years  after  the  telescopes  thus  improved  by  Dollond  had 
been  in  general  use,  Euler  continued  to  believe  that  all  kinds  of  glass 
diJBfered  but  little  from  each  other  with  respect  to  their  dispersive 
power,  and  he  ascribed  the  success  of  the  English  artist  merely  to  a 
fortunate  determination  of  the  curvature  of  his  lenses ;  but  having,  in 
the  year  1764,  received  information  that,  by  the  addition  of  lead,  glass 
had  been  obtained  whose  dispersive  power  was  four  times  as  great  as 
that  of  the  common  kind,  he  immediately  renounced  his  former 
opinion;  and  from  that  time  the  merit  of  the  achromatic  object- 
glasses,  as  they  were  called,  has  been  firmly  established  The  most 
eminent  mathematicians,  both  on  the  Continent  and  in  this  country, 
have  subsequently  investigated,  on  scientific  principles,  the  curvatures 
which  should  be  given  to  the  surfaces  of  lenses,  so  that,  the  focal 
length  of  the  compound  lens  being  assumed,  the  chromatical  and  sphe- 
ricsX  aberrations  may  be  corrected. 

The  arrangement  of  lenses  for  the  eye-pieces  of  telescopes  is  of  no 
less  importance  than  the  formation  of  the  object-glass ;  and  Huyghens 
proposed  {*  Dioptrics,'  prop.  61),  in  order  to  diminish  the  refraction  of 
light  at  the  surfiices,  to  substitute  for  the  single  eyeglass  of  the 
common  astronomical  telescope  two  convex  lenses,  of  such  curvatures 
that  the  whole  refraction,  or  the  angle  between  the  incident  and 
emergent  ray  in  the  former  construction,  should  be  divided  between 
the  two  lenses. 

One  mode  of  effecting  this  purpose  is  to  place  the  first  eye-glass,  or 
that  which  is  nearest  to  the  object,  so  as  to  intercept  the  pencils 
coming  from  the  object-glass  before  the  rays  are  united,  and  thus  the 
image  is  formed  after  the  refraction  of  the  light  in  this  lens :  the 
second  eye-glass  is  then  placed  so  that  the  rays  falling  on  it,  after 
having  crossed  at  the  place  of  the  image,  are  made  to  enter  the  eye 
parallel  to  one  another.  A  micrometer  cannot  be  applied  to  such  an 
eye-piece,  since  any  change  in  the  place  of  the  lens  which  is  nearest  to 
the  eye  would  derange  its  adjustment :  these  eye-pieces  can  however 
be  rendered  achromatic,  and  they  have  the  greatest  possible  field  of 
view ;  they  have  therefore  been  constructed  for  the  purpose  of  merely 
viewing  the  celestial  bodies  by  Dollond,  Ramsden,  and  Frauenhofer. 
Mr.  Ramsden  was  the  first  who  constructed  eye-pieces  with  two  lenses 
which  were  capable  of  being  used  with  a  micrometer :  this  he  accom- 
plished by  placing  the  tube  containing  those  lenses  so  that  the  rays  in 
the  pencils,  after  crossing  at  the  focus  of  the  object-glass,  fell  in  a 
diverging  state  upon  the  first  eve-glaas,  and,  after  refraction  in  both, 
Ipntered  the  eye  in  parallel  directions. 

With  both  these  kinds  of  eye-pieces  the  object  appears  to  be  inverted; 
"but  eye-pieces  with  three  lenses,  by  which  the  object  is  made  to  appear 
in  the  erect  position,  had  been  proposed  by  Rheita  :  these  being  found 
defective,  Mr.  Dollond  endeavoured  to  improve  upon  the  construction 
by  dividing  the  refraction  at  the  first  and  third  eye-glasses  between 
two  lenses,  according  to  the  method  recommended  by  Huyghens ;  and 
thus  he  formed  eye-tubes  with  five  lenses.  But  some  light  is  always 
'lost  by  reflection  when  it  falls  upon  glass ;  and  in  order  to  diminish 
this  evil,  Dollond  subsequently,  retaining  the  Huyghenian  construction 
in  the  two  lenses  nearest  to  the  eye,  used  but  one  lens  to  perform  the 
office  of  the  second  and  third  (in  the  eye-piece  with  five  glasses),  in 
rendering  the  rays  of  each  pencil  convergent  after  the  first  had  dimi- 
nished the  divei^gency  caused  by  the  crossing  at  the  foc\is  of  the 
object-glass :  he  thus  succeeded  in  producing  an  eye-piece  of  four 
lenses  which  was  nearly  aplanatic,  or  free  both  from  the  chromatical 
and  spherical  aberrations ;  and  such  are  the  telescopes  now  in  common 
use  for  viewing  terrestrial  objects. 

The  chief  improvements,  if  they  may  be  so  called,  which  have  since 


been  made  in  dioptric  telescopes,  consist  in  the  means  which  hsTe  W: 
adopted  to  remove  those  abenutions  more  completely ;  and  the  ziX\^ 
of  the  different  media  which  have  been  used  for  this  puipocc - 
Dr.  Blair,  Sir  David  Brewster,  and  BCr.  Barlow,  are  mentioned  toi 
Telescope. 

We  must,  however,  briefly  notice  the  attempts  that  haTe  been  c:»: 
of  late  years  to  improve  what  is  called  opUeal  glass.     Klint  glass  is su.  - 
to  numerous  defects  resulting  from  a  want  of  uniform  density,  vL 
defects  are  so  common  as  to  have  obtained  disting^imhing  names, «. . 
as  atria,  or  vreo/A,  knots,  threads,  and  tears.    The  strisB  sre  undukt*: 
appearances  in  the  glass,  whereby  the  light  in  psHsIng  through  r.  jt 
refracted  and  dispersed  in  different  directions,  producing  a  wavy  efp- 
not  always  apparent  until  the  glass  enters  into  the  oonstruction  ct ; 
optical  instrument.    Knots  are  opaque  particles  derived  from  Uie  g^^< 
pot,  or  particles  of  glass-gall,  or  imperfectly  vitrified  grains  of  6a: 
Threads  and  tears  also  consist  of  partially  vitrified  matter.     The  g:."* 
may  also  want  clearness  from  the  presence  of  minute  babbles  or  ^' 
as  it  is  called,  diffused  through  the  glass  in  consequence  of  its  n  - 
having  been  kept  sufficiently  fluid.    It  is  said  that  good  results  kiTr 
been  obtained  by  horizontal  sections  of  the  whole  contents  of  a  jio;  .f 
glass. 

Our  space  will  not  allow  us  to  do  more  than  indicate  the  wiri 
at^tempts  that  have  been  made  to  improve  optical  glass.  After  *1* 
discovery  of  the  achromatic  principle,  it  was  seen  how  importut  n 
wss  to  obtain  glass  of  uniform  density.  Dollond,  and  the  best  opticiu- 
abroad,  had  extreme  difficulty  in  obtaining  glass  adapted  to  tlifr 
purpose.  The  Academy  of  Sciences  at  Paris  offered  prizes  in  vain  :^ 
unobjectionable  optical  glass :  some  of  the  best  chemists  devoted  ihti- 
attention  to  the  subject,  but  they  did  not  succeed  in  obtaining  Ui?r 
glasses  than  from  8  to  34  inches  in  diameter.  Manufticturers  also  loarjs 
the  attempt  without  success.  M.  Guinand,  a  watch-maker  of  Breoet^ 
near  NeufchAtel,  in  Switzerland,  was  the  first  to  approach  the  solutii: 
of  the  difficulty.  He  is  said  to  have  got  rid  of  stria;  bj  dUigeDtlr 
stirring  and  mixing  the  materials  while  in  a  state  of  fusion.  Hi« 
success  was  such  as  to  induce  M.  Utzschneider,  of  Munich,  to  join 
him  and  M.  Frauenhoffer  in  their  establishment  at  Benedictbaiiern  in 
Bavaria.  He  accepted  the  offer,  and  remained  with  them  from  1805  v* 
1814 ;  one  of  the  largest  glaases  resulting  from  their  ^SperimenU  cj 
inches  in  diameter)  is  now  in  the  Observatory  at  Dorpat.  Guinaod'f 
presence  greatly  improved  this  manufactory,  and  achromaticfl  of  6,  1, 
8,  and  9  inches  in  aperture  issued  from  the  establishment,  which  con- 
tinued after  the  death  of  Frauenhofer  to  maintain  its  reputation  under 
the  management  of  Messrs.  Merz  and  Mahler.  Quinand,  towards  th« 
close  of  his  life,  had  some  communication  with  the  Astronomical 
Society  of  London.  A  disc  of  flint  glass,  6  inches  in  diameter,  ms 
reported  on  favourably  by  Messrs.  Dollond,  Herschel,  and  Pearson.  A 
commission  was  also  appointed,  consisting  of  Messrs.  Herschel,  FanuUr, 
Dollond,  and  Roget,  to  inquire  into  the  manufacture  of  flint  glsK. 
Mr.  Faraday  pursued  the  inquiry  for  some  time,  and  succeeded  io 
producing  a  borate  of  lead  of  remarkable  purity.  But  the  excise 
officers  were  found  to  be  so  obstructive  in  their  regulations,  as  to 
make  it  very  difficult  to  pursue  the  inquiry,  which  was,  therefore, 
terminated.  Quinand  is  said  to  have  imparted  his  secret  to  his  sons 
before  he  died,  and  thev  endeavoured  to  sell  it  on  the  best  terms  is 
England  and  France.  M.  Bontemps  became  associated  with  one  of  the 
sons,  and  in  1828  they  succeeded  in  producing  good  flint  glass,  the 
largest  diek»  being  from  12  to  14  inches.  Guinand's  widow  and  another 
son  established  works  in  Switzerland,  and  were  succeeded  by  H. 
Daguet,  of  Soleure,  some  of  whose  products  appeared  at  the  Great 
Exhibition  of  1851.  The  Jury  Report,  Class  XXIV.,  states  that  these 
discs  "  confirm  the  belief  that  there  are  even  more  impediments  in 
fabricating  crown  glass  of  large  size,  than  in  making  good  crystal.  In 
order  to  render  it  free  from  impurity,  it  becomes  more  difficult  of 
manufacture,  more  liable  to  tension,  and  to  accidents.  It  requires  a 
higher  temperature.  By  increasing  the  facility  of  fusion,  the  disposi- 
tion to  attract  humidity,  or  to  sweat,  is  increased.  In  rendering  it  too 
hard,  the  risk  of  crystallisation  and  imperfect  vitrification  in  cooling,  is 
incurred." 

Soon  after  1848,  M.  Bontemps  joined  the  house  of  Messrs.  Chance, 
Brothers,  and  Co.,  who  determined  to  devote  some  of  their  large 
means  to  the  manufacture  of  optical  glass.  They  succeeded  in  pro- 
ducing discs  of  extraordinanr  dimensions — in  flint  of  29  inches  in 
diameter,  weighing  2  cwt.,  and  of  crown  glass  up  to  20  inches.  The 
large  flint  glass  was  ground  and  finished,  and  was  said  to  be  so  imiform 
in  density  and  otherwise  satisfactory,  that  the  Jury  recommended  a 
council  medal  to  be  awarded  to  the  manufacturers. 

Mr.  Ross  has  called  attention  to  a  defect  in  optical  glass,  which  may 
be  detected  by  the  searching  agency  of  polarised  light.  A  glass  of  not 
more  than  6  inches  in  diameter,  undergoes  the  annealing  process  with 
difficulty,  cooling  more  rapidly  at  the  surface  than  in  the  interior,  and 
as  this  tendency  increases  with  the  size,  the  production  of  a  disc  of 
29  inches  is  justly  regarded  as  a  very  remarkable  work. 

Sir  John  Herschel,  in  a  recent  article  on  the  telescope  ('  Ency.  Brit') 
suggests  that  the  ultimate  perfection  of  the  achromatic  telescope  would 
be  obtained  were  it  possible  to  manufacture  other  species  of  glass 
with  a  much  lower  dispersive  power  than  crovm  or  plate  glass,  or  a 
different  action  on  the  rays  of  intermediate  refrangibility.  The 
fluoric  compounds  have  remarkably  low  dispersive  power,  that  of 
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ci*y  oUte  and  floate  of  lime  is  only  two-thirds  that  of  pkte  glass,  holding 
^>^esi,Tly  the  same  place  with  respect  to  this  glass  that  the  latter  does  to 
filci't.  The  fluoride  of  strontium  is  also  suggested  as  a  promising 
pck,a.t;erial.  It  is  also  stated  that  M.  Jamin,  by  using  oxide  of  zinc 
ii^stead  of  that  of  lead  in  flint  glass,  has  succeeded  in  forming  a  zinc 
fiir&t  glass  of  exquisite  limpidity,  of  low  refractiye  and  dispersive  power, 
a-XKl  capable  of  being  i^rrought  into  discs  of  any  size. 

Attempts  have  been  made  by  M.  Chevalier  to  diminish  the  aberra- 

'tdona  by  means  of  two  achromatic  object-glasses  placed  at  a  certain 

distance  from  each  other  in  the  tube ;  and  by  Mr.  Kogera  of  Leith,  by 

a»  single  convex  lens  of  plate-glass,  in  combination  witii  a  double  achro- 

zuatic  lens,  the  convex  lens  being  of  plate-glass,  and  the  concave  lens  of 

fl-int-glass.    This  last  gentleman  proposes  to  unite  the  red  and  violet 

T'n.ya  at  the  image  of  the  object  by  a  proper  distance  between  the  single 

and  the  double  lens,  and  to  correct  the  spherical  aberration  either  by 

giving  proper  curvatures  to  the  surfaces  of  the  compound  lens,  or  by 

placing  the  two  lenses  at  a  small  distance  from  each  other  in  the 

x^arrower  part  of  the  converging  cone  of  rays.  ('  Memoirs  of  Hie  Astron. 

Soc./  vol.  iii) 

This  was  reduced  to  practice  in  1839  by  M.  Plossl,  of  Vienna, 
iinder  the  name  of  the  Dialytic  Telescope,  which  is  characterised  by 
8Sir  John  Herschel  as  "  a  very  artificial  and  beautiful  invention,  highly 
deserving  further  trial."     Somewhat  resembling  this  contrivance  ia 
'Mt.  Peter  Barlow's  plan  of  placing  in  the  xmrrowing  cone  of  rays  from 
a  plate-glass  object-lens  a  concave  lens  formed  of  two  plate-glass  cap- 
sules of  equal  thickness,  inclosing  between  t^em  a  highly  dispersive 
fluid,  namely,  the  bisulphide  of  carbon,  of  which  the  refractive  index 
is  1*678,  and  the  dispersive  power  0*115,  or  more  than  double  that  of 
flint-glass.    This  fluid  lens  is  concavo-convex.    By  proper  curves  the 
spherical  aberration  can  be  destroyed;  and  by  varying  the  distance 
between  the  two  lenses,  exact  achromaticity  can  be  produced.    The 
principle  was  tested  in  a  telescope  of  8  inches  aperture  and  12  feet 
focal  length,  with  success :  as  Mr.  Barlow  remarks, "  less  than  an  ounce 
of  sulphuret  of  carbon,  value  three  shillings,"  was  made  to  perform  the 
office  of  a  very  costly  flint  disc  of  8  inches.    ('  Phil.  Trana,'  1828, 1829, 
1831.) 

Sir  D.  Brewster  has  suggested  ('  Treatise  on  New  Phil.  Inst./  p.  400) 
that  it  may  be  possible  to  remove,  or  at  least  very  much  diminish,  the 
uncorrected  colour  in  the  image  by  the  use  of  two  lenses  of  the  same 
kind  of  glass  with  the  same  or  different  dispersive  powers.  He  pro- 
poses that  the  exterior  lens  should  have  the  meniscus  form,  the  convex 
side  being  outwards,  in  order,  from  the  obliquity  of  the  incident  rays 
to  the  surface,  that  the  dispersion  produced  by  that  lens  may  increase 
in  a  higher  ratio  than  its  refraction,  so  that  the  dispersion  produced  by 
the  other  lens  may  be  corrected ;  while  in  each  pencil  the  rays,  after 
refraction  through  both,  may  be  conveigent. 

It  would  be  improper  to  omit  here  to  mention  that  M.  Amid,  at 
Modena,  some  years  since,  invented  a  species  of  achromatic  telescope 
by  a  combination  of  four  prisms,  all  of  the  same  kind  of  glass :  the 
refracting  edges  of  one  pair  of  the  prisms  were  parallel  to  one  another, 
and  those  of  the  other  pair  were  also  parallel  to  one  another, 
but  perpendicular  to  the  edges  of  the  first  pair ;  and  each  pair  formed 
an  achromatic  combination.  By  the  refraction  in  the  first  pair,  the 
breadth  of  the  object  is  magnified,  and  by  that  in  the  second  pair  the 
length  is  magnified  in  the  same  ratio :  thus  the  result  is  an  image 
undistorted  and  magnified.  Sir  John  Herschel  states  that,  in  1826,  he 
saw  in  the  hands  of  its  inventor  one  of  these  telescopes,  which  magnified 
about  four  times. 

The  success  which  Sir  W.  Herschel  obtained  in  the  construction  of 
reflecting  telescopes  was  unrivalled  during  many  years ;  but  at  length 
has  been  surpassed  by  Earl  Rosse,  who  1ms  erected  in  the  groimds  of 
Birr  Castle,  Parsonstown,  Ireland,  two  telescopes,  in  the  lesser  of  which 
the  speculum  is  of  three  feet  aperture,  and  in  the  greater  telescope 
6  feet,  or  a  reflecting  surface  of  28'274  square  feet,  being  greater 
than  that  of  Herschel's  large  telescope  in  the  ratio  of  7  to  3.  Its  focal 
length  is  53  feet  It  can  be  used  either  on  the  Newtonian  or  the 
Herschelian  principle.  The  great  tube  is  of  wood  hooped  with  iron, 
and  is  7  feet  in  diameter  and  52  feet  in  length.  It  is  suspended 
between  two  lofty  meridional  walls  of  solid  masonry,  between  which 
its  tipper  end  is  sdlowed  a  considerable  amount  of  lateral  motion,  so  as 
to  admit  of  taking  up  the  view  of  a  celestial  object  some  time  before 
its  arrival  on  the  meridian,  and  following  it  for  some  time  after,  with- 
out displacing  the  lower  end.  This  lower  end  is  supported  on  a  massive 
universal  joint  of  cast  iron,  resting  on  a  stone  pier  buried  in  the 
ground,  and  so  coimterpoised  as  to  be  easily  moved  in  declination.  The 
preparation  of  the  speculum,  which  weighs  4  tons,  is  described  under 
Sfbctjlum.  The  stairs  and  galleries  for  the  observers  are  supported 
by  the  western  pier.  The  first  gallery  commands  a  view  of  objects  at 
an  altitude  of  42®.  It  consists  of  a  strong  light  prismatic  framing 
sliding  between  two  fixed  ladders;  it  is  counterpoised,  and  can  be 
raised  to  the  required  position  by  means  of  a  windlass.  There  are 
three  other  galleries  at  the  sunmiit  of  the  western  pier,  which  com- 
mand the  heavens  to  five  degrees  below  the  pole.  Each  gallery  is 
supported  by  beams  which  run  between  grooved  wheels.  For  some  of 
the  achievements  of  this-  splendid  instrument  we  may  refer  to  a 
Memoir  by  Lord  Rosse, '  Phil.  Trans.'  1860.    See  also  Nebul2b. 

Mr.  Lassells'  reflector  has  a  clear  diameter  of  2  feet,  and  20  feet  focal 
length ;  it  was  originally  erected  at  his  reddence  near  Liverpool,  and  in 
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1852  was  removed  to  Malto,  for  the  advantage  of  a  clearer  atmosphere 
and  a  lower  latitude.  By  means  of  this  instrument,  Mr.  Lassells 
^scovered  two  of  the  sateUites  of  Uranus,  one  of  Saturn,  and  one  of 
Neptune.  This  instrument  is  erected  under  a  revolving  cupola  80  feet 
m  diameter,  carrying  a  stage  for  the  observer.  The  image  may  be 
deflected  towards  the  eye-glass,  either  by  a  smaU  two-inch  speculum, 
or  by  a  prism.  To  prevent  dewforming  on  the  latter,  a  small  piece-of 
heated  lead  is  placed  in  a  case  near  it.  Metal  does  not  contract  dew, 
but  glass  IS  peculiarly  liable  to  deposit  it;  hence  achromatics  are 
generaUy  furnished  with  a  dew-tube,  which  Is  merely  a  brass  cylinder 
blackened  within. 

In  Jifr.  Nasmyth's  reflector,  the  rays  from  the  great  speculum  are 
received  on  a  small  speculum  or  prism,  phioed  in  the  axis  of  the  tube, 
between  the  focus  and  the  great  speculum,  by  which  they  are  reflected 
at  nght  angles,  and  the  image  is  formed  in  a  tube  inserted  in  one  of 
the  trunmons,  on  which  the  instrument  turns.  The  image  is  then 
viewed  m  the  usual  way  by  an  eye-piece ;  the  advantage  is,  that  while 
the  great  tube  is  moved  in  altitude,  the  side-tube  is  fixed,  and  the 
observer  can  survey  the  whole  meridian  or  any  other  vertical  circle 
without  changing  his  position.  The  instrument  is  moved  in  azimuth 
by  means  of  a  turn-table,  on  which  is  the  frame  of  the  instrument  and 
the  seat  for  the  observer,  who  can  thus  command  every  required 
motion,  both  in  altitude  and  azimuth.  The  great  tube  has  a  length 
of  28  feet,  and  a  diameter  of  54  inches. 

Telescopes  for  general  astronomical  purposes  are  now  almost  always 
mounted  equatorially,  and  great  improvements  have  been  made  in  the 
mounting,  the  method  of  the  Astronomer  Royal  being  particularly 
recommended  for  its  lightness,  combined  with  extreme  stiffiiess  to 
resist  both  flexure  and  twist 

The  history  of  the  telescope  may  be  assisted  by  reference  to  the 
followmg  heads:  Equatorial;  Transit;  Speculum;  Achromatic; 
Light;  Lens;  Aplanatio  Lens;  Aberration;  Micrometer;  Eye- 
piece; Astrolabe;  Quadrant;  Theodolite;  Heliostat;  Helio- 
meter;  Optometer;  Refraction;  Dispersion. 

TELESCOTIUM  (the  Telescope),  a  constellation  of  Lacaille,  in  the 
southern  hemisphere,  surrounded  by  Ara,  Pavo,  Sagittarius,  and 
Ophiuchus.    Its  principal  star  is  as  follows  :— 
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TELLER-BISMUTH.    [Tellurium.] 

TELLERS  OP  THE  EXCHEQUER  (iaUler)  were  the  holders  of 
an  ancient  oflSce  in  the  Exchequer.  [Tally.]  They  were  four  in 
number;  their  duties  were  io  receive  money  payable  into  the 
Exchequer  on  behalf  of  the  king,  to  give  the  clerk  of  the  pells  (skins 
or  rolls  of  parchment)  a  bill  of  receipt  for  the  money,  to  pay  all  money 
according  to  the  warrant  of  the  auditor  of  receipts,  and  to  make 
weekly  and  yearly  books  of  receipts  and  payments  for  the  lord 
treasurer.  (4 'Inst.',  108; 'Com. Dig.',  tit 'Court,' D. 4, 14, 15.)  The 
office  was  abolished  by  act  of  parliament  (4  &  6  Wm.  IV.,  c.  15) 
together  with  that  of  the  clerk  of  the  pells  and  the  several  offices 
subordinate  thereto. 

TELLURETTED  HYDROGEN.    [Tellurium.] 

TELLURIC  ACID.    [Tellurium.] 

TELLURIUM  (Te)  is  a  rare  element,  veiy  similar  to  Selenium, 
and  closely  allied  to  Sulphur.  It  is  somethnes  found  in  the  free 
state,  but  usually  occura  in  combination  with  metals  forming  Ullurides. 
[Tellurium,  in  Nat.  Hist.  Div.]  From  the  Nagya;?  ore,  which  con- 
tains about  thirteen  per  cent,  it  \b  obtamed  by  dissolving  in  nitric  acid 
after  the  sulphides  of  lead  and  antimony  have  been  separated  by 
digestion  in  hydrochloric  add.  The  nitric  acid  solution  is  evaporated 
to  dryness,  the  residue  treated  with  hydrochloric  acid  and  filtered,  and 
tellurium  thrown  down  from  the  filtrate  by  the  addition  of  sulphite  of 
soda. 

Tellurium  has  a  silver-white  lustre,  and  is  very  brilliant :  it  is  crystal- 
line and  brittle,  of  a  lameUar  fracture,  easily  pulverised,  and  a  worse 
conductor  of  electricity  than  antimony  or  bismuth.  Its  specific 
gravity  is  6*65.  It  is  nearly  as  fusible  as  antimony,  and  at  a  high 
temperature  it  boils,  and  may  be  distiUed.  When  strongly  heated  in 
contact  with  ah;,  it  bums  with  a  lively  blue  flame,  green  at  the  borders, 
and  forms  a  white  vapour,  which  has  an  acid  odour. 

The  equivalent  of  tellurium  is  64-5. 

TdluriuM  and  oxyrjen  form  two  compounds  :— 


TelluroQB  acid  . 
Telluric  acid 


TeO, 
TeO. 


Their  constitution  is  obviously  similar  to  that  of  sulphurous  and 
sulphuric  acids. 

TELLURIUM- AMYL.    [Orqano-Metallio  Bodies.] 
TELLURIUM-ETHYL.    [Organo-Metallic  Bodies.] 
TELLURIUM-METHYL.    LObQano-Metallio  BodieI] 
TELLUROUS  ACID  (TeO,).    It  has  been  already  mentioned  that 
when  tellurium  is  heated  in  contact  with  air,  it  bums,  and  a  white 
vapour  is  formed :  this  is  oxide  of  tellurium,  or  tellurous  acid.    It 
may  also  be  obtained  by  the  action  of  nitric  acid  on  the  metal;  by 
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adding  water  to  the  solutioD,  part  of  the  oxide  ib  precipitated,  and  the 
remainder  ia  obtained  by  evapofation  to  dryneis.  It  is  a  white 
granular  anhydrous  powder,  which  slowly  reddens  moist  litmus-pi^>er, 
and  is  insoluble  in  water  and  acids.  It  is  diisolTed  by  a  solution  of 
potash  or  soda,  and  by  fusing  with  their  carbonates  erystallisable  salts 
are  formed :  when  these  are  decomposed  b^  acids,  hydrated  teUurous 
acid  is  precipitated,  which,  if  washed  with  very  cold  water  and 
dried  at  a  temperature  not  above  63*  Fahr.,  may  be  preserved  without 
suffering  change.  The  hydrate  is  soluble  in  water,  acids,  ammonia, 
and  the  alkaline  carbonates,  which  last  it  decomposes :  tiie  squcous 
solution  reddens  litmus-paper :  when  sine,  tin,  and  some  other  metals 
are  left  in  a  solution  of  this  acid,  they  deozidiae  it,  and  metallic 
tellurium  is  precipitated  in  the  state  of  a  black  powder.  Its  salts  are 
CMiliod  tellmritei. 

Telluric  A  cid  (TeO,). — ^This  compound  is  obtained  by  fusing  tellurous 
acid  with  nitrate  of  potash,  which  oxidises  it  completely,  and  the  result 
is  tellurate  of  potash.  When  chloride  of  barium  is  added  to  the  last- 
named  salt,  tellurate  of  baryta  is  precipitated,  which  being  decomposed 
by  sulphuric  add,  yields  a  solution  of  telluric  acid,  and  this  solution 
famishes  hexagonal  crystals  of  the  acid.  It  acts  but  feebly  as  an  acid, 
the  dilute  solution  reddening  litmus-paper  with  difficulty,  and  its  taste 
is  rather  metallic  than  sour :  the  crystals  contain  water,  two-thirds  of 
which  they  lose  at' about  212^;  the  remainder  bdow  a  red  heat 
becoming  a  mass  of  a  fine  orange  colour,  which  is  completdy  insoluble 
in  water,  either  cold  or  boiling,  or  hot  hydzochlorio  or  nitric 
acids,  or  solution  of  potash.  It  is  decomposed  at  a  high  temperature, 
and  converted  into  a  white  powder,  which  is  teUurous  acid.  Its  salts 
are  called  Ulluratet, 

Hydrogen  and  Tdlurivm  form  tdlurttted  hydrogen  {TeB), — When 
tellurium  is  alloved  by  fusion  with  tin  or  zinc,  and  the  compound  is 
acted  upon  by  hydrochloric  acid,  the  hydrogen  of  the  decomposed 
acid  dissolves  tellurium,  and  telluretted  hydrogen  gas  is  obtained. 
This  gas  has  a  smell  resembling  that  of  hydrceulphuric  acid :  it  U 
soluble  in  water,  forming  a  colouriees  aolution,  which  becomes  brown 
by  exposure  owing  to  separation  of  tellurium.  As  it  possesses  acid 
properties,  though  to  a  slight  extent  only,  it  has  been  called  hydro- 
Uliuric  acid.  It  decomposes  msny  nuetaltic  salts,  yielding  an  alloy  of 
tellurium  with  the  other  metal.  Chlorine,  nitric  acid,  and  the  oxygen 
of  the  air,  all  take  the  hydrogen  from  the  tellurium. 

Chlorine  and  TeUurium  form  two  compoimds.  When  a  feeble 
current  of  chlorine  gas  is  passed  over  tellurium  at  a  high  temperature, 
the  chloride  formed  passes  over  as  a  violet-coloured  vapour,  which  con- 
denses at  first  into  a  black  liquid,  and  eventually  into  a  solid  of  the 
same  colour.  It  is  decomposed  by  ^e  action  of  water  into  metallic 
tellurium,  which  is  precipitated,  and  bichloride  ojf  tellurium,  which 
remains  in  solution. 

It  is  composed  of  one  equivalent  of  chlorine,  and  one  equivalent  of 
telluriimi  (TeCl). 

The  Bichloride  of  Tellurium  (TeCL)  is  obtained,  as  above  stated,  by 
the  action  of  water  on  the  bichloride,  but  is  better  procured  by 
passing  a  larger  quantity  of  chlorine  over  tellurium  at  a  lower 
temperature  than  in  forming  the  chloride.  It  is  volatile,  and  any 
excess  of  chlorine  being  separated  by  agitation  with  mercury  and 
rectification,  it  is  obtained  as  a  white  ciystalline  solid. 

Sulphur  and  Tdbmum  combine  in  two  proportions  :  the  Iniulpkide 
(TeS,)  is  obtained  when  hydrosulphuric  acid  gas  is  passed  throus^  a 
solution  of  tellurous  acid,  or  of  a  soluble  tellurite.  Jt  is  of  a  dark 
brown  colour,  and  is  soluble  in  a  solution  of  potash. 

Tersulphide  of  Tellurium  (TeS^  is  obtained  by  mixing  a  solution  of 
persulphide  of  potassium  with  one  of  a  salt  of  telluric  acid.  It  is  of  a 
deep  yellow  colour;  but  it  is  a  very  unstable  compound,  for  it 
speedily  becomes  black,  and  is  converted  into  bisulphide. 

TEMPERA  (ItaL  d  tempera),  that  method  of  painting  in  which  the 


give  tbem  greater  ___ 
sistency,  or,  as  it  is  termed,  body.  This  was  the  method  employed  by 
the  ancient  £;gyptians,  the  Greeks  prior  to  the  introduction  of  wax  as 
a  vehicle  [Encaustic  Paintino],  and  by  the  early  Chidstian  painters. 
[Painting.]  Distemper-painting,  as  now  practised  by  scene-painters 
and  decorators,  is  only  a  less  refined  form  of  tempera,  from  which  it 
has  indeed  derived  its  designation.    [Distempkb  ;  SoBN]^pAINTINa.] 

TEMPERAMENT  (temperamentum,  Kpaffts)  is  a  vague  and  unsatistsc- 
tory  term,'but  it  is  one  which  as  Mayoobservcs  ('  Pathology  of  the  Human 
Mind ')  has  been  long  and  generally  adopted  as  a  convenient  generalisa- 
tion. The  word  means  literally  a  tempering,  or  mixing  together,  and 
may  be  defined  to  be  a  peculiar  state  of  the  system  common  to  several 
individuals,  which  results  from  the  various  proportions  in  which  the 
elementary  parts  of  the  human  body  are  mixed  up  together,  and  which 
gives  rise  to  a  tendency  to  certain  phenomena.  There  is,  bssidoi,  in 
each  individual  a  further  peculiarity  of  combination,  whidi  serves  to 
distinguish  his  temperament  from  that  of  any  other  person,  to  whom, 
however,  he  may  in  other  respects  bear  a  great  resemblance.  This 
individual  temperament  is  called  an  idiosyncrasy  (that  is,  a  peculiar 
mixing  together),  and,  as  the  two  words  are  aomistimes  confounded,  it 
may  be  useful  to  point  out  the  distinction  between  than.  All  the 
different  systems  of  oigans  in  the  human  frame  are  accurately  adjusted 
to  each  other^  so  as  to  produce  one  harmonious  whols.    If  tiie  dispro<  | 


portbn  be  too  great,  disease  «nsues ;  but  there  are  many  gradatuns, 
compatible  with  nealth,  where  yet  this  disproportion  is  v«ry  obaervable. 
The  predominsoce  of  any  particular  system  of  organs  modifies  ili9  whofe 
eeonomy,  impresses  striking  diflereoces  on  the  results  of  the  oiyimsa- 
tion,  snd  hss  perhaps  almost  as  ^reat  an  influence  on  the  moral  and  inteU 
leetual  as  on  Uia  physical  faculties.    This  predominsaee  sslablisbes  the 
temperament :  it  is  the  causa  of  it,  and  constitutes  its  osaonffe.      Hie 
ancients  paid  considerable  attention  to  the  subject  of  tMnpenmeaila, 
and  pointed  out  various  peculiarities  in  the  constitution  and  actiaos  of 
the  human  body,  which  have  been  seen  so  far  to  coincide  with  general 
obssrvation,  tiiat  their  nomeoclaturs  has  continued  in  veiy  genenl  use 
even  to  the  present  day,  althou^  the  hypothesis  on  which  it  was 
founded  is  universally  discarded.    They  deaoribed  four  temparamemta 
corresponding  to  the  four  qnslities  of  Hippocrates — hot,  oold,  moiflt, 
sod  di^.    It  was  supposed  that  then  were  four  corresponding  pnouaiy 
components  of  the  hunym  body,  nsmsly,  blood  (oT/ma),  phlegm  or  pituita 
(fX^^),  and  the  two  kinds  of  bile  (ol  Mo  x^tKat^,  yeUow  bOe  (|ay«^ 
XoA4),  sad  Uack  bile,  or  atrabiUs  (lUXMum.  xoX4)  >'  snd  the  prapooder- 
ance  of  one  or  other  of  these  components  in  different  persons  pnodooed 
the  different  temperaments.    These  four  primaiy  principlas  of  living 
bodies  were  supposed  to  be  compounded  of  the  simple  elemants  or 
qualities  of  nature  thus :  hot  snd  moist  produce  blood ;  cold  and  moisty 
phlegm  or  pituita ;  hot  and  dry,  yellow  bile ;  and  cold  and  d^y,  black 
bile.    Bodies  in  which  blood  superabounds  are  of  the  sanguine  tem- 
perament; a  phlegm  is  in  excess,  the  phlegmatic  temperataent  is 
developed ;  if  vellow  bile,  the  choleric ;  sod  if  black  bile,  the  melan- 
cholic or  atrabilious  temperament.      A  minute  description    of  the 
different  temperaments  is  given  by  Paulus  .£gineta, '  De  Re  Medics,' 
lib.  L  cap.  61.     The  due  admixture  of  the  different  qualities  was 
supposed  to  constitute  the  best  form  of  temperament  or  oonstitutian 
(timpcurla),  of  which  the  fc41owing  is  Paulus  iEgineta's  description  : — 
**  That  man  is  in  the  hett  temperament  of  body  when  it  is  in  a  medium 
between  all  extremes,  of  leanness  and  obeaity,  of  softness  and  hardneas, 
of  heat  and  cold,  of  moisture  and  dryness ;  and,  in  a  word,  who  has  all 
the  natural  and  vital  eneri^es  in  a  faultless  state.    His  hair  also  should 
be  neither  thick  nor  thin,  neither  black  nor  white.    When  a  boy,  his 
locks  should  be  ratiier  tawny  than  black,  but  when  an  adult,  the  coo- 
trsiywise."    <Adsm's  *  Trans.,' 1.  60.) 

Further  inf ormaiion  respecting  the  opinions  of  the  ancients  on  the 
subject  of  the  temperaments  may  be  found  in  the  treatise  of  Hip- 
pocrates, '  De  Kstura  Hominis/  torn.  I,  ed.  Ktihn ;  in  Galen's  worka, 
*  De  Klementis  ex  Hippocrate,'  torn.  L,  '  De  Temperamentis,'  torn.  L, 
'De  Optima  Corporis  nostri  ConstituUone,'  torn,  iv.,  'De  Sanitate 
Tuenda,'  lib.  ▼.,  torn,  vi,  and  his  '  Ars  Medics,*  torn.  i. ;  Oribasius, 
'  Synopsis/  lib.  v.,  cap.  43,  sq. ;  Aetius,  '  Libri  Medicinales,'  lib.  ir., 
cap.  53,  aq. ;  Haly  Abbas, '  Theor.,'  lib.  L ;  Averroes, '  Collig.,'  lib.  vi ; 
Alsshsravius, '  Theor./  tract  vi. ;  and  Avicenna, '  Cantica.' 

After  the  revival  of  letters,  this  fourfold  division  was  sdopted  in  its 
most  essential  parts  by  sU  the  most  eminent  physiolcgists.    Stahl 
ingeniously  sdapted  it  to  the  modem  doctrines  of  the  humoral  patho- 
logy ;  snd  even  Boerhaave,  although  he  increased  the  number  of  the 
l^mperaments  to  ei^t,  and  relinquished  the  erroneous  opinions  of 
Hippocrates  snd  Gslen  napeoting  the  constitution  of  the  blood,  yet  he 
still  derived  the  characters  of  his  temperaments  from  the  principles  of 
the  humoral  pathology,  md  supposed  them  to  be  formed  merely  by 
diii<9rettt  combinations  of  the  four  cardinal  qualitiea.    Many  late  phy- 
siologists have  been  inclined  to  doubt  whether  the  external  characten 
associated  with  the  four  temperaments  sre  real  and  constant  signs  of 
diversity  in  bodily  structure,  and  enable  us  to  distinguish  the  pringipal 
varieties  of  constitution  which  exist    Several  attempts  have  accord- 
ingly been  made  to  define  in  a  more  satisfactory  manner  the  peculiari- 
ties of  organisation  and  the  resulting  varieties  of  predisposition,  which 
sre  chiefly  interesting  with  regard  to  pathology.    Hofifaunn  and  Cullea 
have,  indeed,  retained  the  old  division,  supposing  that  the  theoiy  of 
the  sndents,  ss  to  the  peculiarities  of  constitution,  was  founded  origi- 
nslly  upon  iuAM,  though  subsequently  combined  with  an  erroneous 
theoiy.    Haller  seems  to  have  been  the  first  who  decidedly  opposed 
the  ancient  doctrine,  not  only  by  showing  that  there  was  no  foundation 
for  the  varieties  of  Uie  temperaments  in  ^e  peculiar  nature  of  the 
fluids,  but  by  substituting  in  theur  place  the  vital  actions  of  the  systmn. 
Dsrwin  proceeded  upon  the  principle  of  Haller ;  and,  in  conformity 
with  the  hypothesis  which  he  adopted  of  reducing  these  actions  to  the 
four  hesds  of  irritation,  sensation,  volition,  and  aaaociation,  ha  fonned 
four  temperaments  in  which  these  qualities  were  supposed  respectively  to 
prevail.    The  only  attempt,  however,  to  improve  upon  the  Hippocntic 
theory  and  division  which  hss  been  attended  with  any  degree  of  auocaai, 
is  that  by  Dr.  Gregorr,  who,  to  the  four  temperaments  of  the  ancients 
added  a  fifth,  which  he  ealled  the  ntrvouM,  and  bestowed  upon  three 
of  the  othen  the  new  appellations  of  the  tmie,  the  rdaxed,  and  muKvlar 
temperaments.    Dr.  Prichard,  however,  restricts  the  number  to  four, 
and  designates  them  by  their  original  names ;  remarking  that  only  four 
strongly-msrked  diversities  of  external  character  present  tnemselTes 
to  observation ;  that  the  nervous  temperament  is  not  so  distinguished ; 
and  that,  therefore,  as  this  is  an  essential  part  of  the  original  scheme 
for  the  distribution  of  temperaments,  the  improvement  proposed  by 
Dr.  Gregory  is  lame  and  defective.     These  four  varieties,  then,  of  ex- 
ternal character  really  indicate,  more  or  less  constantly,  well-marked 
differances  of  constitution,  and,  likewise,  of  morbid  predisposition. 
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TlieT«  is  BO  doabt  that  penoDf  hjmog  tlie  complezion  and  oQan  ngsi 
of   the  MDgaine  tempenmenti  are  more  liable  to  eertain  daaaes  ol 
disoiden  l£an  the  pnlegmatio  or  malancholio,  while  the  latter  hare 
tHeir  own  peculiar  tendencies.    The  saognine,  haring  a  fully-developed 
▼ascnlar  stmeturey  and  therefore  a  Tigorous  cirenlation  of  blood,  a 
'vrarm  skin,  and  a  high  degree  of  organic  sensibility,  are  more  liable  to 
sudden  and  powerful  impre»ions  from  external  agents  than  those  of 
sxion  languid  vital  functions.    They  are  subjeot  in  a  greater  degree  to 
severe   inflammatory  disorders,  and  disorders  of  this  class  are  in 
them  more  acute :  they  bear,  however,  better  than  persons  of  more 
languid  habit,  evacuations  of  blood  and  the  other  measures  which  are 
found  to  be  the  proper  remedies  for  these  diseases.     The  greater 
fulness  of  blood-vessels,  of  those  at  least  which  are  near  the  sur- 
f  a<3e,  the  greater  warmth  of  the  skin,  and  the  florid  complexion  of 
the  sanguine,  afford  resson  to  believe  that  the  designation  given  to 
this  temperament  is  not  wholly  unfounded.    We  likewise  find  that 
oanguine  persons  are  more  subject  to  hemorrhages  (to  those  at  least 
'which  are  termed  active)  as  arising  from  excess  in  the  force  of  cireula- 
tion  through  the  arteries.    Individuals  of  the  phlegmatic  temperament 
Are  predisposed  to  disordere  arising  from,  or  conneeted  with,  a  low 
degree  of  latal  energy.   Local  congestions  of  blood  arisfaig  independently 
of  general  excitement  oome  tmder  this  category.    Glandular  and  tuber- 
oular  diseases  take  place  in  bodies  weak  iif  the  structures  connected 
-with  the  vitsl  functions,  and  are  perhape  more  frequent  in   the 
phlegmatic  than  in  other  temperaments.    Inflammatory  complaints, 
when  they  attack  the  phlc^^matic^  are  less  acute  and  more  di^wsed  to 
terminate  in  chronic  diseases  than  are  those  of  the  sangume  con- 
stitution, when  at  least  the  hitter  have  been  treated  by^propriate 
remedies.    The  relations  of  the  choleric  to  the  melancholia  tempera- 
ment are  similar  to  Uie  rektions  which  the  phlegmatic  bean  to  the 
sanguine;   the  former  displays  (greater  vigour^  both  in  health  and 
disease  than  the  latter.    The  choleric  and  sanguine,  when  aflected  by 
diBnasfiB  of  the  nervous  system,  have  complsints  of  greater  violence  and 
acutenees :  mania  or  raving  madness  belongs  particularly  (according  to 
the  observations  of  M.  Esquirol  and  many  othen)  to  tlMse  constitu- 
tions.   The  melancholic  temperament  is  most  prone  to  monomania, 
attended  with  depression  and  melancholy  illusions.    HypochondriasiB 
much  more  frequently  affects  the  phlegmatic  and  melancholic,  though 
it  is  occasionally  observed  in  persons  who  have  some  of  the  external 
characten  of  the  sanguine  temperament.    The  most  severe  cases  of 
hypodiondrissis,  adda  Dr.  Friohard,  and  those  which  approached  most 
nearly  to  the  character  of  melanoholiay  have  certainly  occurred  in 
individuals  of  a  dark  leaden  oomplexion,  fixed  and  sullen  sspect,  and 
lauk  cual-blsck  luur. 

But  it  is  not  merely  on  the  body,  both  la  its  healthy  and  morbid 
state,  that  the  temperament  exerts  an  important  infiuence ;  the  relation 
of  the  different  forms  of  physical  organisation  to  the  intellectual  and 
even  to  the  moial  faculties  is  equally  marked  and  apparent  The 
relation  oi  mental  peculiarities  to  the  structure  of  the  body  has  been 
observed  bv  medical  authors  of  every  age,  and  it  has  been  stated  and 
explained  in  different  ways.  Hippocretes  said  that  ''  the  soul  is  the 
same  in  all  men,  but  that  the  body  is  different  in  different  individuala 
The  soul  is  ever  like  itself  both  in  greater  and  in  less,  for  it  undergoes 
change  neither  by  nature  nor  by  necessitT ;  but  the  body  is  subject  to 
continual  alterations.  The  aAwtiom  of  the  mind  depsnd  upon  the 
body ;  there  are  many  states  of  the  latter  which  sharpen,  and  many 
which  obtund  it"  (Hipp.,  Dt  VieiiU  Aititmt,  lib.  i.,  §  31,  torn,  i,  p. 
650.)  Democritus,  in  a  tBtter  said  to  have  been  addressed  by  him  to 
Hippocrates,  asserted  that  "the  intelligence  of  the  mind  depends 
greatly  on  the  body,  the  diseases  of  which  obscure  the  mental  faculties, 
and  draw  the  latter  into  consent"  (Hipp.,  '  Epist',  torn.  iH.,  p.  824.) 
Among  the  writings  of  Galen  there  is  a  treatise  entitled '  Quod  Animi 
Mores  CSorporis  Temperamenta  sequsntur '  (tom.  iv.,  ed.  KUhn),  written 
expressly  to  establiu  the  connection  between  the  passions  and  denrea 
of  the  nund  and  the  temperaments,  wherein  he  has  handled  the  subjeot 
very  ingeniously  and  has  delivered  many  profound  views  of  the  snimal 
economy.  But  it  is  in  the  works  of  modern  writere  that  we  find  this 
doctrine  most  fully  developed,  and  made  a  foundation  for  a  division  of 
human  characters,  though  their  views  are  mingled  with  many  fandf  ul 
and  unphiloeophical  speculations. 

The  doctrine  of  temperaments  is  true  to  a  certain  extent  tod  has 
ever  been  confirmed  by  an  appeal  to  experience.  States  d  the 
mind  are  so  connected  with  affections  of  the  body,  that  it  is  im* 
poeeible  for  any  person  who  considers  all  the  phveiological  fads  that 
present  themselves  in  connection  with  this  subject  to  doubt  that 
with  each  temperament  particular  mental  qualities  must  be  assodated, 
although  it  is  manifest  that  many  writere  have  indul^ped  their  fancy  on 
tiuB  subject,  and  have  gone  into  more  full  and  nunute  details  than 
experience  will  establish. 

TEMPERAMENT  AND  TUNING.  Temperament  is  the  name 
given  to  the  discussion  of  the  subject  of  wUch  tuning  is  the  ^|^- 
cation;  and  tuning  is  the  art  of  adjusting  the  several  sounds  of  a 
musical  Instrument  so  as  to  make  its  scale  approach  to  correctness ; 
also  that  of  putting  two  instruments,  each  of  which  has  the  parts  of  its 
scale  in  proper  relative  adjustment,  into  agreement  with  each  other. 

Some  musical  instruments  have  a  permanent  relative  scale,  all  the 
parts  of  which,  if  chaxiged  at  all,  change  together.  Thus  a  horn  or  a 
flute  may  change  its  pitch  from  the  heat  of  a  room,  but  all  the  parts 


change  U^gether,  and  the  whole  effect  of  temperature  is  corrected  at 
Onoe  by  lengthening  the  pipe  of  which  the  instrument  consists.  Other 
instruments  require  to  have  the  parts  of  their  scales  compared  with 
each  other  from  time  to  time,  owing  to  their  several  parts  being 
unconnected  and  Subject  to  unequal  wear  or  to  separate  accident,  such 
as  the  organ  and  phmo-forte.  Othen  again  are  so  liable  to  these 
derangements  as  to  require  tuning  on  crvery  occasion  of  use,  as  the 
violin  class,  the  harp,  the  drums,  Ac.  It  is  not  our  intention  to  enter 
into  the  mode  of  tuning  instruments  in  detail,  but,  as  promised  in  the 
article  SoaUE,  to  give  some  account  of  the  difficulties  which  are  met 
with  in  the  actual  construction  of  any  soale,  and  the  ordinary  modes  of 
meeting  them. 

In  the  srtide  just  referred  to  we  have  pointed  out  the  mathematical 
commencement  of  this  subject,  and  have  made  it  evident,  from  first 
principles,  that  a  perfect  *  scale  is  impossible ;  that  is  to  say,  one  in 
which  all  the  intervals,  or  even  all  the  principal  intervals,  in  ervery  key, 
shall  be  perfect  Let  additional  notes  be  introdaced  to  make  existing 
keys  perfoot,  and  those  additional  notes  would  themselves  become  the 
key-notes  of  new  keys,  requiring  additional  notes  to  make  tkem  perfect 
Again,  the  conditioiM  of  the  ordmaiy  musical  instnnnents  reqmre  thai 
tite  octave  shall  consist  of  only  twelve  semxtones ;  and  though  some 
organs  have  been  oonstruoted  with  more^  it  is  not  worth  while  to 
embarrass  the  subjeot  by  treating  of  aiiy  other  scale  than  that  of  the 
twelve  semitones.  We  shall  use  the  same  notation  m  before,  namelyi 
expressing  the  following  note  of  the  treble  scale. 
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by  0,  wc  shaff  denote  the  snoceasive  cs  in  ascent  by  c^  c^  &c.,  and 
those  in  descent  by  c„  c^  Ac :  thus,  o,  is  three  octaves  below  c,  and 
0*  is  four  octaves  above  it 

The  first  point  is  to  fix  upon  some  one  note,  by  the  pitch  of  which 
all  othen  may  be  determined.  The  only  way  of  retaining  a  permanent 
pitch  for  use  is  by  having  an  instnunent  which  time  will  not  alter.  It 
is  true  that  the  pitch  of  a  note  depends  only  upon  the  number  of 
vibrations  in  a  second,  and  can,  by  the  description  of  this  number, 
always  be  recovered  by  acoustical  experiments.  But  we  might  as  well 
expect  a  carpenter  to  ascertain  his  own  foot-rule  for  himself  by  the 
pendulum  ss  an  ordinary  musician  to  appeal  to  tiie  theory  of  musical 
vibrations,  A  standard  pitch  is  usually  obtained,  or  professed  to  be 
obtained,  by  the  tuning-fork,  an  instrument  consisting  of  two  steel 
prongs  growing  out  of  a  steel  handle.  When  these  prongs  are  sharply 
strudE  they  vlbnte ;  and  if  the  instrument  be  then  held  to  the  ear,  or 
placed  upon  the  flap  of  a  table  or  any  other  sound-board,  a  low  and 
very  pure  sound  is  heard,  if  the  prongs  be  perfecUy  equal  These 
tuning-forks  are  usually  made  to  sound  either  o*  or  a,  and  they  would 
answer  their  purpose  exceedingly  well  if  there  really  were  in  exi&tence 
any  standard  from  which  they  were  made.  But  this  there  is  not ;  and 
the  consequence  is,  that  not  only  do  the  tuning-forks  of  different 
makere  frcKjuently  vary  a  little  from  each  other,  but  the  new  forks  are 
sensibly  higher  than  the  old  ones.  We  have  already  seen  how  much 
the  pitch  used  in  different  places  varies  [Acoustics],  and  also  how 
very  much  what  is  now  called  concert-pitch  is  higher  than  it  was 
a  century  ago.  fFrFE.]  This  rise,  it  appears,  is  still  going  on,  and, 
unless  measures  be  taken  to  stop  it,  will  not  finish  untu  all  the  com- 
positions of  the  old  masten  are  played  and  sung  two  or  three  notes 
bidber  than  they  were  really  written. 

There  was,  we  are  told,  a  few  yean  ago,  a  standard,  so  called,  con- 
structed under  the  direction  of  those  who  manege  the  Philharmonic 
Concerts ;  but  we  are  not  aware  that  any  account  was  given  of  the 
method  of  selection,  or  that  any  experiments  were  instituted  with  a 
view  to  its  perpetuation.  We  are  iJso  told  that  this  mysterious  stan- 
dard was  committed  to  the  charge  of  one  particular  tradesman,  and 
that  the  rest  of  the  craft  had  difficulty  in  obtaining  it  We  have  seen 
another  promulgation  of  a  standard  tuning-fork,  for  the  especial  lue 
of  slnging-dassea.  The  prontectus  of  the  seller  states  that  careful 
experiments  have  determined  that  the  nulharmonic  c  (the  o^  of  our 
notation)  vibrates  leas  than  512  times  in  a  second ;  how  much  less  is 
not  stated.  These  new  tuning-forks  are  asserted  to  have  had  their 
pitch  raised  to  vibrate  512  times  in  a  second ;  avowedly  for  no  other 
reason  than  that  512  is  a  good  number  for  calculation,  and  inter- 
mediate between  those  of  liming-forks  now  in  use ;  and  it  is  stated 
that  every  fork  is  tuned  to  the  true  standard  by  a  "  scientific  process.** 
But  direoton  of  concerts  and  pubUshen  of  music  should  be  aware  that 

*  This  mesas,  of  eoitrie,  InpoMlble  so  long  as  only  twelre  soands  are  allowed 
la  the  oetaye.  General  Perronet  Thonipson,  a  warm  adyoeate  of  the  total 
ahelitioa  of  tempenSMiit,  hsa  eeastnicled  an  enharmonio  organ,  which  is 
publicly  exhibited,  haTing  ilfty-lMr  aoondi  In  the  oetare,  and  perfect  in  twenty- 
one  keys.  AU  thateaa  he  said  aboei  the  •nfetjeet  la  exhaasted  la  hla  *  Prinolplea 
aad  Praetlee  of  Firat  lAtoMOioa,'  4th  editioB,  IMO  (Kflngham  Witoen),  a 
ahiUiag  traet  of  112  rery  ftOl  pagca.  We  think  that  he  ovetratea  the  admtttod 
inoonTcnience;  and  we  de^air  of  seeing  a  pbuutfOTte  with  fifty*fo«ir  aooads 
which  ahall  ataad  in  tone,  ao  aa  to  preaerre  the  minvte  dlffereacea  of  neighboar« 
faig  Boonda.  Bat  we  decidedly  approTe  of  the  attempt :  and  we  oaa  only  aay 
(hat  if  there  shall  be  a  general  demand  for  the  abolition  of  temperament,  we 
hare  no  doubt  the  thing  li  practicable.  But  a  change  of  musical  scale  requirea 
great  coaeerted  action :  want  of  instruments  puts  difficulties  in  the  way  of 
eooeert,  and  want  of  ecneert  puts  difllealtiea  in  the  way  of  getting  instruments. 
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no  attention  is  ever  paid  by  thoee  who  understand  Buch  matten  to 
scientific  secrets;  and  that  until  a  full  account  is  published,  and 
authenticated  copies  of  the  standard  are  made  secure  and  accessible, 
the  science  of  the  standard-makers  will  rank  no  higlier  than  that  of 
the  tailors  who  cut  **  on  unerring  geometrical  principles." 

Mr.  Woolhouse,  who  made  experiments  on  this  subject  ('  Essay  on 
Musical  Intervals/  p.  64),  finds  the  "  common  pitch-note  ▲ "  to  make 
424  double  vibrations  in  a  second,  from  whence  he  infers  that  o^  gives 
509  such  vibrations ;  but  whence  he  got  this  pitch-note  he  does  not 
state,  nor  whether  he  was  aware  of  the  existence  of  a  so-odled  Philhar- 
monic standard.  As  matters  stand,  we  should  recommend  every  one 
not  to  be  led  into  the  belief  of  the  existence  of  a  standard  without 
some  better  account  of  it  than  yet  exists,  and  also  in  the  mean  time  to 
do  what  he  can  to  he^  doien  concert-pitch,  so  as  at  least  to  prevent  its 
rising  higher  than  it  now  generally  is. 

There  is  another  matter  connected  with  the  tuning-forks  which 
requires  some  attention.  These  forks  (in  England,  not  on  the  Conti- 
nent) are  differently  manufactured :  there  are  o  forks  and  a  forks — 
that  is,  forks  which  sound  c^  and  a.  In  the  orchestra,  which  must 
foUow  the  violins,  the  a  fork  is  always  used ;  while  in  tuning  a  piano- 
forte, harp,  kc,  the  o  folk  is  used.  It  is  much  to  be  wished  that  only 
one,  the  a  fork,  should  be  used.  Even  if  the  scale  were  perfect,  it 
would  still  be  desirable  not  to  run  the  risk  of  error  arising  from  the 
use  of  different  forks ;  add  to  which,  that,  without  extreme  care, — 
such  care  as  never  is  taken, — it  is  impossible  to  avoid  making  the 
temperament  depend  somewhat  upon  the  note  which  is  first  tuned, 
and  which  must  be  that  sounded  by  the  fork.  We  do  not  certainly 
much  believe  in  the  temperament  of  an  orchestra ;  the  characters  of 
the  instruments  are  various,  and  the  disposition  of  most  of  the  wind 
instruments  to  be  a  little  out  of  tune,  each  in  one  or  more  particular 
parts  of  the  scale,  gives  them  each  something  so  like  a  temperament 
(or  dis-temperament,  if  the  reader  please)  of  its  own,  that  the  united 
body  disobeys  temperament  to  a  degree  which  sets  the  slight  differ- 
ences between  one  system  and  another  altogether  aside.  In  tiie  full 
passages  there  is  too  much  noise  for  the  ear  to  be  very  nice  on  this 
point,  and  in  the  solos  the  leading  instrument  marks  its  own  tempera- 
ment upon  the  whole  orchestra.  But  when  a  few  instruments  come 
together,  some  of  which  are  tuned  from  a  and  others  firom  c,  the  dis- 
advantage of  different  temperaments  may  be  sensibly  felt.  But  all 
this  must  be  said  with  much  deference,  for  circumstances  connected 
with  the  scale  or  its  adjustment  may  produce  very  different  effects 
on  different  ears. 

We  leave  the  above  as  it  stood  in  the  '  Penny  Cydopoedia.'  In  1859 
the  French  ministry  made  the  settlement  of  the  musical  pitch  a  govern- 
ment business :  the  o^  was  settled  at  522  vibrations  per  second,  which, 
BO  much  had  the  pitch  risen  even  in  very  recent  time,  was  a  consider- 
able abatement.  Also  in  1859,  the  Society  of  Arts  took  up  the  subject 
in  England,  and  a  committee  ascertained  that  o^  had  actually  reached 
'546  vibrations  per  second.  Looking  at  the  love  of  singers  and  concerto- 
players  for  brilliancy, — which,  we  should  explain  to  those  unversed  in 
music,  means  t^ueakinest, — there  was  much  reason  to  fear  that  the  rise 
was  not  near  its  end.  Since  1840  Uie  pitch  had  risen  a  semitone. 
For  practical  reasons,  connected  with  the  state  of  musical  instruments 
and  the  want  of  power  to  enforce,  the  society  recommended  that  528 
should  be  the  number  of  vibrations  in  o\  This  proposal  was  generally 
approved  of,  and  tuning-forks  (a  and  o,  the  interval  being  that  of  equal 
temperament)  were  constructed  acconUngly.  There  is  then  some  hope 
that  at  least  all  further  rise  will  be  stopped ;  and  we  cordially  recom- 
mend the  proposal,  not  without  a  hope  that  in  course  of  time  a  still 
further  fall  may  be  found  practicable. 

The  leading  note  being  settled,  the  tuner  must  learn  to  tune  that 
note  in  perfect  unison  with  hia  fork,  and  then  to  tune  the  octaves  of 
that  note  both  above  and  below.  This  seems  to  be  the  most  plain  and 
straightforward  part  of  the  whole  operation;  nevertheless,  easily  as 
tuners  take  it,  and  readily  as  they  refer  to  one  of  their  octaves  as  being 
p%ood  an  authority  as  the  original  note  itself,  we  cannot  help  thinking 
that  more  pains  than  is  usually  taken  might  be  well  bestowed.  A  note 
and  its  octave,  when  the  consonance  is  perfectly  well  tuned,  should 
poimd  like  one  note :  now  considering  that  in  a  grand  piano  there  are  six 
strings  to  be  timed  before  an  octave  is  ready,  three  unisons  with  the 
lower  note  and  three  with  the  upper,  it  is  not  so  very  easy  to  present 
that  perfectly  indivinble  effect  which  a  good  artist  ought  to  strive  for. 
There  is  a  method  (given  in  Jousse's  work)  of  tuning  Uie  twelve  semi- 
tones of  one  octave-interval  first,  without  tuning  the  octave  of  any 
note,  by  proceeding  upwards  by  fifths  and  downwards  by  fourths, 
until  the  whole  is  completed,  and  this  purposely  to  avoid  depending 
upon  notes  in  the  adjacent  octaves.  This  mode,  however,  or  any  other, 
mu&t  be  matter  of  individual  selection:  it  cannot  be  supposed  that  any 
one  method  would  be  best  suited  to  all  ears. 

Those  who  are  acquainted  with  the  mathematical  theory  of  the 
scale  know  that  all  the  concords  cannot  be  made  perfect :  others  may 
learn  it  in  the  following  way :— Suppose  twelve  perfect  fifths  to  be 
tuned  upwards  from  c,  and  give  the  results  the  names  of  the  notes 
which  they  would  represent  in  the  scale  of  twelve  semitones,  and  in 
the  nomenclature  of  sharps,  if  the  scale  were  perfect.  We  should  then 
lave 

C,  G,  D\  A>,  E«,  B«,  F»$,  C*:J,  C*t,  D»«,  A»«,  E«|,  B«». 
Now  since  B«5  is  the  same  note  as  c',  it  appears  that  twelve  perfect 


fifths  should  be  the  same  as  seven  octaves;  and  if  we  pan   to  the 
octave  below,  as  soon  as  we  get  out  of  the  octave  beginning  witli  c,  w« 
should  have  o,  o,  D,  a,  b,  ftc.,  the  last  being  o^.    It  will  be  found,  how- 
ever, that  this  is  not  true,  but  that  the  note  obtained  from  tiwHve 
ascents  by  fifths  intermixed  with  six  dosoents  by  ootaves  is  aliarper 
than  c^    Again,  if  the  perfect  thirds  be  tuned  from  c,  we  should  hart 
0,  E,  Of,  c^ ;  but  it  will  be  found  that  o^  obtained  in  this  way  ia  tov 
flat    The  octave  derived  from  the  fifths  vibrates  223  timeB  where  h 
should  vibrate  220;  and  that  derived  from  the  thirds  Tibratea  12i 
times  where  it  should  vibrate  128.    The  slight  alterationa  which  are 
made  in  order  that  any  one  of  the  twelve  notes  of  the  octave  maj  be 
fit  to  be  used  as  a  key-note,  without  any  shodc  to  the  ear,  coDotitate 
the  temperament  of  a  scale;  the  alteied  consonances  are  said  to  be 
tempered.    Some  writers  call  the  interval  from  the  false  octare  obtained 
by  the  fifths  to  the  true  one,  by  the  name  of  the  wolf/  and  oaing 
the  word  in  this  sense.  Lord  Stanhope  contends  (and  justly)  for  A^e 
wolves,  one  from  the  fifths,  and  one  from  each  of  the  seta  of  thirds 
beginning  with  o,  cf ,  D,  Df ;  and  three  more  might  have  been  got  from 
the  minor  thirds.    But  by  the  term  wolf  other  writers  mean  the  bad 
fifth  which  exists  in  the  worst  key,  when  the  temperament  is  allowed 
to  favour  some  keys  at  the  expense  of  others.    Simple  aa  this  little 
variation  in  the  meaning  of  a  term  may  be,  it  is  worth  while  to  notice 
it.    A  writer  on  tuning  charges  some  of  the  pianoforte-makers  of  his 
time  with  utter  ignorance  of  the  scale,  in  stipulating  with  the  toners 
whom  they  employed  that  there  should  be  no  wolf.    In  all  probability 
they  only  meant  that  no  key  should  be  worse  than  another,  or  that  the 
temperament  should  be  equal.    This  term  vo{f  is  said  to  be  derived 
from  the  jarring  of  a  badly-tuned  consonance,  supposed  to  resemble  the 
distant  howling  of  the  animal:  we  rather  suspect  it  was  ao  caUed 
because  it  was  himted  from  one  part  of  the  scale  to  anotiier  like  a  wild 
besst,  in  hopes  of  getting  rid  of  it 

Two  systems  of  temperament  suggest  themselves :  the  firat^  ejual, 
in  which  the  necessary  defects  of  the  scale  are  distributed  equally 
throughout  it ;  the  second,  uneqwU,  in  which  some  mode  ia  adopted 
of  distributing  the  imperfection  so  as  to  make  some  keys  feel  it  lees 
than  others.  The  most  common  practice  of  our  day  is  to  endeavour  at 
equal  temperament  The  two  systems  have  their  advocates,  and  the 
arguments  for  one  and  the  other  are  as  follows.  In  favour  of  equal 
temperament  it  is  urged  that  all  the  keys  are  made  equally  good,  and 
that  in  no  one  does  the  imperfection  amount  to  a  striking  defect :  also 
that  in  the  orchestra  there  is  littie  chance  of  any  uniform  tempera- 
ment among  the  various  instruments,  if  it  be  not  this  one.  A^dnst 
equal  temperament  it  is  urged  that  it  takes  away  all  distinctive 
character  from  the  different  keys,  and  leaves  no  one  single  key  perfect 
All  these  ailments  have  force,  both  for  and  against :  for  ourselves, 
we  consider  those  against  equal  temperament  mudi  the  stronger.  We 
have  often  felt  that  a  pianoforte  newly  tuned  has,  with  much  correct- 
ness, a  certain  insipidity,  which  wears  off  as  the  effect  of  the  tuning 
gradually  disappears ;  insomuch  that  the  best  phase  of  the  instrument, 
to  our  ears,  is  exhibited  during  the  period  which  precedes  its  becoming 
offensively  *  out  of  tune.  At  this  time  the  progress  towards  the  state 
of  being  out  of  tune  (for  which  there  is  no  single  word,  malUmation 
would  do  very  weU)  can  only  be  called  a  change  of  the  temperament; 
and  the  sevexal  keys  begin  to  exhibit  varieties  of  character  which,  until 
maltonation  arrives,  render  the  instrument  more  and  more  agreeable. 
But  it  must  be  remarked  with  respect  to  equal  temperament,  that  it 
cannot  be  obtained  in  the  ordinary  way  of  tuning.  The  only  way, 
unless  beats  be  used,  of  obtaining  a  given  temperament,  equal  or 
unequal,  with  certainty,  is  to  take  a  monochord,  and  having  calculated 
the  proper  lengths  of  the  different  strings,  to  form  the  successive  notes 
on  the  monochord,  and  to  tune  the  several  notes  of  the  instrument  in 
unison  with  them.  No  tuner  can  get  an  equal  temperament  by  trial : 
so  that  the  question  lies  between  the  having  all  sorts  of  approximations 
to  equal  temperament,  according  to  the  propensities  of  different  ears, 
or  as  many  sorts  of  approximations  to  some  other  systems.  Had  the 
English  nation  been  as  musical  as  it  is  mechanical,  a  portable  mono- 
chord,  or  system  of  monochords,  would  have  been  invented,  on  which 
any  given  system  of  temperament  could  have  been  readily  laid  down 
by  rule,  and  thence  transferred  to  the  instrument. 

The  mode  of  proceeding  by  approximation  to  equal  temperament  is 
simply  to  tune  the  fifths  a  littie  too  flat,  and  the  following  order  of 
proceeding  is  the  most  usual,  and  has  often  been  given.  The  first 
letter  represents  the  note  already  tuned,  the  second  the  one  which  is 
to  be  tuned  from  it :  a  chord  interposed  in  parentheses  represents  the 
trial  that  should  be  made  upon  notes  already  in  tune,  in  order  to  test 
the  success  of  the  operation  as  far  as  it  has  gone.  The  first  step  is  to 
put  c*  in  tune  by  the  tuning-fork  : — 

CM  C^C;  CG;  GG,  ;  OiD;  DA;  AA,  ;  AjE;  (CEO);  EB ;  (CEO,  DGB) ; 
DBj;  B^n;  (Dlt  A)  ;  IrltFjlt;  F,»C5  ;  (AiC»E:);  C%Qt;  (EGjB);  C»F; 
(FAC»);  FAjtt;  (A^XOF) ;  A^ltAJt;  UH]  (DUGA5 ;   mO^Z;  (G,5CD:). 

We  have  written  all  the  semitones  as  sharps,  whether  tuned  from 
above  or  from  below.    Of  course,  since  the  fifths  are  all  to  be  a  little 

e  A  mujsical  critic  has  stated  that  we  avowedly  prefer  an  faistmment  out  oj 
tune.  His  mistake  probably  arises  from  his  confoonding  equal  temperammt 
with  perfect  (une,  average  sin  with  perfect  holiness :  perhaps  he  did  not  know 
that  any  scale  with  twelve  sounds  cannot  be  in  perfect  tone  in  erery  key. 
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too  small  in  their  intervals,  the  upper  note  must  be  flattened  when 
tuned  from  below,  and  the  lower  note  sharpened  when  tuned  from 
above.  In  the  preceding,  the  octave  co^  is  completely  tuned,  and 
aLeo  tlie  adjacent  interval  F  Ja  The  rest  of  the  instrument  is  then 
to  be  tuned  by  octaves.  The  thirds  should  all  come  out  a  little 
sharper  than  perfect,  as  the  several  trials  are  made  :  when  this  does 
not  happen,  some  of  the  preceding  fifths  are  not  equal.  The  parts 
"which  sire  first  tuned  by  the  fifths,  and  from  which  all  the  others  are 
tuned,  by  octaves,  are  called  bearings. 

We  shall  now  show  how,  by  means  of  the  theoiy  of  the  scale,  to 

examine  a  system  of  temperament :  the  rest  of  this  article  is  therefore 

only   for  those  who  have  some  mathematical  knowledge  of  the  scale. 

Sverything  will  be  ezprened  in  mean  semitones,  and  the  following 

additions  will  be  convenient : — ^A  major  tone  is  2*039100  mean  semi- 

tones  ;    a  minor  tone,  1-824087 ;  a  diatonic  semitone,  1*117813 ;  a 

comma,  -215068;  the  excess  of  twelve  perfect  fifths  above  seven 

octaves,  -284600,  a  little  more  than  a  comma,  frequently  called  a 

comma ;  the  excess  of  an  octave  above  three  perfect  thirds,  '410689. 

Various  modes  of  dividing  the  octave  have  been  proposed — ^that  is,  of 

creating  imaginary  subdivisions — b^  means  of  which  to  express  the 

various  intervals  required.    None  is  so  convenient,  in  our  opinion,  as 

the  expression  by  means  of  mean  semitones  and  their  fractions. 

"We  prefer  to  show  a  complete  examination  of  one  system,  in  such  a 
manner  that  any  one  may  apply  it  to  another,  instead  of  briefly  noting 
the  peculiarities  of  dififerent  systems.  We  shall  take  as  an  example 
r>r.  Young's  first  system,  which  is  as  follows : — Tune  downwards,  from 
the  key-note,  six  perfect  fifthsy  ascending  into  the  octave  interval  00^ 
when  necessary  :  Uien  tune  upwards,  from  the  key-note,  six  equally 
imperfect  fifths,  throwing  the  whole  error  of  '2846  of  a  mean  sexnitone 
equally  among  them.  In  the  equal  temperament  the  wolf  is  made  to 
bear  twelve  cubs:  here  only  six — ^larger  ones  of  course.  Now  a  perfect 
fifth,  being  two  major  tones,  a  minor  tone,  ^d  a  diatonic  semitone,  is 
thus  composed : — 


Two  major  tones 

Minor  tone 
Diatonic  semitone 

Perfect  fifth     . 


4-078200  mean  semitones 

1-824037 

1-117318 


7-019550 


The  imperfect  fifth  of  this  temperament  is  to  be  flattened  by  the 
sixth  part  of -234600,  or  -039100,  and  7'019550- -089100  is  6*980450, 
the  imperfect  fifth  required.    We  are  then  to  proceed  as  follows : — 

Six  fifths  apwards 
imperfeet. 

0        000000 
6-98045 


Six  fifths  downwards 
perfect. 

C*     1200000 
701955 

F 
F» 

4*98045 

16-98045 

7-01955 

AJt 

996090 
701955 

2-94185 

14-94135 

7-01955 

7-92180 
7-01955 

c'tt 

V  0  90225 

12-90225 

7-01955 

1. 


2. 


8. 


4. 


5. 


6.    n      5-88270 


1.  o        6-98045 

6-98045 

D'     18-96090 

2.  D        1-96090 

6-98045 

8.    A       8-94185 
6-98045 

£^     15-92180 

4.  B        8-92180 

6-98045 

5.  B      10-90225 

6-98045 

F»«  17  88270 

6.  n      5-88270 


There  is  no  doubt,  at  least  in  this  world,*  much  surplusage  in 
carrying  the  results  to  five  decimals,  or  the  hundred-thousandth  part 
of  a  mean  semitone ;  but  all  calculators  are  aware  of  the  desirableness 
of  using  more  places  than  will  ultimately  be  wanted.  Collecting  the 
above  results,  we  have,  for  the  interval  of  every  note  from  o,  as  £ar  as 
cS  as  follows  :— 


C  0-00000 
C$  0*90225 
D  1-06090 
DK  2-94135 


E  8*92180 
P  4*08045 
Fit  5*88270 
Q     6-98045 


CZ  7  02180 
A  8*94135 
At  9*96000 
B    10-90225 


We  shall  now  examine  the  effect  upon  the  several  keys.  We  have 
remarked  [Scale],  that  the  effect  of  making  an  interval  too  small 
is  to  render  the  consonance  of  a  more  plaintive  character;  while 
we  may  suppose  that  too  lai^ge  an  interval  has  a  somewhat  contraxy 
effect.    As  &e  most  important  chord  of  every  key  is  that  of  the  key- 

*  Mr.  Marsh,  the  author  of  a  treatise  on  tuning,  Is  seriously  of  opinion  that 
s  perfect  scale  is  one  of  the  hlessings  reserred  for  a  future  state,  in  which  **  it 
will  be  part  of  the  enjoyment  of  the  blessed  to  ehant  the  praises  of  their  Creator 
in  extatio  hallelt^ahw,  when  gjftUmt  nf  tuning  thaH  no  Umgtr  perplex  ue,  attd 
ifmt>erament  »\aU  he  no  more,** 


note,  its  third,  and  fifth,  we  must  form  our  idea  of  the  effect  of  each 
key  from  observing  the  effect  of  the  temperament  upon  the  common 
chord  of  the  key-note,  judging  of  the  character  of  the  key  by  the 
amount  and  direction  of  the  tempemment  of  the  third  and  fifth. 
Now  a  major  third  is  made  of  a  major  and  minor  tone,  and  is  there- 
fore 8-86314  mean  semitones;  while  a  minor  third,  or  a  major  tone, 
and  a  diatonic  semitone,  is  3-15641  mean  semitones.  Hence  the 
principal  chord  of  a  key,  according  as  it  is  major  or  minor^  has  the 
following  intervals  from  the  key-note : — 

Major     8-86314,         7*01955 
Minor     S'1S641,         7-01055 

To  examine  any  particular  key,  take  out  the  numbers  from  the  pre- 
ceding table  opposite  to  the  notee  of  the  principal  chord  (adding  12  to 
make  the  octave  when  necessary) ;  subtract  the  number  of  the  key-note 
firom  each  of  the  other  two,  and  tJie  remainders  will  give  the  tempered 
intervals.  Compare  the  tempered  intervals  with  the  preceding  correct 
intervals,  and  the  amount  and  diroction  of  tiie  temperament  will  be 
seen.    For  instance : — 

Key  of  A  major. 

A  8*94135  C^S  12*90225  E^  15*92180 

8*94135  8*94135 


Tempered  intervals 
Perfect  interrals  . 

Temperaments 


.    3*96090 
.    3*86314 

.  -f*09776 


6*98045 
7*01955 

-.•03910 


Major  Key.    Temperament. 

Minor  Key. 

C,D,  G         (i-*059,  -'039) 

A,  B,  E         ( 

(«,Ftt,G»  (+*215,       0) 

A«,Dir,F     ( 

D»  (+-176,       0) 

c    ( 

E     (  +  *137,  -*039) 

CJt  ( 

F     (+*098.       0) 

D     ( 

A     (  +  -098,  -'039) 

n  ( 

A«  (+-137,       0) 

0     ( 

B     (+'176,  -*089) 

G«  ( 

and  +  means  sharper  than  perfect,  —  flatter  than  perfect.  We  might 
describe  this  chord  (keeping  three  decimals,  which  is  more  than 
sufficient)  as  having  a  temperament  expressed  by  the  following  symbol 
(+  '098  —  *089) ;  and  if  we  examine  all  the  keys  in  the  same  manner, 
we  shall  have  t^e  following  account  of  this  system  of  temperament. 
(A  person  who  is  used  to  the  subject,  and  to  calculation,  might  proceed 
more  shortly  by  considering  the  law  of  the  system,  but  the  beginner 
had  best  take  each  key  by  itself.  We  have  preserved  the  use  of  sharps 
only,  for  the  sake  of  symmetry.) 


(-*098,  -•039) 
(-*215,       0) 
(-•215,  — *089) 

(-'187,       0) 
(-•137,  -*039) 
(—•098,       0) 
(-•176,  -039) 
(-•176,       0) 

.  The  rules  for  the  verification  of  every  such  process  are  six  in 
number,  and  as  they  express  relations  which  may  be  made  of  signal 
use  in  searching  for  systems  of  temperament,  we  give  them  at  length. 
In  all  these  rules  it  is  supposed  that  the  fifths  and  minor  thirds  are 
tempered  flat,  the  major  thuxls  sharp,  and  that  the  signs  are  neglected. 

1.  The  sum  of  the  temperaments  of  aU  the  fifths  in  the  twelve  keys 
must  be  the  excess  of  twelve  fifths  above  seven  octaves,  or  -28460  of  a 
mean  semitone. 

2.  The  sum  of  the  temperaments  of  all  the  thirds  in  the  twelve 
major  keys  must  be  the  excess  of  the  octave  above  three  major  thirds 
taken  four  times,  or  1*64236  mean  semitones;  the  sum  of  the  tem- 
peraments of  the  thirdB  in  any  three  keys  whose  tonics  are  successive 
thirds  being  the  excess  above  mentioned,  or  '41059  of  a  mean 
semitone. 

3.  The  sum  of  the  temperaments  of  all  the  thirds  in  the  twelve 
minor  keys  is  three  times  the  excess  of  four  minor  thirds  over  an 
octave,  or  1-87695  mean  semitones;  the  sum  of  the  temperaments 
of  the  thirds  in  any  four  minor  keys  whose  tonics  are  successive  minor 
thirds  being  the  excess  above  mentioned,  or  -62565  of  a  mean  semi- 
tone. 

4.  The  temperament  of  the  third  in  any  major  kev,  increased  by 
the  temperaments  of  the  fifths  in  that  key  and  the  three  succeeding 
dominant  keys,  makes  a  comma,  or  '215063  of  a  mean  semitone.  The 
dominant  of  a  note  is  the  fifth  above  it ;  so  that  the  successive  domi- 
nant keys  of  o  major,  for  instance,  are  those  of  o,  D,  a.  Thus,  in  the 
above  system,  the  temperament  of  the  third  in  a$  major  is  -187,  and 
those  of  the  fifths  in  a](,  f,  o,  o,  are  0, 0,-089,  '039 :  put  these  together, 
and  we  have  *215,  a  comma,  as  asserted. 

5.  The  temperament  of  the  minor  third  in  any  key,  together  with 
the  temperaments  of  the  fifths  in  the  three  meceeding  subdomlnant 
keys,  make  a  comma,  or  -21506  of  a  mean  semitone.  The  subdomlnant 
of  a  note  is  the  fourth  above  it ;  so  that  the  successive  subdomlnant 
keys  of  c,  for  instance,  are  those  of  f,  Alt.  dK.  Thus,  in  the  above 
system,  the  temperament  of  the  third  in  a$  minor,  for  instance,  is 
'215,  and  the  temperaments  of  the  fifths  in  dS,  qU,  c8,  are  severally  0 : 
these  put  together  of  course  give  *215,  a  comma,  as  asserted. 

6.  The  temperament  of  the  flat  seventh  in  any  key  is  the  difference 
of  those  of  the  fifth  in  that  key  and  the  minor  third  in  ttie  dominant 
key. 

The  algebraist  may  easily  see  how  these  rules  are  deduced,  and  also 
that  they  are  all  which  can  be  obtained.  They  amount  altogether  to 
25  equations  of  condition ;  for  the  first,  fourth,  and  fifth  rules  contain 
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tbe  weoood,  tliird,  snd  sizth.  Now,  the  pitch  note  o^  l>6lng  giren, 
there  are  eleyen  notes  to  be  detennJned,  and  there  are  3  x  12  or  86 
equations  1)etween  the  Tslues  of  those  notes  and  the  temperaments  of 
the  m*jor  thirds,  mbior  thirds,  and  fifths.  Bnt  80  equations  between 
the  eleven  values  of  the  notes  should  give  25  equations  between  the 
Tallies  of  the  temperaments ;  and  these  25  equations  are  contained  in 
our  &Bt,  fourth,  Bad  fifth  rules. 

In  every  system  of  temfperament  whioh  deserves  the  name,  the  fiftbi 
must  be  flattened,  and  abo  the  minor  thirds ;  while  the  major  thirds 
must  be  sharpened.  In  any  other  case,  the  algebraist  might  use  the 
preceding  rules  by  considering  as  negative  the  temperament  of  a 
sharpened  fifth  or  minor  third,  or  of  a  flattened  third.  In  this  sense, 
these  rules  are  always  true,  from  the  instant  when  the  strings  of  the 
instrument  are  put  on,  and  throughout  its  existence  as  a  sounding 
body. 

It  is  now  easy  to  determine  the  temperaments  of  the  thirds,  major 
and  minor,  from  those  of  the  fifths.  From  a  comma  subtract  the  sum 
of  the  temperaments  of  the  fifths  in  any  one  key  and  the  three 
following  dominant  keys,  and  the  remainder  will  be  the  temperament 
of  the  major  third  in  that  key.  Again,  from  a  comma  subtract  the 
sum  of  the  temperaments  of  the  fifths  in  the  three  subdominant  keys 
following  any  given  key,  and  the  remainder  will  be  the  temperament 
of  the  minor  third  in  that  key.  Hence  we  may,  without  any  trouble, 
lay  down  at  pleasure  the  temperaments  of  the  fifths,  and  deduce  those 
of  the  thirds.  But  we  cannot,  from  the  temperaments  of  the  thirds, 
deduce  those  of  the  fifths.  It  must  be  remembered  that  a  succession 
of  fifths,  settmg  out  from  a  giren  note,  runs  through  every  note  of  the 
scale  before  it  reaches  that  note  again;  while  the  major  thirds  are 
brought  up,  so  to  speak,  by  tbe  original  note,  in  three  suoeeauonsy  and 
the  minor  thirds  in  four.  There  are  then  four  distinct  pareels  of 
major  thirds,  and  three  of  minor  ones,  so  that  it  is  imposstble  to  pass 
out  of  one  into  another  by  thirds  alone.  It  would  be  possible  to  tern* 
per  a/Z  the  major  thirds  equallv,  and  yet  to  retain  an  unlimsted  number 
of  modes  of  tempering  the  fif  tns,  depending  upon  the  manner  in  which 
one  system  of  thirds  is  joined  on  to  the  others ',  and  the  same  of  the 
minor  thirds. 

We  have,  from  the  scale, shown  how  to  construct  the  temperaments: 
we  now  take  the  inverse  question,  namely,  from  the  temperaments  to 
construct  the  scale.  Let  the  sharps  be  denoted  by  aooents  placed 
above  the  letters :  thus  a'  represents  aS,  and  so  on.  Let  the  tempera- 
ments ol  the  fifths,  in  the  several  keys,  be  denoted  by  the  small  letters : 
thus  a  represents  the  temperament  of  the  fifth  in  the  key  of  a,  or  is 
the  portion  of  a  mean  semitone  by  which  the  interval  from  a  to  s  falls 
short  of  a  perfect  fifth.  And,  for  abbreviation,  let  simple  commas 
denote  addition  :  thus  a,  h  may  mean  a  +  6.  Also  let  the  notes  them- 
selves be  descriptive  of  their  intervals  from  c :  thus  c  means  0 ;  o' 
means  the  interval  between  oS  and  o :  we  have,  then^  y  meaning  the 
number  of  mean  semitones  in  a  perfect  fifths  ' 


peraments  of  the  thMs,  major  and  mdnor,  from  the  fourth  und  &Hh 
rules,  we  may  exhibit  the  temperomeDts  of  all  tho  kfiys,  as  ioUowm : — 


Ksjr. 

C 
O 

D 
A 

£ 

B 


TempersmenW 


Key. 


T«n|ierameiit. 


.. 

.     + 

^ 

— 

+ 

•186 

•166 

-OOA 

F« 

•108 

•101 

•147 

•010 

ot 

•127 

•186 

•127 

•015 

G» 

•147 

•171 

-108 

•020 

DJt 

•166 

•U6 

•008 

•024 

H 

•176 

•1« 

•008 

•020 

F 

•176 

-0S4 
•029 
-024 
-020 
-•15 

•aio 


The  three  columns  contain  the  ten^raments  of  the  mmor  tlnrd^ 
major  third,  and  fifth«  The  effects  of  modulation  into  adjaoent  kejs 
ore  everywhere  very  small,  nowhere  amountang  to  more  than  aboot 
the  tentn  of  a  eomma,  in  alteration  of  temperament ;  while  tbe  fifth* 
are  in  different  keys  so  differently  tempered,  that  in  c  that  interval 
may  be  coUed  perfect }  while  in  f|  there  is  nsirlv  twice  as  much  tetn- 
perament  as  hi  the  equal  semitone  systeUL  There  is  then  variety 
without  sudden  clumge.  In  the  system  of  equal  semitones,  the  tem- 
psnments  of  the  maior  third,  major  third,  and  fifth,  are  always 

-  -IW,  +  -137,  -  -020. 

Now,  to  form  the  scale  in  this  qrstem.  Proceedmg  bj  the  tahle 
given  above^  of  which  we  take  a  few  steps  as  an  example,  we ' 

c  =  0*000000 
T  «  7-019550 


7-019560 
e=sm«    -004888 

A  »  7-014662 
V  «  7-019550 


•  = 


2-034212* 
2i»-    -009776 


D  »  2-024437i  ftc. 


c  =       0 

o  =        V  — tf 

D=    2V-12  — <j,^ 

A  =    8  V  —  12  — c,«7,<l 

E  =    4  V  —  24  —  c,  ^,  rf,  o 

D  =    6  V  —  24  —  c,  flr,  d,  o, « 

i'  =    6  V  —  86  -  tf,  5r,  rf,  a,  e,  5 

c/=    7  V  — 48  —  c,^,  rf,  tf, «,  6,/' 

a'  =    8  V  —  48  -  c,  gr,  rf,  a,  «,  &,/',  cf 

D'=    &v-«0-c,^,rf,a,f,  6,/',c',/ 

a'  =  10  V  -  60  -  <r,  g,  d,  a,  e,  5,/',  c',  <jr',  d' 

F  =  11  V  —  72  —  c,g,  d,  a,e,  6,/',  c',^',  rf',  a' 

That  is,  the  interval  from  c  to  b,  for  example,  is  found  by  deducting 
from  the  excess  of  five  perfect  fifths  above  two  octaves  the  sum  of  the 
temperaments  of  the  fifths  in  the  keys  of  c,  a,  d,  a,  and  E.  Towards 
the  end,  in  isolated  questions,  trouble  will  be  saved  by  remembering 
that  the  sum  of  all  the  temperaments  of  the  fifths  is  '2346  of  a  mean 
semitone,  and  that  we  thus  have — 

e,  g,  d,  a, «?,  6,  /',  c',  g*,  d\  a',  =  -2846  -  / 

tf,  9,  d,  a,  e,  6,  /',  c',  /,  d',      ^  -2346  -  /,  o^,  &o. 

We  shall  now  take  an  example  of  this,  and  our  instance  shall  be  the 
proposal  of  a  system  of  temperament  which  we  should  like  much  to 
see  tried.  We  are  for  variety  in  the  several  keys,  and  ag;iinst  equal 
temperament ;  but  we  do  not  like  variety  without  law.  We  do  not 
like,  for  example,  to  find  the  greatest  temperament  in  one  key,  and 
the  least  in  an  sdjaeent  key,  as  that  of  the  dominant  or  subdominant. 
Suppose,  then,  we  ask  what  can  be  done  towards  on  ascending  and 
descending  temperament,  which,  proceeding,  ssy  from  the  key  of  o, 
shall  incresse  through  the  keys  of  c,  o,  D,  a,  k,  b,  and  diminiBh  through 
those  of  f',  o',  q',  jy,  a',  f.  And,  as  a  first  step,  let  the  increments 
and  decrements  of  the  temperaments  of  the  fifths  be  equal,  or  lete=a», 
9»2m,  d=3si,aB4m,0=3  5m,  5=6m,/'=7;n,  c'=0i»,/=5i»,«i'=4»», 
a'  =  dm,/=2si.  Here,  as  for  as  the  fifths  are  concerned,  the  effeet  of 
modulation  into  the  dominant  or  subdominant  keys  is  the  same  every- 
where, as  mueh  as  in  equal  temperament  And,  from  the  first  rule, 
we  have  48m-s-2346,  or  m= '0048875,  and  the  greatest  temperament 
of  a  fifth  is  seven  times  this,  or  -084.    Now,  if  we  compute  the  tern- 


Proceeding  in  this  way,  we  find  for  the  intervals  of  the  oeveral  semi- 
tonos  from  the  key-note,  expressed  in  mean  semitones,  the  following 
table .— 


c 

0^000 

S 

4^029 

01 

Gl 

>     l^OOO 

F 

4-890 

▲ 

D 

2-024 

F« 

6-015 

AS 

Df 

2'08S 

G 

7*018 

B 

7-990 

0*f20 

0085 

11 'OM 

To  carry  this  or  any  other  system  strictly  into  practice  without 
comparisons  with  the  monochord,  or  the  use  of  beats,  presently  de- 
scribed, would  be  impossible ;  but  the  following  might  be  suggested  as 
an  approximation.  In  tuniiw  by  fifths,  let  the  intervals  c  o  and  f  c  be 
made  perfect,  or  all  but  perfect ;  let  there  be  greater  temperament  in 
G  D,  D  A,  and  oS  a9,  aS  f  ;  and  most  of  all,  decidedly,  in  the  remaining 
intervals. 

The  system  of  temperament  is  sometimes  described  by  giving  the 
number  of  vibrations  made  by  the  several  semitones,  or  numbers  pro- 
portional to  theuL  It  is  easy  enough  to  deduce  the  number  of  mean 
semitones  in  each  hiterval  from  such  data,  either  by  the  common  tables 
of  logarithms,  or  by  that  given  in  Scale. 

First,  by  the  common  table  of  logarithms.  From  the  logarithm  of 
the  number  answering  to  the  higher  note,  subtract  that  answering  to 
the  lower ;  from  the  result  take  its  three-hundredth  part,  and  multiply 
the  remainder  by  40.  The  product  is  the  number  of  mean  semitones 
in  the  interval,  with  an  excess  of  very  little  more  than  the  thousandth 
of  a  mean  semitone  in  an  octave.  For  example,  to  find  the  intervals, 
in  mean  semitones,  of  a  fifth  and  of  a  comma ;  in  the  former  of  which 
the  lower  note  makes  two  vibrations  while  the  higher  makes  three,  and 
in  the  latter  80,  while  the  higher  makes  81 : — 


For  the  Fifth. 

log.  8  ='47712 
log.  2  ==  '30103 

For  the  Comma. 

log.  81  =  1-90849 
log.  80  =  1-90809 

800)  '17609 
•00059 

300)    -03540 
•00002 

•17550 
40 

•00588 
40 

EeBult  7'02 
More  exactly  7'01955 

Error  000045 

llesult    '2152 
More  exactly    -2151 

Brnnr    '0001 

Next,  bv  the  table  in  Soali.  If  the  numbers  be  in  the  table, 
simply  subtract  the  logarithm  of  the  lower  number  from  that  of 
the  higher,  and  the  result  is  the  answer  required,  within  about  the 
hundr^th  of  a  mean  semitone.  But  if  the  numbers  be  not  in  the 
table,  divide  both  by  any  number  which  will  bring  them  within  the 
table,  ocourately  or  ^i^oximotely,  and  then  subtract  as  before :  inter- 

*  Throw  oat  the  twelves  as  fisst  as  the^  arise. 
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polation  may  of  course  be  employed,  but  if  the  skill  U  ihB  computer 
do  not  reacti  so  far,  )ie  must  be  content  with  a  less  aoourate  result, 
or  must  uae  the  common  table,  in  the  manner  just  explained.  For 
instancse,  one  note  makes  4622  vibrations,  while  another  makes  5033 ; 
required  the  intoral  between  them.  Divide  both  by  SO,  which  gives 
154*1  and  167 '8 ;  if  without  interpolation,  say  Ui  and  168.  Opposite 
to  168  is  88*70,  and  opposite  to  154  is  87'20,  differing  by  1*5,  or  a 
mean  semitone  and  a  hslf.  The  interpolated  logarithms  are  88*68  and 
87*21  y  differing  by  1*47.  The  more  aoourate  result  of  the  former  rule 
ia  1-4752. 

The  tuning  of  a  piano-forte  is  generally  done  by  ear,  but  in  that  of 
an  organ  recourse  is  had,  though  not  verv  often,  to  the  beats  which 
imperfect  consonances  always  give.    In  the  temperamMxt  of  this  last- 
named  king  of  instruments,  less  liberty  is  allowable  than  in  that  of  the 
stringed  instruments ;  for  sot  only  do  the  beats  become  unpleasantly 
frequent  when  a  consonance  is  too  imperfect,  but  the  imperfection  of 
the  consonance  itself  is  more  perceptible  when  notes  are  held,  sa  in  the 
organ,  than  when  they  die  rapidly  away,  as  in  the  piano-forte.    Theee 
beats  are  described  in  Acoustics,  and  when  the  lowor  note  is  known, 
and  also  its  number  of  vibrations,  the  mimber  of  beats  which  are  made 
in  a  given  time,  as  ten  seconds,  a  minute,  or  any  other  which  is  con- 
venient, can  be  calculated  from  the  known  imperfection  of  the  con- 
sonance, and  the  number  of  vibrations  of  the  lower  note.    Theoretically 
speaking,  it  makes  some  little  difference  whether  the  oonsonance  be 
tempered  ^arp  or  flat,  but  not  to  an  extent  which  it  is  worth  while  to 
consider.     The  rule  for  determining  the  beats  ii  as  follows :  let  the 
lower  note  of  the  (perfect)  consonance  make  n  vibrations,  while  the 
upper  note  makes  m,  the  fraction  m-r-n  being  in  its  lowest  terms,  and 
let  N  and  k  be  the  actual  numbers  of  vibrations  in  the  lower  and  higher 
notes,  x>^r  second:  then  mv=nu.    Let  ft  be  the  fraction  of  a  mean 
semitone  by  which  the  consonance  is  tempered ;  thm  the  number  of 
beats  in  a  minute  is  found  by  taking  the  fraction  /i  of  the  prodaction 
WIN  or  MM,  multiplying  by  1100  and  dividing  by  320,  or  by  4,  8,  and 
10.     The  algebraical  formula  is 


1109  1109  /1109 

"820  f^^^  ^  "320  '***'  Vm 


s  8'4«50 


) 


For  example,  let  the  note  o^  make  512  vibrations ;  it  is  required  to 
find  the  number  of  beats  per  minute  in  the  consonance  c^a',  when  tem- 
pered as  in  the  system  of  mean  semitones.  Here  ns=512,  msS, 
mv  =  1536.  The  perfect  fifth  is  7*01955  mean  semitones,  whence  the  frac- 
Uon  ft  is  '01955,  since  the  tempered  fifth  has  seven  semitones  exactly. 
Multiply  -01955  by  1536,  which  gives  30*0288 ;  multiplv  by  1109  and 
divide  by  320,  which  gives  104*07  (sajr  104)  beats  in  a  minute. 

Tables  for  facilitating  the  oalculatioos  might  easily  be  made,  but  it 
is  hardly  worth  while  to  insert  them  here.    Theee  beats  are  usually, 
we  believe,  simply  counted  with  a  watch,  but  it  would  be  both  conve- 
nient and  exact  to  have  some  such  machine  as  Dr.  Smith  recommended, 
a  pendulum  which  could  be  easily  altered  in  vibration,  and  first  ad- 
justed to  move  exactly  with  the  beats ;  the  pendulum  mi^t  then  be 
subsequently  compared  with  the  watch.    Without  such  a  contrivance 
it  is  very  difficult  to  tune  the  jnano-forte  by  beats,  since  they  do  not 
last  long  enough  in  sufficient  intensity ;  with  it  the  last-named  instru- 
ment might  easily  be  tuned  on  any  system  of  temperament ;  and  those 
who  practise  the  art  would  have  the  advantage  of  hearing  different 
systems,  knowing  at  the  same  time  what  those  systems  are.    At  pre- 
sent the  few  organ-builders  who  use  beats  are  the  only  tuners  who 
make  any  wpproiydk  to  science :  all  the  rest  judge  only  by  the  ear, 
which  may  vaiy  from  time  to  time,  or  even  with  the  state  of  the  body, 
or  the  weather.    We  have  many  reasons  for  thinking  that  the  ear 
alone  is  a  variable  judge  in  so  nice  a  matter  as  temperament. 

Persons  desirous  of  information  on  this  subject  may  consult  Jousse 
'  On  Temperament,'  London,  1832 ;  Hamilton,  '  Introduction  to  the 
Art  of  Tuning'  (no  date);  Stanhope,  'Principles  of  Tuning,'  1806; 
Marsh, '  Theonr  of  Harmonics/  1809 ;  Woolhouse, '  On  Husiad  Inter- 
vals,' 1835;    Sir  J.  Herachel,   'On    Sound'   (Encydop,  MOropoL); 
Young's  'Lectures,'  voL  i,  cap.  33;   Smith,  'On  Humonics,'  firat 
edition,  1749 ;  second  edition,  1759.    This  work  of  Dr.  Smith  is  most 
difficult  and  confused,  but  is  still  the  most  extensive  separate  treatLse 
on  the  subject;  that  of  Mr.  Woolhouse  is  sufficient,  and  much  more 
intelligiUe.    On  the  subject  of  beats,  and  on  several  proposals  as  to 
temperament,  see  a  paper  by  Professor  De  Morgan, '  On  the  Beats  of 
Imperfect  Consonances '  {Oamb,  PhiL  Tran*.,  voL  x.,  part  L). 
TEMPERATURE.    [Atmosphere;  Climate;  Ibothebmal  Lqtbb.] 
TEMPERATURE  OF  THE  SEA.    [Sea.] 
TEMPERATURE,  TERRESTRIAL,  DISTRIBUTION  OP.   [Tee- 

BI8TRTAL  TeMPSRATUBB.] 

TEMPERINQ  OF  STEEL.  fSTEELMANUFACTORE;  Cutleet.] 
TEMPLARS,  KNIGHTS  TEMPLARS,  or  KNIQHTS  OF  THE 
TEMPLE,  are  the  popular  designations  for  the  Brethren  of  the  Temple 
of  Solomon  at  Jerusalem,  also  called  the  Soldiery  of  the  Temple 
(Militia  2'empU)  and  the  Soldiers  of  Christ  The  three  great  religious 
military  Orders,  the  Knights  of  the  Hospital  of  St.  John  of  Jerusalem 
(commonly  called  the  Knights  HospitjUlers),  the  Templars,  and  Uie 
Teutonic  Knights  of  St.  Mary  of  Jerusalem  (or  German  Knights  of  the 
Cross),  aU  originated  in  the  12th  century ;  the  two  former  towards  its 
commencement,  during  the  first  crusade,  the  last  not  tiU  near  ita  close. 


Tlie  founders  of  the  Order  of  the  Templars,  which  is  held  to  date  from 
the  year  1118  or  U19,  were  nine  knights,  all  French,  of  whom  the  two 
chief  were  Hugues  de  Payens  (or  de  Paganes)  and  Geoffi^i  de  St  Omer 
(or  St  Ademai').  One  account  makes  all  the  mne  to  have  been  pre* 
viously  members  of  the  Order  of  St  John ;  but  it  is  at  least  doubtful 
if  this  were  the  case.  At  all  events,  the  Hospitallers  were  not  yet  a 
military  order;  their  distii^ushing  professioi^  was  to  entertain  pil- 
grims and  ^  attend  the  sick  and  wounded :  the  idea  of  adding  to  the 
three  common  vows  of  chastity,  poverty,  and  obedience,  an  engagement 
to  fight  against  the  Infidels,  appears  to  have  been  first  pi|t  in  practice 
by  De  Payens  and  his  brethren.  Up  to  this  time,  when  a  knight  « 
entered  the  society  of  the  Hospitallers,  he  seems  to  have  hud  aside  hie 
arms.  Nor  probably  did  the  nine  knights  forming  the  new  association 
at  first  contemplate  either  the  extensively  military  character  which 
their  order  eventually  assumed,  or  even  the  establishment  of  an  order 
which  should  extend  and  perpetuate  itself.  Their  original  vow  was 
simply  to  maintain  free  passage  for  the  pilgrims  who  should  visit  the 
Holy  Land ;  and  they  did  not  proceed  to  add  to  their  number  till  six 
or  seven  years  after  their  association.  In  another  respect,  also,  their 
early  condition  and  pretensions  were  remarkably  contrasted  with  their 
subsequent  state ;  for  at  this  time  they  made  the  greatest  show  of 
poverty,  even  De  Payens,  who  was  styled  Master,  and  his  friend 
De  St  Omer,  keeping  only  one  horse  between  them,  a  circumstance 
commemorated  in  the  seal  of  the  order,  which  represents  two  armed 
knights  mounted  one  behind  the  other  on  the  same  horse.  Indeed, 
the  name  which  they  took,  and  by  which  they  were  commonly  known, 
was  the  Pauper  Soldiers  (Paupera  Commililana)  of  the  Temple  of 
Solomon ;  and  they  professed  to  have  no  source  of  subsistence  but  the 
alms  of  the  faithful.  The  king  of  Jerusalem,  Baldwin  II.,  gave  them 
their  first  place  of  residence — a  part  of  his  palace ;  to  which  the  abbot 
and  canons  of  the  <^urch  and  convent  of  the  Temple,  which  stood 
adjoining,  added  another  building  for  keeping  their  arms,  whence  they 
acquired  the  name  of  Templars. 

The  new  principle  of  their  association,  however,  immediately  drew 
general  attention ;  so  much  so,  that  in  1120  the  Hospitallers  got  their 
order  remodelled  by  Pope  Calixtus  II.  on  the  same  principle.  The 
first  regular  embodying  of  the  Templars  was  by  Honorius  II.,  who  in 
1128  confirmed  a  rule  for  them  which  had  been  drawn  up  and  decreed 
that  same  year  by  the  Council  of  Troyes,  on  the  requisition  of  Hugues 
de  Payens  and  several  of  hU  brethren.  Honorius  at  the  same  time,  to 
diatioguiah  them  from  the  Hospitallers,  who  were  arrayed  in  a  black 
mantle,  assigned  the  brethren  of  the  new  order  a  white  mantle  for 
their  peculiar  dress,  which  they  wore  plain  till  Eugenius  III.,  in  1146, 
appointed  them  to  wear  a  red  cross  on  the  left  breast,  in  imitation  of 
the  white  cross  worn  by  the  Hospitallers.  This  bloody  cross  was  also 
borne  upon  their  banner,  which  was  formed  of  cloth  striped  black  and 
white ;  whence  it  was  called  Baiueant,  an  old  French  term  applied  to 
a  horse  marked  with  theee  colours.  This  word  consequently  became 
the  famous  war-ciy  of  the  Temple  chivalry. 

The  new  order  speedily  rose  into  consideration.  Members  of  the 
noblest  families  in  every  nation  of  Christendom  eagerly  sought  to  be 
joined  to  it ;  legacies  and  donations  in  lands  and  money  were  showered 
upon  it  by  persons  of  all  ranks ;  and  in  course  of  time  it  acquired  ample 
poesesd.ons  in  nearly  every  country  of  Europe.  At  the  bead  of  the 
order  waa  the  Maater,  or  Grand  MsMer  (Magitter,  or  Magnxu  Magister), 
who  was,  however,  not  only  elected  by  the  Chapter,  or  general  body  of 
the  Knights,  but  veiy  much  controlled  by  that  body>  The  Grand 
Master  had  immediately  under  him  his  Seneschal,  or  lieutenant,  and 
other  high  officers  were  the  Marshal,  the  Treasurer,  tc.  The  several 
countries  in  Asia  and  Europe  in  which  the  oixler  had  possessions  were 
denominated  Provinces ;  and  each  of  them  was  presided  over  by  a 
rttddent  chief,  called,  indifferently,  a  Grand  Prior,  Grand  Preceptor,  or 
Provincial  Master.  Under  the  provincial  masters  were  the  Priors, 
otherwise  called  Bailiffii,  or  Masters,  who  had  charge  each  of  one  of  the  ^ 
districts  into  which  Uu)  province  was  divided;  and,  finally,  under  the 
priors  were  the  Preceptors,  each  of  whom  presided  over  a  single  house 
of  the  order  (or  sometimes  over  two  or  three  adjoining  houses  which 
were  considenKi  as  one  establishment),  hence  called  a  Preceptory.  The 
head  province  was  that  of  Jerusalem ;  the  a&irs  of  the  order,  in  fact, 
were  for  the  most  part  directed  by  the  chapter  of  this  province,  which 
was  invested  by  the  constitution  with  all  the  powers  of  a  general 
chapter  at  all  times  when  such  a  chapter  was  not  assembled.  The 
Grand  Prior  of  Jerusalem  wae  ex-officio  treasurer  of  the  order ;  and 
in  this  province  the  Grand  Master  resided  so  long  as  the  Christiai^ 
retained  any  footing  in  the  country ;  and  on  the  fall  of  Acre,  and  the 
final  extinction  of  the  Latm  power  in  Palestine,  in  1192,  the  KjMghta 
took  refuge  in  the  town  of  Limisso  (otherwise  called  limasol)  in 
Qyprus.  The  other  provinces  in  the  East  were  Tripolis  ^nd  Antioch ; 
to  which  Cyprus,  till  then  included  in  one  of  these,  wi^  added  after 
that  island  be<»sme  the  head-quarters  of  the  order.  The  western  pro- 
vinces were  Portugal,  Castile  and  Leon,  Aragon,  France  and  Auvergne, 
Normandy,  AquitJM.ne  or  Poitou,  Provence,  England  (in  which  Scotland 
and  Ireland  were  included),  Germany,  Upper  and  Central  Italy,  Apulia, 
and  Sicily. 

For  some  time  after  its  institution,  the  Order  of  the  Templars  con- 
sisted exclusively  of  laymen;  but  in  the  year  1162,  the  famous  bull 
entitled  '  Omne  Datum  Optimum,'  issued  by  Pope  Alexander  III,, 
among  other  important  privileges  which  it  bestowed  upon  the  order 
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permitted  it  to  receive  as  members  an  j  spiritiuil  persons  who  were  not 
bound  by  previous  vows.  These  spiritual  members  were  called  Chap- 
liuns.  They  did  not  fight,  nor  take  the  military  vow ;  but,  in  lieu  of 
that  duty,  uiey  not  only  celebrated  mass  and  other  religious  offices  in 
the  houses  of  the  order,  but  usually  also  acted  as  secretaries  to  the 
chapter.  Alexander's  bull  also  allowed  the'  order  to  have  its  own 
bunal-grounds ;  released  it  from  all  spiritual  obedience,  except  only  to 
the  holy  see ;  freed  it  from  the  payment  of  tithes,  and  even  authorised 
it  to  receive  them  if  the  bishop  gave  his  consent ;  and  prohibited  any 
one  who  had  once  become  a  Templar  from  ever  leaving  the  order  imless 
t  to  enter  into  a  stricter  one. 

At  a  date  a  little  later  the  society  still  farther  extended  its  scheme 
and  its  influence,  by  admitting  as  members  many  persons  who  were 
not  knights  or  of  noble  birth,  but  who  were  desirous  of  participating 
in  the  advantages  of  belonging  to  so  powerful  a  body,  on  condition  of 
acting  as  the  squires  and  servants  of  the  knights.  These  were  styled 
Serving  Brethren ;  and  in  this  class  were  sometimes  found  individuals 
both  of  great  wealth  and  eminent  station,  though  not  of  high  birth  or 
knightly  rank.  The  serving-brethren,  however,  could  not  be  pre- 
ceptors, or  hold  any  of  the  higher  offices  in  the  order.  Latterly,  tiiey 
were  divided  into  two  classes — those  of  arms  and  those  of  trades ;  the 
former  attending  the  knights  to  the  field  as  esquires ;  the  latter  exer- 
cising various  handicrafts  in  the  houses  or  on  the  lands  belonging  to 
the  Older.  The  order  also  associated  to  itself  many  persons  under  the 
name  of  Affiliated  Members,  who  took  no  vows,  assumed  no  peculiar 
dress,  nor  became  subject  to  any  duties  or  services ;  but,  continuing  to 
pursue  their  ordinary  secular  occupations,  merely  purchased  enrolment 
in  the  ranks  of  the  powerful  and  highly-privileged  soldiery  of  the 
Temple  for  the  sake  of  the  protection  and  other  advantages,  both  tem* 
poral  and  spiritual,  which  even  such  a  mere  nominal  membership 
ensured.  The  affiliated  comprehended  women  as  well  as  men. 
Finally,  there  were  the  Donati  and  the  Oblati,  consisting  of  children 
dedicated  to  the  order  by  their  parents  or  other  relations ;  and  also 
of  persons  of  all  ranks,  both  laity  and  clergy,  who,  without  entering 
the  order,  pledged  themselves  to  stand  by  it»  and  to  maintain  ii 
rights. 

The  history  of  the  Knights  Templars  would  embrace  the  history  of 
the  wars  of  the  Christians  against  the  Infidels  in  the  East  for  all  the 
time  they  lasted  after  the  establishment  of  the  order.  For  more  than 
a  hundfed  and  seventy  years  the  soldiers  of  the  Temple  formed  the 
most  renowned  portion  of  the  Christian  troops,  and  almost  every 
encounter  with  the  enemy  bore  testimony  to  their  unequalled  prowess 
and  daring.  But  it  may  nevertheless  be  questioned  whether  the 
establishment  of  this  and  the  other  religious  military  orders  proved 
advantageous  to  the  attempt  so  perseveringly  made  to  wrest  the  Holy 
Itand  from  the  dominion  of  the  Infidels.  The  Templars  and  Hospi- 
tallers probably  damaged  and  weakened  the  cause  for  which  they 
fouf^t,  as  much  hy  their  rivalry,  jealousies,  and  frequently  open  con- 
tention, as  they  aided  it  bv  their  valour.  Then,  the  inmiense  wealth 
and  worldly  power  which  the  Templars  in  particular  speedily  acquired, 
altogether  changed  the  original  character  and  spirit  of  Uieir  institution 
long  before  it  was  half  a  centmy  old.  Within  thirty  or  forty  years 
from  the  origin  of  the  order,  two  at  least  of  the  four  vows  wluch  the 
members  still  continued  to  take  had  become  a  mockery  and  a  profana- 
tion ;  instead  of  poverty  and  chastity,  they  were  aheady  distinguished 
by  their  pomp  and  pride,  and  the  general  luxury  and  licentiousness  of 
their  lives.  But  the  vast  material  forces  of  the  association,  the  extent 
to  which  it  had  projected  its  ramifications  in  all  directions,  and  its 
other  elements  of  strength,  might  have  long  withstood  the  principle  of 
corruption  thus  at  work  within  it,  if  it  had  not  drawn  upon  itseU  an 
assault  from  without  by  which  it  could  not  fail  to  be  overpowered. 

The  destroyer  of  the  Templara  was  the  resolute  and  vindictive 
Philip  IV .  of  France.  Philip,  who  came  to  the  throne  in  1 285,  at  the 
age  of  seventeen,  was  the  enemy  of  the  church  by  education,  by 
temper,  and  by  cuicumstances.  He  had  already  proceeded  to  extremi- 
ties in  a  quarrel  with  Pope  Boniface  VIII.,  which  was  terminated  only 
with  the  life  of  that  pontiff.  His  successor,  Benedict  XL,  ia  supposed 
to  have  been  poisoned  at  the  instigation  of  Philip.  Benedict  was  suc- 
ceeded by  Clement  V.,  who  is  believed  to  have  purchased  his  elevation 
from  Pbalip  on  condition,  among  other  compliances,  of  co-operating 
with  him  in  the  destruction  of  the  Templars.  This  was  in  1805.  In 
1806,  Jaques  de  Molay,  the  Master  of  the  Temple,  was  drawn  to  Europe 
by  a  summons  from  the  pope,  who  professed  a  desire  to  consult  with 
him  on  the  expediency  of  a  union  of  the  two  orders  of  the  Templars 
and  the  Hospitallers.  The  following  year,  while  Molay  was  at  Paris, 
the  first  distinct  accusations  against  the  Templars  were  made  by  two 
individuals  lying  in  orison  under  sentence  of  death ;  Squin  de  Flexian, 
who  had  formerly  been  a  member  of  the  order  and  prior  of  Mont- 
£aucon,  but  had  been  ejected  for  heresy  and  other  offences,  and  a 
Florentine  called  Noffo  Dei,  also,  according  to  one  account,  a  degraded 
Templar,  by  genend  admission  a  person  of  the  worst  character.  They 
made  their  revelations  to  Philip  himself,  and  were  immediately  libe- 
rated from  prison.  Their  charges,  imputing  to  the  order  the  systematic 
practice  and  encouragement  of  all  sorts  of  secret  immoralities,  as  well 
as  the  strangest  confusion  of  heresy,  idolatry,  and  infidelity,  are  far  too 
absurd  for  examination.  Very  soon  after  this,  on  the  12th  of  Septem- 
ber, 1807,  royal  letters  were  issued,  sealed,  to  all  the  governors  of 
towns  and  other  officers  of  the  crown  in  «utiiority  throughout  the 


kingdom,  and  transmitted  along  with  orders  to  them  to  arm  themselves 
and  the  persons  under  their  command  on  that  day  month,  and  then  vi 
open  the  letters  in  the  night,  and  to  act  as  they  should  find  themaeJves 
therein  directed.  The  result  was,  that  the  next  dav  (Oct.  13)  nearly 
all  the  Templars  in  France,  De  Molay  included,  were  m  custody.  Tlieir 
houses  and  goods  were  also  everywhere  seised ;  the  vast  stronghold 
of  the  Temple  at  Paris,  the  chief  seat  of  the  order  in  that  kingdom, 
was  entered  and  taken  possession  of  by  Philip  himself. 

An  act  of  accusation  was  f orthwitn  published ;  and  Philip  at  the 
same  time  wrote  to  the  pope,  and  also  to  the  king  of  Englaiid,  inti- 
mating what  he  had  done,  and  calling  upon  them  to  second   him. 
Edwaid  II.,  on  receiving  letters  from  Clement,  yielded,  and  the  Bng^Uafa 
Templars  were  seized  and  thrown  into  confinement  about  the  end  of 
December.    Meanwhile,  the  examinations  had  been  goiiig  on  in  Fiance 
under  the  direction  of  the  king's  confessor,  Imbert,  a  Dominican  pri^^ 
and,  as  such,  the  inveterate  enemy  of  the  coder  of  the  Templars.     Con- 
fessions, in  many  cases  incredible  from  their  inherent  absurdity,  were 
extracted  from  many  of  the  kni^j^ts  at  Paris  and  elsewhere  by  the 
most  savage  tortures.    This  went  on  for  many  months.    In  August, 
1808,  Clement,  whose  person  Philip  had  now  contrived  to  g^t  com- 
pletely into  his  power,  issued  a  bull,  calling  upon  all  Christian  princes 
and  prelates  to  aid  him  in  examining  into  the  guilt  of  the  order ;  and 
about  the  same  time  his  holiness  appointed  a  conomiasion,  consisting  of 
the  archbishop  of  Narbonne  and  other  prelates  and  dignitaries  of  the 
church,  to  meet  at  Paris  to  try  the  case.    This  comnusaion,  however, 
did  not  conmienoe  its  sittings  till  the  7th  of  August,  1309.     A  few 
months  later,  examinations  under  judges,  deputed  or  nominated  by  the 
pope,  commenced  in  England  and  other  countries.    Altogether  many 
hundreds  of  knights  were  examined  by  these  commissions  during  the 
years  1309, 1310,  and  1311 ;  but  it  was  only  in  France,  where  torture 
was  made  use  of,  that  any  admissions  were  obtained  of  the  crimes  hud 
to  the  charge  of  the  order,  except  such  as  were  manifestly  unworthy 
of  regard.    Even  the  Paris  commission,  however,  did  not  satisfy  the 
imjMitience  of  Philip :  on  its  requisition  a  great  number  of  knights 
stood  forward  to  defend  the  order,  among  whom  were  several  of  thoee 
who  had  confessed  and  afterwards  retracted.    Philip,  having  forced 
the  pope  to  nominate  Philip  de  Marigni,  bishop  of  Cambray,  the 
brother  of  Enguerrand  de  Marigni,  his  prime  minister,  to  the  arch- 
bishopric of  Sens,  which  had  just  become  vacant,  and  then  included 
the  diocese  of  Paris,  got  the  new  archbishop  to  convoke  his  provincial 
council  in  the  capital,  on  Sunday,  the  lOtn  of  May,  1810 ;  and  this 
body,  on  the  Wednesday  morning  following;  had  fifty-four  of  the 
defenders  of  the  order,  who  had  formerly  made  confession,  brought  out 
as  "  relapsed  heretics  "  to  a  field  behind  the  abbey  of  St  Antoine,  and 
there  committed  to  the  flames.    They  all  died  asserting  their  inno- 
cence and  that  of  the  order.    These  proceedings  and  others  of  a  like 
kind  in  the  provinces  of  Rheims  and  Sens,  put  a  stop  to  the  attempt 
at  defending  the  order :  the  rest  of  the  knights  who  had  tmdertaken 
this  task  now  all  declared  their  renouncement  of  it.    Meanwhile,  a 
general  council  met  by  order  of  Clement  at  Vienne,  October  13, 131 1, 
but  it  was  not  found  so  compliant  as  Philip  and  the  pope  had  expected ; 
and  Clement,  having  put  an  end  to  the  session,  assembled  the  cardinals 
and  a  few  other  prelates  upon  whom  he  could  depend,  in  a  secret  con- 
sistory, and  abolished  the  order  by  his  own  authority,  on  the  22nd  of 
March,  1312.    The  bull  of  abolition  was  formally  published  on  the 
2nd  of  May  following.    On  the  18th  of  March,  1314,  Molay,  the  grand 
master,  and  Guy,  commander  or  grand  prior  of  Normandy,  who  had 
all  this  while  remained  in  prison  at  Paris,  were  brought  before  the 
archbishop  of  Sens,  condemned  to  death,  and  burned  on  one  of  the 
small  islands  in  the  Seine,  about  the  spot  where  the  statue  of  Henry  IV. 
is  now  erected  on  the  Pont  Neuf. 

After  all,  Clement  and  Philip,  the  fonner  of  whom  died  suddenly 
about  a  month,  and  the  latter,  of  a  fall  from  his  horse,  within  a  year 
after  the  martyrdom  of  De  Molay,  were  able  to  secure  to  themselves 
only  a  small  portion  of  the  plunder  which  they  had  probably  hopetl  for. 
The  king  of  France  seized  and  kept,  or  divided  with  his  confederate, 
the  moveable  property  of  the  Templars  in  that  country ;  but  there, 
and  also  in  England,  and  throughout  the  rest  of  Europe,  with  the 
exception  of  Spain  and  Portugal,  it  was  found  necessary  to  transfer 
their  landed  possessions  to  the  Hospitallers,  or  Knights  of  St  John 
(at  this  time  commonly  known,  from  the  place  where  they  had  fixed 
their  head  residence,  as  the  Knights  of  Rhodes).  In  Spain,  the  lands 
of  the  Templars  were  bestowed  upon  the  Knights  of  Our  Lady  of 
Montesa,  a  new  order,  founded  in  1817;  and  in  Portugal  the  society 
merely  took  the  new  name  of  the  Order  of  Christ,  which  still  subsiBta. 

It  has  been  calculated  that  the  entire  revenues  of  the  order  when  it 
was  dissolved  did  not  fall  short  of  six  millions  sterling,  though  it  seems 
impossible  that  this  should  not  be  a  great  exaggeration.  Their  pos- 
sessions in  England  were  even  at  a  comparatively  early  period  of  great 
extent  and  value,  as  may  be  seen  from  an  "  inquisitio,'*  or  account  of 
their  lauds,  taken  by  royal  authority  in  the  year  1185,  which  Dugdale 
has  printed  in  his  '  Monasticon '  (vol.  vi.,  pt  ii.).  They  are  supposed 
to  have  been  settled  in  the  Old  Temple,  at  London,  which  stood  on  the 
south  side  of  Holbom,  near  the  present  Southampton  Buildings,  by 
the  beginning  of  the  reign  of  Stephen :  they  removed  to  their  new 
house  at  the  western  extremitv  of  Fleet  Street,  the  site  of  which  still 
retains  the  name  of  the  Temple^  in  1185.  This  was  the  chief  seat  ot 
the  order  in  England, 


■ome  atterapti  havt  been  nude  to  iliow  the  probnbilitf  uuA  the  order 
oeTertbelew  wu  held  together  hy  oertain  aeciet  principles  or  doctrines 
irhioh  made  its  existence  da&gercui  to  looiatj,  and  caUed  for  ita  sup- 
preadon.  Ton  Hammer,  tor  instance,  in  a  diaquiaition  printed  in  the 
siithTolurae  of  hia'Mines  do  rOrient/haa  attempted  to  convict  the 
order  of  a  partidpation  in  the  aposttoj,  IdoUtiy,  and  Impiet;  of  the 
Onoetica  and  Opmanitea.  Von  Hammer's  Eua;  ffu  answered  hy 
M.  RafDouard,  in  a  long  not«  printed  in  the  fifth  Tolume  of  Uichaud'a 
'  Hi»t«ira  dta  Croiaadea,'  ten. ;  and  also  in  two  articles  in  the '  Journal 
dea  Savana '  for  March  and  April,  1819  j  and  In  two  othere  published 
in  the  '  Biblioth^ue  UniTciaeUe,'  torn.  I.  The  documents  relating  to 
the  condemnation  of  the  Templara  were  Srat  published  in  a  work 
entitled  '  TniteE  eoncemant  la  Coaderonation  des  TempUen/  par  M. 
Du  Puy,  8to,  Paris,  IBSi;  reprinted,  with  additiona,  under  the  title 
of  'Hiatoiii  de  la  Condenmation  dea  TamplieiB,'&c.,parFieiTe  Du 
Fuy,  2  vols.  Sto,  Bruiellei,  1713 ;  and  under  ^t  oi  '  Hiatoire  de 
rOrdre  Militure  dea  Templien,  arse  lea  Pitees  JustAScatires,'  4to, 
BnixellM,  17S1.  Othw  works  on  the  subject  are — '  Nicolai  Qiirtleri 
Historia  Templarforum,'  3vo,  Amat,  1691,  and,  wiUi  large  additions, 
1703;  'Chiiatiani  Thomadi  Diaaertatio  de  Templariorum  Equitum 
Ordine  Sublato,'  Ito,  Halae,  1709 ;  Raynouard, '  Monumena  Hiatoriquea 
relatifs  &  la  Condiunnation  dea  Templien/  Sto,  Paria,  1813 ;  Uunter, 
'  Statutenbuoh  dea  Ordena  der  Tempelherren ; '  Wilike,  '  Oeachichta 
desTempeUierrenardena;'  and 'The  History  of  the  EnightaTempIsn, 
the  Temple  Churab,  and  the  Temple/  by  C.  Q,  Addison,  Ito,  London, 
1BJ2. 

TEUfiLE  Ithe  LaUn  "  Templmn")  •  building  sat  apart  tor  rdigious 
uaes.  What  is  known  of  the  columnar  architecture  of  the  nations 
of  antiquity  ia  derived  chleQy  from  their  temples.  In  the  temples  of 
the  Egyptians,  it  may  be  said  to  display  itoelf  eiclustrely,  and  like- 
wise much  mora  extensively  than  in  the  temptsa  of  the  Greeks  or 
Romans,  with  this  further  difference  as  regards  the  Reueral  design 
and  chuacter,  that  in  the  ECTptian  ediScas  the  oolmnns  are  placed 
intemaUy,  that  is,  so  as  to  form  colonnades  along  the  sides  of  an 
enclosed  fore-court,  and  the  portal  or  frontispiece  of  the  temple  itself. 
Of  this  dispodUon  of  the  entire  plan,  with  a  walled-in  oortUe  oi 
oloistar,  an  example  is  shown  in  BoTnuM  Abcbiteotcbs.  To  that 
arUde  and  the  articles  OitiEK  ABOHinoTDna  and  Roium  Ascbitbo- 
TDU  wa  refer  for  other  parijculai*  tilativ*  to  Egyptian  temples  and 
some  of  the  diaracteristio  ditforences  between  them  and  those  of  the 
Greeks  and  Romans;  at>d  to  KimrsB,  Abchitbotobi  or,  lor  notices 
of  the  tMDple-palaoes  of  Iha  Aasyiiaiu;  aod  proceed  to  giTe  in  Una 
plaoe  some  further  partioulora  nqweijng  the  temple*  ot  Qreeoa  and 

Instead  o(  being  eompossd  of  a  variety  of  parts  grouped  and  oom- 
bined  together,  Grecian  temples  connst  only  of  a  simple  parallelogram, 
a  erilo,  or  body  of  tiie  temple  itself,  either  in  aniit,  or  eke  ptripural, 
that  is,  entirMy  snirounded  with  an  external  colonnade ;  for  to  these 
two  distinctions  may  be  reduced  all  these  Bubordinate  ones  for  which 
separate  te<^ical  terms  have  been  invented :  but  whatever  be  their 
technical  dedgnation  the  general  ahaps  and  outline  stall  tcmun*  a  simple 
nnbrdcen  paralldogism,  eitltw  with  or  without  ffittemal  oclonaades 
along  iU  sides.  BtillsimpleasanUieplaiiBof  GreDi*BteiapUa,tlMra 
ai«  many  terms  requfa«d  to  express  thair  Tsrieties  in  regwd  to  tiia 
appUoatloD  ot  columiu,  besides  Uiose  denoting  the  ntuuber  ot  oolumns 


J)  trout,  that  is,  beneath  the  pediment.  Thus,  if  there  were  oolomns 
only  hi  front,  the  buildit^;  was  termed  printyU  ;  it  at  each  end,  amphi- 
prmti/U  ;  if  there  were  also  colonnades  along  the  sides,  It  was  said  to 
be  peripttral,  that  is,  wiUl  win^  (aialea)  or  colonnades  quite  round 
it.  When  there  wets  two  rows  of  columns,  one  behind  the  other,  it 
was  termed  dipteral  Agsin,  where  a  range  of  columns  was  placed 
between  ants,  forming  the  extremities  of  walls  at  right  angles  with 
such  oolonnsde,  It  was  said  to  be  in  antii.  This  was  generally  the  case 
with  the  pronaos,  the  vestibule  or  inner  portico  behind  the  colomns  in 
front.  Acoording  to  the  number'  of  oohumu  in  front,  porticos  are 
niA  to  be  tefnufyk,  that  is,  with  four  columns:  Aczniijrle,  with  six; 
oetaUyU,  withd^;  '()«(nt|^,  with  ten;  and  AMMUtyfi^irith  twelT<^ 
the  greatest  QUinbsr  that  can  veiy  wdl  be  brought  beneath  a  pedi- 
ment ;  and  aren  of  Quae  two  lait  the  examples  are  exceedingly  iBr«h 
If  inrtead  of  oolumns  at  the  anglea  there  were  ants,  then  the  number 
of  columns  alone  was  reckoned  as  before,  and  would  dancnunate  what 
would  be  equivalent  to  a  portico  containing  two  more  :  thus  a  dittyU 
in  nnlii,  that  is,  two  columns  between  two  anta,  would  be  equal  to  a 
totrastyle,  aa  in  both  thara  would  be  three  int«rcolumns  ;  a  tarattt^e 
iH  onf  M  would  be  equal  to  a  hsxaetyls,  and  so  on.  When  Uie  oeila  waa 
without  a  roof,  and  in  part,  at  least,  open  to  the  sky,  the  temple  wae 
termed  hypat3iral. 

The  following  diagrama  will  render  these  terms  more  intelligible, 
md  at  the  same  time  serve  as  examples  of  the  different  forma  of  plan 
as  re^u<da  eolumiiuituiK,  or  the  arrangement  of  the  columns. 

Thongh  so  sxoesdingly  small  a^Aa  show  little  more  than  the  poution 
of  the  columns,  without  any  reglrd  to  exactness  in  other  respects, 
"  zht  diagrama  will  both  serve  to  render  evident  maoycircum- 
>t  osmiot  else  be  fully  expUined,  andalso  to  exempli!^  the 
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respective  denominations  of  tomplta  and  portiooa  aeoording  to  the 
number  of  columns  in  front.  Tlie  one  "  in  antts'  is  a  ifisf^  in  a%H>, 
there  being  only  two  columns  between  the  take,  or  three  intercolumns, 

□  o  n 
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a*  In  the  two  teimstyla  emnples  (prostyle  and  amphiprostyle) ; 
whereas  were  there  four  columns  between  the  antn,  it  would  beoome 
t^rattyh  tK  antU,  and  have  \t  many  intercolunuu  a*  a  hexattylt,  ot 
which  last  the  peripteral  figure  is  an  eiamjde.  The  dipter^  and 
pseudo-dipteral  are  both  odtatyla  ;  and  the  hypietliral  a.  dteoMtyU.  This 
last  may  also  be  taken  as  an  example  (though  an  imperfect  one)  of  a 
dipra€ti/le,  for  it  will  be  seen  that  it  the  portico  were  a  mere  prMtyle, 
it  would  project  forward  two  intercolumns  from  the  body  of  the 
temple.  In  this  figure  tlio  pronaoa  may  also  be  termed  poli/ttylt,  on 
aocount  of  the  gnat  numbn"  of  columns  in  suoceanve  rows  between 
the  side  walla  enclosing  that  part  of  the  plan  (pronaos),  which  may  be 
deaoribed  aa  a  dipteral  or  double  Utrattiilt  i*  anlit,  having  a  distyle  in 
aoti*  beUnd  it,  and  a  dtprnttfU  dceattgU  in  front  of  it. 

"""  then  lino  variety  whatever  aa  to  external  form,  no  individual 


oomMnatioD  wol  design,  ai   ._ __    ,  , 

the  diflbreuce  of  eSeot  depended  altogether  upon  the  actual  dunen- 
tions  ot  the  struetures,  upon  materiu  and  execution,  upon  drcunt- 
stauces  of  detail  and  finish,  and  on  the  degree  and  particular  kind  ot 
decoration  in  re^rd  to  sculpture  and  polychromic  embellishment. 
The  only  instance  ot  oombinaUon  and  grouping  is  that  afforded  by 
the  Erisohtlteion,  or  triple  temple  on  the  Acropolis  at  Athens,  which 
1^  two  dlstinot  portioce,  namely,  an  Ionic  hexaetyle  manoproatyle  at 
itseaat  end,anda  tetnutylediprostyleof  the  same  order  on  its  north 
side,  and  upon  a  lower  level ;  beaidee  which  there  is  a  smaller  attached 
or  projecting  stmotnre  at  w  south-weat  angle,  fanning  a  totrastyle 
diprostyle  airaiuement  of  oatTatic  figures,  nlsed  upon  a  screen-wall  or 
podium.  In  thfi  combination  no  r^vd  has  bean  paid  to  symmetry ; 
lor  which  reason  however  it  is  the  more  stalking,  as  forming  a  deolded 
eonlnst  to  the  unvaried  and  even  monotonous  unitormily  parrading 
the  temple-ardiiteoture  of  t^  Qreeka.  It  is  almost  the  only  Grecian 
structure  that  can  be  said  to  be  as  much  distinguished  by  picturesque- 
ness  as  by  elegance  ot  architectural  detail.  This  edifice  moreover 
afFbrds  almost  the  only  instance  in  the  Grecian  style  of  distinct 
porticos  or  prostyles  projecting  from  a  building  [PoRTloo],  other 
portiooa  being  either  in  aalii,  so  as  to  be  rteeaed  withm  the  msJn  walla 
terming  the  aides  of  the  edifice ;  or  are  only  the  end  or  ends  of  the 
colonnades  oootJnued  throughout  the  whole  extanor  ;  ooDsequsntlyin 
neither  o««e  doea  suidi  portioo  show  itself  aa  an  'actual  prostyle.  The 
only  other  known  examples  of  Greek  prostyles  are  the  two  small  Ionia 
templee  at  Athens,  that  on  the  banks  of  the  IliiMui,  called  the  temple 
of  Panops ;  and  that  dedicated  to  Hike  Apteros,  or  Wingless  Tietoiy. 
Both  these  were  (uu^proslyle,  and  not  in  aittii,  oonseqnentiy  had  a 
projecting  portioa  at  each  end ;  and  in  both  the  porticos  were  tetrn- 
style.    Of  the  former  nothing  now  remains,  but  it  is  vreU  known  from 
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Stuart'B  delineati<nuiy  and  the  order  itnelf — of  plain  and  bold  but 
ek^gant  character — has  been  adopted  as  the  type  of  meet  of  our  modem 
Grecian  Ionic.  Though  amphiprostyle,  the  porticos  were  not  exactly 
similar  in  plan ;  for  while  the  one  was  a  mere  monoprostyle,  that 
forming  the  entrance  end  was  also  deeply  recessed  within  we  main 
walls,  after  the  manner  of  a  portico  in  antis  without  columns.  The 
other  temple,  that  of  Nike  Apteros,  was  a  verv  small  structure,  a 
mere  Totive  chapel,  close  by  the  west  front  of  the  Propylsea  of  the 
Acropolis,  with  its  hinder  portico  facing  the  south  wing  of  that  edifice, 
but  turned  obliquely  from  it  For  although  they  carried  regularity 
almost  to  excess,  the  Greeks  seem  to  have  paid  no  regard  to  it  what- 
ever in  disposing  buildings  relatively  to  each  other,  for  there  is  a 
similar  and  apparently  intentional  want  of  parallelism  between  the 
Parthenon  and  Erechtheion  on  the  Acropolis  itself ;  nor  are  either  of 
them  in  a  line  with  the  Propylsea,  or  equidistant  from  such  line  or  axis. 
This  inattention  to  uniformity  of  arrangement,  where  different  build- 
ings are  brought  together  on  one  general  plan,  shows  a  striking 
diiSarence  of  taste  in  that  respect  between  the  Egyptians  and  the 
Greeks.  The  temples  of  the  Egyptians  consist  of  yarious  architec- 
tural parts  subordinate  to  the  principal  structure,  but  combining  with 
that  and  with  each  other  to  form  a  whole ;  which  scheme  was  some- 
times further  extended  by  an  architectural  avenue  of  sphinxes  in  front 
of  the  buildings.  The  Greeks,  on  the  contrary,  certainly  did  not 
attempt  to  imitate  or  rival  the  Egyptians  in  the  extent  and  oomplex 
arrangement  of  their  temples,  though  there  can  be  little  doubt  that 
i^ey  were  originally  indebted  to  them  for  much  of  their  architectural 
knowledge.  Their  temples  were  almost  invariably  single  structures, 
not  only  detached  from  but  altogether  unconnected  with  adjacent 
ones,  instead  of  forming  with  them  a  symmetrically  arranged  assem- 
blage or  group.  It  seems  however  to  have  been  in  some  degree  the 
practice  with  the  Greeks  as  well  as  with  the  Romans  to  erect  several 
temples  in  the  immediate  neighbourhood  of  each  other,  and  in  a  par- 
tictiiar  district  of  a  city,  as  was  the  case  in  the  Forum  and  Capitol  at 
Borne,  where  temple  succeeded  to  temple  almost  uninterruptedly; 
and  the  ruins  of  Psestum,  Agrigentum,  Selinus,  and  other  places  show 
a  somewhat  similar  concentration  of  sacred  edifices  about  the  same 
spot.  Temples  were  frequently  surrounded  by  a  sacred  grove  or 
plantation  of  trees,  temeno$,  or  else  placed  within  an  enclosure,  per- 
ibolo8,  formed  either  by  mere  waUs  or  by  colonnades,  but  there  are 
scarcely  any  examples  of  ^e  kind  now  remaining;  and  they  are 
chiefly  Roman  works,  nimel^,  the  temples  at  Baalbeo  and  Palmyra. 
Similarly  enclosed  and  standing  in  the  centre  of  a  peribolos  or  piaaza 
(therefore  very  different  in  plan  from  an  Egyptian  temple  preceded  by 
a  fore-court),  were  the  temples  of  Jupitei*  and  Juno,  Venus  and  Roma, 


at  Rome  [Romait  Architectubb,  ooL  146] ;  that  of  Jupiter  Oljnkpcoi 
at  Athens,  a  work  completed  in  the  time  of  Hadrian ;  and  ahto^  amcn^ 
Graoo- Asiatic  examples,  the  temples  Athena  Polias  at  Pkieoe,  aod 
Apollo  DidynuBus  at  Miletus. 

Similar  as  it  is  upon  the  whole  to  that  of  the  Greeks,  the  temple' 
architecture  of  the  Romans  dififors  from  it  In  many  other  droomataiiees 
besides  those  of  style ;  which  latter  was,  with  very  few  exoep^ons, 
Corinthian — ^the  national  style  of  the  Romans,  as  the  Doric  wms  of 
Greece  and  its  Italian  colonies.    One  leading  distinction  in  regard  to 
general  arrangement  is,  that  Roman  plans  were  hardiT  ever  t«  trmtix, 
and  not  often  peripteral,  but  generally  prostyle,  with  toe  portico  pro- 
jecting out  from  the  eeUa,  or  body  of  the  structure,  three  or  more 
interoolunins,  so  as  to  be  triproiiyU,  ko.     [Pobtioo.]    Such  iat^adt 
was  generally  further  distinguished  by  having  a  flight  of  steps  enclosed 
within  pedestals  at  its  ends,  which  were  continued  as  a  podium  or 
moulded  basement  along  the  sides  of  the  edifice ;  whereas  the  Qraeks 
ndsed  the  temples  only  three  steps  or  so  above  the  ground,  and  carried 
those  gradini  quite  round  the  structure,  wherefore  each  elevatioa  or 
side  oriE  their  peripteral  temples  was  uniform  in  design,  having  no 
other  variety  than  that  produced  by  greater  extent  and  number  of 
columns  in  one  direction,  and  by  the  pediments  at  the  extremitiea. 
The  Romans  certainly  evinced  greater  taste  for  both  oontreet  and 
picturesque  oombination  than  the  Greeks,  although  decidedly  inferior 
to  them  in  beauty  of  detail  and  finiih  of  execution.    In  order  to  give 
greater  dignity  to  the  whole  temple  or  to  the  principal  struoture  in  an 
arohitectiual  group,  they  elevated  it  upon  not  a  mere  basement  or 
substructure  with  an  ascent  in  front  or  at  both  ends,  but  npon  a 
spreading-out  platform,  constituting  a  tenaoe  on  every  side.     They 
appear  to  have  occasionaUy  formed  a  suocesricm  of  terraces  of  flights 
of  steps,  leading  up  to  if  not  continued  on  every  side  of  the  building. 
The  celebrated  Temple  of  Fortune  at  Prs&neste,  usually  sup^Med  to 
have  been  originally  founded  by  Sulla,  was  a  very  remarkable  example 
of  the  kind.    Very  little  now  remains  of  it,  except  the  terraoea  them- 
selves ;  neitiier  have  we  any  account  of  the  architeoture,  but  besides 
the  principal  edifice  or  temple  there  were  several  subordinate  onee,  on 
the  different  platforms. 

Circular  and  polygonal  plans  for  temples  are  peculiar  to  the  Bomana^ 
and  occasion  a  diversity  of  character  not  to  be  met  with  in  those  of 
the  Greeks.  Besides  the  two  simplest  forms,  the  monopteral  and  peri- 
pteral, which  have  been  shown  above,  there  were  other  varieties  and 
combinations.  For  a  notioe  of  some  of  them  we  refer  to  Roiuir 
Abohiteotuiib. 

Instead  of  entering  into  formal  descriptions  of  particular  temples, 
we  subjoin  a  synopsis  with  accompanying  remarks.    Some  of  the 
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Athens  . 
tt 

»»       • 

I* 

»f       • 

tt 


Eletuii 


II 


Thorioos    •    . 

Bhamnns 
II         •    • 

JEffina    . 
Olympia     .    . 
Bassai    . 

Tegca         ,     . 
Nemea    .        • 


Theaeion 
Parthenon 


•        •        • 
•        •    • 


Propytea     • 

Ereethtion      • 
Fanops 

Nike  Apteros   . 
Japlter  Olymplos 


Demcter  . 
PropyUDon  • 

«     •        • 


•    • 


•    • 


Nemesis       .        .        , 
Themis,  or  lesser  Temple 

of  Nemesis. 
Athene     . 
Zens  Oljmpios 
Apollo  Epicoriiu 


Atb<me  Alea . 
Zeus        . 


Dorio 
Dorio  . 

Dorie 


•    . 


lonio  •       . 
lonie      •    . 

Ionic  .        • 
Corinthian  • 


Dorio  •        • 
Doris     •    • 

Dorio  •        • 


Dorio 
Dorio 

Dorio 

-Dorio 

Dorio 

Ionic 
Dorio 


Hezastyle,  peripteral,  with  IS  iateroolumns  on  sides,  46  x  105  feet 

OetBstyle,  peripteral,  hypathral,  100x238  feet;  lotians  and  GaUicratss,  arshitecta.    [ELan 

Mabblm.] 
Hezastyle  on  both  fronts,  with  wings  of  a  smaller  order,  at  right  angles  to  west  fhmt.   Uaesiolea, 

architect,  487-4SS  b.c. 
Hezastyle,  prostyle  at  east  end,  with  a  tetrastyle,  diproetyle  oa  north  aide. 
Tetrastyle,  amphiprostyle.     A  weU-known  example,  thongh  no  longer  extant,  hariaf  been 

destroye4  by  the  Turks  since  Stuart's  time. 
Tetrastyle,  amphiprostyle.  Becently  rebnllt. 
Deeattyle,  peripteral,  oolttmns  60  feet  high,  06  x  359  feet.    Enclosed  by  a  peribolos.    A  Soman 

work  originally  begun  in  the  time  of  PIsistnUus,  continoed  by  Antioehus  E^phanes,  sad 

completed  by  Hadrian. 
A  square  building  of  about  180  fleet  on  each  side,  with  a  dodecastyle  colonnade  forming  the  west 

f^ont.    This  temple  begun  by  Ictinus ;  colonnade  added  by  Phllo,  architect,  about  815  b.c 
Hezastyle  on  both  fhmts,  with  inner  Ionic  order  as  at  Athens,  50  x  60  feet.    A  second  sad 

smaUer  propyUeon  within  the  pertbolos,  distyle  in  antis.    See  •  Unedited  Antiquities  of  Attica.* 

None  of  these  buildings  now  remain. 
Eptastyle,  peripteral,  or  with  seven  columns  at  each  end,  sad  fourteen  oa  each  side.    No  cells 

remaining ;  but  supposed  to  hare  been  a  double  temple,  with  a  passage  through  the  centre, 

ttom  the  sides,  dlridlng  the  cella  into  two. 
Hexastyle,  peripteral,  11  interoolnmas  on  sides,  88  x  70  feet. 
Distyle  in  antis. 

Hezastyle,  peripteral,  hypsBthral,  41  x  90  feet.    [JEannrrAB  Habblks.] 

Hezastyle,  peripteral,  hypsethral,  05  x  330  feet.    Completed  about  435  b.c.    Libon,  arohlteet, 

Hezastyle,  peripteral,  hypethral,  47x135  feet.    Date  about  430  b  o.    lottnus,  architect.    In 

interior,  Ionic  colnnms. 
Peripteral,  hypsBthral.    Doric  internally ;  with  upper  Obrinthian  order.    Scopes,  architect. 
Hezastyle,  peripteral. 
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Feestum      .     .  I  Poseidon 
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Agrigentum  . 

•I        •  • 

II  • 

Segcste  .  . 

Selinus      .  . 

Syracuse  . 


Zeus  Olympitts 

Hera        , 
Concord        • 
II        • 

Great  Tompio 

Athene    . 


•        .        . 
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Doric  . 

Doric 

Dorio. 

Doric 
Doric  • 
Dorio 

Doric. 

Doric 


Hexastyle,  peripteral,  hypethral,  79  x  195  feet. 

Hezastyle,  peripteral,  47  x  107  feet. 

Apteral,  or  with  engaged  columns,  eptastyle,  183  x  869  fiset.    WlUdna,  in  his  restontSon  of  it, 

makes  this  temple  hexastyle  amphiprostyle. 
Hexastyle,  peripteral,  57  x  134  feet. 

Hexastyle,  peripteral,  81  x  08  feet.    Deep  pronaos  and  oplithodomus. 
Hexastyle,  peripteral,  76x100  feet.     All  the  external  columns  (uailuted)  standing,  bat  no 

remains  of  cells. 
Octastyle,  dipteral,  160  x  880  feet.    There  are  remains  of  fire  other  temples,  two  of  which  appear 

to  bare  been  hexastyle  peripteral.  ^* 

Hexastyle,  18  intercolumns  on  sides:   now  eouTerted  into  a  church  with  a  modem  Italian 

Corinthian  fafade. 
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Asiatic  Greek. 


KpUcsos     .    . 

Miletus  • 

Magnesia  .    . 
Prlcne   •        • 

Teos  .       •    • 

Saxnos    .        . 

Artemis        •        •        • 

Apollo  DidymBUS     .    • 

Artemis        •        • 
Athene  Polias  •        •    . 

Dionysos       •        •        • 
Hera        •        •        •    • 

Ionic  . 

Ionic      •    . 

lonio  •        • 
lonio      •    • 

Ionl(f  •        • 
Ionic      •    • 

Dccastyle,  dipteral,  hypsthral, ;  colnmns  60  feet  high  ;  one  of  the  largest  Oreoian  temples,  being 

280  X  425  feet    Ctesiphon  and  Metagenes,  architects.    Date  about  340  b.o. 
Decastyle,   dipteral,   hypatbral,    164x908  feet.    Columns  9|  diameters.    Foonios,  architect. 

A  peribolos. 
Oetastyle,  pseudo-dipteral,  106  x  198  feet    Hermogenes,  architect 
Hexastyle,  peripteral,  64x116  feet.     Pytheas,  architect,  about  840  b.o.     The  order  the  best 

example  of  Asiatic  Ionic    This  temple  had  a  paribolos  and  propylaon;  the  latter  ietxastyle, 

with  two  rows  of  square  pillsrs  within. 
Hexastyle,  peripteral.    Hermogenes,  architect ;  about  the  time  of  Alexander  the  Great 
Dccastyle,  dipt^^ral,  189  x  346  feet. 

Roman. 


Rome     •        • 
„    •        •    • 
II        •        • 

•1    •        •    • 

If         •        • 
If    •        •    • 

II         •        • 

•1    •        •    • 
If         •        • 
If    •        •    • 

'  Tiroli     . 

Pranesto   •    . 

Pompeii          • 
Nismes      .    . 

• 

Baalbeo  • 

ft           •    • 

Palmyra 

Concord       •        • 
Fortnna  Tirilis         •    . 
Jupiter  and  Juno  • 

Jupiter  Sutor  •       •    . 

Jupiter  Tonans     • 
Mars  Ultor       •        •    . 

Yenus  and  Roma  •       • 

Antoninus  and  Faustina 
Pantheon         .        .    . 
Testa    .... 
Vesta,  or  the  Sibyl   .    . 
Fortuna        •        • 

Jnpiter    .        .        .    • 
Maison  Carrte,  or  Tem- 
pie  of  Caius  and  Lucius 
Great  Temple        •        • 
Lesser  Temple  ,        .    . 
Helios,  or  the  Sun        . 

Ionic  . 
Ionic      •    . 
Corinthian  . 

Corinthian  • 

Corinthian  . 
Corinthian  . 

Corinthian  . 

Corinthian  . 
Corinthian  . 
Corinthian  . 
Corinthian  . 

Corinthian  • 
Corinthian  . 

Corinthian  . 
Corintl&ian  . 
Corinthian  . 

Hexastyle.    Appears  to  have  been  a  diprosfyle,  but  nothing  of  the  eella  remains. 

Totrastyle,  diprostyle,  cella  pseudo-peripteral,  about  24  x  44  feet 

Two  separate  temples,  alongside  each  other,  in  centre  of  a  colonnaded  peribolos.     Similar  in 

dimensions,  but  the  one  oetastyle,  peripteral}-  the  other  oetastyle,  diprostyle.    Erected  by 

Metellus  Maeedonlcus,  about  140  b.c.    No  remains;  but  the  authority  is  the  ancient  plan  of 

Bome  in  the  capitoL 
Supposed  to  hare  been  oetastyle,  peripteral.    The  eelebrated  '  Three  Columns,'  in  the  Forum,  arc 

all  that  now  remain  of  this  rery  fine  example. 
Oetastyle,  dipteral,  92x115  feet    Columns  47  feet  high. 
Of  this  temple,  sometimes  called  that  of  Nerra,  only  three  columns  remain ;  but  it  is  said  to 

have  been  oetastyle,  peripteral. 
Deeastyle,  peendo-pcripteral,  enelosed  within  a  peribolos  formed  by  doable  oolonnades  of  a  lesser 

order. 
Hexastyle,  triproetyle,  83  x  55  feet 
All  oetastyle,  triprostyle,  attached  to  a  rotunda. 
A  circular  peripteral  of  80  columns. 

A  circular  peripteral  of  18  columns  around  eella.    The  order  a  very  peculiar  and  fine  example. 
No  remains  of  this  celebrated  temple  itself,  but  merely  of  the  series  of  terraces  and  flights  of 

steps  on  which  it  was  derated. 
Hexastyle,  tetraprostyle,  about  50  x  110  feet. 
Hixastyle,  triprostyle ;  order  continued  along  the  cella,  making  it  a  pseudo-peripteral,  38  x  77  feet 

Deeastyle,  peripteral,  160  x  290  feet 
Oetastyle,  peripteral,  118  x  225  feet 

Oetastyle,  peripteral,  95  x  180  feet    Enclosed  within  a  peribolus  about  740  feet  square,  formed 
by  an  outer  wall  and  two  ranges  of  Corinthian  columns,  making  a  double  colonnade. 

meamirementa  and  other  particulars  stated  in  it  may  not  exactly  accord 
with  other  accounts  of  the  respective  Etructures;  for  so  great  is 
frequently  the  discrepancy  between  dififerent  authorities,  whether 
writers  or  delineators  and  reatorers,  that  it  is  impoeaible  to  obtain  com- 
plete accuracy. 

The  aboTe  table  might  be  rendered  more  copious  and  greatly 
extended ;  and  it  might  also  have  been  differently  arranged  in  several 
ways,  each  of  which  would  have  had  something  to  recommend  it^ 
according  to  the  purpose  for  which  it  may  happen  to  be  consulted. 
Chronological  order,  for  instance,  if  the  respective  dates  could  be 
ascertained  with  tolerable  accuracy,  may  be  considered  preferable  by 
some  persons ;  or  the  buildings  might  have  been  classified  according  to 
the  number  of  columns  in  front,  and  as  being  in  antit,  prottyU,  peri' 
pUral,  &C. ;  or  else  according  to  their  relative  size  and  dimensions.  In 
fact  a  separate  table  is  required  for  each  mode  of  classification  and 
arrangement;  but  as  that  could  not  be  done, we  have  adopted  what  we 
consider  the  most  satisfactozy  upon  the  whole.  We  may  however 
render  it  in  some  measure  more  complete  by  here  pointing  out  that 
the  cUcattyle  examples  mentioned  in  it  are  the  Temple  Of  Jupiter, 
AUiens;  Artemis,  Ephesus;  Apollo^  Miletus;  Hera,  Samoa;  Venus 
and  Roma,  Rome;  and  the  great  temple  at  Baalbeo.  As  regards 
dimensions  and  relative  size,  the  following  are  the  laigest  structures, 
namely : — 

Width  of  Front 

Ephesus      ••••••  220  feet 

Agrigentum,  Great  Temple      •       •    •  182 

Selinus,  Great  Temple .        •        •        •  160 

Yenus  and  Eoma     •        •        •        •    •  116 

Athens,  Parthenon      •       •        •       •  100 

Temple  of  Jupiter  •        •        •        .    •      90 
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Length. 

425  feet 

869 

830 

850 

228 

259 


tt 
ft 
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By  way  of  affording  a  standard  of  comparison,  we  add  the  dimen- 
sions of  Stb  Paul's,  London,  and  La  Madeleine,  at  Paris,  namely :  the 
former,  180  by  500 ;  the  other  188  by  328  feet 

TEMPLE,  SOLOMON'S.  For  447  years  after  the  Hebrews  had 
entered  the  land  of  Canaan  the^  continued  to  worship  at  the  tabernacle 
which  had  been  framed  for  their  use  in  the  Wilderness.  [Tabebnaclk.] 
The  incongruity  of  a  settled  people  having  only  a  tent  for  the  celebra- 
tion of  their  splendid  ritual  service  first  occurred  to  the  mind  of  David. 
It  appeared  unseemly  to  him  that  the  Ark  of  God  should  still  "  dwdH 
between  curtains,"  while  he  abode  himself  in  f  a  house  of  cedar,"  and 
he  therefore  proposed  to  build  a  temple  in  which  the  worship  of  Gkxl 
might  be  mure  becomingly  conducted  (1  Chron.,  xvii.  1).  The  prophet 
Nathan  was  however  commissioned  to  inform  him  that  having  been 
engaged  in  constant  warfare,  and  shed  much  human  blood,  he  could 
not  be  allowed  to  execute  the  design  he  had  formed,  which  was  to  be 
reserved  for  the  peaceful  reign  of  his  son  Solomon.  This  undertaking 
was  however  a  principal  subject  of  David's  thought  and  care  during 
the  remainder  of  his  reign ;  and  to  it  he  appropriated  a  large  propor- 


tion of  the  immense  treasure  which  his  many  victories  produced.  He 
may  be  said  to  have  provided  all,  or  nearly  all,  the  materials  before 
his  death ;  consisting  of  large  but  variously  estimated  quantities  of 
gold  and  silver,  brass  and  iron,  stone  and  timber.  He  also  secured  the 
services  of  skilful  mechanics  and  artificers  for  every  branch  of  the 
work,  and  furnished  the  design,  plan,  and  site  of  the  building ;  so  that 
more  of  the  credit  of  this  work  seems  due  to  David  than  to  Solomon 
(I  Ghron.,  xxL ;  xxii.;  xxviii.  11-19). 

The  foundation  of  the  Temple  was  laid  in  B.0. 1012,  being  the  fourth 
year  of  Solomon's  reign ;  and  in  seven  years  and  a  half  it  was  com- 
pleted. During  this  time  183,600  persons  were  employed  on  the 
work.  Of  Jews  there  were  80,000  serving  by  rotation  of  10,000 
monthly ;  and  of  Canaanites  there  were  153,600,  of  whom  70,000  were 
labourers,  80,000  hewers  of  wood  and  stone,  and  8600  overseers  of  the 
others.  To  save  the  labour  of  carriage,  the  parts  were  all  prepured  for 
use  at  a  distance  from  the  site  of  the  building,  and  when  they  were 
brought  together,  the  structure  was  reared  without  the  sound  of 
hammers,  axes,  or  tools  of  iron  (1  Kings,  vL  7). 

The  site  of  Solomon's  Temple  was  the  summit  of  Mount  Moriah, 
one  of  the  eminences  on  which  Jerusalem  stood.  This  eminenoe  rose 
to  no  great  height  within  the  dfy,  but  was  high  and  steep  above  the 
valley  of  the  Kedron,  which  it  overlooked.  It  faced  the  Mount  of 
Olives.  The  Mosque  of  Omar  now  occupies  the  same  site ;  and  the 
imposing  figure  which  it  makes  in  every  view  of  Jerusalem  shows  that 
a  more  advantageous  situation  oould  not  have  been  chosen.  The  top 
of  the  hill  was  levelled,  and  the  sides  banked  up  to  afford  a  sufficient 
area.  This  area  was  divided  into  two  (but  in  Herod's  temple  three) 
courts,  in  the  outermost  of  which  stood  the  people.  It  was  separated 
by  a  low  waU  (or,  as  some  think,  by  a  latticed  fence  or  trellis)  from 
the  inner  court,  called  the  Court  of  the  Priests,  in  which  was  the 
great  altar  of  burnt  offerings,  and  where  the  priests  and  Levites 
officiated  in  view  of  the  people,  and  in  front  of  the  holy  house,  or 
proper  temple.  The  proper  temple,  as  previously  indicated,  was  an 
oblong  building.  It  was  70  cubits  in  length,  20  in  width,  and  80  in 
height :  this  last  was  however  only  the  elevation  of  the  house  or  holv 
place,  for  the  innermost  sanctuary  was  but  20  cubits  high  (1  Kings,  vi. 
20) ;  and  although  the  porch  (pronaos)  is  said,  in  1  Chron.,  iii.  4,  to 
have  been  120  cubits  high,  or  four  times  the  height  of  the  main 
building,  the  numbers  in  that  text  are  now  generally  admitted  to  be 
corrupted:  20  cubits,  which  we  find  in  the  ancient  versions,  is 
probably  the  true  number ;  being  the  same  height  as  the  sanctuary. 
The  porch  covered  the  breadth  of  the  building  20  cubits,  and  was  10 
cubits  deep:  the  holy  place  was  40  cubits  long  by  20  wide;  the 
sanctuary  was  a  perfect  square  of  20  cubits.  The  building  fronted  the 
east.  Along  the  north  and  south  mdes,  and  the  west  end  of  the 
structure,  was  an  upper  story,  or  gallery  of  wood,  and  certain  buildings 
called  "  side  chambers,"  in  three  stories,  each  five  cubits  high.  This 
made  15  cubits  of  total  elevation,  which  was  not  more  than  half  tiie 
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height  of  the  mam  building,  in  whose  walls,  above,  there  was  there- 
fore room  for  the  splayed  windows  which  gaye  light  to  the  temple. 

The  aaored  utenaiU  were  of  the  same  description  and  occupied  the 
same  rdative  position  as  in  the  tabernacle .  but  some  of  them  were 
laiger.as  the  altar,  candlestiok,  fto.,  in  proportion  to  the  more  extensive 
establishment  to  which  they  belonged.  The  principal  of  the  new 
ntensils  was  the  great  brazen  law,  for  ablutions,  whidi  rested  on  the 
backs  of  twelve  oxen  of  the  same  metal. 

The  inner  sanctuary  was  separated  from  the  holy  place  bv  a  rich 
ourtain  or  veiL  The  whole  of  the  interior  was  wainscoted  with  cedar, 
carved  with  figures  of  cherubim,  palm-trees,  and  flowers,  and  then 
overlaid  with  the  finest  gold.  The  doors  were  also  covered  with  gold  : 
all  the  utensils  in  the  house  were  of  that  metal ;  and  even  the  floor 
appears  to  have  been  overlaid  with  gold  (1  Kings,  vi.  30).  It  is  this 
lavish  expenditure  of  precious  metal  upon  the  building,  and  the 
elaborate  workmanship  bestowed  upon  it,  which,  rather  than  its 
architectural  effect,  accounts  for  the  reports  of  its  surpassing  magnifi- 
cence, and  for  the  immense  wealth  consimifld  in  its  erection.  The 
popiUar  impression  concerning  it,  howeveri  being  based  rather 
upon  the  exaggerated  statements  of  Josephus  than  upon  the  more 
sober  accounts  m  Scripture,  does^  no  doubt^  greatly  exceed  the  truth. 
More  might  be  said  of  its  richness  than  of  its  gmndciu'.  Its  weslth  is 
indeed  attested  by  the  spoliations  of  suooesiive  Idngs  and  conquerors ; 
and  it  may  be  well  to  remember  that  this  was  not,  as  in  other  nations, 
one  of  many  temples,  but  was  the  sole  temple  of  he  whole  nation,  and 
in  the  prodootionof  which  the  whole  nation  couA  therefore  concen- 
trate its  resources. 

The  Temple  of  Solomon  retained  its  pristine  splendour  only  for 
forty  years,  when,  its  treasures  were  plundered  by  Sbishak,  king  of 
Egypt.  After  undergoing  various  other  profanations  and  pillages,  it 
was  finally  destroyed  by  the  Chaldseans  under  Kebuchadnezzar,  B.a 
588,  after  havine  stood  417  years.  After  the  Captivity,  the  temple 
was  rebuilt,  on  the  same  plan,  and  on  a  more  extensive  scale,  but  with 
greatly  diminished  splendour.  This  temple  stood  until  some  years 
before  the  birth  of  Christ,  when  Herod  the  Great,  to  propitiate  his 
subjects,  whom  most  of  the  measures  of  his  reign  had  tended  to 
exasperate,  undertook  to  rebuild  it  on  a  larger  scale  and  with  greater 
magnificence.  In  nine  years,  during  which  80,000  workmen  were 
constantly  employed,  he  accompUshra  his  original  design;  and  pro- 
duced a  fabric,  which,  while  the  same  in  its  essential  characteristics, 
much  supassed  the  Temple  of  Solomon  in  extent  and  architecture, 
although  the  precious  metal  may  have  been  less  lavishly  dit^layed  in 
the  interior  decorations.  Many^ears  after,  the  «'ews  kept  workmen 
employed  in  embellishing  the  pile,  and  in  the  erection  of  additional 
buildings  (John,  iL  20).  In  a.d.  64,  nothing  remained  to  be  done ;  but 
six  yean  later  (a.d.  70)  the  temple  and  city  were  involved  in  one 
common  ruin. 

TENACITY  (from  the  Latm  UnacUat, "  the  power  of  holdmg  "),  a 
property  of  material  bodies  by  which  their  parts  resist  an  effort  to  force 
them  asunder. 

This  property  is  the  result  of  the  corpuscular  forces  acting  within 
the  insensible  spaces  supposed  to  exist  between  the  particles  of  bodies ; 
it  is  consequently  different  in  different  materials,  and  in  the  same 
material  it  varies  with  the  state  of  the  body  with  respect  to  tempera- 
ture and  other  circumstances. 

Those  corpuscular  forces  consist  of  attractions  which  vary  according 
to  unknown  laws  with  the  distances  of  the  particles  from  one  anotheri 
and  even  at  certain  distances  thev*  become  repuLnons  [Attraction]  ; 
but  in  till  bodies  except  the  elastic  fluids,  the  combined  actions  of  all 
the  particles  produce  that  coherence  which  constitutes  the  tenacity  of 
the  masses.  In  those  flitids  the  particles  have  no  coherence,  and  when 
the  pressures  to  which  they  are  subject  are  removed,  those  particles 
immediately  separate  from  each  other  with  forces  depending,  probably, 
upon  the  quantity  of  caloric  with  which  they  are  combined.  In  non- 
elastic  fluids  and  in  solids,  tenacity  exists,  but  in  very  different  degrees ; 
its  force  depending  upon  differences  in  the  intensity  of  the  attraotix^ 
powers  between  the  particles,  upon  differences  in  the  distances  of  the 
particles  themselves,  upon  the  action  of  the  caloric,  and,  in  some  cases, 
u^jon  variations  in  the  pressure  of  the  atmosphere. 

The  molecules  of  liquids  adhere  to  one  another,  and  generally  to 
those  of  solid  bodies,  by  attractive  forces  which  decrease  very  rapidly ; 
and,  at  insensible  distances  from  the  supposed  places  of  contact,  tne 
adhesion  entirely  disappears  [Capillabt  Attraction]  :  the  real 
tenacity  of  the  molecules  being,  as  Dr.  Young  observes,  equal  to  the 
excess  of  their  mutual  attractions  above  the  forces  of  repulsion  arising 
from  the  actions  of  the  calorific  particles.  It  is  on  account  of  the 
small  distance  to  which  the  attractions  of  the  fluid  molecules  extend, 
and  to  the  freedom  with  which  the  particles  move  on  one  another,  that 
fluids  appear  to  have  so  little  tenacity ;  but  from  the  weight  of  water- 
support  in  glass  tubes.  Dr.  Robison  has  estimated  that  the  mutual 
attractions  of  the  particles  of  water  on  a  surface  equal  to  one  square 
iach  must  far  exceed  190  poimds. 

Grains  of  dust  or  sand,  while  diy,  have  no  power  of  adhering  toge- 
ther, probably  because  their  forms  do  not  permit  a  sufficient  number 
of  points  ou  their  sur&ces  to  be  brought  within  the  distance  at  which 
corpuscular  attractions  take  pUce ;  but,  if  slightly  wetted,  the  mutual 
attractions  between  the  dust  and  the  liquid  produce  a  certam  degree  of 
tenacity.    This  is  veiy  sensible  in  day  moistened  with  water;  for. 


being  then  drawn  into  the  form  of  a  rod,  it  is  capable  of  bearing  a 
smaS  weight  suspended  from  it.  Tenacity  exists  in  various  degrees  in 
viscid  fluids,  as  oil,  gum  dissolved  in  water,  &o.  Sealing-wax  and  glass 
alsoi  when  heated,  lose  their  brittleness,  and  acquire  pl(uticUy,wheTehy 
thqr  become  capable  of  being  moulded  into  any  form,  while  their  par- 
ticles retain  a  considerable  degree  of  adhesive  power. 

The  tenacity  of  solids  consututes,  in  ^ut,  the  subject  of  the  power 
of  bodies  to  resist  strains;  and  under  Materials,  Strenoth  or,  will 
be  found  a  table  of  the  weights  which  would  overcome  the  force  of 
cohesion  in  rods  immoveably  fixed  at  one  end  and  pulled  in  the  direc- 
tion of  their  length.  Those  weights  may  be  considered  as  the  measures 
of  tenacity  in  the  diffiBrent  kinds  of  material ;  and  it  may.  be  added 
that,  from  a  mean  of  several  experiments  made  by  Telford  on  the 
tenacity  of  forged  iron,  the  breaking  strength,  when  reduced  to  that 
which  it  would  be  i!  the  area  of  a  transverse  section  of  the  bars  had 
been  one  square  inch,  is  29}  torn.  The  bars  were  cylinders  or  paral- 
lelopipeds  varying  in  length  from  1  foot  5  inches  to  2  feet  8  inches, 
and  in  area  of  section  from  0*56  to  8*11  souare  inches :  they  stretched 
in  length  from  two  inches  to  four  inches  before  they  broke.  Telford 
found,  also^  Uiat  a  bar  of  cast-steel  bore,  suspended  from  it,  27*92  tons, 
a  bar  of  blistered  steel  17-27  tons,  and  of  oast-iroa  (Welsh  pig)  7'26 
tons ;  the  area  of  the  section  in  all  being  one  square  inch.  Tenacity 
in  solid  bodies  varies  greatly  with  their  temperature.  Coulomb  took  a 
piece  of  copper-wire,  which,  when  cool;  carried  22  lbs.  suspended  from 
it;  and,  upon  bringing  it  to  a  white  heat,  it  would  scarcely  bear 
12  lbs. 

Though,  when  a  piece  of  metal  is  fractured,  the  parts  will  not  by 
simple  adjunction  adhere  together,  yet,  in  some  cases,  by  hammering 
them  upon  one  another,  so  many  points  on  their  surnces  may  be 
brought  within  the  limits  to  which  the  force  of  cohesion  extends,  that 
they  will  aoquiie  a  tenacity  equal  to  that  which. the  metal  had  in  its 
natural  state. 

The  tenacity  of  wood  is  much  greater  in  the  direction  of  the  length 
of  its  fibres  than  in  tiie  transverse  direction,  the  fibres  being  united  by 
a  substance  having  littJe  cohesive  power.  Few  experiments  have  been 
made  on  the  tenacity  of  wood  perpendicularly  to  ittf  grain,  as  it  is 
called ;  and  from  those  of  Mr.  Emerson  it  appears  to  vary  from  one- 
tenth  to  one-seventh  of  the  tenacity  in  the  other  direction.  When  a 
strain  takes  place  in  the  direction  of  the  fibres,  they  become  disengaged 
from  one  another,  and  thus  lose  the  strength  which  arises  from  their 
lateral  cohesiozL  They  then  become  subject  to  separate  strains ;  the 
weti:er  ones  are  first  ruptured,  and  at  length  all  give  way,  leaving  an 
irregular  surface  of  fracture.    [Adbbsiov.] 

With  respect  to  metals,  the  processes  of  foiging  and  wire-drawing 
increase  their  tenacitv  in  the  longitudinal  direction ;  the  augmentation 
of  friction  and  lateral  cohesion,  arising  from  the  particles  being  f oroeil 
together  in  the  transverse  direction,  more  than  compensates  for  the 
diminution  of  Uie  attraction  which  may  result  from  the  particles  being 
forced  or  drawn  frffther  asunder  longitudinallv.  Copper  and  iron  have 
their  tenacity  more  than  doubled,  while  gold,  silver,  brass,  and  lead 
have  it  more  than  tripled  by  those  metals  beii^  diawn  into  wire. 

Kixed  metals  have,  iQ  genera],  greater  tenacity  than  those  which  are 
simple :  the  tenacity  varies  with  the  different  proportions  in  which  the 
metals  are  mixed;  and  the  proportions  which  produce  the  greatest 
strength  are  diflerent  in  difierent  metals.  The  only  experiments  on 
this  subject  with  which  We  are  acquainted  are  those  of  Muschenbroek ; 
and  from  these  we  find  that  a  compound  of  which  {  were  gold  and  J 
copper,  had  a  tenacity,  or  force  of  cohesion,  more  than  double  that  of 
the  gold  or  copper  alone :  brass,  composed  of  copper  and  sine,  had  a 
tenacity  more  tiian  double  that  of  the  copper,  and  nearly  twenty  times 
as  great  as  that  of  the  sine :  a  metal  of  which  f  were  block-tin  and 
I  lead,  had  a  strength  more  than  double  that  of  the  tin ;  and  a  mixture 
of  which  I  were  lead  and  }  sine,  had  a  tenacity  nearly  double  that  of 
the  zinc,  and  nearly  five  times  as  great  as  that  of  the  lead  alone. 

TENAILLK,  in  Fortification,  is  a  rampart  raised  in  the  main  ditch, 
immediately  in  front  of  the  curtain  between  two  bastions;  and  in  its 
most  simple  form,  it  consists  of  two  faces  coinciding  in  direction  with 
the  faces  of  the  bastions,  and,  consequently,  forming  with  each  other 
a  re-enteriAg  angle.  G^erally,  however,  it  consists  of  three  faces,  of 
which  two  have  uie  directions  just  mentioned,  and  the  third  forms  a 
curtain  which  is  parallel  to  ^at  of  the  enceiirte,  See  p,  fy.  1,  Bastiov, 
and  p  (in  the  phm),  FoBTiPiOATioir. 

This  work  was  originally  proposed  by  Vauban,  in  order  to  serve  the 
purpose,  in  part,  of  a  fausse-braye  [Fadssx-brats],  since  the  fires  of 
musketzy  on  its  faces  may  be  employed,  in  conjunction  with  those  of 
artillery  and  musketry  on  the  flanks  of  the  bastiozis,  to  oppose  the  pas- 
sage of  the  enemy  across  the  main  ditch  when  about  to  mount  a  breach 
in  the  ramparts  of  the  place. 

The  relief  of  the  tenaille,  or  the  elevation  of  its  crest  above  the 
bottom  of  the  ditch,  is  detOTmioed  consistently  with  the  intention  of 
thus  defending  the  main  ditch ;  and  in  order  that  the  defenilers  of  the 
tenaille  may  not  be  injured  by  the  shot  fired  over  their  heads,  from 
the  flanks  of  the  bastions,  it  is  usual  to  make  the  crest  of  that  work 
coincide  with  a  horizontal  plane  passing  three  or  four  feet  below  the 
point  where  a  line  of  fire  from  one  of  those  flanks  would  cut  a  vertical 
plane,  bisecting  the  augle  of  the  tenaille  or  its  curtain.  The  height 
thus  determined  will  allow  the  parapet  of  the  work  to  be  elevated 
from  two  to  four  feet  above  the  terreplein  of  the  ravelin  in  its  front; 
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and,  coDfiequently,  from  the  curtain  of  the  tenaille  a  graciDg  fire  of 
ravuslcetry  might  be  employed  to  protect  the  interior  of  the  ravelin,  or 
of  its  reduit,  if  there  ia  one,  should  the  defendem  of  either  of  those 
i^orkji  abandon  it  (in  consequence  of  an  aauult  being  made)  before  the 
enemy  has  time  to  cover  himself  in  it  by  a  lodgment :  that  fire  will 
also  contribute  poweiiully  to  prevent  the  enemy  from  attempting  to 
enter  the  ravelin  by  its  gorge. 

Vauban,  at  first,  gave  to  his  tenailles  short  flanks  nearly  pwallel  to 
tliose  of  the  bastions,  but  he  soon  abandoned  that  construction,  per- 
ceiving that  though  the  defenders  might  thus  fire  eorreotly  along  the 
main  ditoh,  yet  the  parapets  of  those  flanks  were  liable  to  be  destroyed 
by  the  fire  from  the  enemy's  counter-batteries  [h,  fig,  1,  Bastion],  and 
ibey  were  enfiladed  from  the  rampart  of  the  raveUn  (q),  or  from  the 
Q^laois  of  the  places  of  aitns  (l). 

Besides  affording  additional  firee  for  the  defence  of  the  piain  ditch, 
tlie  tenaille  serves  to  cover,  in  port,  the  revetment  of  the  curtain  in  its 
rear,  and  prevent  it  from  beixig  breached  by  fire  from  any  lodgments 
of   the  enemy  on  the  glacis.     Its  parapet  serves  also  to  mask  the 
poetem  in  the  curtain  of  the  enceinte,  which  would  otherwise  be  so 
much  exposed  to  the  fires  from  the  counter-batteries,  that  the  de- 
fenders might  be  unable  to  communicate  throu^  it  with  the  outworks. 
On  this  account  the  breadth  of  the  di^  between  the  curtain  of  the 
tenaille  and  that  of  the  enceinte  is  made  such  only  as  to  allow  the 
parapet  of  the  former,  with  the  relief  determined  as  above-mentioned, 
to  conceal  the  postern  from  the  view  of  the  enemy  on  the  glacis.   This 
ditch  is  advantageoua  in  preventing  the  defenders  of  the  tenaille  from 
being  injured  by  tin  spunten  which  may  be  detached  from  the  flanks 
and  curtain  behind  it ;  and,  when  dry,  it  serves  to  cover  bodies  of 
troops  which  may  issue  from  thenoe  and  attack  the  enemy  whUe 
crossing  the  main  ditch,  previously  to  making  an  aasault.    If  the  main 
ditch  contains  water,  the  tenaille  serves  to  cover  the  boats  and  rafts  by 
which  the  defenders  of  the  enceinte  communicate  with  the  outworks. 

The  teniulle  has  been  considerably  improved  by  Bousmaid,  who, 
returning,  in  one  respect,  to  the  original  idea  of  Yauban,  has  given 
flanks  to  the  work  in  order  that  the  main  ditch  may  be  directly  de« 
fended  by  l^em.  These  flanks  are  raised  high  enough  to  cover  the 
revetments  of  the  flanks  of  the  bastions,  while  their  upper  sur&oes 
may  be  grazed  by  a  fire  of  artillery  from  thence ;  and,  instead  of  being 
formed  with  open  terrepleins,  and  parapets  for  musketry,  as  usual, 
each  flank  of  the  tenaille  is  provided  with  casemates,  or  vaults,  for 
f  otir  pieces  of  artillery  which  are  placed  nearly  on  a  level  with  the 
terreplein  of  the  covered-way.  These  guns  are  consequently  capable 
of  being  directed  against  the  counter-batteries  (h)  of  the  enemy,  as 
well  as  of  defending  the  foot  of  a  breach  in  the  face  of  the  bastion. 

This  oonstruetion  was  adopted  by  Chasseloup  de  Laubat  in  the 
tenaillefl  of  Mxe  detached  worui  which  he  executed  about  Alessandria, 
in  Italv,  when  Napoleon  (after  the  battle  of  Harengo)  proposed  to 
make  that  city  the  base  of  his  operations  beyond  the  A^s.  But,  in 
order  to  avoid  the  mischief  which  results  from  a  fire  directed  against 
casemates  (the  shot  in  striking  the  cheeks  or  sides  of  the  embrasures 
detaching  from  them  splinters,  which  beiu^  driven  into  the  vault  do 
more  injury  to  the  defenders  than  the  shot  itself),  tUs  engineer  raised 
before  eadi  flank  of  the  tenaille  a  mass  of  earth  which  was  reveted 
with  brickwork,  and  perforated  in  such  directLons  that,  in  defending 
the  ditch,  the  shot  from  the  casemates  could  be  fired  through  the 
apertures,  while  the  mass  served  as  a  mask  which  would  prevent  the 
enemy  from  seeing  the  embrasures  in  the  fianks  of  the  tenaille. 

Any  work  belonging  either  to  permanent  or  field  fortification,  which, 
on  the  plan,  consists  of  a  succession  of  lines  forming  salient  and  re- 
entering angles  alternately,  is  said  to  be  d  tenaille, 

TENAILLON,  or  Great  Tenaille,  in  Fortification,  is  a  species  of 
exterior  work  which  has  been  occasionally  constructed  before  the  faces 
of  a  small  ravelin,  with  a  view  of  increasing  the  siirength  of  the  latter, 
procuring  additional  space  beyond  the  ditch,  or  covering  the  shoulders 
of  the  bastions.  They  were  invented  by  Vauban,  who,  however,  very 
seldom  constructed  them;  and  subeequent  eqgineers  have  generally 
considered  them  as  inferior  in  defensive  qualities  to  a  countarguard 
[q  q,  FoRTiFiOATiON,  fiff,,  cols.  17 1-172 J  placed  over  the  faces  and 
salient  angle  of  the  ravelin.  * 

The  form  and  position  of  a  tenaiUon  may  be  understood,  t  being 
supposed  to  represent  a  small  ravelin,  if  bey^id  the  ditch  of  the  latter 
the  ramparts  of  the  right  and  left  fiioes  be  produced  till  each  of  them 
meets  a  rampart  nearly  perpendicular  to  the  face  of  the  bastion  and 
extending  to  the  place  of  meeting  from  the  ooimteracarp  of  the  main 
ditch  at  a  point  opposite  the  middle  of  that  face.  The  works  thus 
formed,  one  over  each  face  of  the  ravelin  t,  constitute  a  tenailloo ; 
before  each  line  of  rampart  is  a  ditch,  and  part  of  the  general  covered- 
way,  the  main  ditch  and  that  of  the  ravelin  being  bx  the  rear.  The 
two  faces  which  are  beyond  the  salient  angle  of  Uie  ravelin  would,  if 
produced  towards  the  latter,  form  with  ea^  other  a  re-entering  angle, 
whose  vertex  would  coincide  with  that  of  the  said  angle. 

The  objections  to  tenaiUons  are,  that  the  besieger  would  experience 
little  difllculty  in  establishing  a  lodgment  on  that  port  of  the  covered- 
way  or  glacis  which  is  immediately  in  front  of  the  salient  angle  of  the 
ravelin ;  and  in  this  situation  he  would  be  able  to  breach  the  faces  of 
the  two  half-bastions  in  four  places,  by  fires  of  artillery  directed  along 
the  ditches  of  the  ravelin  and  those  on  the  side  &oes  of  the  tenaillon. 
The  salient  angles  of  the  tenaillon,  and  of  the  ravelin  which  it  coven. 


may  be  breached  at  the  same  time,  and,  when  the  ditches  are  dry»  it 
would  be  possible  to  attack  and  carry  the  ravelin  at  the  time  of  mitkinQ 
the  assaults  on  the  tenaillon :  then,  the  enemy  having  got  possession 
of  the  former  work,  any  retrenchments  which  may  have  been  made  in 
the  tenaillon  must  necessarily  be  abandoned  by  the  defoiders. 

The  re-entering  space  between  Uie  two  faces  which  are  in  the  pro- 
longation of  the  faces  of  the  ravelin,  and  which  constitute  the  head  of 
the  tenaillon,  is  sometimes  occupied  by  a  small  redout,  consisting  of 
two  ramparts  perpendicular  to  the  faces  whi&h  hate  been  just  men* 
Uoned;  and  tlius  there  may  be  obtained  a  good  crossing  &«  for  the 
defence  of  that  part  of  the  covered-way  which  is  concealed  by  the 
salient  angles  of  the  tenaiUons  from  the  defoiders  of  the  bastions. 

Demi-tenaiUons  are  works  placed  also  on  the  sides  of  a  raveUn,  and 
oonsistuig  of  two  ramparts  which  are  perpendicular  to  and  nearly 
opposite  the  middle  of  toe  faces  of  the  bastions  and  ravelins :  these  are 
usually  accompanied  bv  counteiguards  whidh  cover  the  salient  angles 
of  the  latter  woriu^  and  are  called  £imneU, 

TENANCY.    [Tenant.] 

TENANCY  IN  COPABCENABY.    [Ebtatb.] 

TENANT.  Tenants,  in  the  more  extended  le^  sense  of  the  word, 
are  of  various  kinds,  disting\iished  from  each  other  by  the  nature  ol 
their  estates ;  such  as  tenants  in  fee  simple^  in  fee  tail,  for  life,  for 
yean,  at  will,  and  at  sufferance.    [Estau;  Tekubb.] 

TENANT  AND  LANDLORD.  The  woxd  tenant,  in  the  more 
limited  logal  sense,  which  is  also  the  popular  sense,  is  one  who  hMM 
land  under  another,  to  whom  he  ii  bouiKl  to  pay  rent,  and  who  is  called 
lus  landlord.  The  word  Land  means  not  only  land  itself,  but  also  all 
things,  such  as  buUdings,  houses,  woods,  and  water,  which  may  be 
upon  it.  Any  one  who  has  an  .estate  in  land^jirovided  he  is  also  in 
possession,  may  let  the  land  to  another.  Where  the  letting  takes 
place  by  an  express  contract  between  the  parties,  the  contract  is  called 
a  Lease,  the  nature  of  which  is  explained  generally  under  Lbase. 

But  the  relation  of  landlord  and  tenant  maybe  created  otherwise 
than  l^  a  formal  lease.  If  one  man  with  the  consent  of  another  occu- 
pies bis  land,  a  contract  of  letting  is  assumed  to  have  been  made 
between  them,  and  the  occupier  becomes  tenant  at  will  to  the  owner. 
Such  tenants  are^  after  payments  of  rent  as  in  annual  tenancies,  con- 
sidered to  be  upon  the  same  footing  as  if  the  lauds  had  been  let  to 
them  for  a  year  dating  from  the  commencement  of  th^ir  occupation. 
And  at  the  end  of  the  first  year,  a  second  year's  tenancy  begins,  unless 
six  months'  notice  of  the  intention  to  determine  the  contract  has  been 
given  by  either  party  to  the  other,  and  so  on  from  year  to  year.  The 
same  nue  of  law  applies  to  cases  where  a  tenant  continues  to  occupy 
land  after  the  expiration  of  a  lease  made  by  deed ;  but  In  this  case  aU 
the  covenants  of  the  expired  lease  as  to  payment  of  rent,  repairs, 
insurance,  and  the  like,  are  in  force  unless  the  lease  is  cancelled  by 
destitnring  the  seal ;  and  even  if  there  should  be  a  verbal  agreement 
for  a  different  rent,  still  the  old  covenants  subsiit,  unless  the  lease  ii 
cancelled*    [Djbd.] 

In  every  case  where  the  relation  of  landlord  and  tenant  exists,  either 
by  express  or  by  implied  contract,  certain  terms  are  implied  by  law 
to  have  been  agreed  upon  by  the  parties  as  forming  part  of  the  con- 
tract. It  is  of  course  in  the  power  of  the  parties,  where  the  contract 
is  express,  to  qualify  these  terms  so  implied  by  the  language  of  the 
contiact  itself.  But  it  may  be  observed  that  as  these  terms  are 
comprehensive  in  their  natiue,  and  distinctly  understood  in  law,  the 
interests  of  parties  are  often  better  consulted  by  leaving  them  to  the 
general  protection  afforded  by  these  implied  terms  than  by  attempts  to 
define  by  enumeration  in  detail  the  respective  rights  and  duties  of  the 
landlord  and  tenant.  The  terms  implied  on  the  part  of  the  landlord 
are,  that  the  tenant  shall  quietly  enjoy  the  premises  without  let  or 
hindrance  from  the  landlord;  on  the  part  of  the  tenant,  that  he  will 
pay  rent,  keep  the  prenuses  in  repair  to  a  certain  extent,  and  use  the 
land,  &Ci  in  a  fair  and  husbandlike  manner* 

When  the  landlord  is  himself  tenant  of  the  premues  to  a  superior 
landlord,  and  neglects  to  pay  his  rent,  and  the  occupying  tenant  is 
called  upon  to  pay  it  to  the  superior  landlord,  he  may  do  so,  and  set  it 
off  i^jaittst  the  rent  due  from  him  to  his  own  landioid.  If  a  tenant 
has  covenanted  without  exception  or  reservation  to  pay  rent  during 
the  term  for  whieh  the  lease  hiis  been  gianted  to  him,  he  will  be  bound 
to  pay  it  even  if  the  prenuses  should  be  destroyed  by  fire  or  other 
casualty.  If  he  should  have  assigned  his  lease  to  another  and  ceased 
to  be  in  possession,  he  will  still  remain  liable  under  his  covenant  to 
pay  rent. 

The  rules  of  law  as  to  the  repairs  of  premises  may  be  determined  by 
the  terms  of  the  lease.  If  they  are  not  determined  by  the  terms  of 
the  lease,  they  are  somewhat  uncertain  and  depend  on  a  variety  of 
circumstances,  which  are  laid  down  in  law  treatises. 

No  tenant,  in  the  absence  of  an  agreement  to  that  effect,  is  bound  to 
rebuild  alter  accidental  destruction  of  the  prenuses  by  fire.  But  under 
a  general  covenant  to  repair,  and  leave  repaired,  the  tenant  is  bound*  to 
rebuild  even  in  the  case  of  destruction  by  fire. 

In  agricultural  tenancies  the  lease  generally  determines  the  mode  in 
which  the  farm  is  to  be  treated.  [Leabk.]  Unless  also  the  lease 
expressly  or  impliedly  excludes  the  operation  of  the  custom  of  the 
country,  the  tenant  is  bound  to  conform  to  it.  The  custom  of  the 
country  means  the  general  practice  employed  in  neighbouring  farms  of 
a  similar  description,  nvith  reference  to  rotation  of  crops,  keeping  up 
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fences,  and  other  like  matters.  In  leases  of  farms  it  is  often  the 
practice  to  protect  the  landlord  against  certain  acts  of  the  tenant,  such 
as  ploughing  up  meadow  land,  &c.,  by  introducing  certain  provisionB 
into  the  lease.  These  provisions  mav  operate  according  to  the  phraseo- 
logy used,  either  to  assign  a  penalty  or  to  detenniuo  the  liquidated 
damaf^  agreed  to  be  paid  for  the  act  done.  It  is  often  a  matter  of 
great  importance  and  of  some  nicety  to  determine  under  which  class 
tibe  provisions  fall.  If  under  tlie  first,  the  landlord  is  not  entitled  to 
the  whole  penalty  upon  the  act  being  done,  but  he  can  only  recover  in 
an  action  the  amount  of  the  actual  damage  which  has  accrued.  If 
under  the  second,  he  is  entitled  to  the  whole  amount  of  the  damages 
agreed  on.  A  covenant  by  a  tenant  not  to  plough  up  meadow  under  a 
penalty  of  6L  for  every  acre  ploughed,  is  an  instance  of  the  first  class : 
a  covenant  to  pay  5^  rent  for  every  acre  of  meadow  ploughed  up,  is  of 
the  second  class.  The  right  to  timber  and  timber-like  trees  belongs  to 
the  landlord ;  loppings  of  pollards  and  bushes,  to  the  tenant.  Different 
definitions  prevail  in  different  counties  of  timber  and  timber-like  trees, 
and  various  customs  prevail  as  to  what  amount  of  wood  the  tenant 
may  be  allowed  to  employ  (after  the  landlord  has  been  called  on  to 
select  it)  for  the  purposes  of  the  farm.  No  tenant,  unless  he  employs 
the  land  as  a  nurseryman  or  gardener,  can  remove  any  kind  of  snrub 
from  the  soiL  Neither  can  a  tenant  remove  fixtures,  though  put  down 
by  himself.  A  fixture  is  a  chattel  which  is  let  into  the  soil,  or  united 
to  some  other  which  ia  let  in.  There  are  some  exceptions  to  this  rule 
in  favour  of  fixtures  used  for  the  purpose  of  trade  or  agriculture,  or 
merely  ornamental  purposes,  where  the  removal  will  cause  little  or  no 
damage.    <Amos  and  Ferard, '  On  Fixtures.') 

The  tenant  in  occupation  of  the  premises  is,  in  the  first  instance, 
liable  for  all  taxes  and  rates  of  every  description  due  in  respect  of  the 
premises.  The  party,  therefore,  who  is  authorised  to  collect  them 
may  proceed  against  the  tenant  in  occupation  to  recover  them.  It  is 
geiiendly  a  matter  of  agreement  between  the  landlord  and  tenant  that 
the  tenant  shall  pay  all  rates  and  taxes  except  the  land  tax ;  and  some- 
times it  is  agreed  that  the  landlord  shall  pay  the  sewer  rate  also.  If, 
however,  the  landlord  has  undertaken  to  pay  the  tenant  the  rates  and 
taxes,  and  fails  to  do  so,  the  tenant  may  deduct  the  amoimt  from  his 
rent,  or  bring  an  action  to  recover  it ;  but  this  should  be  done  during 
the  current  year,  and  if  the  tenant  allows  a  considerable  time  to  elapse 
without  claiming  a  deduction  or  bringing  an  action,  he  wiU  be  held  to 
have  waived  his  claim  to  recover  them  from  the  landlord. 

Where  a  fixed  rent  has  been  agreed  upon,  has  become  due,  and  is 
neither  paid  nor  tendered,  the  landlord,  with  certain  exceptions,  can 
distrain  growing  crops,  any  kind  of  stock,  goods,  or  chattels,  upon  the 
premises,  or  pasturing  anv  common  enjoyed  in  right  of  the  premises, 
whether  such  things  are  tae  actual  property  of  the  tenant  or  not ;  and 
if  tue  rent  remains  unpaid,  he  mav  sell  them.  It  follows  from  this 
general  rule  that  a  landlord  can  mstrain  on  the  goods  of  a  lodger 
who  occupies  under  his  tenant.    [Distress;  Rent.] 

A  tenant  ceases  to  be  so  if  he  incurs  a  forfeiture,  which  may  arise 
either  by  a  breach  by  the  tenant  of  one  of  those  conditions  which  are 
implied  by  or  attached  to  the  relation  of  landlord  and  tenant,  as  when 
a  tenant  niBclaims  or  impugns  the  title  of  his  landlord  by  adbiow- 
lodging,  for  instance,  the  right  of  property  to  be  vested  in  a  stranger, 
or  assets  a  daim  to  it  himself,  or  by  a  breach  of  a  condition  which  is 
expressly  introduced  into  the  lease,  the  breach  of  which  is  to  be 
attended  with  a  forfeiture  of  the  tenancy,  as  a  condition  to  pay  rent 
on  a  particular  day,  to  cultivate  in  a  particular  manner,  Ac.  To  this 
bead  may  be  referred  provisoes  in  a  lease  for  re-entry  by  the  landlord 
on  the  doing  or  failure  in  doing  of  certain  acts  by  the  tenant,  such  as 
the  commission  of  waste,  the  failure  to  repair,  &o.  The  courts  are 
said  to  be  unfavourable  to  forfeitures ;  therafore,  when  the  landlord 
has  notice  of  an  act  of  forfeiture,  or  an  act  which  entitles  him  to  re- 
enter, he  must  immediately  proceed  in  such  a  way  as  to  show  that  he 
intends  to  avail  himself  of  hu  strict  l^gal  right  If  after  the  commis- 
sion of  the  act  he  does  anything  which  amounts  to  a  recognition  of  the 
tenancy,  as  by  the  acceptance  of  rent  subsequently  due,  he  will  have 
waived  his  right  to  insist  upon  the  forfeitura 

A  yearly  tenancy,  where  no  period  of  notice  is  agreed  on,  must  be 
determincxl  by  a  notice  to  quit  at  the  expiration  of  the  current  year, 
given  six  months  previously.  In  the  case  of  lodgings,  the  time,  when 
less  than  a  year,  for  which  they  are  taken,  Drill  be  the  Ume  for  which  a 
notice  is  necessary.  Thus  lodgings  taken  by  the  month  or  week 
require  a  month's  rr  week's  notice. 

The  notice  to  qi  it  need  not  be  in  writing,  though,  from  the  greater 
facility  of  proving  it,  a  written  notice  is  always  better.  It  ^ould 
distinctly  describe  tlie  premises,  be  positive  in  its  announcement  of  an 
intention  to  quit  or  require  possession,  be  signed  by  the  party  giving 
it,  and  served  personally  upon  the  party  to  be  affected  by  it. 

If  a  tenant,  after  having  given  notice  to  quit,  continues  to  occupy, 
he  is  liable  to  pay  double  rent.  If  he  does  so,  no  fresh  notice  is 
necessary.  If  he  continues  to  occupy  after  the  landlord  has  given  him 
notice,  he  is  liable  to  pay  double  value  for  the  premises. 

At  the  expiration  of  the  lease,  the  tenant  is  bound  to  deliver  up 
possession  of  the  pr^jmses;  but  if  either  by  special  agreement  or  by 
the  custom  of  the  country  the  tenant  is  entitled  to  the  crops  still 
standing  on  the  land,  and  which  are  called  away-going  crops,  he  may 
enter  for  the  purpose  of  gathering  them,  and  also  use  the  bams  and 
stables  for  the  purpose  of  threshing  them.    The  incoming  tenant  may 


also  enter  during  the  tenancy  of  the  preceding  tenant  to  plough  and 
prepare  the  land. 

If  the  tenant  refuses  to  ddiver  the  possession  of  the  land,  tlie  land- 
lord may  bring  an  action  of  ejectment.    [Rent  ;  Ejectment.J 

TENANT  AT  WILL,  AND  FROM  YEAR  TO  YEAR.  *'  Tenancy 
at  will,"  says  Littleton,  s.  68,  "  is  where  lands  or  tenements  are  let  by 
one  man  to  another  to  have  and  to  hold  to  him  at  the  will  of  the 
lessor,  by  force  of  which  lease  the  lessee  is  in  possession.  In  this  case 
the  lessee  is  called  tenant  at  wiU  because  he  hath  no  certain  or  sure 
estate ;  for  the  lessor  may  put  him  out  at  what  time  it  pleaseth  him." 

An  estate  at  wiU  may  arise  by  implication,  as  well  as  by  expren 
.words.  Thus,  where  a  tenant  for  years  continues  in  possession  after 
the  expiration  of  his  term,  and  pays  rent  as  before,  the  payment  and 
acceptance  of  rent  constitute  a  tenancy  at  will.  So,  where  a  man 
enters  imder  an  agreement  for  a  lease  or  a  contract  for  the  parchaae  of 
an  estate,  he  must  be  considered  at  law  as  the  tenant  at  will  of  the 
person  who  has  the  legsd  title. 

Where  a  mortgagor  continues  in  possession  of  his  land  with  the  con- 
sent of  the  mortgagee,  after  default  in  payment  of  principal  and  in- 
terest at  the  time  stipulated  in  the  mortgage  deed,  he  is  tenant  at  wilL 
So  also,  where  the  legal  estate  is  vested  in  a  trustee,  the  beneficial 
owner,  or  oettuique  tnut,  if  he  be  in  possession,  is  considered  at  law  as 
tenant  at  will  under  the  trustee. 

A  tenancy  at  will  may  be  determined  either  by  express  declaration 
of  the  lessor  that  the  tenant  shall  hold  no  longer,  whidi  must  be  made 
on  the  land,  or  notice  given  of  it  to  the  lessee ;  or  by  some  act  of 
ownership  exercised  by  the  landlord  inconsistent  with  the  oontinoance 
of  the  estate,  such  as  entering  on  the  land  and  cutting  down  trees 
demised,  making  a  feoflfment,  or  a  lease  for  -years  to  commence  imme- 
diately. On  the  part  of  the  tenant,  any  act  of  desertion,  an  assign- 
ment of  the  land  to  another,  or  the  commission  of  waste,  is  a  determi- 
nation of  his  estate.  A  lessor  determining  the  tenancy  before  the  rent 
ia  due  loses  the  rent ;  and  on  the  other  hand,  the  lessee  who  determines 
it  before  the  rent  is  due,  must  notwithstanding  pay  it  up  to  that  time. 
If  either  party  die,  the  tenancy,  if  it  be  of  a  house,  continues  till  the 
next  rentnday ;  and  if  of  land,  until  the  summer  profits  are  reoeiv^ed  by 
the  tenant  or  his  representatives. 

Where  a  tenancy  at  will  is  determined  by  the'  lessor,  the  tenant  is 
entitled  to  emblements ;  but  not  if  it  be  determined  by  the  tenant 
himself. 

The  courts  are  always  inclined  to  construe  demises  where  no  certain 
term  is  mentioned,  not  ss  estates  at  will,  but  as  tenancieB  from  year  to 
year ;  and  the  cireumstance  of  an  annual  rent  being  reserved  has  been 
consulered  sufficient  to  warrant  this  construction.  Where  a  remainder- 
man receives  rent  from  a  tenant  imder  a  lease  for  yean  which  is  void 
as  against  him,  before  electing  to  avoid  it,  a  tenancy  from  year  to  year  ia 
created.  Also  where  an  agreement  for  a  lease  for  more  than  thres  yean 
is  made  by  parol,  and  is  therefore  void  by  the  Statute  of  Frauds,  there  ia 
a  tenancy  horn,  year  to  year  regulated  by  the  terms  of  the  agreement. 

A  tenancy  from  year  to  year,  when  once  constituted,  is  binding  not 
only  upon  the  reversioner,  but  his  assignee,  and  does  not  cease  upon 
the  death  of  the  tenant,  but  goes  to  his  executors  or  administnitora. 
The  tenant  is  entitled  to  six  months'  notice  to  quit,  ending  at  the 
expiration  of  the  year,  and  thus  a  new  year  is  continually  added  to  the 
term  as  often  as  the  half  year's  previous  notice  is  omitted  to  be  given 
at  the  proper  time.^ 

TENANT  FOR  LIFE.  Tenancy  for  life  of  lands  or  tenements  is 
the  possession  of  a  freehold  estate  or  interest,  the  duration  of  which  is 
confoied  to  the  life  or  lives  of  the  tenant  or  some  other  person  or  persons. 

The  estate  of  the  tenant  for  life  is  either  {1)  such  as  is  created  by 
deed  or  some  other  legal  assurance,  or  (2)  such  as  arises  by  operation 
of  law. 

{1)  An  estate  for  life  may  be  created  by  lease  with  livery  of  seisin, 
or  by  any  other  conveyance  at  common  law  which  might  be  employed 
in  conveying  the  fee,  or  bv  a  declaration  of  a  use,  or  by  wiU.  'fhe 
estate  so  limited  may  be  either  to  a  person  for  lus  own  life,  or  it  may 
be  given  to  one  for  the  life  of  another,  or  for  any  number  of  lives 
mentioned  in  the  grant.  In  the  last  case,  the  estate  is  in  effect  one 
for  the  life  of  the  survivor  of  the  persons  so  named.  On  the  other 
hand,  an  estate  may  be  granted  for  we  joint  lives  of  A  and  B,  in  which 
case  it  is  in  hct  an  estate  for  the  life  of  the  person  who  dies  first 
^  When  lands  or  tenements  are  conveved  by  deed,  without  any  express 
limitation  of  the  quantity  of  estate  to  be  taken  by  the  grantee,  he  takes 
an  estat9  for  life  only.  This  however  is  the  case  only  when  the  grantor 
might  lawfully  create  such  an  estate ;  for  if  he  be  tenant-in-teil,  the 
conveyance,  unless  it  be  a  lease  within  the  provisions  of  the  statute 
32  Hen.  VIII.,  c.  28,  will  pass  only  an  estate  for  the  life  of  the  grantor. 
Before  the  1  Vict,  c  26,  a  devise  without  words  of  limitation  conferred 
on  the  devisee  a  life  estate  only ;  but  now  by  sec.  28  of  that  act,  a 
dsvise,  though  without  any  words  of  limitation,  passes  the  fee  simple, 
or  the  whole  of  such  other  estate  as  the  testator  had  power  to  dispose 
of,  unless  a  contrary  intimation  appear  by  the  will. 

Formerly,  when  lands  were  given  to  A  for  the  life  of  B  without  any 
words  of  limitation,  if  A,  or  Uie  person  to  whom  he  had  assigned  his 
estate;  happened  to  die  in  the  lifetime  of  B,  the  estate  was  considered 
as  a  kind  of  herediiof  jacmt,  belonging  to  whoever  first  took  possession ; 
and  the  person  who  did  so  was  called  the  general  occupant.    [Ococ- 

PAKCY.] 
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A  gift  to  two  persons  for  their  lives  is  an  estate  in  joint  tenancy, 
and  for  the  life  of  the  survivor,  if  the  parties  continue  joint  tenants ; 
l>ut  if  the  lointure  be  severed^  each  has  then  an  estate  in  the  moiety 
for  his  own  life  only. 

<2)  The  estates  for  life  arising  by  operation  of  law  are,  the  estate 
tail  after  possibility  of  issue  extinct^  and  the  estate  by  courtesy  and 
the  estate  in  dower. 

The  estate  tall  after  possibility  of  issue  eitinct  arises  when,  by  the 
death  of  one  of  the  persons  from  whom  the  inheritable  issue  is  to  pro- 
ceed,  it  has  become  impossible  that  any  person  should  exist  upon 
-whom  the  estate  tail  can  descend.  Thus,  if  the  lands  be  given  to  A 
and  the  heirs  of  his  body  by  B,  his  wife,  or  to  A  and  B  and  the  hein 
of  their  bodies,  and  B  die  without  leaving  any  issue  of  their  two  bodies 
living.  A,  from  being  tenant-in-tail  special,  becomes  tenant-in-tail  after 
possibility  of  iMue  extinct;  which  is  in  effect  nothing  more  than  a 
tenancy  for  life,  with  certain  peculiar  privileges  remaining  to  the  tenant 
out  of  his  former  inheritance,  iha  princij^  of  which  is  the  right  of 
committing  waste. 

As  to  the  nature  and  incidents  of  tenancy  by  the  courtesy  and 
tenancy  in  dower,  see  Courtsst  and  Dower. 

Tenants  for  life  are  entitled  to  estovers ;  that  is  to  say,  to  an  allow- 
ance of  neoessaiy  wood  for  the  repair  of  houses  and  fences  on  the  land ; 
but  no  tenant  for  life,  except  tenant>in-tail  after  possibility  of  issue 
extinct,  can  out  down  more  Umber  than  Lb  necessary  for  such  purposes, 
or  build  new  houses,  or  open  mines,  without  being  guilty  of  waste, 
unless  his  estate  be,  as  it  may  be,  made  expressly  without  impeach* 
ment  of  waste.    [Waste.] 

A  tenant  for  life  is  not  bound  to  pay  off  the  principal  of  incum- 
brances affecting  the  inheritance,  but  he  is  bound  to  keep  down  the 
interest  of  all  such  incumbrances.  He  may  convey  or  demise  his 
tenement  by  the  same  means  as  a  tenant  in  fee,  provided  be  does  not 
attempt  to  convey  any  estate  greater  than  his  own. 

If  he  convey  by  grant,  lease  for  years,  bargain  and  sale,  or  lease  aAd 
release,  he  can  pass  no  interest  greater  than  that  which  he  himself 
possesses,  the  conveyance  for  the  excess  is  merely  void,  and  no  for- 
feiture is  incurred.  But  a  conveyance  by  feoffment,  or  by  any  assur- 
ance equivalent  to  a  fine  or  recovery,  if  purporting  to  exceed  the 
bounds  of  the  life  estate,  displaces  the  estates  in  remainder  and  creates 
a  wrongful  fee  simple.  The  person  entitled  to  the  next  estate  in  re- 
mainder or  reversion  becomes  then  immediately  entitled  to  enter, 
thereby  restoring  all  the  estates  which  had  been  displaced  by  the 
tortious  conveyance,  except  that  of  the  tenant  for  life,  whidi  becomes 
absolutely  forfeited. 
As  to  the  meiger  and  surrender  of  estates  for  life,  see  Ubbqeb  and 

SURRENDXB. 

The  name  tenant  for  life  is  also  applied  to  the  person  to  whom,  in 
settlements  or  wills  of  personal  property,  is  given  an  interest  for  life 
only  in  the  fund  which  is  the  subject  of  the  settlement  or  wUl.  [Set- 
tlemekt;  Will.] 

TENANT  FOR  TEARS.    [Estate;  Lease;  Tbkaivt  and  Lavd- 

LOBD.] 

TENANT  AT  SUFFERANCE,  says  Lord  Coke,  "  is  he  that  at 
first  came  in  by  lawful  demise,  and  after  his  estate  mdeih  continueth 
in  possession,  and  wrongfully  holdeth  over."  Thus  a  tenant  pur  aufre 
vie,  continuing  in  possession  after  the  death  of  etahdmte  vie,  a  tenant 
for  ^ears  holding  after  the  expiration  of  his  term,  and  a  person  who, 
havmg  been  tenant  at  will,  continues  in  possession  after  the  death  of 
the  lessor,  are  all  tenants  by  sufferance. 

As  the  tenant  at  sufferance  holds  only  by  the  laches  of  the  owner, 
there  is  no  privity  of  estate  between  them,  and  therefore  the  tenant  at 
sufferance  is  not  capable  of  taking  a  release  of  the  inheritance.  Tenants 
at  sufferance  were  not  bound  to  pay  any  rent;  till  by  the  i  Geo.  IL,  c. 
28,  §  1,  it  was  enacted  that "  where  any  tenant  holds  over  after  demand 
mads  and  notice  in  writing  given  for  delivering  the  possession,  such 
persons  so  holding  over  shall  pay  double  the  yearly  value  of  the  lands 
so  detained,  for  so  long  a  time  as  the  same  are  detained ;  to  be  re- 
covered by  action  of  debt^  against  the  recovering  of  which  penalty 
there  shall  be  no  relief  in  equity.** 

TENANT  RIGHT.  It  is  good  policy  in  the  owners  of  land  to  give 
liberal  acknowledgement  of  the  tenant's  right  to  the  unexhausted  im- 
OTOvements  of  the  land  which  he  has  hdd,  if  he  should  be  f  oroed  to 
leave  it ;  because  this  will  induce  him  to  cultivate  it  with  energy  and 
Uberali^.  Accordingly  in  some  parts  of  the  country,  and  especially  in 
Lincolnshire,  it  is  the  custom  to  give  the  tenant  on  leaving  a  propor- 
tion of  his  expenditure  during  the  last  few  years  of  his  tenancy — vary- 
ing in  amount  with  the  number  of  years  which  hss  elapsed  since  the 
expenditure,  and  the  character  as  to  permanence  of  the  improvement. 
The  following  table  may  be  taken  as  describing  a  not  uncommon  set 
of  allowances : — 


DMcrlptioa  of 
ImproTement. 


1.  Fine  gronnd  bone 
and  half-inch  bones 


CDDditions  Annexed. 


On  drained  or  natunillj' 
dry  tillage  land    . 


Bate  of  Compenaatlon  to  be 
Allowed  on  Quitting. 


Twctbirdi  of  the  coat  of  what 
has  been  nsed  in  the  last 
year  of  tenancy,  and  one- 
third  of  that  oaed  in  the 
year  preceding. 


Description  of 
ImproTcment. 


S.  Bone  du»t  and 
half-inch  bonei . 


3.  Dbaolred  bones  or 

guano        . 

4.  Unis      •        •    . 


5.  Linseed-cake 


6.  Draining  —  land- 
lord  finding  tiles 


7.  Dralnlng-^lenant 
flndingtiles  •    . 


8.  New  balldinga  or 
walls  —  landlord 
finding  materials 


9.  Fonda 


•        • 


10.  New  walla  or 
buildings  —  te- 
nant finding  all 
materials      .    . 


11.  Kew  fences  of 
hawthorn — Urn  mi- 
lord finding  post* 
and  raila    . 

13.  Clover  and  grass 
seeda    .        .    . 


Ctonditiona  Annexed. 


On  dry  or  wrll-dralned 
pasture   or    meadow 
land,  th«;  ssme  apt  be' 
ing  afterwards  mown 


On  dry  or  well-drained 
dand         .        • 

On  dry  or  well-drained 
land     .        . 


Oonsomed  on  the  farm 


Prorided  the  drains  are 
not  leaa  than  9  feet 
deep  at  regular  dis. 
tancea,  and  cut  under 
the-superintendenee  of 
the  landlord  or  his 
agents,  and  are  in 
perfect  order  at  the 
expiration  of  tenancy 

Same  proviao  as  abore 


Bate  of  Compenitalion  to  bo 
Allowed  on  Quitting. 


Prorided  the  same  arc 
done  under  the  direa 
tlon  and  approved  of 
by  the  landlord  or  his 
agent,  according  to 
pUin  and  apeeiflcation 
prcrtooaly  agreed 
upon 

Same  proviso  as  above 


Same  proviso  as  above, 
tenant  keeping  and 
deliTering  up  in  good 
repair       •        • 


Provided  they  hare  been 
properly  proteetedand 
cleaned        .        .    . 


Provided  proper  seeds 
hare  been  aown  in  a 
hnabandliko  and  pro. 
per  manner,  and  have 
not  been  depastured 
or  trod  by  atock. 


Seren-eightha  of  the  coat  of 
that  used  in  the  last  y?nr  of 
tenancy,  and  dimlnlshin); 
onceigbth  every  prerious 
year  subaequenl  to  the 
application. 

One.fottrth  of  the  coat  of  that 
u^od  in  the  la«t  year  of  te- 
nancy for  turoipii  and  rape. 

Thrce-fourtha  of  the  co«t  of 
that  used  in  the  laat  year  of 
tenancy,  and  one-fourth  of 
that  uaed  in  the  preceding 
year. 

Tbrec-fonrtha  of  the  cost  of 
that  nsed  in  the  last  year  of 
tenancy.  The  manure  being 
carefully  presecred  in  the 
foldyard. 

Pour-fifths  of  the  expense  of 
outtinir,  lading,  and  filling 
in  the  dralna  made  during 
the  last  year  of  tenancy, 
and  diminishing  one-fifth 
for  every  crop  grown  on  the 
land  ftioce  it  was  drained. 


Six-screntbs  of  the  eost  of 
thoHC  mude  in  the  last  year  of 
the  tenancy,  and  decreasing 
one-seventh  for  every  cr^p 
grown  since  it  was  drained. 

Ntnc-tcnths  of  the  cost  of  tbo«e 
erected  in  the  la^t  year  of 
the  tenancy,  and  decreasing 
oce-tenth  fur  each  year's 
occupation  iiftcr  erection. 


Nine-tenths  of  the  eoat  of  those 
made  or  filled  up  in  the  last 
year  of  the  tenancy,  and 
decreasing  one-tenth  for 
each  year's  occupation  after 
completion. 

Nineteen-twentieths  of  the  cost 
of  thoxe  made  in  the  la«t 
year  of  tenancy,  and  decreas- 
ing one-twentieth  for  each 
year's  occupation  after  erec 
tion. 

Ninc-tentha  of  the  eoat  of  those 
made  in  the  last  year  of 
tenancy,  and  decreasing  one* 
tenth  for  each  year's  occu- 
pation after  completion. 

l*he  invoice  cost  of  so^ds  sown 
in  the  last  year  of  tenancy. 


The  advantage  of  such  a  set  of  allowances  to  the  owner  of  the  laud 
conslBts  in  its  tendency  to  produce  vigorous  and  intelligent  cultivation; 
its  advantages  to  the  tenantry  and  labourers  are  obvious. 

Tenant  Right  is  the  name  for  a  species  of  customary  estates  peculiar 
to  the  northern  parts  of  England,  in  which  border  services  against 
Scotland  were  anciently  performed  before  the  political  union  of  the 
countries.  Tenant-right  estates  were  holden  of  the  lord  of  the  manor 
by  payment  of  certain  customaxr  rents  and  the  render  of  the  services 
above  mentioned,  are  descendible  from  ancestor  to  heir  according  to  a 
customary  mode  difiering  in  some  respects  from  the  rtile  of  descent  at 
common  law,  and  were  not  devisable  by  will  either  directly  or  by 
means  of  a  will  and  surrender  to  the  tise  of  the  same,  though  they  are 
now  made  devisable  by  1  Vict.,  c  26,  s.  8.  Although  these  estates 
appear  to  have  many  incidents  which  do  not  properly  belong  to  villein- 
age tenure  or  copyhold,  not  being  holdon  at  the  will  of  the  lord,  or  by 
copy  of  court  roU,  and  being  alienable  by  deed  and  admittance  tiiereon, 
it  has  been  determined  that  they  are  not  freehold,  but  that  they  fall 
under  the  same  general  rules  as  copyhold  estates.  (Doe  d.  Reay  «. 
Huntington,  4  East,  271.) 

TENANT  IN  FEE-SIMPLE.  A  tenancy  in  fee-simple  is  the 
greatest  estate  which  a  subject  can  have  in  laudL  [Tenure.]  The 
possession  of  an  estate  in  fee-simple  involves  a  complete  power  of  dis- 
position over  the  land ;  and  alter  a  grant  made  in  fee-simple  the  grantor 
has  parted  with  his  whole  interest. 

The  words  neoesaaiy  for  transferring  an  estate  in  fee  simple  may  bo 
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TENANT-IN-TAIL. 


TENOR 
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reduced  to  this  fonn:  "I  giye  this  land  to  you  and  your  heirs." 
(Littb,  1.)  The  addition  of  the  word  "heirs"  is  absolutely  necessary 
in  a  deed,  and  no  other  expression  will  serve ;  for  any  sudi  words  as 
*'  I  give  the  land  to  you;"  or  *' to  you  for  ever; "  or  "to  you  in  fee- 
simple,"  would  carry  to  the  grantee  nothing  more  than  an  estate  for 
life.  But  words  of  limitation,  such  as  "  he&s/'  are  not  now  necessaiy 
to  pass  a  fee-simple  by  devise.    (1  Vict.,  c.  26,  s.  28.) 

Lands  in  fee-simple  in  the  hands  of  the  heir  were  subject  at  common 
law  to  the  debts  of  the  ancestor  due  to  the  crown  md  to  specialty 
debts.  By  the  11  Geo.  IV.  and  1  Wm.  lY.,  c  i7,  a  complete  remedy 
was  given  for  all  kinds  of  specialty  debts,  both  against  the  heir  and 
devisee;  and  by  the  3  ft  4  Wm.  I  v.,  c.  104,  estates  in  fee-simple  are 
made  liable  in  the  hands  of  the  heir  or  dcrvisee  for  payment  of  ^e 
simple  contract  debts  of  the  ancestor. 

Estates  in  fee-simple  are  forfeited  to  the  crown  for  high  treason. 
(Ck).  Litt,  890  b.)  In  cases  of  petty  treason  and  felony  the  foifeiture 
to  the  crown  is  onl^  for  a  year  and  a  day,  called  the  annus,  diet 
€t  vattum;  after  "which  time  the  estate  escheats  (in  cases  of  petty 
treason  and  miutler)  to  the  lord.  By  the  54  Qeo.  III.,  o.  145,  the 
forfeiture  and  escheat  consequent  upon  attainder  for  felony,  except  in 
cases  of  high  treaaon,  petty  treason,  and  murder,  are  limited  to  the 
life-interest  ol  the  oflender.  It  would  seem  that  this  statute  learestiie 
offender  the  power  oi  disposing  of  the  estate  after  his  decease.  Trust- 
estates  in  fee-simple  may  be  forfeited  to  the  crown,  but  are  not  Uable 
to  eseheat. 

An  estate  to  a  man  and  his  heirs  may  be  given  upon  conditions  or 
limitations,  which  are  capable  of  abrid^ng  or  defeating  it.  The  estate 
cannot  then  properly  be  called  a  fee-smiple ;  but  is,  according  to  the 
circumstances,  a  conditional,  qualified,  or  base  fee.    (Co.  Litt.,  1  b.) 

TENANT-IN-TAIU  The  origin  and  general  nature  of  estates  taU 
have  been  already  described.    [Estate;  Remainder;  SbttIiEXEnt.] 

The  estate  of  the  tenont-in-tail  has  some  essential  characteristics. 
He  has  a  right  to  oommit  waste  of  all  kinds  by  felling  timber,  pulling 
down  houses,  opening  mines,  and  doing  other  like  acts ;  and  this  right 
of  the  tenant^in-tail  cannot  hi  any  manner  be  restndned.  The  tenant- 
in-tail  is  also  entitled  to  the  otkstody  of  the  title-deeds,  which  the  Court 
of  Chancery  will  order  to  be  delivered  up  to  him.  He  is  not  bound  to 
pay  off  incumbrances  affecting  the  fee  of  the  estate,  as  he  has  only  a 
particular  interest,  and  not  Uie  entire  property  in  the  land;  and  it 
seems  that  he  is  not  in  general  even  bound  to  keep  down  the  interest 
on  such  incumbrances ;  though  if  he  do  pay  off  such  incumbrances,  it 
will  in  general  be  presumed  to  have  been  d6ne  in  exoneration  of  the 
estate. 

By  the  statute  De  Donis  the  tenant-in-tall  was  restrained  from  alien- 
ating his  estate  in  any  manner  for  a  longer  period  than  his  own  life, 
that  is  to  say,  the  estate  of  the  alienee,  though  not  ip»o  faeto  deter- 
mined by  the  death  of  the  tenant-in-tail,  became  thereupon  defeasible 
by  his  issue  or  the  remainder-man  or  reversioner. 

If  the  tenant-in-tail  conveyed  his  estate  by  lease  and  release,  cove- 
nant to  stand  seised,  or  bargain  and  sale  and  grant,  the  right  of  entry 
of  the  issue  and  remainder-men  was  not  affected  by  the  conveyance. 
But  a  feofiment  or  fine  made  or  levied  by  the  tenant-in-tail  in  posses- 
sion by  virtue  of  the  entail,  caused  what  was  called  a  disoontinuonce  of 
the  estate  tail,  whereby  the  issue  and  the  persons  in  remainder  and 
reversion  lost  their  rights  of  entry  and  wen  driven  to  their  action.  A 
fine  duly  levied  with  proclamations  was  an  absolute  bar  to  the  issue, 
though  not  to  the  remainder-men,  creating  what  was  called  a  base  fee ; 
and  by  means  of  a  common  recovery  duly  suffered,  the  tenant-in-tail 
might  bar  his  issue  and  all  the  remainders  over,  and  make  an  absolute 
conveyance  of  the  estate.    [Reoovebt.] 

By  the  8  &  4  Wm.  IV.,  c.  74,  fines  and  recoveries  were  abolished; 
and  by  the  Statute  of  Limitations  (8  ft  4  Wm.  IV.,  c.  27)  it  was  enacted 
"  that  no  discontinuance  or  warranty  should  thereafter  defeat  any  ri^t 
of  entry  or  action  for  the  recovery  of  land.  It  seems  therefore  that 
no  discontinuance,  properly  so  called,  can  now  be  produced  by  any 
mode  of  conveyance,  for;  whatever  may  be  the  form  of  discontin- 
uance, the  last-mentioned  statute  takes  away  its  effects  [Fine; 
Recovery.] 

In  accordance  with  the  principle  which  prevented  a  tenant-in-tail 
from  alienating  his  estate  for  more  than  his  own  lifetime,  leases  by 
tenants-in-tail  might  be  avoided  after  their  death  by  the  issue  in  tail. 
But  by  the  82  Hen.  VIII,  c.  28,  tenants-in-tail  were  enabled  to  make 
leases  for  three  lives  or  twenty-one  years,  which  should  bind  their 
issue,  though  not  the  persons  in  remainder  or  the  reversioner. 

The  estate  of  the  tenant-in-tail  is  not  subject  to  any  of  the  debts  or 
incumbrances  of  his  ancestor,  except  debts  due  to  the  crown,  by  the 
82  Hen.  VIIL,  c.  89,  s.  75. 

Estates  tail  are  subject  to  the  bankrupt  laws,  and  to  forfeiture  for 
high  treason  by  the  26  Hen.  VIIL,  a  18.  By  attamder  for  high  treason, 
the  estate  of  the  tenant-in-tail,  of  his  issue,  and  of  all  such  of  his 
collateral  heirs  as  would  have  been  entitled  to  take  under  the  estate 
tail,  are  forfeited,  but  not  the  estates  in  remainder  or  the  reversion. 

The  26  Hen.  VIIL  extends  only  to  cases  of  high  treason,  and  there- 
fore as  to  felonies  the  statute  De  DonU  is  still  in  force,  and  the  for- 
feiture by  attainder  for  felony  extends  only  to  the  life  interest  of  the 
tenant-in-taiL    (Co.  Litt.,  892  b.) 

TENANTS  or  TENANCY  IN  COliMON.    [CoafMON,  Tenancy 

IN.] 


TENDER.  A  tender  is  the  offer  to  perform  some  act.  In  practice 
it  generally  consists  in  an  offer  to  pay  money  on  behalf  of  a  parly 
indebted,  or  who  has  done  some  injury,  to  the  oreditor,  or  to  the  party 
injured. 

A  tender  to  the  amount  of  40s.  may  be  in  silver ;  bat  beyond  that 
arnonnt  it  must  be  in  gold,  or  in  Bank  of  England  notee  payable  to 
bearer  on  demand  for  any  sum  above  5{.  (8  ft  4  Wm.  IV.  o.  6.)  If  a 
tdnder  be  made  of  a  larger  amount  in  silver,  or  in  country  bank-notes, 
and  no  objection  be  taken  at  the  time  to  the  silver  or  notes,  the  objec- 
tion to  the  tender  on  that  ground  is  waived,  and  the  tender  is  good  to 
the  amount  to  which  it  is  made.  The  money  must  be  prodacad  and 
shown,  or  the  bag  or  other  thing  which  oontaina  it  shown,  to  the  party 
to  whom  it  is  intended  to  be  given,  unless  this  is  dispeinsed  with  hj 
some  declaration  or  act  ol  the  creditor.  This  is  insisted  upon  with 
euoh  striotoesB,  that  even  though  a  pwty  tell  his  creditor  that  be  is 
about  to  pay  him  so  much,  and  put  nis  hand  into  his  pocket  to  pro- 
duce the  money,  yet  If  the  creditor  leave  the  presence  of  the  debtor 
before  the  money  is  actually  produced,  no  tender  will  have  been  made : 
but  if  the  craditor  refuse  to  reoeive  the  money  mentioned  on  the 
ground  that  it  is  insufficient  in  amount,  the  actual  production  of  it  is 
not  neoeesary  to  oonstitate  a  valid  tender.  The  offiar  must  be  absolute 
and  without  oondttions.  An  offer  of  a  larger  amount  with  a  requeat 
of  change;  an  oi&r  witli  a  request  ol  a  receipt,  or  on  ooodition  that 
■ometh&g  shall  be  done  on  the  part  of  the  mditor,  are  not  valid 
tenders;  but  an  offer  ol  a  Uyrger  sum  absolutely  without  a  demand  of 
change  is  good*  A  tender  may  be  made  either  to  the  party  actually 
entitled  to  receive  it,  or  to  an  agent  or  servant  outhonsed  to  reoeure 
it^  or  to  a  managing  derk ;  and  a  tender  will  not  be  invalidated  even 
though  before  it  is  mode  the  creditor  hss  put  the  matter  into  the 
hands  of  his  attorney  and  the  tn>nftging  oleriL  of  the  creditor  refuses  to 
receive  it,  and  assigns  that  circumstance  as  his  reason  for  doing  so.  If 
the  attorney  write  to  the  debtor  demanding  the  money,  a  tender 
afterwards  made  to  him  or  to  his  managing  clerk  is  g^ood,  unless  at  the 
time  when  it  is  mode  they  disclaim  authority  to  reoeive  the  money. 
A  tender  ought  to  be  made  on  behalf  of  the  party  from  whom  ^ 
money  ia  due ;  if  the  agent  appointed  by  him  to  make  the  tender  offer 
a  lar^  sum  than  he  is  authorised  to  do,  the  tender  will  noYerthelees 
be  good  for  the  full  amount  to  which  the  tender  is  mode. 

If  the  defendant  in  an  action  plead  a  tender,  he  must  state  that  he 
has  i^ways  been  ready  to  pay  the  money,  and  he  must  also  pay  it  into 
court  The  effect  of  the  plea  is  to  admit  the  existence  of  a  cause  of 
action  in  the  plaintiff.  The  plea  goes  only  in  bar  of  damages.  The 
plaintiff,  therefore,  in  such  case  can  never  be  nonsuited :  but  if  issue  is 
taken  on  the  mere  fsct  whether  or  not  the  tender  has  been  made, 
and  that  Uai  is  found  for  the  defendant,  it  is  a  good  defence  to  the 
action. 

By  various  statutes,  magistrates,  officers  of  excise,  ftc.,  are  eat- 
powered,  after  notice  of  action  to  be  brought  against  them,  to  tender 
amends;  and  if  the  amount  tendered  is  sufficient,  the  tender  is  a 
defence  to4he  action. 

TENEMENT,  in  its  usual  and  popular  acceptation,  is  applied  only 
to  houses  and  other  buildings ;  but  in  its  original,  proper,  and  legal 
meaning  it  includes  everything  of  a  permanent  nature  that  may  be  on 
object  of  tenure,  or  may  be  held  in  the  legal  sense,  whether  corporeal 
or  incorporeal.  It  is  sometimes  applied  in  a  more  confined  sense  to 
objects  of  feudal  tenure;  in  general,  however,  it  includes  not  only  land, 
but  every  modification  of  right  concerning  it.  Thus  the  wcovi 
"Liberum  tenementum,"  frank-tenement,  or.neehold,  is  applicable  not 
only  to  lands  and  other  solid  objects,  but  also  to  offices,  rents,  com- 
mons, and  the  like.  [Estats;  Tsxurs.]  (Harg.,  '  Co.  Litt',  154, 
a.  n.  7«) 

TENNIS,  a  game  in  which  a  ball  is  driven  to  and  fro  by  seversl 
persons  striking  it  alternately,  either  with  the  palm  of  the  hand,  naked 
or  covered  with  a  thick  glove,  or  with  a  small  bat  called  a  racket,  held 
in  the  hand ;  the  aim  being  to  keep  the  boll  in  motion  as  long  as 
possible  without  allowing  it  to  fall  to  the  ground.  Perhaps  the  first 
historical  notice  of  the  game  in  England  is  that  which  Shakspere  has 
introduced,  almost  in  the  words  of  Holinshed  (who,  howeyer,  called 
them  Paris  balls)  in  his  '  Henry  V.'  (act  L,  w.  2),  where  the  Dauphin 
sends  a  present  of  tennis-balls  in  answer  to  Henry's  demand  for  the 
sovereignty  of  France.  Heniy  VII.  was  a  tennis-player  ;  and,  as  an 
entry  in  a  MS.  register  of  his  expenditure  in  the  thirteeoth  year  of 
his  reign  mentions  on  item  of  tw^ve-pence  for  his  loss  at  tennis  and 
three-pence  for  the  loss  of  balls,  it  may  be  inferred  that  tiie  game  was 
played  abroad,  as  the  loss  of  balls  is  not  likely  to  have  happened  in  a 
tennis-court  Be  this  as  it  mav,  in  the  16th  century  tennis-courts 
were  common  in  England,  and  the  game  vras  very  popular  with  the 
nobility,  which  it  continued  to  be  down  to  the  reign  of  Charles  II., 
who  nequently  diverted  himself  by  playing  at  tennis  vrith  his 
courtiers.  A  similar  game  was  sometimes  played  with  a  hollow 
leather  ball,  inflated  with  air,  and  called  a  haUcm^  which  was  driven 
from  one  player  to  another  by  striking  with  the  hand,  or  with  a  wooden 
bracer  fixed  upon  the  hand  and  lower  arm.  Further  particulars 
respecting  these  and  other  old  games  played  with  a  ball  may  be  found 
in  Strutt's '  Sports  and  Pastimes.* 

TENOR,  the  name  of  the  most  common  of  ad\ilt  malevofeos,  that 
which  is  between  the  extremes  of  highest  and  lowest,  or  Contratenor 
[Alto]  and  Base.    [Basic- Voice.]    ^e  compass  of  the  Tenor  is  from 
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c,  the  second  space  in  the  baaei  to  Q,  the  second  Ime  in  the  treble. 
ISxample,  in  the  tenor  clef : — 


m 


^^ 


s 


^ 


1 


Hence  it  will  be  seen  that  the  tenor  and  treble  are  reciprocally  at 
the  distance  of  an  octave ;  consequently,  what  is  calculated  K>r  the  one 
voice,  as  relates  to  compaJK,  will,  at  a  distance  of  eight  notes,  invariably 
suit  the  other. 

The  word  is  derived  from  Teneo,  to  hold ;  for  in  ancient  part-com- 
positions, the  plain-song,  or  air,  if  it  may  be  so  denominated,  was 
given  to,  or  held  by,  the  Tenor.  [Clep.] 

Tenor-CUf  is  the  c,  or  mean  clef,  placed  on  the  fourth  line  for  the 
use  of  the  tenor-voice,  as  in  the  above  example. 

It  is  also  occasionally  used  for  the  violoncello  :  and  the  part  of  the 
tenor  trombone  is  written  in  this  clef. 

Tenor  is  also  the  English  name  for  a  larger  instrument  of  the 
violin  kind.    See  Viola. 

TENSION  (Mechanics),  the  name  given  to  the  force  by  which  a  bar 
or  string  is  pulled,  when  forming  part  of  any  system  in  equilibrium  or 
in  motion.  Thus,  when  a  weight  is  supported  by  a  string,  the  tension 
of  the  string  is  the  weight  which  is  suspended  to  it.  Every  point  of 
the  string  may  be  considered  as  a  point  of  application  of  two  equal 
and  opposite  forces,  downwards  and  upwards,  each  equal  to  the  weight 
applied. 

TENSION,  ELECTRICAL.    [Vapoue.] 

TENT,  MILITARY,  is  a  temporaiy  dwelling-place  made  of  canvas, 
which  is  supported  by  one  pole,  or  more,  and  distended  by  means  of 
cords,  which  are  made  fast  to  pickets  driven  into  the  ground :  tents 
are  set  up  when  an  army  is  encamped  in  the  field  either  for  actual 
service  or  for  the  purpose  of  performing  militaxy  exercises. 

The  tents  of  the  private  soldiers,  wheUier  infantry  or  cavalry,  are  of 
a  conical  form  with  circular  bases,  the  supporting  pole  or  standard  of 
each  being  planted  vertically  in  the  groimd,  in  the  centre :  the  standard 
is  10  feet  3  inches  long,  and  the  whole  diameter  of  the  tent,  between 
two  opposite  pickets,  IS  17  feet  3  inches;  but  from  the  lower  extre- 
mity of  the  cone,  at  about  2  feet  from  the  ground,  the  canvas  >i*wg« 
down  vertically  and  forms  a  cylindrical  wall,  therefore  the  diameter  of 
the  tent  within  the  canvas  is  13  feet  8  inches.  Fifteen  infantry,  or 
twelve  cavalry  soldiers  occupy  such  a  tent.  The  round  tent  of  an 
ofl&cer  is  12  feet  6  inches  in  diameter  within  the  walls.  The  marquees 
of  officers,  as  well  as  the  hospital  and  laboratory  tents,  are  of  oblong 
forms  on  the  plan ;  and,  in  these,  the  canvas  is  supported  by  two 
standards,  which  are  connected  together  at  their  tops  by  what  is  called 
a  ridge  pole  6  or  7  feet  long.  The  length  of  an  officer's  marquee  is  19 
feet,  and  the  breadth  18  feet,  both  dimensions  being  taken  within  the 
walls :  tents  of  the  two  other  kinds  are  still  larger. 

For  the  rules  of  modem  castrametation,  or  the  dispositions  of  tents 
in  an  encampment,  see  Emcam FMEifT. 

TENTHS  are  the  tenth  part  of  the  yearly  value  of  all  ecclesiastical 
living.  They  were  formerly  claimed  by  the  pope ;  and  his  ckim  was 
sanctioned,  in  this  country,  by  an  ordinance  in  the  20th  year  of 
Edward  I.,  when  a  valuation  of  all  livings  was  made,  in  order  that  the 
pope  might  know  the  amount  of  his  revenue  from  this  source.  The 
possessions  afterwards  acquired  by  the  church  were  not  liable  to  the 
payment  of  tenths  to  the  pope,  as  all  livings  continued  to  be  charced 
according  to  that  valuation.  (Coke,  2  'Inst*,  627.)  When  the 
authority  of  the  pope  was  extinguished  at  the  Reformation,  Henry 
VIII.  transferred  the  revenue  arising  from  tenths  to  the  crown,  and 
l»d  a  new  valuation  of  all  the  livings,  so  as  to  obtain  the  tenth  of 
their  true  yearly  value  at  that  time.  (36  Hen.  VIIL  c.  3,  s.  9-11.) 
By  royal  grants  under  1  Eliz,  c  19,  s.  2,  the  Archbishop  of  Canterbury 
and  the  Bishop  of  London  were  exempted  from  tenths,  and  were  also 
authorised  to  receive  the  tenths  of  several  benefices  as  a  compensation 
for  certain  estates  which  were  alienated  from  their  sees.  By.  the 
6  Anne,  c.  24,  all  benefices  were  discharged  from  the  payment  of  tenths 
which,  at  that  tune,  were  under  the  annual  value  of  50^.,  except  those 
of  which  tiie  tenths  had  previously  been  granted  by  the  crown  to  oiker 
parties.  There  are  also  some  other  special  exemptions.  Queen  Anne 
^Z^i^?  revenue  arising  from  tenths,  as  well  as  from  first-fruits, 
which  had  been  enjoyed  by  her  predecessors  since  the  Reformation, 
and  by  act  2  &  3  of  her  reign,  c.  11,  assigned  it  to  the  augmentation  of 
poor  liyings;  for  which  purpose  she  erected  a  corporation  by  lettere 
patent  m  1704  to  administer  the  funds,  called  the  QovemoiB  of  Queen 
Anne  s  Bounty.  This  act  declared  that  episcopal  sees  and  Uvings  not 
exeinpted  should  continue  to  pay  in  such  rates  and  proportions  only  as 
heretofore,  or  according  to  the  valuation  of  Henry  VIIL,  commonly 
^,?!!?Jf  ,?^/'  ^^^^  ^^^"-^  Tenths  under  the  ait  1  Vict  c.  20,  Je 
collected  by  the  treasurer  of  the  Governors  of  Queen  Anne's  Bounty 
l^ayment  is  enforced  by  Exchequer  process,  when  not  duly  made,  and 
the  treasurer  is  recjuired  to  give  notice  of  arrears  withm  one  month 
after  the  proper  time  of  payment.  In  case  of  a  Uving  being  vacated, 
the  Exchequer  is  empowered  by  act  26  Hen,  VIIL,  c.  8,  s.  1«,  to 
recover  arrears  of  tenths,  not  only  from  the  executors  and  administra- 
tors, but  also  from  the  successor  of  the  last  incumbent  [Benmick  : 
Fibst-Fbuits.]  ' 

ARTS  AKD  BCL  DIV.  VOL.  VIII. 


TENURE.  The  general  nature  of  tenure  and  its  origin  and  history 
in  England  are  explained  in  the  article  Feudal  Law. 

^  All  land  was  and  is  held  of  the  crown  either  mediately  or  imme- 
diately, the  tenure  being  either  free  or  base ;  Frank-tenement  or  free- 
holding,  and  Villeinage.  The  act  12  Car.  II.  c.  24  abolished  military 
tenures,  which  were  one  kind  of  free  services,  and  changed  them  into 
the  other  species  of  free  services,  namelv  free  and  common  socage ; 
socage  tenure  being  thus  established  for  sdl  lands  held  by  a  free  tenure, 
which  comprehended  all  lands  held  of  the  king  or  others,  and  all 
tenures  except  tenures  in  frankalmoigne,  copyhold,  and  the  honorary 
services  of  grand-serjeanty. 

Tenure  is  still  therefore  a  fundamental  principle  of  the  law  relating 
to  land  in  England ;  for  the  owner  of  land  in  fee  simple,  which  is  the 
largest  estate  that  a  man  can  have  in  land,  is  not  absolute  owner  :  he 
owes  services  in  respect  of  his  fee  (or  fief),  and  the  seignory  of  the  lord 
always  subsists.  This  seignory  is  now  of  less  value  than  it  was,  bub 
still  it  subsists.  The  nature  of  the  old  feud  was  this  :  the  tenant  had 
the  use  of  the  land,  but  the  ownership  remained  in  the  lord ;  and  this 
is  still  the  case.  The  owner  of  a  fee  has  in  fact  a  more  profitable 
estate  than  he  once  had ;  but  he  still  owes  services,  fealty  at  least,  and 
the  ownership  of  the  land  is  really  in  the  lord  and  ultimately  in  the 
crown.  For  all  practical  purposes  the  owner's  power  of  enjoyment  is 
as  complete  as  if  his  land  were  allodial ;  but  the  circumstance  of  its 
not  being  allodial  has  several  important  practical  consequences. 

No  land  in  England  can  be  without  an  owner.  If  the  last  owner  of 
the  fee  has  died  without  heirs,  and  without  disposing  of  his  fee  by  will, 
the  lord  takes  the  land  by  virtue  of  his  seignory.  If  land  is  aliened  to 
a  person  who  has  a  capacity  to  acquire  but  not  to  hold  luid  in  England, 
the  crown  takes  the  huid ;  this  happens  in  the  case  of  lands  being  sold 
to  an  alien.  U  a  man  commits  treason,  his  freehold  lands  are  liable  to 
be  forfeited  to  the  crown,  and  his  copyhold  estates  to  the  lord  of  the 
manor.  And  if  a  man  commits  a  felony,  his  freehold  and  copyhold 
lands  are  also  subject  to  certain  forfeitures,  these  forfeitures  being 
all  consequences  of  tenure. 

Church  lands  are  held  by  tenure  though  no  temporal  services  are 
due.  This  is  the  tenui^  in.  frankalmoigne,  which  is  now  exactly  what 
it  was  before  the  12th  of  Charles  II.  was  passed.  Church  lands,  how- 
ever, owe  spiritual  services,  and  the  lord  of  whom  they  are  held  must 
be  considex«d  the  owner ;  but  the  beneficial  ownership  can  never  revert 
to  the  lord,  for  all  spiritual  persons  are  of  the  nature 'of  corporations, 
and  when  a  parson  dies,  the  corporation  sole  (as  he  is  termed  by  an 
odd  contradiction  in  terms)  is  not  extinct,  and  it  is  the  duty  and  right 
of  some  definite  person  to  name  a  successor.  When'then  the  parson  dies, 
the  freehold  may  be  considered  to  be  in  abeyance  till  the  appointment 
of  his  successor,  one  of  the  few  instances  in  the  English  law  in  which 
it  is  said  that  a  freehold  estate  can  be  in  abeyance. 

No  seignoiT  can  now  be  created  except  by  the  crown ;  for  it  was 
enacted  by  the  statute  Quia  Emptores  (18  Edw.  L  c.  1),  that  all 
feofimentsof  land  in  fee  simple  should  be  so  made  that  the  feoffee 
■held  of  the  chief,  that  is,  the  immediate  lord  of  the  aliening  tenant,  by 
the  same  services  by  which  the  tenant  held.  But  tenure  of  an 
imperfect  kind  may  be  created.  Thus  wherever  a  particular  estate  is 
created,  it  is  held  of  the  reversioner  by  an  imperfect  tenure :  as  in  the 
common  case  of  landlord  and  tenant  If  no  rent  or  other  Sjorvices  are 
reserved  from  the  tenant  of  the  particular  estate  for  life  or  years,  the 
tenure  is  by  fealty  only,  and  he  may  be  required  to  take  the  oath  of 
fealty.  But  the  right  of  the  reversioner  to  whom  services  are  due  is 
solely  incident  to  the  reversion,  and  is  created  at  the  same  time  with 
it  The  perfect  tenure  originated  in  the  pure  feudal  system,  in  which 
the  seignory  of  the  lord  was  the  legal  ownership  of  the  land,  and  the 
tenant  owed  his  services  for  the  enjoyment  of  it.  The  only  perfect 
tenunf  now  existing  is  Socage  tenure,  the  services  of  which  are  certain, 
and  consist,  besides  fealty,  of  some  certain  annual  rent.  And  if  the 
services  due  in  respect  of  it  are  not  rendered,  the  lord  may  distrain, 
that  is,  take  any  chattels  that  are  on  the  land  in  respect  of  which  the 
services  are  doe.  An  imperfect  tenure  so  far  resembles  a  perfect  one, 
that  a  reversioner  can  distrain  for  the  services  due  trom  the  tenant  of 
the  particular  estate. 

A  right  still  incident  to  a  seignory  such  as  a  subject  may  have  is 
that  of  escheat,  whieh  happens  when  the  tenant  in  fee  simple  dies 
without  leaving  any  heir  to  the  land,  and  without  having  incurred  any 
forfeiture  to  tiie  crown,  as  for  treason.  Forfeiture  is  another  right 
incident  to  a  seignory,  and  it  may  happen  in  conse(|uence  of  any  act  by 
which  the  tenant  breaks  his  fiddity  (fealty)  to  his  lord  of  whom  he 
holds.  It  therefore  extends  to  other  cases  than  treason  and  felony. 
Copthold;  Escheat;  Feudal  System;  Forfeiture;  Manor; 
Rent. 

TE'RAPHIM  (D^Sni^ ;  Sept,  ct^Xa).    This  is  a  word  of  somewhat 

uncertain  etymology  and  signification.  That  the  teraphim  were  of 
human  form  seems  evident  from  1  Sam.  xix.  1 3.  They  appear  to  have 
been  supentitiously,  if  not  idolatrously,  reverenced  as  penates,  or 
household  gods.  (Qen.  zxxL  19,  34,  35 ;  1  Sam.  xix.  13-17 ;  2  Kings 
xxiiL  24.)  In  some  shape  or  other  they  were  used  as  domestic  oracles. 
(Comp.  Zech.  x.  2  ;  Judg.  xviL  5 ;  xviiL  5,  6,  14-20 ;  Hos.  iii.  4.) 
This  IS  confirmed  by  1  Sam.  xv.  23,  where  teraphim  are  mentioned  in 
connection  with  the  arts  of  divination. 
TERBIUM,  (Tr)  a  peculiar  metal  discovered  by  Mosander  in  tho 
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state  of  oxide  in  gadolinite,  orthite,  ftc.,  aesociated  with  yttria,  and 
with  oxide  of  erbium,  another  new  metaL 

The  oxide  of  terbium  has  not  yet  been  reduced  to  the  state  of 
metal ;  it  is  distinguished  from  that  of  erbium  in  not  becoming  of  a 
dark  orange-yellow  colour  when  heated  in  the  air.  The  oxide  of 
terbium  is  insoluble  in  water  and  in  the  caustic  alkalies ;  it  is  soluble 
even  after  heatiDg  to  redness  in  a  boiling  solution  of  carbonate  of  soda, 
but  after  a  few  days  it  separates  from  solution  in  the  state  of  a  double 
salt ;  the  carbonate  of  terbium  is  soluble  in  solution  of  carbonate  of 
ammonia,  and  after  saturation  forms  with  it  in  a  few  hours  a  double 
salt,  which  separates  in  such  quantity  that  very  little  of  the  oxide 
remains  in  solution ;  the  salts  of  this  oxide  are  colourless  and  have  a 
sweetish  taste.  The  sidphate  is  more  soluble  in  cold  water  than  in 
hot;  the  nitrate  yields  by  evaporation  a  crystalline  mass  which 
deliquesces  in  a  moist  atmosphere. 

The  oxide  of  terbium  has  hitherto  been  obtained  in  small  quantity 
only,  and  its  properties  are  but  little  known* 

TEREBENR    [Tubpbmtine.] 

TEREBENTHIN.    [Turpentine.] 

TEREBENZIC.    [Tubpentine.] 

TEREBIC  acid,    [Tubpentine.] 

TEREBILIN.    [Turpentine.] 

TERECHRYSIC  acid.    [Turpentine.] 

TEREKTIAN  METRES.  Few  subjects  connected  with  Latin 
literature  have  been  treated  with  less  success  than  the  principles  and 
laws  which  govern  the  metres  of  Latin  comedy.  The  majority  of 
readers  seem  to  look  upon  the  writings  of  Plautus  and  Terence  as 
mere  humble  prose  arbitrarily  distributed  so  as  to  present  to  the  eye 
the  appearance  of  verse  without  its  realities.  For  them  it  would  be 
better  if  the  whole  were  printed  consecutively,  and  such  an  arrange- 
ment would  in  fact  be  supported  by  not  a  few  of  the  existing  manu- 
scripts. On  the  other  hand,  there  have  been  writers  who  have  hiboured 
to  remove  the  difficulties  that  obscure  the  subject,  among  whom  none 
before  Bentley  and  Hermann  appear  to  have  had  any  success.  Since 
their  time,  Bothe,  Ritschl,  and  Fleckeisen  have  done  good  service, 
although  the  first  and  second  of  these  recent  critics  have  too  frequently 
been  rash  in  their  innovations.  Even  the  writer  of  the  Life  of  Terence, 
in  the '  Biographic  Universelle '  (publidied  in  1826),  gave  the  following 
extraordinary  criticism  upon  the  metres  of  Terence : — "  The  sole  rule 
which  he  observes  with  tolerable  regularity  is  to  end  each  verse  with 
an  iamb ;  and  even  this  limitation  he  often  disregards,  as,  for  instance, 
in  the  terminations  hie  eontiste  ;  si  vis,  nunc  jam  ;  audio  violenter  ;  hue 
nddacam ;  Kane  renturam,  &c.  With  regard  to  the  other  feet,  he 
freely  substitutes  for  the  iamb  or  spondee,  a  trochee,  anapest,  dactyl, 
double  pyrrhic,  or  four  short  syllables,  and  a  cretic  or  short  between 
two  longs,"  &c.  This  writer  thus  started  with  the  false  impression 
that  all  the  verses  of  Terence  are  reduced  by  critics  to  the  single 
metre,  called  trimeter  iambic ;  whereas  in  fact  all  who  have  dealt  with 
the  subject,  except  himself,  are  aware  that  the  poet  has  at  least  three 
forms  of  verse  which  end  trochaically ;  and  his  second  exception  is 
disposed  of  by  the  more  correct  orthography  nunciam.  In  England, 
again,  so  late  as  the  year  1887,  we  had  a  scheme  of  the  Terentian 
meters,  which  for  the  commonest  of  those  metres,  the  trimeter-iambic, 
gave  us  the  following  scale : — 


with  the  additional  remarks  that  quo  quid  hiMc  may  be  a  dactyl,  that 
hie  quidem  est,  studet  par,  and  the  three  first  syllables  of  voluptati,  may 
pass  for  anapests,  &c.,  &c.  All  this  is  exceedingly  unsatisfactory,  and 
it  would  be  better  to  abandon  the  problem  as  insoluble,  thwi  to  give 
currency  to  extravagancies  which  would  enable  us  to  find  in  any  given 
chapter  of  Cicsar  a  series  of  trimeter-iambics. 

It  must  be  admitted  that  the  metres  of  the  Greek  dramatists,  and 
more  particularly  of  the  tragedians,  gratify  the  ear  with  rhythms 
which,  comparatively  speaking,  are  smooth  and  appreciable.  But  it 
should  be  recollected,  in  the  first  place,  that  the  Qrcek  language  is 
distinguished  from  among  other  languages  by  its  abundance  of  words 
which  end  in  a  short  syllable,  and  the  advantage  to  the  poet  is  increased 
by  the  large  number  of  instances  where  these  short  fmal  syllables  have 
a  vowel  ending.  Compare,  for  instance,  the  accusatives  singular  fiavffoM, 
douKoif,  voKofy  9atfwka,  with  the  Latin  miuam,  servcm,  navim,  lemem  ; 
the  nominative  and  accusative  plural  9tufioy*s,  9atnows,  with  the  Latin 
leonea;  the  numerals  iirra,  ««ico,  with  the  Latin  septem,  decern;  the 
verbs  rvwrtrt,  rwrrowri,  with  the  Latin  scribitiB,  acribunt;  the  pro- 
nouns fu,  n,  i,  with  me,  te,  tS.  In  fact  the  Latin  language  exceeds  the 
Greek  in  the  number  of  long  syllables,  as  much  as  the  English  and 
German  languages  exceed  the  Latin. 

A  stiU  more  important  matter  is  the  question  whether,  and  how  far, 
the  written  language  of  the  Romans  is  an  exact  representative  of  the 

rken  language.    It  seems  to  be  a  condition  of  language  in  general 
t  Its  pronunciation  should  always  be  passing  through  a  series  of 
changes,  and  that  those  changes  should  consist  for  the  most  part  in  the 


gradual  omission  of  letters  and  even  syllables.  Thus  the  Roman 
phrase  mea  domina  is  in  Italian  madonna;  in  French,  madame;  in 
English,  madam,  ma*am,  and  even  mum  and  mim.  Meanwhile,  for  the 
meet  part,  the  changes  in  orthography  are  slow,  and  consequently 
nearly  always  in  arrear  of  the  oiihoepy.  Thus  it  will  be  found  that 
the  sounds  of  English  and  German  words  which  appear  to  the  eye  ao 
weighed  down  with  consonants,  are  in  the  mouth  of  a  native  tolerably 
harmonious.  Was  such  the  case  with  the  Roman  also  ?  We  answer 
with  little  hesitation  in  the  affirmative,  partly  because  the  laws  which 
now  govern  language  can  scarcely  have  been  wanting  in  ancient  Italy, 
and  partly  because  we  find  the  point  established  by  several  incidental 
remarks  m  Latin  writers.  Thus  Suetonius  says^  in  his  'Life  of 
Augustus  (c.  88),  "  Orthography-— that  is,  the  laws  and  principles  of 
writing  ]|dd  down  by  grammarians— he  was  not  very  observant  of,  but 
seems  rather  to  follow  the  opinion  of  those  who  hold  that  we  should 
write  as  we  speak.  For  as  to  his  hAbit  of  changing  or  omitting  not 
merely  single  letters,  but  even  whole  syllables,  that  is  a  common  error.'* 
It  should  1^  observed,  too,  that  Suetonius  had  himself  seen  the  hand- 
writing of  the  emperor.  (Ibid,  c.  87.)  Again,  Quintilian  ('  Inst.,'  xL 
8,  33)  says,  "As,  on  the  one  hand,  it  is  essential  that  every  word 
should  be  clearly  articulated,  so,  on  the  other  hand,  to  reckon  up,  if 
we  may  so  speak,  every  separate  letter,  is  painful  and  wearisome."  In 
the  same  chapter  he  further  observes,  ''  Not  only  is  a  coalition  of 
vowels  very  common,  but  8(me  too  of  the  consonants  are  disguised 
(dimmulantur),  when  a  vowel  follows ; "  where  he  must  refer  to  some 
other  letter  than  m,  probably  the  final  a  generally  and  the  final  d  of 
neuter  pronouns.  Moreover,  Friscian,  who  by  the  way  appears  to  have 
written  when  the  Latin  language  had  ceased  to  be  spoken  as  a  living 
tongue,  at  times  throws  out  such  conjectures  as  the  following  : — "  I 
think  that  vigil,  viffilis,  should  rather  be  pronounced  per  ai/ncopam." 
We  might  appeal  to  Cicero's  authority  for  the  fact  that  a  final  a  was 
frequently  omitted  in  pronunciation.  But  there  are  still  other  argu< 
menta  in  support  of  the  principle  for  which  we  are  contending. 
Within  the  limits  of  the  Latin  language  itself  we  find  such  changes 
actually  in  progess — as,  magia,  niai,  ipaua,  neque,  atque,  sive,  neve,  videiis, 
videnmt,  providens,  mihi,  nihil,  quibua,  popvbia,  tegumen,  opera,  potesar, 
mxivolo,  noverit,  noviaii,  coveniio,  becoming  severally  mage,  m»,  ipae,  nee, 
ac,  aeu,  neu,  videre,  vldei-e,  prudena,  mi,  nil,  quia,  poplua  (compare  also 
poplieua),  tegmen,  opra,  poaae,  maio,  norit,  noati,  eontio.  Principles 
of  etymology  would  enable  us  to  carry  the  list  out  to  a  vast  extent, 
and  this  stUl  more,  if  we  employed  the  analogies  of  the  Greek  tongue. 

Again,  the  languages  which  are  acknowledged  to  be  derived  from  the 
Latin,  such  as  that  of  the  Troubadours,  the  Italian,  French,  Spanish, 
Portuguese,  and  one  portion  of  the  English,  by  their  shortened  forms, 
confirm  our  views.  And^  this  will  be  found  to  be  specially  the  case 
with  the  French.  To  those  who  may  express  their  surprise  that  the 
French  should  thus  take  precedence  in  our  argument  of  the  Italian, 
the  answer  is,  that  the  French  is  probably  derived  from  the  Latin  more 
completely  than  even  the  Italian ;  for  the  Celtic,  Teutonic,  and  Iberic 
languages  spoken  in  France  before  the  Roman  conquest  of  that  countiy 
were  of  too  foreign  a  character  to  mix  with  the  language  of  conquerors 
or  to  supply  the  place  of  it  in  the  intercourse  of  the  provinciaLs  with 
their  mastero ;  whereas  in  Italy  there  already  existea  dialects  which 
were  intelligible  to  those  who  came  from  Rome,  and  for  that  very 
reason  were  not  supplanted  by  that  particular  form  of  the  Italian  Lan- 
guage  which  happened  to  prevail  in  the  metropolitan  city.  In  the 
same  way  the  authorised  dialect  of  our  own  tongue  is  more  likely  to 
become  uie  current  language  of  Calcutta  than  of  Yorkshire.  Add  to 
this  t^t  the  language  now  called  Italian  belongs  to  Tuscany,  not  to 
Rome. 

Lastly,  we  find  much  to  strengthen  our  present  ailment  in  the 
abbreviated  forms  of  writing  which  were  in  use  among  the  Romans, 
and  are  still  found  in  manuscripts.  Thus  the  word  conaul  is  written 
coa,  because  the  n  was  not  pronounced  before  a,  as  Diomedes  expressly 
tells  us.  (Putsch.,'428.)  Again,  the  word  modo  not  unfrequently  occupies 
such  a  position  in  the  verses  of  Terence  as  to  seem  to  require  a  mono- 
syllabic  pronunciation,  such  indeed  as  seems  also  more  consistent  with 
its  enclitic  character.  This  veiy  word  enters  into  the  composition  of 
the  Latin  qwmiodo,  which  again  in  the  languages  derived  ^m  Latin 
assumes  various  forms :  in  the  Romance,  com  ;  in  Spanish,  como ;  iu 
Italian,  come ;  and  in  French,  comme.  To  this  we  now  add  the  fact 
that  the  Romans  themselves  represented  the  simple  word  by  the  abbre- 
viation mo.  Again,  •  n  •  is  the  manuscript  mode  of  denoting  the  con- 
junction enim,  a  word  which  must  often  bo  pronounced  like  en  to  fulfil 
the  conditions  of  Terence's  metre.  We  may  observe  of  this  word,  as 
of  modo,  that  an  enclitic  should  not  attract  the  attention  of  the  ear. 
A  third  example  shall  be  a  third  enclitic,  namely,  quidem.  Bentley 
himself  observed  the  trouble  caused  by  this  word  in  the  verses  of 
Terence  ('  Andr.,'  L  3,  20),  and  his  remedy  is  to  drop  the  final  m, 
which  however  still  leaves  the  verse  encumbered  with  a  superabundance 
of  syllables.  We  contend  that  this  also  is  commonly  a  monosyllable, 
and  on  the  following  grounds  .-—First,  the  metre  of  Terence  requires 
it.  Secondly,  if  Uidem  has  a  reduced  form,  item,  analogy  will  give  us 
quern  for  quidem.  Thirdly,  the  Romans,  like  the  French,  did  not 
proifounce  the  vowel  u  after  q  (otherwise  such  words — aqua,  or  n&que, 
for  instance — would  have  had  the  first  syllable  long),  and  they  also 
disguised  the  final  m,  as  Quintilian  implies  in  the  passage  to  which  we 
have  already  referred.    Thus  we  have  arrived  at  a  sound  he.    Kow  the 
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Greek  language  has  a  word  of  precusely  the  same  power  and  character, 
yt,  which  we  strongly  sunpect  to  be  the  very  same  word ;  so  that,  if 
our  suspicions  be  right,  equidem  and  tytityf  are  of  one  origin,  as  well  as 
of  one  meaning.  Lastly»  thete  are  reasons  still  remaining  which 
demand  a  monosyllabic  pronunciation  for  qutdem.  We  have  already 
called  it  an  enclitic,  and  it  appears  beyond  dispute  in  that  character  in 
the  words  equidem,  nquidem,  quandoquidem,  Now  an  enclitic  should 
in  its  nature  sacrifice  itself  to  give  tone  to  the  word  which  precedes  it. 
Yet  if  we  believe  the  ordinary  teachers  of  Latin  prosody,  equidem, 
though  a  corruption  from  egoqmdcm,  or  egquidem,  has  the  first  syllable 
short.  Again,  quando  by  itself  has  the  final  o  common,  to  tfiJce  the 
most  unfavourable  view ;  for  in  the  poets  of  the  Augustan  age  it  would 
be  difficult  to  find  a  single  example  where  o  is  short;  and  in  quandooue, 
quandocunque,  the  vowel  is  always  long[.  But  add  quidem,  and  they 
say  quandoquidem  has  the  same  vowel  always  short.  So  also  ri  in 
siquideMf  according  to  their  views,  loses  its  length  the  moment  the 
enclitic  attaches  itself  to  it.  If  our  views  be  right,  the  true  pronun- 
ciation of  these  three  words  may  be  represented  by  something  like  eke, 
quandohe,  nke  ;  the  last  coiTesponding  to  the  Greek  eiyc.  We  will 
here  observe,  in  passing,  that  our  pronunciation  of  quidem  suggesta  a 
correction  of  a  corrupt  passage  in  Persius,  Sat.  i.  10  : — 

"  Littera.    Per  me  qaidem  sint  omnia  protinua  alba." 

The  current  reading  is  equidem  ;  and,  relying  upon  one  error,  the 
editors  have  allowed  the  same  equidem  to  stand  with  dubitea  in  Sat.  v. 
45,  when  the  context,  as  well  as  grammar,  requires  dubitem.  It  may 
also  be  noticed  that  Ritschl,  in  his  '  Parergon,'  says  that  the  employ- 
ment of  quridem  as  a  monosyllable  ia  a  very  ordinary  occurrence. 

But  to  return  to  the  subject  before  us.  It  is  not  imcommon  with 
critics  to  imagine  to  themselves  that  the  laws  of  Greek  and  Latin  verse 
are  based  upon  principles  essentially  different  from  those  of  modem 
languages ;  Uie  former  depending,  they  say,  upon  the  length  of  sylla- 
bles, the  latter  upon  accent.  This  distinction  we  believe  to  be  wholly 
without  foundation.  We  rely  little  upon  the  fact  that  Priscian's 
treatise  headed  '  De  Accentibus '  is  only  a  schoolboy-like  scanning  of 
the  first  lines  in  the  '  ^neid,'  because,  as  has  been  already  said,  that 
writer's  authority  is  not  of  great  weight  in  what  concerns  the  spoken 
tongue ;  and  in  fact,  for  the  same  reason,  there  is  little  dependence  to 
be  placed  upon  the  dogmas  of  the  other  so-called  grammarians,  such  as 
Diomedes.  Our  views  upon  this  subject  are  rather  derived  from  the 
perusal  of  Terence  and  Plautus  themselves,  and  are  confirmed  to  a  con- 
siderable extent  by  the  hexameters  of  Virgil  and  the  lyrics  of  Horace. 
They  also  seem  to  be  supported  by  the  general  principles  of  language. 
We  will  endeavour  briefly  to  state  the  results  at  which  we  think  we 
have  fairly  arrived. 

I.  In  words  of  more  than  two  syllables,  if,  according  to  the  received 
prosodies,  two  or  more  short  syllables,  exclusive  of  the  final  syllable, 
occur  together,  the  second  of  those  short  syllables,  counting  from  the 
beginning  of  the  word,  was  slurred  over.  For  instance,  in  some  cases 
the  changing  a  vowel  i  or  e  into  the  sound  of  a  y,  or  of  a  vowel  a,  o,  or 
u  into  the  sound  of  a  Vf,  would  be  the  simplest  mode  of  effecting  such 
a  result.  Thus,  adtribuSre,  perUmua,  conitlium,  would,  upon  our 
theory,  be  pronounced  adtiibwere,  peryimus,  congilyum,  the  last  of  which 
is  confirmed  by  Horace's  use  of  the  same  word  in  his  odes,  and  the 
Italian  congiglio,  Fr.  ccTueil,  Sp.  consejo  ;  and  at  any  rate  our  pronun- 
ciation of  the  two  former  ia  more  consistent  with  the  quantity  of  the 
vowels  than  the  mode  usually  adopted,  namely,  per-irimus,  etdtribiiere, 
Bentley  has  himself  observed  ('  Eun.,'  ii.  2,  86)  that  the  words  mulier, 
mulieriSf  &c.,  are  always  so  placed  in  Terence  as  to  have  the  accent  on 
the  first  syllable ;  which,  by  the  way,  is  consistent  with  the  Italian 
mofjlie,  and  the  Spanish  mugei\  We  doubt,  however,  whether  the 
dative  and  ablative  plural  would  be  found  to  obey  the  law  laid  down 
by  Bentley.  In  those  cases  where  the  second  short  vowel  is  followed 
by  a  consonant,  the  abbreviation  proposed  becomes  impracticable,  if  at 
least  that  consonant  be  really  to  be  soimded.  In  such  cases  the  right 
course  is  probably  to  drop  the  syllable  altogether.  Thus  mtsma, 
familia,  and  such  words,  Hermann  {*  De  Re  Metrica')  truly  says,  are 
to  be  pronounced  with  the  accent  on  the  first  syllable,  and  this  in 
defiance  of  the  law  laid  down  by  all  the  grammarians,  that  the  accent 
cannot  be  carried  farther  from  the  end  of  a  word  than  the  antepenult. 
Hermann  has  not  attempted  to  reconcile  the  two  assertions,  but  they 
fall  at  once  into  agreement  if  we  are  right  in  dropping  the  second  syl- 
lable, for  then  the  first  becomes  virtually  an  antepenultimate ;  and  we 
are  only  doing  what  is  common  in  our  own  language,  as  in  €very, 
Idvdy.  This  principle,  moreover,  may  be  clearly  traced  in  forms 
acknowledged  to  be  Latin.  Thus,  from  populvs  should  be  formed 
poptdicus,  but  that  becomes  poplictu  or  publicus.  If  peUo  has  a  perfect 
pepuli,  cadp  a  perfect  cecidi  ;  the  compounds  with  re  should  strictly 
give  us  repeptdi,  rececidi ;  but  we  find  repptdi,  reecidu  Again,  in  con- 
nection with  opifex  we  ought  to  have  opificium  and  opificina;  but 
these  have  been  supplanted  by  officiwn,  officina.  So,  too,  the  Greek 
crtircSoy  becomes  in  Latin  oppidum,  as  opposed  to  the  arx,  or  citadel ; 
and  the  adverb  fwrntivs  takes  the  form  of  oppido,  an  equivalent  in 
meaning  to  plane. 

II.  The  accent  of  a  Latin  dissyllable  or  polysyllable  will  fall  upon 
the  penult,  if  long.  Where  that  penult  is  long  by  the  nature  of  the 
vowel,  and  at  the  same  time  the  final  syllable  is  short,  the  accent  upon 
the  penult  is  called  a  circumflex;  in  other  cases  an  acute  accent. 


Secondly,  if  the  penult  be  short,  put  an  acute  accent  upon  the  ante- 
penult, always  performing  the  previously  mentioned  abbreviation  if 
need  be ;  the  necessary  effect  of  which  la  to  give  a  long  antepenult  if 
the  penult  itself  be  short. 

III.  The  preceding  rules  dispose  of  every  case  except  two  classes  of 
words,  namely,  dissyllables  with  a  short  penult,  and  monosyllables. 
The  former  are  either  to  be  pronounced  as  monosyllables,  or  elde  to  be 
attached  to  the  preceding  or  following  word ;  and  the  double  word 
thus  formed  to  be  accentuated  as  a  polysyllable.  When  a  word  is 
attached  in  pronunciation  to  that  which  it  precedes,  it  has  already 
received  in  common  use  the  name  of  enclitic.  Hermann,  who  first 
observed  that  there  are  also  words  which  attach  themselves  to  those 
which  follow,  has  proposed  to  give  them  the  name  of  proclitics.  The 
Greek  article,  for  instance,  belongs  to  this  class,  as  also  not  unfiequeutly 
the  Latin  hie,  hac,  Ac.  The  same  is  true  of  prepositions,  when  really 
prepositions,  that  is,  when  they  precede  their  noun ;  and  the  Latin  «<w* 
or  ne,  like  the  Greek  ou,  should  perhaps  in  many  cases  be  pronounced 
in  immediate  connection  with  the  following  verb,  just  as  we,  who  are 
accustomed  to  place  our  not  after  a  verb,  write  cannot  as  a  single  word. 
Many  little  conjunctions  also  may  probably  require  such  treatment,  as 
n,  ut,  &c. ;  in  confirmation  of  which  it  should  be  observed  that  Latin 
manuscripts,  even  of  a  late  date,  almost  habitually  write  these  little 
words  in  immediate  connection  with  the  following  word.  Again,  the 
list  of  enclitics  should  be  extended  so  as  to  include  most  of  the  con- 
junctions which  require  to  be  placed  second  in  a  sentence,  and  even 
conjunctions  in  general,  together  with  the  relative  itself  when  they  are 
forced,  if  the  word  may  be  used,  into  a  second  place,  as,  for  instance, 
in  the  first  line  of  the  '  ^neid,'  which  acquires  additional  power  by 
the  pronunciation  TrciaS-quu  In  the  same  way  a  postponed  preposi- 
tion becomes  an  enclitic,  as  in  the  phrase  altU-de  moiUibua,  In  this 
way  many  dissyllables  and  monosyllables  will  coalesce  into  polysyllables, 
and  be  accentuated  accordingly.  We  even  entertain  a  strong  suspicion 
that  a  verb  in  the  middle  of  a  sentence  must  often  be  treated  as  an 
enclitic,  to  give  tone  to  some  important  word  befora  it.  Such  a  pro- 
nunciation was  indeed  demanded  by  Carey,  in  his  '  Prosody,'  for  the 
Virgilian  leit^-vdat.  The  verb  est,  again,  is  known  to  have  been  very 
generally  an  enclitic ;  and  the  beat  Sso^kaitists  have  held  that  the  verb 
must  very  frequently  in  verse  be  so  attached  to  the  wonl  which  pre- 
cedes it.  We  trace  the  same  law  in  a  fact  which  governs  the  order  of 
words  in  the  Latin  and  Hungarian,  and  probably  many  other  languages, 
namely,  that  when  a  verb  occupies  a  place  in  ^e  middle  of  its  clause, 
it  is  safe  to  infer  a  strong  emphasis  for  the  word  which  precedes  it. 

IV.  The  principle  of  elision  will  often  modify  the  accent  of  a  word. 
Thus,  cumpiimMm,  teribSndum,  arguminto,  would  in  ordinary  ciroum- 
stances  have  the  accent  as  marked.  But  if  elision  take  place,  they 
sometimes  have  the  accent  displaced.  In  this  way  tiie  first  and 
eleventh  lines  of  the  Prologue  to  the  '  Andria '  should  be  read  :  "  Po^ 
cdm-prim,  &m'  adacribend'  tfdpulit ; "  and  "  Non  it'  dissimli  sunt 
argtiment'  dt-tamen."  It  should  also  be  observed  that  elision  often 
destroys  the  initial  vowel  of  the  second  word,  instead  of  the  final 
syllable  of  the  preceding  word,  as  nunc  tuHmst  officiwn,  rather  than 
nwM  t»*  itt  officium, 

Y.  The  pronunciation  of  Latin  words  in  the  days  of  Plautus  and 
Terence  differed  in  several  respects  from  that  which  holds  good  for  the 
later  poets,  and  this  for  the  most  part  in  one  direction — syllables  being 
long  in  the  old  Latin  drama,  wmch  afterwards  became  short  Thus, 
iSrua  and  mlltiva,  gratis  and  nunciam,  were  always  trisyllabic.  The 
first  syllable  of  AekerwM  was  already  in  a  state  of  transition,  generally 
long,  yet  at  times  short ;  eaada  is  another  word  of  varying  quantity 
in  the  same  syllable.  Then,  again,  nominatives  in  cr,  as  uxor  (Plant., 
'  Stic.,'  ▼.  140),  atuUior  (Ibid.,  '  Baco.,'  v.  123),  may  have  the  last 
syllable  long,  and  this  with  the  more  reason  as  they  really  stand  for 
vxora,  stuUiors.  In  the  same  way,  pater,  like  the  Grec^  ^omjp,  has  a 
long  final  syllable  in  the  '  Trin.,'  v.  645,  if  we  follow  the  Ambrosian 
peJimpsest.  Then,  again,  in  verbs  we  have  a  long  final  in  the  first 
person  of  the  reflective,  as  perpeiiSr  (*  Most.,'  v.  621),  and  in  the  third 
person  singular  of  the  active,  provided  the  other  parts  of  the  tense  in 
question  prove  the  vowel  to  be  in  itself  long,  as  «t/  ('  Mil,'  v.  242), 
adJUctat  r<Mero.,' v.  648),  habH,  not  aut  habet  (<Trin.,'  v.  206),  desideret, 
expeetet,  for  so  the  MSS.  ('  Mil.,'  244),  and,  above  aU,  in  perfect  tenses, 
as  optiglt  ('  Stic.,*  v.  884),  astUlt  (*  Mil.,'  v.  213),  reppei-U  ('  Stic.,'  v. 
462),  vendidit  (Capt.  Prol.  9).  Indeed,  Yii^gil  and  the  later  poets  furnish 
not  a  few  examples  where  such  syllables  retained  their  original  length, 
as,  pater,  amor,  in  Virg.,  perrupU,  subiit,  Hor.,  rediit,  prasteriit,  Ov.  On 
the  other  hand,  a  short  vowel  in  what  is  called  doubtful  position, 
remained  invariably  short  in  Plauttis  and  Terence,  although  the 
later  poets  took  the  Uberty  of  treating  such  a  syllable  as  long.  Thus, 
laeruma,  aaerum,  lucrum,  patrem,  have  alM'uys  a  short  first  syllable  in 
Latin  comedy ;  and  if  m^diocrit  has  a  long  5,  it  is  because  the  o  vowel 
of  this  word  is  in  itself  long. 

If  now  the  principles  we  have  assumed  on  the  grounds  above  men- 
tioned be  applied  to  the  plays  of  Terence,  we  arrive  at  the  restilt,  that 
the  verses,  with  very  few  exceptions,  acquire  the  desired  rhythm ;  and 
that  there  should  be  exceptions  must  be  expected  where  the  text  of  an 
author  is  not  yet  established  upon  a  careful  comparison  of  manuscripts, 
and  where  even  the  transposition  of  two  woids  will  often  ^ter  the 
accent.  Moreover,  it  should  always  be  recollected  that  in  the  comic 
drama  it  may  be  even  desirable  to  avoid  the  purer  rhythm  of  vene^ 
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and  approach  Bomewhat  to  the  prose  of  natural  conTersation,  as  Cicero 
has  himself  remarked  ('  Orator./  55).  That  what  we  now  say  may  be 
put  to  the  test,  we  will  give  a  list  of  those  words  requiring  abbrevia- 
tion which  most  commo^y  ocour»  observing  at  the  same  time  that  a 
word  at  the  end  of  an  iambic  trimeter,  or  after  a  monosyllable,  is 
often  to  be  pronounced  with  all  its  syllables,  though  elsewhere  liable 
to  contraction.  Of  this  an  example  may  be  seen  in  the  tenth  line  of 
the  prologue  already  referred  to,  which  contains  both  noverit  and 
narit : — 

senfix  »  sen.    Compare  the  genitive. 

pater  —  pirt.     Compare  parricida. 

soror  =  aceur,  as  in  French. 

voluntas  =  vountas*    Compare  rfs  =  volis  and  invltus  =  involitus. 

lacruma  =  lartna.    Compare  the  French  larme  and   sermetU,  from 

saeramentum. 

hodie  =  oggi,  as  in  Italian. 

dies  ^jes.    Compare  jour,  joum^e, 

ego  >"  yo.    Compare  Italian  to. 

cave  =s  cau.    Compare  Cicero's  story  about  the  word  eatineas» 

tace  =  tai,  as  in  French,  tats, 

g^uibus  =  quis.    Compare  the  loss  of  6  in  the  dat.  pi.  of  the  first  and 

second  declensions. 

tibi  =ti.  -] 

sibi  =  n.  I  Compare  the  Romance,  Italian,  Fr.,  Sp.|  and 

ubi  =s  ou.        J 

obi  =  ai. 

jube  =ju.    Compare  the  perfect  ^'ii«ni 

inde  =  in.    Compare  the  French  en,  and  Latin  dein,  exin,  for 

deinde,  exinde,  &c. 

redi  « m. 

magis  =  mais.    Compare  mat  It.,  mcUs  Fr.,  mas  Sp, 

minus  s=  mins, 

alitu  =  alyus.    Compare  Greek  oXAof ,  and  Sanskrit  any<i, 

fOfCere  =  fare.    Compare  Fr.,  It,  Sp. 

viffilare  =  vigliare.    Compare  Fr.,  It. 

vide  =  vi.    Compare  Fr.  voi^,  voi'la. 

novos  =■  nous.    Compare  Greek  vcof,  English  new, 

sine  =  nit.    Compare  Fr.,  It.,  Sp. 

duo  —  do.    Compare  Greek  8o»>8cica,  Fr.,  Eng. 

ille,  &c.  =  i^  or  2e,  &o.    Compare  It,  Fr.,  Sp. 

bonus  =■ 
sumus 

bene  =  ben. 

male  =  mal. 

homo  =  komme,  as  in  French. 

rei  =  re.    Compare  the  forms  of  the  fifth  declension  used  by 

Caesar,  Viigil,  &c. 

puer  sz  pur  or  par.     Compare  Greek  iraii.  Spartan  irotp,  Latin 

iMcipor. 

9UUS,  &c.    =  sus  OTSos. )  Compare  It,  Fr.,  Sp..  and  also  the  forms  used 

r"''a£!'  I  ^'^^    \     by  Ennius,  and  ii  Greek. 

/tfte  =  fut.    Compare  It.,  Fr.,  and  Latin  fore, 

animtis  =  dmus.    Compare  It,  Fr. 

asinus  »  dnus.    Compare  Fr. 

edepol  =  epol.    Compare  ecasior,  ecere,  &c. 

l^ere  =  lere.    Compare  Fr. 

oeulus  =  oeHus.    Compare  Fr. 

generis  =  genris.    Compare  Fr. 

aperire  =  aprire.    Compare  It,  Fr.,  Sp. 

opera  b  opra.    Compare  the  form  in  Ennius,  and  Fr.,  Sp. 

similU  =  sim'Us.    Compare  Fr.  semble,  Eug.  resemUe. 

tamen  »  tain.    Compare  tametsi  for  tamenetsi,   and  tandem   for 

tamendem. 

aliquis  ,  =  alquis.    Compare  It  alcmio,  Fr.  aueun,  from  aliquis-unus. 

hujus  «  his.    Compare  the  abbreviation  of  ntUHus  into  niUltus  and 

niUU, 

^ua  » is. 


=  bon,         I 
»  sommes,   \ 


as  in  French. 


For  a  more  detailed  exhibition  of  these  words,  see  '  Journal  of  Edu- 
cation,' voL  ii.,  p.  344 ;  and  on  the  subject  of  Latin  prosody  generally, 
the  same  work,  vol.  iv.,  p.  S36. 

It  should  be  added,  that  of  modem  editors,  Hermann,  Bothe,  Linde' 
mann,  Ritschl,  and  Fleckeisen,  alone  seem  to  have  a  distinct  idea  of  the 
nature  of  the  metres  of  Terence  and  Plautus;  for  all  that  has  been  said 
applies  to  Plautus  as  well  as  Terence.  The  author  of  the  '  Varronia- 
nus'  borrowed  his  article  on  the  subject,  and  that  without  acknow- 
ledgment, from  the '  Penny  Cyclopsedia '  and  the  paper  in  the  '  Journal 
of  Education ; '  all,  at  least,  except  the  paragraph  about  pueUa^  and 
that,  oddly  enough,  is  the  one  paragraph  in  the  said  chapter  which 
the  recent  editor  of  Terence  luis  justly  condemned.  Among  older 
writers,  Bentley  certainly  possessed  a  clearer  insight  into  the  subject 
than  some  of  his  notes  would  lead  one  to  suppose.  That  this  is  the 
case  is  proved  by  an  anecdote  in  Bishop  Monk's  '  Life '  of  that  scholar. 
The  reverend  doctor,  dining  at  a  friend's  house  in  London,  kept  the 
gentlemen  longer  over  their  wine  than  was  thought  proper  by  the 
lidies  in  the  drawinsr-room.  and  added  to  the  scandal  when  his  voice 


was  heard,  even  above  stairs,  in  what  was  supposed  to  be  a  song  to  the 
tune  of  '  Unfortunate  Miss  Bailey.'  The  doctor  was  only  reading  h:i 
them  some  specimen  of  Terence's  Comic  Septenarius,  or,  to  cue  a 
harder  phrase,  tiie  Iambic  Tetrameter  Catalectic. 

TEREPHTHALIC  ACID.    [Tubpentinb.] 

TERETINIC  ACID.    [Turpentine.] 

TERM  (Algebra).  A  simple  term  in  an  algebraical  expression  meazu 
all  that  involves  multiplication,  division,  and  extraction  of  roots  without 
addition  or  subtraction.    Thus  in  the  expression 

a^a^  -  2abx*  +  yjah .  ar*, 

the  terms  are  a^&'o:',  2a&r',  and  yjah .  x*.  But  compound  quantities 
are  also  called  terms  when  they  are  put  in  such  a  form  that  addition-* 
and  subtractions  are  subordinate  to  subsequent  multiplication,  diviaion, 
or  extraction.     Thus, 

{a  +  b)3f^*+  ^{a^-b*).xy 

has  two  terms,  (a +  6),  af-^*,  and  yJ{a^-V^.xy,  If  the  form  be 
altered  into 

the  expression  then  has  three  terms.  Most  frequently,  however,  there 
is  one  letter  in  powers  of  which  the  whole  expression  is  arranged,  and 
then  all  that  involves  any  one  power  of  this  principal  letter  is  a  term. 
Thus  a  +  te  +  ex  +  ez*  has  three  terms,  namely,  a,  (6  +  e)  x,  and  ear*. 

When  one  quimtity  is  said  to  be  expressed  in  terms  of  another,  it 
generally  means  merely  that  the  first  is  to  be  an  explicit  rnircTiON  of 
the  second.  Thus,  in  x-f  y =a,  we  have  expressed  x+y  in  terms  of  a  : 
deduce  y=a-x,  and  we  have  y  expressed  m  terms  of  a  and  x.  This 
is  the  distinction  between  y  being  expressed  in  terms  of  x,  and  y  being 
a  function  of  x:  if,  for  instance,  y=^a—z,  z^a?-\-x,  y  is  a  function  of 
X,  but  it  is  not  expressed  in  terms  of  x,  but  of  2;  substitute  for  z  ita 
value,  and  y  is  then  expressed  in  terms  ot  x.  It  is  to  be  remembereii 
that  by  saying  that  a  quantity  is  expressed  in  terms  of  x,  it  is  not 
meant  that  x  is  the  only  letter  which  enters,  but  that  no  other  letter 
if  there  be  any,  is  a  function  of  x.  Thus,  in  the  preceding,  where  we 
obtain  y^a—x—a^,  y  is  expressed  m  terms  of  x  if  a  be  no  function  of 
x.  But  if  a  be  a  function  of  x,  say  x'+x,  then  y  vs  not  expressed  in 
terms  of  x,  until  the  value  of  a  has  been  substituted,  giving  y =2'— o^. 

TERM.  The  law  Terms  are  those  portions  of  the  year  during  which 
the  courts  of  common  law  sit  for  the  dispatch  of  business.  They  are 
four  in  number,  and  are  called  Hilary  Term,  Easter  Term,  Tnnitj 
Term,  and  Michaelmas  Term:  they  tskke  their  names  from  those 
festivals  of  the  Church  which  immediately  precede  the  commencement 
of  each.  Various  acts  of  parliament  have  been  passed  relative  to  the 
regulation  of  the  Terms.  The  statute  which  now  determines  them  \a 
the  11  Geo.  IV.  &  1  Wm.  IV.  c.  70,  amended  by  1  Wm.  IV.  c.  3,  which 
enacts  that  Hilaiy  Term  shall  begin  on  the  11th  and  end  on  the  31st 
of  January ;  Easter  begin  on  the  15th  of  April  and  end  on  the  8th  of 
May ;  Trinity  begin  on  the  22nd  of  May  and  end  on  the  12th  of  June ; 
Michaelmas  begin  on  the  2nd  and  end  on  the  25th  of  November. 
Monday  is  in  aJl  cases  substituted  for  Stmday  when  the  first  day  of 
Term  falls  on  Sunday.  During  Term  four  judges  sit  in  each  court, 
and  are  occupied  in  deciding  pure  matters  of  law  only,  without  the 
intervention  of  a  jury.  The  courts  are  empowered  however  to  hold 
sittings  out  of  Term  for  the  purpose  of  disposing  of  the  business  theo 
pending  and  undecided  before  them. 

TERM  OF  YEARS  signifies  the  estate  and  interest  which  pass  to 
the  person  to  whom  an  estate  for  years  is  granted  by  the  owner  of  the 
fee.     fEsTATE.] 

TERMINAL.  We  cannot  say  that  this  term  is  used  in  mathematics 
to  the  extent  to  which  we  shall  carry  it ;  but  the  very  great  conveni- 
ence which  would  arise  from  an  extension  of  its  use  is  sufficient  justi- 
fication for  coining  a  few  new  meanings.  Term  is  a  word  of  geometry 
very  little  used,  and  signifying  boundary  or  extremity ;  the  words  ter- 
minal value  and  terminal  form  are  sometimes  used  to  signify  the  last 
and  most  complete  value  or  foim.  When  a  finite  expression,  added  to 
a  certain  number  of  terms  of  a  series,  makes  up  the  equivalent  of  the 
expression  from  which  the  series  is  deduced,  or  stands  for  all  the  sub- 
sequent terms  of  the  series,  this  finite  expression  might  be  called  the 
terminal  expression.  Thus  in  Taylor's  Theorem  we  have  one  terminal 
expression  in  D'Alembert's  form,  another  in  that  of  Lagrange. 

There  is  also  another  use  of  the  word,  which  would  convey  a  dis- 
tinction much  wanting  words  to  express  it :  we  allude  to  what  might 
be  called  terminal  language.  All  the  use  of  the  words  infinitely  small 
and  infinitely  great  [Infinite;  Limit]  is  entitled  to  this  name;  as 
follows :  —When  we  say,  for  example,  that  a  circle  is  a  regular  polygon 
with  an  infinitely  great  number  of  infinitely  small  sides,  the  language 
used  is  that  of  an  end  arrived  at,  a  transformation  actually  made ;  the 
circle  is  described  as  actually  consLsting  of  straight  lines;  and  the 
language  is  terminal  (expressive  of  a  botmdary  actually  attained).  But 
the  meaning  of  this  language  is,  or  is  generally  held  to  be,  false :  no 
polygon  is  a  circle,  how  great  soever  the  number,  or  how  small  soever 
the  magnitude,  of  the  sides.  The  proposition  which  is  really  true, 
that  is,  over  which  all  shake  hands,  whatever  their  notion  of  infinity 
may  be,  is  that  the  terminal  proposition,  true  or  false,  is  one  to  which 
an  interminable  and  unlimited  degree  of  approximation  may  be  made. 
An  inscribed  regular  polygon  may,  ¥rith  sides  enough,  be  made  to 
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coincide  with  the  cirela  within  any  degree  of  nesniBH  we  |ileise  to 
assign:  or  the  following  proposition— " the  Brea  of  the  laacribod 
poljROD  may  be  imtde  to  differ  from  that  of  the  circle  by  leu  than 
tike  nth  part  of  the  tatter" — may  be  made  true  for  every  vnlue  ut  n 
tttot  can  be  named,  howeier  great.  Terminal  lasguage,  propeily 
employed,  may  be  made  the  means  cf  abbreiiation  of  all  those  trutlii 
wliose  announcement  contains  intfrmiaable  approximation :  the 
development  of  this  sentence  is  the  abject  of  the  article  iNFiNirx. 

TEKMI?^ ALIA,  the  foBtival  of  Terminus  [TEBHlnuaj,  celebrated 
at  Rome  annually  on  the  23rd  of  February,  the  last  day  of  the  old 
Roman  year.  The  festiral  was  either  public  or  private,  according  aa 
it  waa  held  at  the  bouudanes  between  the  fields  of  private  personii,  or 
at  the  boundary  of  the  Ager  Romanus.  In  the  former  rase  persons 
poBseffiing  adjoining  lands  met  with  their  families  and  servants  at  the 
Mtonfl  which  divided  the  properties,  adorned  it  with  garlands  and 
offered  sacriBces,  and  a  feast  in  which  the  neighbonni  partook  was 
intended  to  renen-  the  friendly  relations  existing  between  them. 
(Ovid.,'Fast.'ii,S13,&c.)  Dionysius  states  that  down  to  his  time 
the  Romans  did  not  offer  any  bloody  sacrificea  on  this  occasion,  but 
only  cakes  and  fruit.  But  we  have  authentic  statemenU  which  show 
that  the  anertion  of  Dionysius  con  nuly  apply  to  the  early  period  of 
the  republic,  and  that  subsequently  a  lamb  or  a  sucking  pig  nas  sacri- 
ficed. (DionysiuB  iL,  74;  Plutarch, '  Numa'  18;  '  Quaest  Kom.'lS; 
Hoiatius, '  Epod.'  ti.  59.)  The  public  Terminalia  were  solemnised  in 
It  similar  manner  by  the  whole  people  on  the  boundary  of  the  Ager 
Bomanus.    (Ovid,, '  Fast.'  ii.  679,  &c) 

TERUIKLTS,  a  Raman  deitf  whose  worship  was  said  to  have  been 
introduced  by  Numa  Pompilius,  when  he  wdered  the  Gelds  of  the 
citi«Q«  to  bo  sepwatfld  from  one  another,  and  the  boundaries  to  bo 
marked  by  stones  which  were  to  be  considered  as  sacred  to  Terminus, 
or  as  Dionyaiiui  calLi  him  Ziiii  Gfiiai.  {Festus,  a.  v. '  Terminus,'  Diony' 
sius,  ii.  71).  A  careful  examination  of  the  worship  of  this  god  ahowa 
that  Terminus  waa  only  a  surname  of  Jupiter,  who  was  worshipped 
under  this  name  aa  the  guardian  o!  boundaries.  The  stone  pillars  were 
retarded  as  symbolical  representations  of  the  god  himself,  and  hence 
perhaps  the  severe  law  mentioned  by  Festus,  that  whoever  displaced 
Buch  a  pillar  should,  together  with  his  oxen,  be  devoted  to  the  god. 
In  the  same  manner  in  which  the  boundaries  between  the  lands  of 

E'vate  individusls  were  marked,  the  original  territory  of  Rome  (Ager 
Luaaus)  was  separated  by  piUara  from  the  territory  of  neighbouring 
tribes.  In  the  direction  of  Laurentum  there  was  such  a  pillar  (ter- 
minus) between  the  fifth  and  sixth  milestones  from  Rome  on  the 
Laurentjna  rood.    This  waa  tho  public  Tsrminua.    The  (pid  tiftd  a 
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temple  on  the  Capitol,  and  the  part  of  the  roof  just  above  the  symbo- 
lical pillar  was  left  open.     (Festus  ;  Servius, '  Ad  Aen.'  ii,  US,) 

TERMINUS,  or  TERM,  signiges,  in  sculpture  and  architecture,  a 
pillar  statue,  that  is.  either  a  half  statue  or  buat,  not  placed  u]Kin,  but 
incorporated  with,  and  as  it  were  immediately  springing  out  of  the 
square  pitlar  which  serves  as  its  pedestal.  If  they  be  mere  busts, 
figures  of  this  kind  are  usually  diatinguisbed  by  tho  name  of  Herh£ 
{'EpfiaTI ;  and  busts  which,  instead  of  having  a  circular  moulded  base, 
resemble  the  upper  part  of  a  terminus,  are  called  terminal  busts. 
There  are  many  such  busts  aud  al»o  some  termini  in  the  Grreco- 
Roman  Saloons  of  the  British  Museum  ;  among  others  a  terminal  bust 
of  Dionysus,  and  a  double  terminal  bust  of  Bacchus  and  Libera,  both 
of  which  are  engraved  under  Dionysus  ;  also  a  terminal  statue  i>f 
Pah.  The  terminus,  or  piUar  part,  is  frequently  made  to  taper  iloan- 
uartU,  or  made  narrower  at  its  base  than  above,  which  mode  of 
diminution,  the  reverse  of  that  employed  for  columns,  was  no  doubt 
intended  by  way  of  similarity  to  the  general  oiltline  of  the  human 
figure,  whose  gresteet  breadth  is  at  the  shoulder*.  By  modem  artists 
the  pedestal  port  is  usually  made  tapering  downwanls  or  narrowest 
just  above  its  bsse  ;  when  it  is  called  the  saint,  from  ita  resemblance 
to  the  scabbard  of  a  sword. 

In  architectural  design  Ttnai  are  employed  in  lieu  uf  Caryatides,  not 
however  as  insulated  pttlan,  but  as  pilasters  forming  a  small  order  or 
attic,  or  a  decoration  to  gateways,  doors,  Ac.  They  frequently  occur 
in  the  Renaiseance  and  our  own  Elizabethan  style. 

TERMS,  ATTENDANT  AND  SATISPIEIJ.  The  assignment  of 
satiafied  terms  on  the  purchase  of  property  being  frequently  accom- 
panied by  great  difficulty  aud  expense,  the  Act  S  &  9  Viet,  was  passed 
to  render  the  aiaii  -  ^  . .  -   .  m 

TEKOFIAHHf 

TERPIN.    [Tuj 

TEKPINOL.    [Toi 

TERl-SICHORE.     [McB 

TERRA  SIENNA.    [Col 

TERRESTRIAL  LIGHT.  Aurora  borealia',  or  northern  lights,  s 
they  have  hitherto  been  called,  is  now  generally  admitted  to  be  a 
magnetic  phenomenon.  [Terrestrial  MaaNETTHH,]  Aa  lightning 
showa  a  restoration  to  equilibrium  from  a  disturbance  in  the  electticol 
condition  of  the  atmosphere,  so  these  northern  and  southern  lights 
denote  the  conclusion  of  a  magneUc  storm  which  haa  foretold  ita 
.approach  by  ita  universal  influence  on  a  freely-suspended  magnet,  even 
at  places  faf  distant  from  the  place  whare  the  phen •-.--<ti- 


IS] 


Tiiible. 
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up  to  thia  moment  dear,  grovcg  bUck.  There  is  ■  kind  of  buy  hank 
or  Bcreen  produced,  which  rises  gnduallT  uid  attuna  an  altitude  of 
(rom  8°  to  10',  The  colour  of  tho  dusky  segment  passea  oyer  into 
brown  or  violet.  Stani  ore  visible  in  it,  liut  the;  kre  seen  aa  in  a 
portion  of  the  sky  obscured  with  dense  smoke  ;  a  broad  bright  lumi- 
noui  arc  or  seam,  Srat  white,  then  yellow,  bounds  the  dusky  segment. 
The  bigfaeat  point  o[  the  lumiooua  arc,  when  it  hu  been  carefully 
meAsured,  haa  been  found  to  be  not  eiactl;  in  ^le  magnetic  meridian, 
but  to  vary  between  5  and  IS  degrees  from  it,  towHrds  tlie  side  ita 
which  the  magnetic  declination  of  the  place  of  observation  lie*.  Tbe 
luminous  bow,  in  constant  motion,  flickering  and  changing  iU  form 
incessantly,  sometimes  remains  visible  for  hours  before  anything  like 
raya  and  pencils  of  rays  shoot  frotn  it  and  rise  to  the  senith.  The 
more  intense  the  discharges  of  the  northern  lights,  tbe  more  vividly  do 
the  colours  play  from  violet  and  bluish-white,  through  arety  shade  and 
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gradation,  to  green  and  purplish-red,  Tbe  magnetic  fiery  columniiLii 
up,  at  one  time  singly  from  the  lumiooua  arch,  even  mingled  irilh  liu 
TOJB  like  thick  smoke  ;  at  another,  many  columns  ftriae  simuhiiKoojr 
from  several  and  opposite  points  of  the  horizon,  and  unite  in  a  fliftmj; 
sea  of  flame,  to  the  splendour  of  which  no  deecription  aniojVL- 
and  whose  luminous  waves  anume  another  and  a  different  tlix  j 
every  instant.  The  intensity  is  at  time*  BO  great  that  Loweu&ni  pi 
ceived  its  oscillations,  in  brigbt  sunshine,  on  the  29th  of  Janusiy,]?-' 
Tbe  motion  iQcreases  the  brilliuicy  of  the  phenomenon.  Arouoi  ^ 
point  of  the  vault  of  heaven  nhich  corresponds  with  the  dinetic 
tbe  dipping-needle,  tbe  rays  at  length  collect  togetber,  and  Sara  iz 
corona  or  crown.  Thia  aurrounds  the  summit,  an  it  were,  din, 
canopy,  the  dome  of  heaven,  with  the  mdd  radiance  of  its  stnaii. 
but  not  Bickering  rays.  It  Is  only  in  rare  initancea  that  the  pb: 
menon  proceeds  the  length  of  forming  the  corona  completely,    n.., 


ita  appearance,  however,  tlie  whole  ia  at  an  end.  The  rays  now 
become  rarer,  shorter,  less  intensely  coloumd.  The  crown  and  the 
luminous  arches  break  up.  By  and -bye  notbing  but  broad,  motionless, 
and  almost  ashy-gray  pale  gleaming  fleecy  masses  appear  irregularly 
dimeraed  over  the  whole  vault  of  heaven  :  these  vanish  in  their  turn, 
and  before  the  last  trace  of  the  murky  fuliginous  segment,  which  still 
ahows  itself  deeply  on  the  horizon,  has  diappcored.  Uf  the  whole 
brilliant  spectaile,  nothing  at  length  remains  but  a  white  delicate  cloud. 
feathered  at  tbe  edges,  or  broken  up,  as  a  cirro  cumulus,  into  small 
rounded  maases  or  heaps,  at  equal  distances."     ('  Cosmos,'  V,  i-) 

The  two  illustrations  given  above  are  selected. for  their  dissimilarity, 
from  tbe  work  of  M.  de  Uairau.  Jfig.  1  represents  an  aurora  aa  seen 
at  Breuillepont,  in  Normandy,  nearly  in  the  latitude  of  Paris,  on 
September  26tji,  1726.  It  consisted  entirely  of  streams  of  light, 
without  any  darker  meteor.  Fig.  2  shows  on  aurora  oa  oheerved  at 
•  "h  lasted  for  several  minutes,  on  Oct.  19,1726. 
te  whether  any  sound  accom- 

.    .__    ,.___t   of    the    tefrestrial    light      The   Greenland 

aledgers  and  Siberian  fox-hunters  are  positive  in  their  assertjons  that 
there  is ;  and  intelligent  observers  engaged  in  tbe  Arctic  magneticsi 
azid  meteorological  expeditions  have  recorded  their  evidence  in  the 
aflSmiBtiye.  Oo  the  otber  hand,  Parry,  Fninkhn,  Richardaon,  and 
others  state  to  having  witnessed  thousands  of  aurone  without  perceiving 
any  attendant  sounds. 

According  to  Dalian,  the  southern  lights  have  been  frequently  se«o 
in  England;  and  tbe  northern  lights  were  seen  iu  iC  S.  lat.  mi 
January  H,  1831.  Humboldt  rema^,  however,  that  "  It  is  oecesaaty 
to  distinguish  between  the  sphere  of  a  simidtaneoue  apparition  of  the 
phenomenon  and  the  zone  of  the  earth  in  which  the  nhenomenop  ia 


the  same  place,  and  which  las 
It  has  been  a  subject  uf  s 


displayed  olmi 

great  portjoo  of  the  earth 


.  ,  .  As  eadi  obawer  aeet  ii-- 
ss,  does  he  see  hia  own  polar  light,  -i 
ngenden  tbe  radiating  light-pheoomeDUD 


with  the  • 


The  intensity  of  tbe  terrestrial  light  di .„ 

latitude,  or,  more  strictly,  with  the  decrease  of  magnetic  latitude.  ■" 
Iceland,  Oreenland.  and  on  the  banks  of  the  Slave  Lake,  it  appeinU 
certain  seasons  every  night.  In  Italy  it  is  rore.  On  the  nkoraft 
Siberia  there  appear  to  be  "  special  regions  of  the  northern  lights.' 

There  is  great  difficulty  in  determining  the  altitude  of  the  taraUiti 
light,  in  consequence  of  Uie  incessant  oscillations  of  the  luminou>n<<; 
so  tJiat  the  t«sulta  of  different  observations  "  vary  between  Mvml 
miles  and  three  or  four  thousand  feet"  Moreover,  it  is  probable  tin' 
its  altitude  differs  at  different  times. 

Our  ohoervatioiu  and  knowledge  of  the  terrestrial  light  leads  us  to  iw 
important  and  interesting  conclusion  that  our  earth  itself  is  lununou'i' 
and  it  is  supposed  that  the  degree  of  luminosity  is  a  little  greatfr  At" 
that  of  the  moon  in  her  Grst  quarter.  These  considerations,  compai™ 
with  the  observed  fact  that  the  planet  Veuua  "  glows  occaaiaDilly  ™ 
a  proper  phosphorescent  gleam"  in  thoae  porta  which  ore  not  iHu""' 
nated  1^  the  sun,  lead  us  to  inquire  whether  the  moon  and  planni 
may  not  likewise  be  magnetic,  thus  keeping  up  a  mutual  iodueJK* 
between  themselves  and  our  earth. 

Why  the  phenomenon  of  tbe  terrestrial  light  should  confine  itseli 
eepecially  to  the  polM-  regions  is  readily  eiplained  on  the  sure"'- 
tlon  that  it  is  a  luminous  discharge  of  fupersbundant  magnetisBi; 
and  since  heat  is  destructive  of  magnetism,  the  magnetic  inteniitj 
will  be  greater  in  the  colder  regions  of  tbe  earth.  [TbrrMTI"' 
Haonitism.]    An  illustration  of  this  may  be  given  by  taking  a  U^ 
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magnet  and  dipping  it  in  iron  filings,  when  the  fllingpi  will  be  found  to 
arrange  themselyee  near  the  poles  of  the  magnet,  presenting  the  appeaiv 
anoe  aa  shown  in  the  following  figures. 


Whether  the  magnetic  condition  of  our  earth  has  undergone  any 
recent  change  we  cannot  say ;  but  it  ia  remarkable  that  we  can  find  no 
veiy  early  accounts  of  the  phenomenon  we  have  been  describing.    It 

Aurora  BoraaUs. 


/  / 


--'.-'.'/"•.vn"- 


certainly  appears  to  have  been  less  frequent  before  the  18th  century 
than  it  has  been  since.  Torfoous,  who  wrote  in  1 706,  relates  that  even  in 
his  own  time  the  aurora  was  an  object  of  terror  in  Iceland.  For  some 
time  it  was  thought  that  there  was  no  aurora  australis,  or  terrestrial 
lights  in  the  sou& ;  and  though  the  fact  is  now  well  established,  yet 
the  earliest  account  we  have  of  such  an  occurrence  is  given  by  Don 
Antonio  Ulloa,  who  saw  it  at  Cape  Horn  in  1745. 

From  the  writings  of  Aristotle,  Cicero,  Pliny,  and  others,  we  read  of 
appearances  in  Uie  heavens  which  we  conclude  to  have  been  aurorse, 
and  which  were  viewed  with  the  same  superstition  as  comets. 

For  further  information  on  this  subject,  the  reader  is  referred  to  the 
writings  of  M.  de  Mairau  (1754);  Dalton;  Himiboldt's  'Cosmos;' 
Halley ;  Forbes ;  Expeditions  of  Parry,  FVankhn,  Richardson,  and 
Henderson;  Kaemtz's  'Complete  Course  of  Meteorology'  (Lond., 
1845);  Reports  of  the  British  Association  for  the  Advancement  of 
Science ;  and  the  Philosophical  Transactions  of  the  Royal  Society. 

TERRESTRUL  MAGNETISM.  If  a  magnetiBed  bar  of  steel  be 
suspended  by  a  fine  thread  attached  to  its  middle  point,  one  extremity 
always  points  nearly  to  the  north,  the  other  end  towards  the  south. 
Again,  \i  a  bar  haviug  a  fine  axle  through  its  centre  of  gravity,  and 
perpendicular  to  the  axis  of  the  bar,  be  placed  with  the  axle  restmg  on 
two  highly  polished  surfaces,  it  will  be  found  to  make  an  angle  with 
the  horizon,  and  the  magnitude  of  this  angle  wiU  depend  upon  the 
place  at  which  the  experiment  is  made.,  The  unknown  influence 
which  produces  these  phenomena  is  derived  from  the  earth  itself,  and 
is  called  Terrestrial  MagnetLsm.  Hitherto  no  one  has  succeeded  in 
reducing  terrestrial  magnetism  to  a  theory,  although  various  attempts 
have  been  made — and  some  with  partial  success.  But  the  labours  of 
mathematicians  and  observers  have  not  been  lost,  for  a  mass  of 
evidence  on  this  important  subject  has  been  accumulated,  which  in 
due  time  will  form  the  basis  of  a  theory  more  wonderful  even  than 
that  of  gravitation,  since  it  is  not  too  much  to  assert  that  this  unseen 
power,  which  for  years  has  been  known  only,  and  thought  of,  for  its 
practical  utility,  will  one  day  prove  to  be  the  key  to  cJl  ^e  other 
phenomena  in  the  imiverse.  Terres^ial  magnetism  then  is  known  by 
its  effects  upon  the  artificial  magnet,  and  it  is  the  province  of  the 
pliilo8<^pher  to  observe,  compare,  and  reduce  Uiese  effects  after  they 
have  been  freed  from  all  incidental  and  extraneous  sources  of  error. 

Until  the  year  1828,  there  were  no  systematic  observations  of 
inagnetical  phenomena ;  but  since  that  time  different  countries— and 
efipecially  our  own — aided  by  their  respective  governments,  have 
cstabliBhod  observatories  in  all  the  most  advantageous  positions  on  the 
earth's  surface ;  and  sent  out  expeditions  to  the  antipodes  and  places 
wbere  a  permanent  observatory  could  not  be  maintained. 

The  object  of  these  observations  has  been  to  determine  the  absolute 
value  of  what  are  called  "the  magnetic  elements,"  and  the  periodical 
changes  they  undergo.  The  observations  thus  made,  having  been 
carefully  corrected  and  reduced,  are  printed  with  such  comments  as 
seem  necessary,  and  a  description  of  the  instruments  and  methods 
employed;  and  these  enormous  collections  of  facts  are  widely  dis- 
tributed throughout  the  scientific  world  under  the  title  of  Magnetical 
Observations. 

yhere  are  three  mapietic  elements  -  namely,  the  Intensity,  the  Indina- 
tion,  and  the  Dedination. 

If  a  magnetic  needle  be  freely  suspended  from  its  centre  of  gravity,  one 
extremity  is  drawn  from  the  horizontal  position  by  a  force  called  the 


Aurora  Australif. 

Magnetic  Intensity,  and  the  direction  of  this  force  is  inclined  to  the 
horizon  at  an  angle  called  the  indination  or  dip.  These  two  elements 
appear  to  be  independent  of  each  other,  and  to  vary  with  the  position  of 
the  place  of  observation.  Again,  the  needle  does  not  point  exactly  north 
and  south,  but  to  points  situated  at  some  little  distance  from  the  poles 
of  the  earth — ^which  points  are  called  the  magnetic  poles.  The  angle 
between  the  meridian  of  the  place  of  observation  and  the  vertical 
circle  in  which  the  aaus  of  the  needle  lies — that  is,  the  vertical  circle 
passing  through  the  magnetic  poles — is  called  the  Declination  or  Varia- 
tion,    Thus,  let  a  b  represent  a  magnet  freely  suspejided  from  its  centre 


of  gravity  at  any  place  p,  whose  zenith  is  z.  Let  z>n  h  k  represent  the 
meridian  of  the  place,  B  M  K  the  horizon,  z  n'  M  the  magnetic  meridian, 
or  the  great  circle  in  which  the  axis  of  the  needle  lies :  v  and  n'  the* 
true  north  pole  and  magnetic  north  pole  respectively.  Then  the 
magnet  a  6  is  forced  from  a  horizontal  position  into  the  position  v'  ab 
by  the  intensity  of  the  latter's  magnetism.  The  angle  v'  a  p  m  is  the 
inclination :  and  the  angle  between  the  circles  z  N  h,  zv*k,  which  is 
measured  by  the  angle  h  p  u,  is  the  declination. 

The  first  object  of  the  magnetic  observer  is  to  determine  the 
absolute  values  of  th^ae  magnetic  elements,  and  then  to  trace  the  laws 
which  regulate  their  hourly,  daily,  annual  and  secular  changes. 

It  would  be  a  difficult  matter  to  construct  an  instrument  which 
should  at  once  give  the  absolute  value  of  the  intensity,  and  its  periodical 
changes ;  but  this  object  is  readily  attained  by  the  application  of  the 
principle  of  the  resolution  of  forces.  For  let  f  be  the  absolute  value 
of  the  magnetic  intensity,  x  and  t  its  horizontal  and  vertical  com- 
ponents, 6  the  inclination  or  dip : 

Then        f  =  x  sec  9 
and  Y  =  X  tan  0 

Now,  as  We  shall  see,  there  is  no  difficulty  in  determining  the 
horizontal  component  x,  and  the  inclination  6 :  hence,  also,  the  vertical 
component  T  and  the  total  force  f  may  be  found. 
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DeierminaJtion  of  the  Horizontal  Component  of  the  Magnetic  Force. — 
This  elemoDt  is  obtained  by  a  oombiDation  of  two  experiments  made 
with  an  instrument  called  the  Unifilar  Magnetometer.  In  the  first 
experiment,  the  time  of  vibration  of  a  suspended  magnet  is  observed. 
In  the  second  experiment  we  observe  the  amount  of  deflection  which  the 
same  magnet  produces  in  a  second  magnet  suspended  by  a  single  thread. 

Let  T  denote  the  time  of  vibration  of  a  suspended  magnet,  deter- 
mined much  in  the  same  way  as  the  oscillation  of  a  pendulum  might  be 
observed,  that  is,  by  observing  the  time  of  the  passing  and  repassing  of 
a  fixed  point  on  the  magnet  past  a  vertical  line  placed  in  the  focus  of  a 
fixed  telescope.  Let  m  be  the  magnetic  moment  of  the  bar,  k  its 
moment  of  inertia,  then  by  the  principles  of  Djrnamics  we  have 

mx=t^  (1) 

Next  let  this  same  bar  n  s,  be  placed  on  a  support  in  such  a  position 
that  its  axis  lies  in  a  straight  line,  passing  tlirough  the  centre  of 


another  magnet  n'  b',  suspended  by  a  single  thread,  and  its  direction 
perpendicular  to  the  axis  of  the  latter  magnet.  Then  the  magnet  vb 
will  deflect  the  magnet  n'  b'  from  its  norxnal  position  into  a  position 
n's*.  Let  u  denote  this  angle  of  deflection  v*cv",  r  the  distance 
between  the  centrefl  of  the  two  magnets.  Then  the  condition  of  equi- 
librium will  be  given  by  the  equation 


m 


r  K  sm  u . 


-  =   4  r»  sin  I*        (2) 

combining  this  with  equation  (1),  we  have 

w  /  "~2  k"~~      ,  wr 

X  =    ZT'  A/  — : and  m  =  -—  v  4 

Tr     V    r  sm  tt  t        " 

It  is  to  be  observed  that  the  units  of  time,  space,  and  mass  referred 
to  in  these  investigations,  are  by  tmiversal  consent  taken  to  be,  a 
second,  a  foot,  and  a  grain  respectively. 

But  though  we  are  thus  enabled  to  determine  the  absolute  value  of 
this  horizontal  component  x,  and,  therefore,  also,  the  changes  it  under- 
goes from  time  to  time,  yet  it  is  not  adapted  to  give  those  very  minute 
changes  which  take  place  from  hour  to  hour,  and  day  to  day.  Such 
changes  are  called  horary  and  diurnal  variations ;  and  the  instruments 
by  which  they  are  observed  are  called  differential  instruments.  The 
variation  in  the  horizontal  force  is  denoted  Ir^  the  symbol  A  z ;  and  is 
observed  by  means  of  an  instrument  called  a  JBifilar  Magnetometer. 

N  8  is  a  magnet  suspended  by  two  threads  hanging  from  a  screw 


n — fa. 


which  can  be  turned  horizontally,  so  that  the  axis  of  the  msgnet  can 
be  constrained  to  assume  a  position  approximately  perpendicular  to 
the  magnetic  meridian.  Beneath  the  magnet,  a  graduated  transparent 
'  scale,  c,  is  suspended,  and  the  readings  of  this  scale  are  viewed  by 
means  of  a  telescope,  t,  whose  axis  is  in  tiie  magnetic  meridian.  Now 
the  horizontal  force,  x,  evidently  acts  perpendicularly  to  the  magnet, 
hence  every  change  that  it  undergoes  will  cause  the  magnet  to  be 
deflected  from  its  normal  position.  These  deflections  are  read  off  by 
means  of  a  vertical  wire  placed  in  the  focus  of  the  telescope ;  hence, 
having  determined  the  change  in  the  horizontal  force  which  corres- 
ponds to  one  division  of  the  scale,  the  reading  of  the  scale  at  any  time 
will  show  us  the  increase  or  decrease  of  the  horizontal  intensity — ^the 
zero  reading  of  the  scale  corresponding  to  the  normal  value  of  the 
horizontal  force. 

The  Vertical  Force  Magnetometer  is  another  differential  instrument 


consists  of  a  light  magnet,  n  s,  with  small  holes  at  its  eztremittea, 
across  which  fine  threads  are  drawn  in  a  horizontal  position.  Tfacrougfa 
the  centre  of  the  magnet  is  a  knife-edge,  c,  perpendicular  to  the  axis 
of  the  bar.  This  knife-edge  is  supported  by  two  smooth  agate  planes, 
so  as  to  free  the  motion  of  the  magnet,  as  far  as  possible,  from  the 
effects  of  friction.  The  axis  of  the  bar  is  plaoed  in  a  position  perpen- 
dicular to  the  magnetic  meridian,  thus  rendering  it  independent  of  the 
inclination  or  dip.  A  small  shifting  weight  is  attached  to  the  magnet, 
and  is  so  adjusted  as  to  bring  the  axis  into  a  horizontal  line  for  it« 
normal  position.  Now  it  is  evident  that  any  change  in  the  vertical 
force  will  deflect  the  bar  from  its  horizontal  position,  and  this  deviation 
is  viewed  by  means  of  two  ordinary  micrometers  directed  to  the  holes 
at  N  and  B.  The  change  in  the  vertical  force  which  corresponds  to 
any  number  of  revolutions  of  the  micrometer  screw  may  be  found 
by  absolute  determination ;  hence,  also,  the  changes  due  to  one  or  more 
divisions  are  known — the  zero  reading  of  the  micrometer  corresponding 
to  the  normal  position  of  the  axis  of  the  magnet,  for  which  position  the 
absolute  value  of  the  vertical  component  T  has  been  carefully  deter- 
mined from  the  formula  t  =  z  tan  B. 

The  IncUnatUm  or  Dip  is  determined  by  means  of  a  light  magnet 
whose  extremities  taper  to  a  point,  and  through  the  centre  of  which  is 


for  observing  A  T,  a  szpall  variation  in  the  vertical  component  T.    It 


a  smooth  cylindrical  axle  perpendicular  to  the  plane  in  which  the  axis 
of  the  magnet  moves.  This  circle  rests  on  two  smooth  agate  planes, 
and  thus  the  magnet  moves  freely  in  a  vertical  circle  whose  rim  is 
graduated  through  each  of  ^e  four  quadrants  from  0"  to  90^  When 
used,  the  instrument  is  adjusted  so  that  the  plane  of  the  graduated 
circle,  together  with  the  axis  of  the  magnet,  is  in  the  plane  of  the 
magnetic  meridian,  previously  determined.  The  needle  now  assumes 
the  direction  of  the  magnetic  force  at  the  place  of  observation,  and  the 
reading  of  the  gradiuited  circle  opposite  to  either  extremity  of  the 
magnet  indicates  the  inclination  of  the  axis  of  the  needle  to  the 
horizon.  In  practice,  the  means  of  both  readings  aro  taken,  and  several 
pairs  of  ob6er\'ation8  made.  These  and  many  other  precautious  are 
adopted  in  order  to  eliminate,  as  far  as  possible,  the  mechanical  defects 
in  the  instrument,  and  errors  of  observation. 

The  JkcUnaiion  or  Variation  is  determined  by  the  following  veiy 
simple  process : — Let  c  T  denote  the  magnetic  meridian ;  c  F,  the  astro- 


nomical meridian.  Then  the  axis  of  a  magnetic  bar,  a  OB,  suspended 
by  a  single  thread  attached  to  a  point  above  its  centre  of  gravity,  will 
assume  a  horizontal  pofdtion  in  the  line  c  t  ;  and  a  graduated  glass 
scale  being  attached  to  the  magnet,  its  zero-reading,  which  is  taken  to 
indicate  the  normal  position  of  the  magnet,  is  made  to  coincide  with  a 
vertical  wire  in  the  focus  of  the  fixed  telescope  t.  The  angle  p  c  T  is 
the  declination  or  inclination  of  the  magnetic  to  the  astronomical 
meridian,  and  is  measiured  by  a  theodolite  which  is  plaoed  so  that  its 
axis  is.  made  to  coincide  with  the  line  c  T  ;  and  being  then  turned  in 
azimuth  until  a  distant  object  is  seen  which  is  known  to  be  in  the 
meridian  of  the  place,  the  azimuthal  angle  thus  measured  is  the  normal 
declination. 

This  instrument,  which  is  sometimes  called  the  Unifilar  Magneto- 
meter, likewise  serves  to  make  differential  observations  of  the  declina- 
tion ;  for  there  is  no  difficulty  in  determining  the  angular  value  of 
eacji  division  of  the  scale  attached  to  the  magnet :  hence,  if  the  vertical 
wire  in  the  telescope  coincides  with  tlie  z«ro-reading  of  the  scale  at  &ny 
specified  time,  when  the  needle  is  supposed  to  be  in  its  normal  position, 
any  other  reading  will  denote  the  angular  deviation  of  the  magnet  from 
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its  original  position,  and  therefore  determines  the  oorresponding 
variation  of  the  magnetic  meridian. 

Such  is  a  brief  outline  of  the  methods  employed  in  determining  the 
absolute  value  of  the  magnetic  elements,  and  in  watching  the  periodic 
changes  they  are  constantly  found  to  undergo.  It  Ib  obviously  beyond 
the  lunits  of  this  article  to  enter  into  the  numerous  and  elaborate 
details  of  the  cautions  which  must  be  adopted  by  the  observer ;  the 
methods  employed  to  diminish  the  effects  of  instrumental  errors ;  and 
the  corrections  which  are  applied  to  many  of  the  observations  to 
counteract  the  influence  of  temperature,  which  has  the  effect  of 
changing  the  magnetic  condition  of  the  bars.  For  a  more  complete 
description  of  the  magnetometers,  and  all  the  practical  details  necessary 
for  observing  and  computing  the  observations,  the  reader  is  referred  to 
the  '  Instructions  of  tne  Royal  Society  to  the  Directors  of  Magnetical 
and  Meteorological  Observatories.' 

We  now  proceed  to  notice  some  of  the  most  prominent  phenomena 
in  connection  with  terrestrial  magnetism.  It  has  been  already  stated 
that  the  magnetic  elements  are  subject  to  periodic  changes.  These 
changes  are  generallT  slow,  and  exhibit  a  certain  amount  of  regularity, 
though  the  laws  which  govern  them  have  not  yet  been  arrived  at.  One 
of  the  most  apparent,  perhaps,  of  these  fluctuations  is  seen  in  the 
declination  magnet,  that  end  which  is  towards  the  north  moving  slowly 
westward  during  the  forenooi%  and  returning  to  its  normal  position 
about  ten  in  the  evening.  It  then  moves  towiuxls  the  east,  and  returns 
to  its  former  position  about  ten  in  the  morning.  These  changes  evi- 
dently establish  the  fact  that  the  motion  of  the  magnetic  meridian  ia 
in  some  way  connected  with  that  of  the  sun.  The  other  magnetic 
elements  also  undeif^o  similar  though  less  striking  changes ;  and  it  is  to 
be  observed  that  each  succeeding  day  will  not  show  exactly  the  same 
set  of  hourly  variations  as  its  predecessor,  nor  are  the  observations  of 
one  year  identical  with  those  of  another. 

But,  besides  these  known  periodical  fluctuations,  which  past  expe- 
rience teaches  us  to  look  for  from  time  to  time,  there  are  sudden  and 
unaccountable  disturbances  in  the  magnetic  elements  arising,  it  va 
supposed,  from  some  sudden  derangement  in  the  magnetic  condition  of 
the  earth. 

This  phenomenon  exhibits  itself  in  a  sudden  and  sometimes  violent 
agitation  of  the  suspended  magnets.  During  these  magnetic  storms, 
as  they  are  called,  the  magnets  oscillate  to  and  fro,  sometimes  slowly 
and  regularly,  at  other  times  with  such  rapidity  that  the  observer  is 
unable  to  note  the  time  or  arc  of  the  vibratioa;  and  often  the  scale  by 
which  the  position  of  the  magnet  is  viewed  is  completely  carried  out 
of  the  field  of  the  telescope.  On  some  occasions  the  magnet  seems  to 
be  acted  upon  by  a  succession  of  rapid  jerks;  at  other  times  a  quivering 
motion  is  detected,  so  much  so  as  to  render  the  scale  indistinct.  These 
unusual  disturbances,  the  particulars  of  which  have,  when  observed, 
been  carefully  recorded  at  the  different  observatories,  do  not  appear  to 
have  electricity  as  their  origin,  since  they  do  not  necessarily  take  place 
during  an  electric  storm.  The  most  remarkable  feature  attending 
them  is  the  fact  that  simultaneous  disturbances  of  the  magnets  at 
different  places  are  found  to  take  place  during  a  display  of  the  aurora 
borealis  [Terrestrial  Light],  thus  connecting  that  phenomenon 
with  terrestrial  magnetism. 

Some  philosophers  have  supposed  that  earthquakes  are  accompanied 
by  magnetic  disturbances;  but  the  great  Humboldt  doubts  this,  though 
he  was  startled  by  observing,  during  the  violent  earthquake  of  Cumana 
in  1799,  "  that  the  dip  was  diminished  by  48'.'* 

Magnetic  phenomena  appear  to  be  immediately  connected  with 
meteorological  changes.  Hence  it  is  that  meteorology  forms  an 
important  part  of  the  work  of  a  magnetic  observatory ;  and  observations 
of  the  thermometer,  barometer,  wind,  and  weather  are  made  simul- 
taneously with  those  of  the  magnets.  Violent  gales,  sudden  changes 
of  temperature,  and  rapid  barometric  fluctuations  are  generally  accom- 
panied by  magnetic  disturbances. 

Each  place  .on  the  earth's  surface  has  its  own  distinct  magnetic 
elements.  We  have  already  stated  that  the  freely  suspended  needle 
does  not  point  exactly  north  and  south,  but  to  two  points  near  the 
terrestrial  poles.  These  points  are  called  the  magnetic  poles.  When 
the  meridian  of  any  place  likewise  passes  through  the  magnetic  poles, 
it  is  evident  that  the  magnetic  meridian  coincides  with  the  terrestrial, 
and  there  is  no  declination  or  variation;  and  the  locus  of  all  such 
places  is  called  "  the  line  of  no  variation."  Again,  at  places  near  the 
equator,  the  dip  needle  is  horizontal,  and  the  locus  of  all  such  places, 
which  locus  does  not  coincide  with  the  equator,  nor  is  it  an  exact  circle, 
is  called  the  **  line  of  no  dip."  As  we  proceed  towards  either  of  the 
terrestrial  poles,  the  needle  becomes  more  and  more  inclined  to  the 
horizon,  until  we  reach  the  magnetic  poles,  where  it  assumes  a  vertical 
position. 

Likewise,  also,  the  absolute  intensity  of  the  magnetic  force  depends 
upon  locidity.  It  appears  to  increase  as  we  proceed  from  the  equator 
to  the  poles,  and  the  curves  which  pass  through  all  those  places  where 
the  intensity  is  the  same,  are  called  "  isodynamic  Unes."  These  lines 
do  not  coincide  exactly  with  parallels  of  latitude,  nor  with  lines  of  eqwU 
dip.  According  to  the  most  recent  determination,  the  north  magnetic 
pole  is  situated  very  nearly  in  latitude  70*  6',  and  west  longitude  96°  47'. 
Some  have  supposed  the  existence  of  two  magnetic  poles  in  each  hemi- 
sphere, the  position  of  the  second  northern  pole  being  in  Siberia,  about 
60**  north  latitude,  and  102"  east  longitude.     The  positions  which  have 
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been  assigned  to  the  southern  poles  are  a  little  to  the  south  of  Australia, 
and  south-south- east  of  New  Zealand.  This  hypothesis,  however,  must 
be  adopted  with  caution. 

The  following  is  a  comparative  view  of  the  value  of  the  magnetic 
elements  at  some  places  where  they  have  been  determined  with  the 
greatest  accuracy : — 

Declination.  Dip.  Total  Force. 

Greenwich.        .        ,     ,    22'' 51' west  68^69'  10*4 

Toronto  .        .        .        .       1^  27'     „  75°  17'  13-9 

Bt.  Helena       .        .        .     22^48'     „  21"  87'  8-8 

Cape  of  Good  Hope  .         .    29=*    8'    „  68' 85'  7-6 

HobartTown       .        .     .       9' 47' cast  70°  86'  18-5 

The  causes'  of  terrestrial  magnetism  have  still  to  be  developed. 
Various  theories  have  been  from  time  to  time  proposed,  some  of  which 
have  indeed  successfully  accounted  for  a  few  of  the  known  magnet- 
ical phenomena,  but  fail  under  the  tests  which  science  and  obser- 
vation supply  us  with.  The  elaborate  theory  founded  on  the 
supposition  that  the  earth  is  an  actual  magnet,  is  overturned  by  the 
discoveries  of  Faraday,  Arago,  and  other  philosophers.  Although 
there  does  not  appear  to  be  a  simultaneous  occurrence  of  magnetic  and 
electric  storms,  yet  there  can  be  little  doubt  of  tiie  connection  between 
these  phenomena,  even  if  magnetism  be  not  "one  of  the  numerous 
forms  under  which  electricity  developes  itself."  The  experiments  of 
Faraday  and  Oersted  have  ^own,  not  only  that  "  electricity  induces 
magnetism  in  the  vicinity  of  the  body  which  conducts  it,"  but 
that  "  free  magnetism  gives  rise  to  electricity."  Assuming,  what  is 
highly  probable,  that  the  interior  of  the  earth  is  a  mass  of  liquid  fire, 
then  the  idea  of  a  magnetic  nucleus  in  the  earth  must  be  abandoned, 
for  it  is  found  by  experiment,  that  the  magnetism  of  a  body  is  de- 
stroyed when  it  reaches  a  white  heat  It  is,  therefore,  the  earth's 
crust  only  which  we  may  assume  to  be  the  seat  of  magnetic  currents. 
That  such  currents  do  exist,  is  by  no  means  improbable,  and  experi' 
ments  seem  to  show  that  they  are  immediately  excited  by  unequal 
distribution  of  heat.  If  we  regard  the  aurora  borealis  [Terrestrial 
Light]  as  a  luminous  discharge  of  superabundant  magnetism,  we  can 
understand  how  this  phenomenon  should  be  confined  to  the  vicinity  of 
the  colder  regions,  where  the  earth's  surfiice  is  least  heated,  and  the 
magnetic  intensity,  therefore,  the  greatest.  No  less  than  146  years 
ago,  Halley  ('Philosophical  Transactions')  had  boldly  ventured  to  con- 
jecture, that  the  terrestrial  light  was  a  magnetic  phenomenon.  But 
when  the  fact  became  established,  that  the  aurora  indicated  its 
appearance  by  the  disturbed  state  of  the  magnet  in  all  i>arts  of  the 
globe,  and  the  brilliant  discovery  was  made  by  Faraday,  that  light 
could  be  evolved  by  magnetic  power,  then  a  passing  conjecture  ac- 
quired a  degree  of  probability  amounting  almost  to  certainty. 

It  is  curious  that  Qalileo  was  inclined  to  account  for  the  parallel 
direction  of  the  earth's  axis,  on  the  supposition  of  a  distant  magnetic 
point  of  attraction  in  space.  Without  entering  upon  the  consideration 
of  a  question  which  we  usually  refer  to  dynamical  principles,  yet  it  is 
pretty  certain  from  recent  observations,  ua,t  both  the  sun  and  moon 
do  exert  an  influence  upon  the  magnet,  and  philosophers  are  strongly 
disposed  to  connect  the  variable  phenomenon  of  the  spots  on  the  sun 
with  the  magnetic  condition  of  our  earth. 

For  further  and  more  complete  information  on  this  subject,  and 
subjects  closely  allied  to  it,  the  reader  is  referred  to  the  following 
authorities :  Humboldt's  '  Cosmos,'  Sabine's  translation ;  Somerville's 
'  Connection  of  the  Physical  Sciences ; '  Young's  '  Lectures  on  Natural 
Philosophy ; '  Brewster's  '  Magnetism ; '  ^iraday's  '  Researches ; ' 
'  Reports  of  the  British  Association  for  the  Advancement  of  Science, 
on  Magnetism  and  Meteorology ;'  '  Philosophical  Transactions '  of  the 
Royal  Society;  Barlow  on  'Magnetic  Attractions;'  'Annuaire  Mag- 
n^tique,'  St.  Petersbuiig,  1836 ;  Gauss,  on  the  '  General  Theory  of 
Terrestrial  Magnetism,'  in  Taylor's  '  Scientific  Memoirs,'  August,  1889  ; 
Gauss  and  Weber^s  'Magnetic  AUas,'  Leipzic,  1840;  'Report  of  the 
Committee  of  Physics  of  the  Royal  Society ; '  '  Magnetical  and  Meteo- 
rological Instructions  of  the  Royal  Society ; '  '  Magnetical  and  Meteo- 
rological Observations  made  at  different  Observatories,  and  printed  by 
direction  of  the  British  and  Foreign  Governments,  and  the  Honourable 
East  India  Company.' 

Amongst  those  who  have  enriched  this  science  by  their  inveetigatione 
and  observations,  we  may  make  especial  mention  of  General  Sabine,  to 
whom,  in  conjunctiou  with  Sir  John  Herschel,  and  the  present  Astrono- 
mer Rioyal,  is  due  the  establishment  of  magnetic  observatories  and  well 
organised  expeditions,  which  have  furnished  upwards  of  2,000,000  of 
observations  in  the  course  of  three  years,  and  who  has,  ever  since  the 
year  1819,  devoted  himself  to  the  cause  of  terrestrial  magnetism. 

But  terrestrial  magnetism  it  still  in  its  infancy ;  much  remains  to  be 
done ;  and  so  simple  and  inexpensive  are  the  methods  and  instruments 
of  observation,  that  many  would  find  a  delightful  and  profitable 
amusement  in  the  study — especially  in  the  observance  of  magnetic 
storms — ^and  thus  contribute  their  mite  towards  the  discovery  of  "  the 
great  ocean  of  truth." 

TERRESTRIAL  TEMPERATURE,  DISTRIBUTION  OF.  The 
subject  of  the  earth's  temperature  has  already  been  treated  of  at  some 
length  under  different  headings.  Generally,  it  was  shown  under 
Climate  and  Mbteoroloot,  that  the  temperature  of  the  air  in  any 
r^on  depends  on  the  inclination  of  the  sun's  rays  to  the  sur&ce  of  the 
esurth  in  tnat  region ;  on  geographical  position  and  physical  conf orma- 
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tion,  ihe  distribution  of  land  and  water,  the  state  of  the  countries 
from  wfaioh  come  the  prevailing  winds,  the  yicinity  of  the  sea,  the 
elevation  of  the  land,  the  electrical  state  of  the  atmosphere,  and 
numerous  other  circumstances  and  phenomena.  Under  Refrigera- 
tion OF  THE  Qlobb,  the  question  of  the  influence  of  the  proper,  or 
internal,  heat  of  the  globe  on  its  superficial  temperature  is  examined. 
The  condition  and  properties  of  U&e  Atmosphebb  are  investigated 
under  that  title.  Under  Snow,  Pebennul,  the  decrement  of  tem- 
perature on  ascending  into  the  atmosphere  is  noticed.  Under  Sea, 
the  temperature  of  the  ocean  is  considered.  Whilst  the  effects  of 
oceanic  currents,  glaciers,  deserts,  &c.,  are  treated  under  those  heads 
either  in  the  present  division,  or  in  the  Natubal  Histort  and 
Obogbafhioal  Divisions  of  this  Cyclopsedia.  The  important  subject 
of  Terrestrial  Magnetism  is  reserved  for  a  distinct  article.  Here  it 
only  remains  to  speak  of  some  of  those  general  deductions  of  recent 
investigators  in  climatology  which  have  not  been  specifically  mentioned ; 
and  especially  have  we  to  do  so  in  reference  to  isothermal  lines,  or 
lines  of  equal  temperature,  for  an  account  of  which,  reference  has 
been  made  to  this  article  from  Isothermal  Lines  ;  and  to  the  tempe- 
rature of  the  atmosphere  over  the  sea,  a  branch  of  the  subject  which 
has  been  referred  to  the  presenj;  article  from  Sea. 

In  the  primitive  condition  of  the  earth,  when  the  globe  was  a  fluid 
mass,  or  in  remote  geological  periods,  when  its  centred  fluid  mass  was 
covered  with  a  comparatively  homogeneous  crust,  the  effisct  of  the 
radiation  of  its  heat  on  the  superficial  temperature  must,  as  Mr. 
Hopkins  has  shown,  have  been  almost  unlimited.  But  as  by  this 
radiation  it  would  continue  to  part  with  heat  till  the  superficiiU  tem- 
perature approximated  to  that  of  the  circumambient  space,  unless  the 
radiation  were  compensated  by  the  generation  of  heat  on  the  surface, 
which  is  known  not  to  have  been  the  case,  it  must  necessarily  happen 
at  some  indefinite  time  (it  has  been  shown  to  require  many  nulUons  of 
years),  that  the  internal  heat  of  the  globe  would  cease  to  exert  any 
appreciable  influence  on  its  superficial  temperature.  And  this  is  what 
has  now  very  nearly  come  to  pass  [Refrigeration  of  the  Globe]  ; 
this  influence,  according  to  the  calculations  of  Mr.  Hopkins,  being  now 
reduced  to  less  than  the  twentieth  of  a  degree  Fahrienheit  In  fact, 
whilst  volcanoes,  thermal  springs,  borings  for  artesian  wells,  the  con- 
tinuous increase  of  temperature  in  descending  deep  mines,  and  other 
phenomena,  afford  irrefragable  evidence  of  the  higher  temperature  of 
the  interior  of  the  globe,  it  is  as  clearly  seen  that  for  a  short  distance 
from  the  surface  the  temperature  of  the  earth  is  dependent  on  external 
heat  and  moisture,  and  varies  with  the  seasons  of  the  year  and  the 
hours  of  the  day,  whilst  at  a  greater,  but  still  small  depth — whidi 
varies  according  to  the  latitude  of  the  place,  and  the  conducting  power 
of  the  rock,  but  nowhere  probably  exceeds  100  feet — a  point  is  reached 
at  which  there  ia  no  sensible  change  of  temperature,  and  which  has 
accordingly  been  designated  the  Invariable  Stratum,  The  present 
influence  of  the  internal  heat  of  the  globe,  although  almost  inappre- 
«Giable,  may,  however,  acording  to  Dove,  be  regarded  as  constant; 
*'  lessening  the  extremes,  but  not  affecting  the  periods  of  the  variations 
of  temperatiu-e  at  the  surface." 

'  When  the  influence  of  the  internal  heat  ceased  to  be  paramount  on 
the  surface,  changes  of  temperature  must  have  been  in  a  large  measure 
due  to  the  altered  conditions  of  land  and  water — ^the  elevation  of 
mountain  regions,  the  subsidence  of  extensive  areas,  and  the  conse- 
quent changes  of  oceanic  currents — to  glacial  action,  &c. :  circumstances 
of  which  the  results  are  clearly  traceable  in  the  animal  and  vegetable 
lemains  preserved  in  the  various  strata  which  compose  the  crust  of 
the  earth,  and  some  of  which  {as  notably  in  the  case  of  the  Qulf 
Stream  and  the  Arctic  Current)  are  shown  by  the  remarkable  in- 
flections of  isothermal  lines  to  be  distinctly  operating  now.  (Hopkins, 
•Trans,  of  Geol.  Soc.,'  and  *  Cambridge  Phil.  Trans.') 

In  considering  the  present  temperature  of  the  earth,  the  sun  must 
be  regarded  as  the  only  source  of  heat  and  the  ultimate  cause  of  all 
filimatic  change,  and  hence  we  arrive  at  the  possibility  of  ascertaining, 
amidst  all  casual  fluctuations,  a  regularly  recurring  periodicity,  annual 
as  well  as  diurnal,  for  every  variety  of  geographical  position.  The 
bearing  of  this  periodicity  on  a  theory  of  the  general  distribution  of 
heat  appears  to  have  been  first  distinctly  observed  by  Kirwan,  who 
(in  voL  viiL  of  the  Irish '  Transactions ')  constructed  a  table  of  monthly 
temperatures  for  all  parallels  of  latitude  between  10°  and  80*.  Before 
the  difference  of  temperature  on  the  same  parallel  of  latitude  in  the 
old  and  new  continents  was  known  or  r^;arded,  a  simple  formula  was 
thought  sufficient  to  express  the  temperature  at  any  parallel  of 
terrestrial  latitude.  The  celebrated  Tobias  Mayer,  from  such  mean 
temperatures  as  had  in  his  time  been  observed,  found  that  the  tem- 
perature (  (on  Fahrenheit's  scale)  at  any  place  might  be  represented 
by  T— 52**  sin.'  l,  where  t  is  the  mean  temperature  at  the  equator,  and 
L  the  geographical  latitude  of  the  place ;  and  in  1819  M.  Daubuisson 
('  Traits  de  Q^ognosie ')  proposed  the  more  accurate  formula  t  —  2V 
cos.2  L  (centigrade  scale) ;  which  being  adapted  to  Fahrenheit's  scale, 
considering  &e  mean  temperature  at  the  equator  to  be  81%  becomes 
82**  +  49*  COS.'  L.  This  formula  has  been  foimd  to  serve  for  tempera- 
tures in  Europe  as  far  north  as  the  latitude  of  60* ;  but  beyond  that 
parallel  it  is  useless,  as  it  supposes  the  temperature  at  the  geographical 
pole  to  be  32'*,  which  is  much  too  high. 

It  was  however  reserved  for  Humboldt  to  determine  (1817)  from  the 
registers  of  observed  temperatures  in  Europe,  and  from  the  numerous 


observations  made  by  himself  and  other  travellers  in  different  reg^oiiB 
of  Uie  world,  the  constancy  of  the  mean  annual  temperature  of  places, 
and  to  "connect  graphically  by  lines  those  points  where  accurate 
observations  indicated  equality  of  mean  periodic  temperature."  Those 
lines  (or  curves  supposed  to  be  traced  on  the  surface  of  the  earth) 
which  connect  the  places  where  the  mean  annual  temperature  is  the 
same  he  called  Itothermal  lines.  In  order  to  ascertain  with  the  utmost 
possible  precision  the  mean  temperature  of  any  place  from  the  tables 
there  kept,  Humboldt  divided  the  sum  of  all  the  temperatures  observed 
in  each  day  at  intervals  of  one  hour  by  the  number  of  observations ; 
and  the  sum  of  all  these  mean  daily  temperatures  being  divided  by 
865,  gave  the  mean  annual  temperature.  And  in  determining:  the 
series  of  points  for  his  lines  of  equal  temperature,  when  there  existed 
no  observations  on  which  he  could  depend,  he  interpolated  the  tempe- 
rature and  geographical  position  between  the  values  of  those  elements 
at  two  or  more  places  where  they  were  well  known. 

The  diagram  on  next  page  represents  an  orthographical  projection, 
on  the  plane  of  the  equator,  of  the  principal  meridians  and  parallels  of 
latitude  in  the  northeni  hemisphere  of  the  earth ;  and  the  strongly 
marked  curves  represent  the  nine  isothermal  lines  whose  forms  were 
determined  by  Humboldt  Their  distances  from  ooe  another  are  such  as 
correspond  on  the  earth  to  a  change  of  mean  annual  temperature  equal 
to  2*5  degrees  of  the  centigrade  thermometer  (4*5**  of  Fahr.),  and  the 
most  northern  curve  is  that  on  which  the  mean  temperature  is  ex- 
pressed by  zero  on  the  former,  or  32**  on  the  latter  scale.  The  number 
on  each  curve  in  the  diagram  expresses,  according  to  Falirenhcit's  ther- 
mometer, the  mean  annual  temperature,  at  the  level  of  the  sea,  of  all 
the  places  through  which  the  curve  passes.  The  centre  p  represents 
the  pole  of  the  earth,  and  the  longitudes  of  the  meridian  lines  are 
numbered  eastward  and  westward  from  the  meridian  of  Greenwich. 

The  isothermal  line  of  32"  passes  about  4°  southward  of  Nain,  a 
Moravian  settlement  on  the  coast  of  Labrador ;  and  under  the  influence 
of  the  gull  stream,  makes  a  remarkable  inflexion,  ascending  as  high  as 
North  Cape  in  Lapland,  where  it  abruptly  returns  southward,  and 
attains  its  lowest  lunit  in  the  eabtem  parts  of  Asia,  about  50**  N.  lat. 
Proceeding  westward  from  Labrador  the  curve  crosses  the  lower 
extremity  of  Hudson's  Bay,  from  whence  it  again  tends  northwards  to 
the  Great  Slave  Lake,  reaching  its  northern  maximum  in  about  70**  N. 
lat.  The  positions  of  the  other  curves  seem  to  be  affected  in  a  greater 
or  less  measure  by  the  same  influences  as  act  upon  the  curve  just 
mentioned.  In  their  progress  from  the  western  coast  of  Europe  to  the 
eastern  coast  of  America  they  incline  towards  the  terrestrial  equator, 
yet  BO  that  the  southern  curves  approach  near  to  parallelism  with  that 
great  circle  of  the  earth.  Within  the  territory  of  the  United  States 
they  aasume  a  form  which  is  convex  to  the  equator,  and  farther 
west  they  appear  to  reascend  towards  the  north.  In  the  isothermal 
lines  of  50*  and  60°  westward,  and  those  of  40°  to  10*  eastward  of  the 
meridian  of  Greenwich  the  curves  have  their  convexities  turned  north- 
wards ;  and  farther  eastward  they  descend  towards  the  equator.  The 
isothermal  line  of  54'5'*  is  one  that  has  been  traced  nearly  round  the 
earth  :  commencing  at  the  mouth  of  the  Columbia,  on  the  western 
coast  of  Korth  America,  it  passes  south  of  Council  Bluffs,  and  near  the 
city  of  Washington  with  its  convexity  towards  the  south ;  and  after 
crossing  the  Atlantic  it  runs  between  Paris  and  Bordeaux,  from  whence 
it  continues  to  a  point  a  little  north  of  the  city  of  Pekin,  where  it  is 
again  convex  towards  the  equator. 

But  it  must  be  remembered  that  in  every  country  the  mean  tem- 
perature varies  with  the  height  of  the  place  above  the  level  of  thj 
sea ;  and  Humboldt,  from  observations  made  as  well  on  the  Cordilleras 
as  in  Europe,  having  determined  that  at  every  S48  feet  the  mean 
temperatiue  of  the  air  is  diminished  by  a  quantity  equal  to  that  dimi- 
nution which  is  consequent  on  an  augmentation  of  latitudo  equal  to 
one  degree,  calculated  a  table  of  the  corrections  which  should  be  made 
in  the  curvatures  of  the  isothermal  lines  at  the  level  of  the  sea,  in 
order  to  obtain  the  forms  of  those  which  appertain  to  points  at  any 
given  elevation,  but  this  calculation,  as  pointed  out  under  Climatb 
(col.  968)  does  not  hold  with  strict  accuracy  for  places  situated 
without  the  tropics. 

The  differences  between  the  mean  summer  and  mean  winter  tempera- 
tures Humboldt  found  to  be  very  considerable  at  places  whose  mean 
annual  temperature  is  the  same ;  and  these  differences  are  not  equal  in 
the  Old  and  New  Continent.  On  the  isothermal  line  of  S2°  in 
Europe,  that  difference  proved  to  be  equal  to  89*6°,  and  in  America  to 
54°;  and  on  the  isothermal  line  of  68°  the  differences  were  respec- 
tively 21*6°  and  27".  He  also  remarked  that  the  differences  between 
summer  and  winter  are  least  near  the  northern,  and  greatest  near  the 
southern  bends  of  the  curves.  To  indicate  these  variations,  Himifooldt 
laid  down  other  lines.  The  curves  formed  by  connecting,  on  the 
isothermal  lines,  points  at  which  the  mean  temperature  of  summer  is 
the  same  he  called  liotkeral  lines;  and  those  formed  by  connecting 
points  at  which  the  mean  winter  temperature  is  the  same  laodieinuU 
lines  :  both  these  systems  of  lines  he  found  to  deviate  more  thm  the 
isothermal  lines  from  the  parallels  of  terrestrial  latitude. 

Humboldt,  in  the  first  volume  of  his  'Cosmos,'  expressed  a  hope  that 
not  only  a  clearer  imdght  had  thus  been  gained  into  the  distribution 
of  heat  in  the  atmosphere,  but  that  this  "system  of  Isothermal, 
Isotheral,  and  Isooheimal  lines,  if  gradually  perfected  by  the  united 
efforts  of  investigaton,  may  prove  one  of  the  chief  foundatioDa  of  i 
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ComparatiTe  Climatology."  In  thk  hope  he  was  no  doubt  fully 
justified^  but  one  of  the  most  profound  of  hia  followers,  Profeasor  Dove 
of  BerUn,  was  led  to  the  conclusion,  as  the  result  of  the  tabulation  of 
an  enormous  mass  of  observations,  ('Meteorologische  Untersuohungen/ 


Berlin,  1887 ;  '  Temperaturtafehi;  1849 ;  « Die  Verbreitung  der  Warme 
auf  der  Oberaiiche  der  Erde/  2nd  edit.,  1853 ; '  Klimatologische  Beitrage,' 
1867,  &a,)  that  it  was  necessary,  in  order  to  understand  the  true  climate 
of  a  place,  to  carry  this  system  of  lines  of  equal  temperatures  much 
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beyond  those  of  annual  and  semi-annual  periods,  there  being  between 
places  of  nearly  the  same  mean  annual  temperature  sometimes  very 
remarkable  monthly  variations,  and  to  which  ai*e  due  the  most  marked 
differences  in  the  general  cluffacter  of  the  climate  and  natural  pro- 
ductions of  the  respective  places.  Dove  in  short  concluded  that  it  was 
necessary  to  have  a  complete  series  of  M<mthly  Isothermahr-A  name 
he  judiciously  adopted  for  the  curves  connecting  places  having  equal 
temperatures  in  ike  same  month,  instead  of  carrying  further  the 
terminology  of  Isotheral  and  Isocheimal :  the  lines  of  equal  annual 
temperatures  he  proposed  to  call  Yearli/  Tsothermals  instead  of  simply 
isothermaU  with  Humboldt.  Of  these  Monthly  Isothermals,  Dove  has 
given  separate  maps  on  the  equatorial  projection  for  each  month,  and 
combined  polar  and  equatorial  maps  for  January  and  July.  He  has 
also  carefully  observed  and  laid  down  in  a  series  of  maps  the  monthly 
thermal  anomalies,  uniting  them  by  lines  which  he  terms  Jgabnarmalt. 
Indeed  his  maps,  tables,  and  memoirs  altogether  present  a  surprising 
mass  of  information  on  this  branch  of  science,  with  the  greatest 
precision  and  clearness.  In  his  essay  on '  The  Distribution  of  Heat 
over  the  Surface  of  the  Globe,'  translated  for  the  British  Association, 
he  arranges  the  different  MontUy  Isothermals  which  he  has  established 
into  four  classes : — 

"  1.  Isothermals  which  are  always  found  in  pairs,  intersecting  both 
hemispheres  :  this  class  includes  all  between  32^  and  77'  Fahr. 

*'  2.  Isothermals  which  are  sometimes  single  and  sometimes  in  pairs, 
that  is,  sometimes  intersecting  one  or  other  hemisphere  only,  and 
sometimes  both:  to  this  class  belong  many  of  the  isothermals 
bdow  the  freezing  point,  and  some  of  those  of  highest  tempera- 
ture which  do  not  pass  through  all  meridians,  for  example. 
8r-5Fahr.  »  t   > 

"  8.  Isothermals  which  always  occur  singly  (or  in  one  hemisphere 
only),  at  a  particular  season,  not  touching  it  in  other  parts  of  the 
year:  to  this  class  belong  the  isothermaU  of  lowest,  and  also 
those  of  highest  temperature  (40**  and  90''5  Fahr.)  which  are  only 
developed  at  particular  seasons,  and  enclose  detached  spaces. 

"  4.  Lastly,  the  isolated  patches  of  highest  temperature  which  are 
develoi^d  at  particular  places  in  the  torrid  zone,  without  passing 
through  all  meridians,  and  are  enclosed  by  isothermals  that  fork, 
that  is,  divide  into  two  branches,  (79**25,  and  81 '-5  Fahr.)." 

Having  thus  briefly  indicated  the  character  of  the  several  Isother- 
mal lines,  we  refer  back  to  the  articles  Climate  and  Metboroloot, 
where,  and  in  the  connected  articles  there  referred  to,  the  circumstances 
which  appear  chiefly  to  regulate  the  temperature  of  the  earth  will  be 
found  discussed  at  length;  also  various  details  illustrative  of  the 
temperature  of  different  parU  of  the  earth's  surface :  together  with 


tables  of  the  mean  temperatures  in  different  latitudes,  as  well  as 
f ormuhe  expressive  of  the  most  important  general  results.  We  shall 
in  this  place  merely  add  that  Dove  has  deduced  as  the  result  of  his 
tabulation  of  innumerable  observations,  that  the  mean  annual  tempera- 
ture at  the  surface  of  the  earth  is  in  January  48**9  Fahr.  in  the 
Northern,  and  59''*5  in  the  Southern  hemisphere,  giving  a  mean  of 
54*'2  for  the  whole  earth ;  while  in  July  it  is  70**9  Fahr.  hi  the 
Northern  and  53°'6  in  the  Southern  hemisphere,  or  62**3  for  the 
whole  earth,  thus  showing  an  increase  of  8*  Fahr.  from  January  to 
July.  Again  if  we  take  "the  mean  between  the  temperatures  of 
January  and  July  for  the  northern  and  southern  hemispheres 
respectively,  we  find  for  the  northern  hemisphere  59**9,  and  for  the 
southern  6e°*5  Fahr.,  being  58**2  for  the  whole  earth."  Further  he 
has  found  that  in  all  seasons  of  the  year  there  is  encompassing  the. 
whole  earth  a  zone  having  a  temperature  above  77*  Fahr. 

Tbe  following  tables,  by  Dove,  show  the  mean  annual  temperatures 
at  different  degrees  of  latitude  in  the  two  hemispheres,  and  the 
mean  annual  decrease  of  temperature  from  the  equatorial  to  the  polar 
regions : — 

Mean  Annual  Temperature  of  the  Northern  and 
Southern  Hemispheres. 


LaUtude. 

Xorthem 
Hemisphere. 

Soathern 
Heioisphere. 

Difference. 

Mean. 

0' 

30** 
40' 

79-7 
79-9 
77-5 
69-6 
565 

79-8 
78-8 
74*1 
669 
64-6 

o 

01 
2-1 
3-4 
2-9 
1*9 

79'''8 
79*0 
75-8 
68>3 
55*6 

Desrease  of  Temperature  for 

THE  Entire  Earth. 

Latitude     . 

O'—IO"* 

ID"— 20'* 

20»_S0*' 

SO**— 40*» 

0**— 40'* 

Northern  hemisphere . 
Southern  hemiaphere  . 

e 
— 0*2 

1'8 

2-5 
3-8 

o 

7*7 
7*2 

o 

1.3-3 
12-4 

Q 

243 
25*2 

Earth     .        .        .     • 

0-8 

3*2 

7-4 

12-8 

24-8 

We  now  turn  to  the  distribution  of  the  atmosphere  over  the  sea. 
[Sea.]  It  is  a  well  established  fact,  that  places  near  the  sea  have  a  more 
uniform  climate  than  those  which  are  at  great  distances  from  it,  though 
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in  the  s^me  latitude.  Inland  places  experience  a  much  greater  degree 
both  of  heat  and  cold  than  places  on  the  6oaat,  and  the  difference 
between  these  degrees  of  heat  and  of  cold  increases  with  the  distance 
of  the  place  from  the  sea.  This  phenomenon  has  been  variously 
explained.  The  explanation  is  now  pretty  clear,  since  it  has  been 
proved  by  observation  that  the  temperature  of  the  air  over  the  eea  is 
less  subject  to  changes  than,  or  rather  does  not  undergo  such  great 
changes  as,  that  of  the  air  which  is  over  the  land.  But  as  the  tempe- 
rature of  countries  situated  between  the  tix)pics  is  not  subject  to  so 
great  changes  as  that  of  countries  in  the  temperate  zone,  and  these 
again  are  less  affected  by  them  than  the  frigid  zone,  so  it  is  found  to 
be  the  case  on  the  sea  also.  Beginning  with  the  smallest  natural 
division  of  time,  the  day,  it  is  found  that  between  the  tropics  the 
difference  of  temperature  within  24  hours  seldom  exceeds  2  degrees 
of  Fahrenheit,  and  rarely  amounts  to  more  than  3  degrees.  The 
following  table,  from  Meyen's  '  Reise  um  die  Welt,'  shows  the  changes 
of  temperature  on  the  sea  during  24  hours  between  the  tropics  : — 

1880,  October  25  ;  lat.  W  17'  N.,  long.  26"  37'  W. 


111. 

79-88^ 

Oil. 

80-96'' 

51». 

81-14' 

2 

80  06 

10 

80-96 

6 

8114 

3 

80*06 

11 

80-96 

7 

81-14 

4 

80  06 

12 

8096 

6 

80-96 

5 

79-88 

1 

8114 

9 

80-78 

6 

79-70 

2 

81  50 

10 

80-96 

7 

79-70 

3 

81-96 

11 

80*24 

8 

79-70 

4 

81-G8 

12 

80-24 

The  difference  between  the  highest  and  lowest  temperature  is  only 
2-26'.  The  mean  temperature  of  the  day  is  80-65^  which  is  only  O-OS** 
above  the  lowest  and  I'Sr  below  the  highest  temperature.  It  must, 
however,  be  remembered,  that  during  the  day  to  which  these  observa- 
tions refer,  the  vessel  on  which  they  were  made  advanced  through 
nearly  14  degrees  of  latitude,  which  of  course  must  have  had  some 
efiect  on  the  temperature. 

There  is  a  greater  difference  in  the  daily  temperature  of  the  sea 
within  the  temperate  zone  :  though  when  compared  with  the  changes 
which  occur  in  any  place  situated  in  the  same  zone,  but  not  immediately 
on  the  shores  of  Uie  sea,  it  will  be  found  considerably  less  than  in  the 
latter.  The  following  table  from  Berghaus,  of  the  changes  on  the  sea, 
may  be  compared  with  the  changes  in  the  temperature  of  London  in 
the  middle  of  March : — 


111. 
a 

8 

4 
ft 
6 
7 
8 


March  16;  lat.  31'  0'  N.,  long.  64' 


43-7'^ 

48-7 

43-7 

43-7 

44-6 

44-6 

44-6 

44-6 


OK 
10 
11 
12 

1 

2 

8 

4 


446'» 

44-6 

44*6 

44-6 

46-4 

45-5 

44-6 

43-7 


11' W. 

6«». 

6 

7 

8 

9 
10 
11 
12 


48-7' 

42-8 

41-0 

41-0 

41-0 

41-9 

41-9 

42-8 


The  difference  between  the  maximum  and  minimum  of  the  daily 
temperature  in  this  table  amounts  to  6* 4%  and  the  mean  temperature 
of  the  day  is  437°.  The  maximum  is  27'  above  the  mean  tempe- 
rature, and  the  minimum  is  27*  below  it. 

We  come  to  the  same  conclusion  that  the  temperature  of  the  air 
over  the  sea  is  subject  to  less  considerable  changes  than  that  which 
surrounds  the  land,  when  we  compare  the  changes  that  occur  during 
the  seasons.  Looking  at  the  difference  of  temperature  between  the 
hottest  and  coldest  season  in  Berghaus's  tables,  we  find  that  this  differ- 
ence is  much  greater,  and  at  the  same  time  more  irregular,  in  the 
northern  than  in  the  southern  hemisphere.  But  this  seems  to  be  due, 
in  a  great  measure,  to  the  influence  of  the  Arctic  current  and  to  the 
difference  between  the  winter  and  sunamer  temperature,  owing  to 
the  presence  of  vast  masses  of  ice,  which  during  winter  extend  as  far 
south  as  40''  N.  lat. ;  between  65'  and  25'  the  increase  of  the  mean 
temperature  of  the  spring  is  tolerably  regular,  rising  from  44*  to  6'  for 
cve^r  5  degrees  of  latitude.  The  other  irregularities  are  evidently 
produced  by  a  greater  increase  of  the  heat  in  summer.  The  mean 
temperature  of  the  summer  increases  pretty  regularly  between  55"  and 
45'  by  from  2  to  4  degrees  for  every  5  degrees  of  latitude.  But 
between  45'  and  40"  it  rises  suddenly  to  more  than  6  degrees.  This 
sudden  rise  is,  no  doubt,  produced  by  the  warm  vapours  arising  from 
the  Gulf-stream  [Atlantic  Ocean,  in  Geoo.  Div.],  which  in  these  parts 
runs  across  the  Atlantic.  Another  rise  of  more  than  6  degrees  occurs 
between  40"  and  35"  N.  lat.  The  air  of  the  Sahara,  when  raised  to  the 
highest  degree  of  heat  by  the  continuance  of  the  sun  near  the  northern 
tropic,  seems  to  affect  the  mean  temperature  of  the  summer  between 
40  and  15',  and  to  raise  it  nearly  to  the  mean  temperature  of  that 
season  under  the  equator.  The  effect  of  this  heated  air  has  been 
distinctly  traced  for  an  immense  distance,  we  may,  however,  suppose 
that  It  ceases  near  Cape  Verde ;  but  the  effecte  of  another  phenomenon 
begm  to  operate.  The  region  of  cahna  [Calms]  frequently  extends  in 
summer  to  12'  and  13'  N.  Ut  Of  these  three  agents,  the  heated  air 
of  the  Sahara  seems  to  have  the  greatest  effect  in  raising  the  summer 
temperature  of  the  Atlantic.  Again,  the  fact  that  moat  of  the  isother- 
mal Imes  run  in  a  north-eastward  direction  from  the  western  side  of 
the  Atlantic  towaids  the  ©astern,  and  then  bend  downwards  towards 


the  south,  indicates,  as  Maury  remarks,  the  presence  along  the  African 
shores  in  Uie  North  Atlantic  of  a  large  volume  of  cooler  waters,  the 
return  current  of  the  Gulf  stream. 

When  two  elements,  such  as  air  and  water,  approach  each  other, 
there  can  be  no  great  difference  in  their  temperature.  Still  there  must 
be  some  difference,  as  the  air  is  the  better  conductor  of  heat,  and  the 
water,  as  a  more  dense  body,  is  capable  of  retaining  it  for  a  greater 
length  of  time.  Many  observations  have  been  made  for  the  purpose 
of  establishing  this  difference  more  precisely.  It  has  been  found  that 
the  temperature  of  both  is  subject  to  regular  changes  during  the  da}^ 
but  that  the  air  attains  its  highest  temperature  about  two  o'clock, 
whilst  the  sea  attains  its  highest  temperature  in  some  parts  at  three 
o'clock,  in  others  not  before  four  o'clock.  Further,  it  appears  that  the 
temperature  of  the  air  is  greater  shortly  before  and  after  noon,  and 
that  of  the  sea  about  midnight ;  but  in  the  morning  and  evening  the 
two  elements  have  nearly  the  same  temperature.  On  the  land,  again, 
the  coldest  and  hottest  months  are  February  and  August,  but  on  the 
sea  the  vast  amount  of  observations  collected  by  Maury  {*  Physical 
Geog.  and  Meteorology  of  the  Sea,'  ch.  xvii.,  ed.  1860),  show  distinctly 
that  the  extremes  occur  in  March  and  September.  It  has  further  been 
found,  that "  at  sea  the  climatic  conditions  of  the  land  are  reversed, 
for  the  coldest  side  of  the  ocean  is  next  the  warmest  side  of  the  con- 
tinent, and  vice  vcrtd "  (Maury),  conditions,  however,  which  a  little 
reflection  will  render  readily  comprehensible.  When  these  slight 
changes  are  excluded,  it  is  found  that  the  difference  of  temperature  in 
both  elements  is  inconsiderable,  but  differs  in  different  latitudes. 

The  great  preponderance  of  water  in  the  southern  hemisphere  is,  as 
Dove  has  pointed  out,  the  prime  cause  of  the  southern  hemisphere 
being  a  region  of  warm  winters  and  cool  summers,  while  the  northern 
is  characterised  by  cool  winters  and  hot  summers ;  an  increasing  quan- 
tity of  the  sun's  heat  becoming  latent,  as,  in  passing  from  north  decU- 
nation  and  entering  the  southern  signs,  it  is  employed  in  evaporating 
an  increasing  quantity  of  aqueous  vapour.  And,  as  he  observes,  "  the 
mild  winter  of  the  southern  hemisphere,  plus  the  contemporaneous 
hot  summer  of  the  northern,  necessarily  gives  a  higher  sum  of  tempe- 
rature than  the  cool  summer  of  the  southern  plus  the  cold  winter  of 
the  northern  hemisphere."  These  relations,  he  suggests,  appear  to 
furnish,  in  the  periodical  conversion  of  the  aqueous  vapour  into  a 
liquid  form,  the  motive  power  in  the  machinery  of  the  general  atmos- 
phere of  the  earth*  "  The  unequal  distribution  of  land  and  sea  in 
the  northern  and  southern  hemispheres  appears  to  supply  an  effectual 
provision,  from  whence  it  necessarily  follows  that  the  aqueous  vapour, 
which  from  the  autumnal  to  the  vernal  equinox  is  developed  to  an 
immense  extent  over  the  southern  hemisphere,  returns  to  the  earth  in 
the  other  half  of  the  year  in  the  form  of  rain  or  snow.  And  thus  the 
wonderful  march  of  the  most  powerful  steam-engine  with  which  we  are 
acquainted,  the  atmosphere,  appears  to  be  permanently  regulated.  .  .  . 
It  is  probable  that  the  northern  hemisphere  may  be  regarded,  com- 
paratively speaking  and  to  a  considerable  degree,  as  the  condenser  in 
this  great  steam-engine,  and  the  southern  hemisphere  as  its  water- 
reservoir;  that  the  quantity  of  rain  which  falls  in  the  northern 
hemisphere  is  therefore  considerably  greater  than  Uiat  which  falk  in 
the  southern  hemisphere ;  and  that  one  reason  of  the  higher  tempe- 
rature of  the  northern  hemisphere  is,  that  the  large  quantity  of  heat 
which  becomes  latent  in  the  southern  hemisphere  in  the  formation  of 
aqueous  vapour  is  set  free  in  the  northern  in  great  falls  of  rain  and 
snow."    ('  Essay  on  Distribution  of  Heat,'  p.  26,  Eng.  translation.) 

TERRIER,  from  the  French  word  terrier,  a  land-book,  a  register  or 
survev  of  lands.  Those  best  known  in  Uus  country  are  the  ecclesi- 
astical terriers  made  under  the  provisions  of  the  87th  canon.  They 
consist  of  a  detail  of  the  temporal  possessions  of  the  church  in  the 
parish.  They  ought  to  be  signed  by  the  parson,  and  are  sometimes 
also  signed  by  the  churchwai^ens  and  some  of  the  substantial  inha- 
bitants of  the  parish.  Their  proper  place  of  custody  is  the  bishop's  or 
archdeacon's  registry :  a  copy  also  is  frequently  placed  in  the  parish 
chest.  If  a  terrier  is  proved  to  be  produced  from  the  proper  custody, 
and  therefore  may  be  presumed  to  be  genuine,  it  is  in  all  instances 
evidence  as  against  the  parson.  And  in  those  instances  where  it  has 
been  signed  by  churchwardens  elected  by  the  parish  or  by  the  inha- 
bitants, it  is  also  evidence  as  against  the  inhabitants  generally ;  even 
against  those  occupying  lands  other  than  the  lands  occupied  by  the 
inhabitants  who  signed  it.  Tlie  questions  in  respect  of  which  a  terrier 
LB  generally  employed  as  evidence  are  those  relating  to  the  glebe, 
tithes,  a  modus,  &c. 

TERSTEARIN  or  TRISTEARIN.    [Stearic  Acid.] 

TERUNCIUS.     [As.] 

TESSELATED  PAVEMENTS.    [Tiles  ;  Pavements.] 

TE'SSERA,  a  small  cube  or  square  resembling  our  dice,  which  was 
used  by  the  ancients  for  various  purposes,  and  accordingly  it  consisted 
of  different  materials,  as  marble,  precious  stones,  ivory,  gloss,  wood,  or 
mother-of-pearl.  Such  small  tessene  of  different  colours  were  used  to 
form  the  mosaic  floors,  or  pavements  in  houses  [Mosaics],  which  were 
hence  called  tesselata  pavimenta.  (Sueton.,  '  Ca>sar,'  46.)  The  same 
kinds  of  cubes,  usually  made  of  ivory,  bone,  or  hard  wood,  and  marked 
on  all  their  six  sides,  were  used  by  the  ancients  as  dice  in  games  of 
hazard,  just  as  in  our  times.  In  the  earlier  times  three  dice  were  used 
in  a  game,  but  afterwards  only  two. 

The  word  tessera  was  also  employed  to  signify  any  token  which  was 
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^ven  to  persooB  by  which  they  might  recogniso  one  another.  In  this 
case  however  the  teasero  were  probably  small  tablets  marked  with 
certain  signs.  Thus  we  find  mention  of  a  tesaera  hotpiiaUB,  which 
strangers  when  forming  a  connection  of  hospitality  gave  to  one  another, 
that  they  or  their  children  might  afterwards  recognise  one  another,  and 
it  appears  that  a  tessera  in  this  case  was  marked  with  the  figlire  of 
Jupiter  hospitalis.  (Plautus, '  PoenuL/  v.  1,  25 ;  2,  87,  &c.)  Tesser© 
f  rumentarifis,  or  nummarise,  were  occasionally  given  at  Rome  to  the 
poor  to  serve  as  a  token  or  ticket^  on  the  presentation  of  which  they 
received  a  certain  amount  of  com  or  money.  (Sueton., '  Aug.,'  40 ; 
'  Nero,'  11.)  The  Roman  soldiers  also,  before  they  commenced  a 
battle,  received  a  tessera  containing  the  watchword  by  which  they 
recognised  their  comrades,  and  were  enabled  to  distinguiish  them  from 
strangers.     (Vir^, '  iEn.,'  vii.  687,  with  the  note  of  Servius.) 

TEST  PAPERS.  Strips  of  paper  impregnated  with  certain  reagents 
as  litmus  or  turmeric,  and  used  by  chemists  for  detecting  the  presence 
of  certain  bodies.    [Tests,  Chemical.] 

TESTAMENT.    [Will.] 

TESTAMENT,  OLD  AND  NEW.  Some  critical  disputes  have 
arisen  respecting  the  meaning  of  the  word  Testameni,  as  applied  to  the 
Canonical  Scriptures.  These,  imder  the  name  of  the  two  Testaments, 
comprise  the  revelations  of  Qod  to  man,  which,  being  imparted  under 
two  principal  conditions — the  Law  and  the  Qoepel — are  divided  into 
two  corresponding  classes.  The  word  translated  by  covenant  is  the 
Hebrew  berith,  so  used  in  the  first  division  of  the  sacred  writings,  and 
rendered  in  the  latter  by  diaiheke  (8<a0i|in}).  But  a  further  notion  than 
that  conveyed  by  the  Hebrew  is  contained  in  the  Greek  term  (and  which 
belongs  also  to  the  ecdesiastical  Latin  one,  Tetiamentum,  Uie  original 
of  the  ordinary  designation  of  the  two  portions  of  the  Scriptures,  the 
Old  and  New  Teataments).  No  more  appropriate  designation  than  that 
of  the  New  Testament  can  be  applied  to  the  second  portion.  Its  appli- 
cation to  the  books  of  the  Old  was  defended  by  St.  Jerome  (among 
other  authorities  of  equal  weight),  on  the  ground  that  "  Testamentum 
non  voluntatem  defunctorum  sonat,  sed  pactum  viventium."  The 
books  of  the  Old  and  New  Testament  are  noticed  at  length  under  their 
respective  titles ;  their  inspiration  is  treated  of  under  Revelation  : 
see  also  Soriptures  ;  Bible  ;  Apocrtfha,  &c. 

TESTAMENTS  OP  THE  TWELVE  PATRIARCHS,  a  Greek 
work  which  professes  to  contain  the  last  words  of  the  twelve  patriarchs, 
the  sons  of  Jacob,  but  which  is  considered  to  be  undoubtedly  spurious 
by  all  writers  except  Whiston,  who  accepts  it  as  a  part  of  the  canon  of 
the  Old  Testament;  but  no  weight  can  be  attached  to  his  judgment 
on  the  matter. 

The  age  and  authorship  of  this  work  are  much  disputed.  It  is  once 
quoted  by  Origen,  who  flourished  about  a.d.  230.  The  most  probable 
opinion  is  that  of  Cave  and  Lardner,  who  suppose  it  to  have  been 
written  by  a  Jewish  convert  to  Christianity  about  the  end  of  the  2nd 
century  after  Christ. 

It  appears  to  have  been  the  writer's  object  to  foist  his  work  into  the 
Canon,  since,  though  he  makes  frequent  quotations  from  the  books  of 
the  Old  Testament,  he  never  mentions  any  of  them  by  name.  The 
only  book  which  he  quotes  by  name  is  'the  book  of  Enoch  the 
Righteous.' 

These  testaments  have  been  frequentlv  published  in  Latin.  They 
were  first  printed  in  Greek  by  Grabe  m  his  'Spicileg.  Patr.,'  and 
afterwards  by  Fabridus  in  his  '  Cod.  Pseudepigraph.,'  and  Whiston 
published  an  English  translation  of  them  in  his '  Authentic  Records.' 

(Lardner's  CredHnUty,  part  ii,  c.  29,  §  8,  and  the  authorities  there 
quoted.) 

TESTE  OF  A  WRIT.     [V/rit.] 

TESTIMONY.    [Evidence.] 

TESTIMONY,  PERPETUATION  OF.    [Perpetuation  of  Testi- 

MONY.] 

TE8T0NE  or  TESTOON.    [Monet.] 

TESTS,  CHEMICAL,  or  Chemical  Re-agents,  are  those  substances 
which  are  employed  to  detect  the  presence  of  other  bodies,  by  ad- 
mixture with  which  they  are  known  to  produce  certain  changes  in 
appearance  and  properties :  thus,  for  example,  as  the  blue  colour  of 
litmus  is  turned  red  by  acids,  it  is  considered  as  and  used  for  a  test  to 
determine  their  presence  when  uncombined  or  in  excess  :  so  also  htmus 
which  has  been  reddened  by  an  acid  has  its  blue  colour  restored  by 
the  action  of  an  alkali  :  reddened  litmus  is  therefore  used  as  a  test  of 
the  presence  of  free  or  uncombined  alkahes. 

We  give  these  examples  from  thousands  which  might  have  been 
selected,  merely  to  explain  the  meaning  of  the  term  chemical  test, 
observing  that  change  of  colour  is  one  only  of  the  many  alterations 
adduced  in  proof  of  chemical  action :  thus  Uie  solubility  of  certain 
substances  in  some  re- agents  and  not  in  others,  constitutes  another 
criterion  or  test  of  the  nature  of  bodies. 

We  cannot  enter  particularly  into  this  subject,  for  its  extent  is 
equalled  only  by  its  importance ;  and  it  is  the  less  requisite  that  we 
should  do  so,  since,  in  describing  the  various  metals,  &c.,  the  testa  of 
their  presence  are  usually  given  with  the  properties  of  their  salts.  See 
also  Chemical  Analtbis. 

TE'TANUS  (t^towj,  derived  from  rcfyw,  to  8(reich)  is  both  a  generic 
and  a  specific  term  :  generically,  it  may  be  defined  to  be  a  more  or  less 
violent  and  rigid  spasm  of  many  or  all  of  the  muscles  of  voluntary 
motion  ;•  the  name  is  also  jMurticuiarlv  oooUed  (as  will  bpscen  |iereafter) 


to  one  of  the  species  of  this  afiection.  Both  the  disease  and  also  its 
name  are  as  old  as  the  time  of  Hippocrates ;  and,  as  it  is  proved  by 
experience  to  be  much  more  frequent  in  warm  climates,  the  ancient 
physicians  probably  had  peculiar  advantages  in  observing  it,  and 
accordingly  seem  to  have  paid  particular  attention  to  it. 

"Tetanic  spasms,**  says  Aretaeua  ('  De  Cans,  et  Sign.  Morb.  Acut  ,* 
lib.  i.,  cap.  6,  p.  6,  ed.  Kiihn),  "  are  attended  with  severe  pain,  and 
prove  rapidly  fatal,  and  by  no  means  readily  admit  of  relief ;  they 
make  their  attack  on  the  muscles  and  tendons  of  the  jaws  and  neck, 
but  impart  the  disease  to  every  other  spot,  for  all  parts  become 
sympathetically  affected  with  those  whidi  were  primarily  assailed. 
There  are  three  forms  of  the  convulsions :  the  straight,  the  backward, 
and  the  forward.  The  straight  one  is  true  Tetanut,  when  the  patient 
is  stretched  straight  and  inflexible ;  the  backward  or  forward  varieties 
have  their  name  from  the  direction  and  locaUty  of  the  tension ;  hence 
the  deflexion  of  the  patient  backwards  is  termed  optttliotonog  {6wiff$6' 
roros),  from  the  nerves  being  affected  in  this  direction ;  while,  if  the 
bendmg  be  forward,  by  the  nerves  in  front,  it  is  termed  emproatholonot 
(i/inpoffBoToyos),  for  tono8  (T6ifos)  is  a  term  which  signifies  both  a  nerve 
and  tension.** 

The  three  forms  of  the  disease  mentioned  by  Aretseus  are  described 
by  most  of  the  ancient  writers  :  the  species  called  trumiu,  or  locked- 
jaw  (which  is  the  name  applied  to  it  when  the  spasms  are  confined  to 
the  muscles  of  the  jaw  or  throat),  forms  a  fourth  in  modem  authors ; 
and  to  these  has  been  added  a  fifth,  under  the  name  pleuroathotono§ 
{ir\9vpoc66royos),  which  signifies  that  the  body  is  drawn  to  one  side. 
These  different  terms  applied  to  tetanic  affections  do  not  imply  so 
many  particular  diseases,  but  only  the  seat  and  various  degrees  of  one 
acTd  the  same  complaint.  Trismus  is  invariably  a  part  of  each  of  the 
other  varieties.  This  subdivision  of  the  disease  is  of  little  or  no 
practical  importance ;  but  a  much  more  essential  division  is  into  (unUe 
or  chronic,  according  to  its  greater  or  less  intensity.  The  former 
kind  is  exceedingly  dangerous  and  usually  fatal ;  while  the  latter,  on 
account  of  the  more  gradual  progress  of  the  symptoms,  affords  more 
opportunity  of  being  successfuUy  treated.  (Larrey,  in  'M^m.  de 
Chirurgie  Militaire'  tome  L)  Tetanus  is  also  divided  into  traumatic, 
or  that  arising  from  a  wound,  which  is  alto  occasionally  termed 
tymptomaiic ;  and  into  idiopathic,  or  that  which  proceeds  from  other 
causes. 

Traumatic  tetanus  sometimes  comes  on  in  a  surprisingly  sudden 
manner,  and  quickly  attains  its  most  violent  degree.  The  most 
rapidly  fatal  case  that  has  ever  been  recorded  is  one  that  we  have  on 
the  authority  of  the  late  Professor  Robison  of  Edinburgh.  It  occurred  in 
a  negro,  who  scratched  his  thumb  with  a  broken  china  plate,  and  died  of 
tetanus  a  quarter  of  an  hour  after  this  shght  injury.  Most  commonly, 
however,  the  approaches  of  the  disorder  are  more  gradual,  and  it 
slowly  advances  to  its  worst  stage.  In  this  sort  of  case  the  commence- 
ment of  the  disorder  is  announced  bv  a  sensation  of  stiffiiess  about  the 
neck,  a  symptom  which,  increasing  by  degrees,  renders  the  motion  of 
the  head  difficult  and  painful.  In  proportion  as  the  rigidity  of  the 
neck  becomes  greater,  the  patient  experiences  in  the  throat  a  sense  of 
dryness  and  soreness,  and  about  the  root  of  the  tongue  an  uneasiness, 
soon  changing  into  a  difficulty  of  mastication  and  swallowing,  which 
after  a  time  become  totally  impossible.  The  attempt  at  deglutition  is 
attended  with  convulsive  efforts,  especially  when  an  endeavour  is  made 
to  swaUow  liquids;  and  so  great  is  the  distress  which  accompanies 
these  convulsions,  that  the  patient  becomes  very  reluctant  to  renew 
the  trials,  and  occasionally  refuses  all  nourishment;  sometimes  it  even 
inspires  him  with  a  dread  of  the  sight  of  water,  and  a  great  resem- 
blance to  hydrophobia  is  produced. 

With  respect  to  the  causes  ef  tetanus,  *'  it  must  ever  be  regarded,** 
says  Dr.  Gregory  ('  Theory  and  Practice  of  Med.*;,  "  as  a  very  singular 
fact  in  pathology,  that  an  affection  of  so  peculiar  a  character  as  this 
should  have  its  source  in  causes  apparently  so  dissimilar;  that  the 
puncture  of  a  nerve,  the  laceration  of  a  tendon,  or  an  extensive  burn, 
should  bring  on  the  same  kind  of  nervous  affection  as  that  which  is 
the  occasional  consequence  of  cold.**  Every  description  of  wound,  no 
matter  how  inflicted,  or  in  what  part^  or  in  what  stage,  may  be  the 
occasion  of  tetanic  symptoms  which  form  the  species  denominated 
traumatic.  Cases  are  on  record  wherein  the  patient  was  attacked  with 
the  disease  in  consequence  of  a  bite  on  the  filler  from  a  tame  sparrow ; 
in  which  it  supervened  on  the  mere  stroke  of  a  whip-lash  under  the 
eyes,  though  the  skin  was  not  broken ;  in  which  it  was  occasioned  by 
a  small  fish-bone  sticking  in  the  pharynx ;  by  a  slight  solution  of  con- 
tinuity in  the  external  ear  from  a  musket-shot ;  by  the  application  of 
a  scton  to  the  thorax ;  by  the  stroke  of  a  cane  across  the  back  of  the 
neck;  by  a  blow  on  the  hand  from  the  same  instrument;  by  the 
extraction  of  a  tooth,  &c.  In  short,  according  to  Sir  James  M'Grigor, 
"  it  occurs  in  every  description  and  in  every  stage  of  wounds,  from 
the  slightest  to  the  most  formidable,  from  the  healthy  and  the  slough- 
ing, from  the  incised  and  the  lacerated,  from  the  most  simple  and  the 
most  complicated." 

Next  in  frequency  to  wounds  as  an  exciting  cause  of  tetanus  is 
expoeiu^  to  cold  and  damp ;  indeed  there  are  but  very  few  cases  of 
true  idiopathic  tetanus  which  are  referrible  to  any  other.  The 
irritation  of  worms  and  other  disordered  states  of  the  idimentary  canal 
have  been  considered  by  some  authors  as  the  cause  of  tetanic  affections. 
To  generate  this  form  of  disease,  however,  it  would  appear  that  ft 
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certain  predispotitionbi  also  requisite,  and  it  ia  doubtless  the  same  with 
that  which  operates  as  an  acceuory  came  of  the  traumatic  tetanus. 
The  predispoBiUon  to  tetanic  affections  is  ^ven,  in  the  first  place,  by 
warm  climJektes  and  warm  seasons.  Within  the  tropics  therefore  it 
prevails  to  an  extent  unheard  of  in  colder  latitudes.  Secondly,  tetanus 
is  chiefly  observed  to  prevail  when  the  atmosphere  is  much  loaded 
wiUi  moisture,  and  particularly  where  this  has  suddenly  succeeded  to  a 
long  course  of  diy  and  sultry  weather.  Even  in  this  country  exposure 
to  the  cold  and  damp  air  of  the  night  has  occasionally  been  f  oUowed  by 
an  attack  of  tetanus.  In  tropical  climates  childr^  are  particularly 
subject  to  this  complaint,  and  wiUi  a  few  peculiarities  which,  though 
producing  no  specific  difference,  have  been  thought  sufficient  to  con- 
stitute a  variety  known  by  the  name  of  tritmui  nascerUinm.  The 
disease  in  this  case  is  vulgarly  known  by  the  absurd  name  of  faUing  of 
ike  jaw.  It  occurs  chiefly  between  the  ninth  and  fourteenth  day  after 
birth,  and  seldom  after  the  latter  period.  Without  any  febrile  acces- 
sion, and  often  without  any  perceptible  cause  whatever,  the  infant 
sinks  into  an  unnatural  weariness  and  drowsiness,  attended  with 
frequent  yawnings,  and  with  a  slight  difficulty  of  moving  the  lower 
jaw.  This  last  symptom  takes  place  in  some  instances  sooner,  in 
others  later,  uid  soon  increases  in  intensity.  Even  while  the  infant  is 
yet  able  to  open  its  mouth,  there  is  occasionally  an  inability  to  suck  or 
swallow.  By  degrees  the  lower  jaw  becomes  rigid,  and  totally 
resists  the  introduction  of  food.  There  is  no  painful  sensation, 
but  the  skin  assumes  a  yellow  hue,  the  eyes  appear  dull,  the  spasms 
often  extend  over  the  body,  and  in  two  or  three  days  the  disease  proves 
mortal. 

The  prognosis  of  this  disease  is  mainly  to  be  determined  by  the 
nature  of  the  exciting  cause,  and  by  the  type  of  the  seizure.  Tetanus 
of  the  idiopathic  kind  has  certainly  been  cured  in  a  larger  proportion 
o£  cases  than  that  which  follows  external  injury.  The  type  of  .the 
disease  as  acute  or  chronic  is  a  no  less  important  guide  as  to  the 
probable  termination.  It  may  be  said  that  recovery  in  a  case  of  acute 
tetanus  is  almost,  if  not  altogether,  hopeless :  the  chronic  form,  how- 
ever, is  of  a  much  milder  oiaracter.  The  usual  termination  of  the 
disease  may  be  stated  to  occur  on  the  third  or  fourth  day;  and  if 
the  patient  survives  that  time,  there  are  good  hopes  of  his  recovery ; 
it  is  rarely  protracted  beyond  the  eighth  day.  Mr.  Cooper,  however, 
mentions  ('  Surg.  Diet.')  that  he  had  a  patient  (who  had  been  wounded, 
and  suffered  amputation  of  the  thigh)  who  lingered  five  weeks  with 
chronic  tetanus  before  he  died. 

The  dissection  of  patients  who  have  died  of  tetanus  has  thrown 
little  or  no  light  upon  the  real  nature  of  the  complaint,  as  is  indeed 
the  case  in  almost  all  spasmodic  or  neuralgic  disorders.  .Sometimes 
slight  effusions  are  found  within  the  cranium,  but  in  general  no 
morbid  appearance  whatever  can  be  detected  within  the  head.  There 
is  always  more  or  less  of  an  inflammatory  appearance  in  the  oesophagus, 
and  in  the  villous  coat  of  the  stomach  about  the  cardia.  These 
appearances,  however,  are  common  to  a  great  number  of  diseases,  and 
are  uniformly  met  with  in  every  case  of  rapid  or  violent  death. 
Besides  the  redness  and  increased  vascularity  of  these  parts.  Baron 
Larrey  found  the  pharynx  and  oosophagus  much  contracted,  and 
covered  with  a  viscid  reddish  mucus.  He  also  found  numerous  lum- 
brici  in  the  bowels  of  several  of  the  patients  who  died ;  but  this,  as 
Hr.  Cooper  remarks,  could  only  be  an  accidental  complication,  and  not 
a  cause.  In  several  cases  Dr.  M' Arthur  found  the  intestines  much 
inflamed;  and  in  two  of  them  a  yellow  waxy  fluid,  of  a  peculiar 
offensive  smell,  covered  their  internal  surface;  but  whether  the  in- 
flammation was  primary,  or  only  a  consequence  of  the  pressure  of  the 
abdominal  muscles,  which  contract  so  violently  in  this  disease,  he  is 
unable  to  decide.    ('  Med.  Chir.  Trans.,'  voL  viL,  p.  475.) 

The  treatment  of  tetanus  is  confessedly  a  subject  of  infinite  difficulty, 
as  the  disease  frequently  baffles  every  mode  of  practice,  and,  in  certain 
instances,  gets  wdl  under  the  employment  of  the  very  same  remedies 
which  decidedly  fail  in  other  similar  cases.  Upon  the  whole  it  will 
probably  be  universally  admitted  that  no  effectual  remedy  for  tetanus 
has  yet  been  discovered,  as  every  plan  has  occasionally  succeeded,  and 
every  plan  has  still  more  frequently  failed.  An  excellent  abstract  of 
the  opinions  of  the  ancients  on  this  point  is  given  by  Mr.  Adams  in  his 
Notes  to  Paulus  ^gineta. 

The  general  principle  of  cure,  as  Dr.  Good  remarks,  is  far  more 
easily  explained  tlum  acted  upon :  it  is  that  of  taking  off  the  local 
irritation,  wherever  such  exists,  and  of  tranquillising  the  nervous 
erethism  of  the  entire  system.  The  former  of  these  two  objects  is 
of  great  importance  in  the  locked-jaw,  or  trismus,  of  infants;  for, 
by  removing  the  viscid  and  acrimonious  meconium,  or  whatever  other 
irritant  is  lodged  in  the  stomach  or  bowels,  we  can  sometimes  effect 
a  speedy  cure  without  any  other  medicine.  Castor  oil  is  by  far  the 
best  aperient  on  this  occasion,  and  it  may  be  given  both  by  the  mouth 
and  by  injections.  If  this,  however,  do  not  succeed,  we  should  have 
recourse  to  powerful  anodynes :  of  these  the  best  is  opium,  which 
should  be  administered  in  doses  of  from  three  to  five  drops  of  the 
tincture,  according  to  the  age  of  the  patient.  Opium  has  also  been 
more  extensively  resorted  to  in  the  cases  of  adults  than  almost  any 
other  remedy ;  and  Dr.  Good,  Dr.  Gregory,  and  others  profess  that  iV 
is  that  on  which  they  place  their  chief,  if  not  their  only  reliance.  To 
give  it  a  fair  chance  of  success,  we  must  begin  its  use  from  the  earliest 
appearance  of  tetanic  symptoms.    It  must  be  given  in  very  large 


doses ;  and  these  doses  must  be  repeated  at  such  short  interrala  as 
to  keep  the  system  constantly  under  the  faifluenoe  of  the  remedy.  It 
is  astonishing  to  observe  how  the  human  body,  when  Ubourii^  under 
a  tetanic  disease,  will  resist  ^e  operation  of  this  and  other  remedki, 
which,  in  its  healthy  state,  would  have  been  more  than  sufficient  to 
overpower  and  destroy  it.  It  is  advisable  to  b^gin  with  Mtj  drop 
of  lauflanum,  and  to  repeat  this  at  hitervals  of  two  or  three  honm. 
or  even  oftener  if  the  uigenoy  of  the  symptoms  require  it,  until 
some  effect  has  been  produced  on  the  spesms.  In  the  early  stage 
of  the  disease  we  are  to  bear  in  mind  the  approecfaiiig  <dosQre  ti 
the  jaw  and  difficulty  of  deglutition;  and  our  remedies  are  ecoofd- 
ingly  to  be  pushed  before  such  serious  obstacles  to  their  adnmiistiv 
tion  arise,  when  tiiey  have  occurred,  and  are  found  to  be  ineapefmbk, 
opiate  enemata  and  frictions  may  be  tried ;  but  we  must  not  antidpate 
much  benefit  from  such  feeble  means.  Such  are  Dr.  Qregorf* 
remarks ;  but  Dr.  Symonds  considers  that  the  employment  of  opium 
is  recommended  chiefiy  by  systematic  writers,  and  for  theoredca], 
rather  than  for  practical  reasons ;  while  moet  of  those  who  giye  the 
results  of  their  own  experience  express  the  greatest  dissatiafaction  with 
the  remedy. 

Probably  a  much  more  efficient  dass  of  remedies  than  the  preced- 
ing is  that  of  purgatives;  both  on  account  of  the  obstinate  oostrre- 
ncss  which  attends  the  disease,  and  also  because  we  have  in  daily 
practice  such  convincing  proo&  of  their  strong  revulsiye  inflaenoe  on  dis- 
eases of  the  cerebro-spinal  centre.  The  testimony  of  the  army  phjaodans, 
as  we  learn  from  the  report  of  Sir  James  M'Qrigor,  is  higldy  in 
favour  of  a  rigid  perseverance  in  the  vae  of  puigativea,  giyen  in 
adequate  doses  to  produce  daily  a  full  effect.  Dr.  Forbes  states  that  a 
solution  of  sulphate  of  magnesia  in  infusion  of  senna  was  found  to 
answer  better  tnan  any  other  purgative ;  and  it  was  daily  given  in  a 
sufficient  quantity  to  produce  a  copious  evacuation,  vhioh  was 
always  dark-coloured  and  hig^y  offensiye;  and  to  this  practice 
he  chiefly  attributes  in  one  severe  case  the  removal  of  the  diaeace. 
(*  Med.  Chir.  Trans.,*  voL  vi,  p.  452,  quoted  by  Mr.  Cooper.)  Dr. 
Good  condemns  drastic  purgatives,  foigetting  apparently  that  mild 
ones  have  no  effect.  Strong  cathaiiics  have  indeed  frequently  proved 
of  great  service,  and  none  has  higher  repute  than  croton  oiL 

The  employment  of  the  warm  bath  has  been  recommended  by 
numerous  writers,  but  it  would  be  difficult  to  trace  'in  their  aooounts 
any  facts  which  decidedly  show  that  its  adoption  was  ever  followed 
by  unequivocal  benefit.  Cold  bathing  has  also  been  advised,  hut  it 
has  generally  been  found  to  be  worse  than  useless;  and  there  are 
severed  cases  upon  record  of  almost  instant  death  having  followed  its 
employment. 

The  practice  of  bleeding  is  another  that  has  been  tried,  but  most 
frequently  without  ethct.  In  some  few  cases  amputation  of  the  limb, 
ftx)m  the  injury  of  which  the  tetanus  has  arisen,  has  been  suooeasful ; 
but  as  this  extoeme  measure  is  also  very  uncertain,  it  is  not  likely  to 
be  ever  extensively  adopted. 

Numerous  other  remedies  have  been  tried,  with  no,  or  very  imper^ 
feet,  success ;  for  instance,  acupuncture,  strychnia,  mercury,  caustics, 
blisters,  tobacco,  oil  of  turpentme,  ether,  camj^or,  musk,  bark,  wine, 
sesqui-oxide  of  iron,  ftc.,  &o.  However,  it  must,  after  all  these  have 
been  tried,  be  confessed  that  tetanus  is  one  of  the  most  formidable  and 
unmanageable  of  disorders,  and  that  the  recovery  in  the  acute  form 
still  continues  to  be  almost  hopeless. 

TETRACHOHD,  the  Greek  name  for  any  part  of  the  ecale  con- 
sisting of  four  notes,  the  highest  of  which  is  a  perfect  foiuth  to  the 
lowest.  Thus  in  the  common  diatonic  Scale  (we  assume  a  knowledge 
of  this  article  throughout)  we  have  the  following  tetrachords  : — 

ODEF,    DEFO,    EFGA,    O4A3C,    ABCD,    BODK. 

We  despair  of  giving  anything  like  a  satisfactory  account  of  th? 
Greek  music ;  not  that  we  think  the  difficulty  lies  in  the  Greek  writers, 
but  in  the  manner  in  which  they  have  been  treated.  It  was  an 
assumption  that  the  nation  which  produced  models  such  as  the  modems 
could  not  surpass  in  architecture,  sculpture,  and  perhaps  in  painting, 
was  to  be  considered  as  necessarily  possessed  of  a  system  of  music 
approaching  to  perfection.  Their  writers  on  the  subject  were  to  be 
taken  as  having  an  agreement  with  each  other,  which  was  to  be 
detected  and  established,  any  apparent  discrepancy,  however  evident, 
notwithstanding.  The  numerical  relations  which  were  the  objects  of 
inquiry  in  the  settlement  of  the  parts  of  the  scale  gave  the  subject  the 
air  of  an  exact  science ;  and  explanations  which  required  the  assistance 
of  the  scholar,  the  mathematician,  and  the  musician,  were  undertaken 
by  persons  who  were  deficient  in  one  character,  if  not  in  two.  The 
consequence  has  been  such  a  mass  of  confusion  as  the  world  never  saw 
in  any  other  subject;  writers  whose  undertakings  required  than  to 
say  something,  copying  absolute  contradictions  from  different  other 
writers ;  others  glad  to  adopt  anything  intelligible,  whether  true  or 
not ;  others  again,  unable  or  unwilling  to  state  the  simplest  facts  of 
their  own  premises,  so  that  their  rraders  are  not  even  made  aware 
which  of  the  most  remaikahle  opposite  opinions  they  mean  to  adopt 

We  intend  in  the  present  article,  without  looking  into  any  modem 
writer,  to  draw  from  Ptolemy  and  Euclid,  writers  who  are  known  to 
be  trustworthy  on  other  subjects,  all  concerning  the  tetrachord  that 
we  can  find  to  bear  the  character  of  certainty  and  precision,  and  to  be 
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likely  to  aid  an  unbiaased  reader  in  approaching,  should  it  please  him 
00  to  do,  the  mass  of  different  accounts  vhich  have  been  given. 

All  parties  seem  agreed  that  the  Qreek  scale,  which  at  first  consisted 
of  only  two  or  Uiree leading  consonances,  was  gradually  enlarged  until 
it  comprehended  two  octaves,  or  fifteen  notes.  It  is  generally  stated 
tliat  Uus  scale,  when  it  was  what  we  now  call  diatonic  (a  word  which 
zaeans  the  same  with  us  as  with  the  Greeks),  was  minor  in  its  character, 
BO  that  in  fact  it  would  be  represented  by 

A  BC  DBF  aA*BiC*D*B^F*O^A\ 

It  is  also  known  that  the  Qreeks  were  early  in  possession  of  the  mode 
of  dividing  a  string  so  as  to  produce  their  several  notes ;  and  that,  by 
the  time  of  Ptolemy  at  least,  they  took  tiie  rapidity  of  tiie  vibra- 
tions (on  which  they  *knew  the  pitch  to  depend)  to  be  inversely  as  the 
lengths  of  the  strings. 

Their  scales  were  mimerous :  three  were  considered  classical,  if  we 
may  use  the  word,  and  were  called  enharmonic,  chromatic,  and  dia- 
tonic ;  the  two  first  words  not  having  the  same  meaning  as  with  us. 
The  ren\ining  scales  had  names  of  locality  attached  to  them,  Lydian, 
Dorian,  &c.  The  distinction  between  these  lay  in  the  difierent  modes 
of  dividing  the  octave,  as  seems  to  be  now  generally  agreed,  though 
there  have  been  those  who  have  thought  that  these  t^rms,  Lydian, 
Ac.,  were  the  names,  not  of  scales,  but  of  single  notes. 

Of  enharmonic,  chromatic,  and  diatonic  scales,  Ptolemy  lays  down 
fifteen  from  his  predecessors,  and  eight  from  himself.  In  each  of  them 
is  an  octave,  and  all  of  them  agree  in  two  particulars :  first,  each  has 
the  fourth  and  fifth  of  the  fundamental  note  perfect ;  secondly,  each 
has  the  tetrachord  made  by  the  fundamental  note  and  its  fourth 
divided  in  precisely  the  same  manner  as  that  of  the  fifth  and  the 
octave.    That  is,  if  we  caU  the  notes  of  this  octave— 

CPQFORBC*; 

then  o F  is  a  fourth,  and  c o  a  fifth,  always ;  and  the  interval  op,  p q, 
Q  F  are  severally  equal  to  the  intervals  o  B,  R  8,  8  oK  Tlius  it  appears 
that  the  fourth  was  to  the  Greeks  what  iJie  octave  is  to  us,  the  unit, 
aa  it  were,  of  the  scale,  in  the  subdivision  of  which  consisted  the 
differences  of  their  systems.  We  now  give  a  tetrachord  from  each  of 
these  twenty-three  scales,  assigning  the  intervals  first  by  the  ratios  of 
the  vibrations,  next  by  the  number  of  mean  semitones  they  contain,  as 
in  the  article  Soalb.  We  prefix  the  Latin  rendering  of  Ptolemy's 
appellatives  from  Wallis. 

And  first  as  to  enharmonic  scales,  which  are  mentioned  first,  and 
seem  to  have  been  ancient,  and  regarded  with  high  approbation. 


Ratio  of  Numbers 

of  Vibrations  in  each 

Interval. 

Mean  Semitones 
in  each  Interval. 

CP 

PQ 

QF 

CP 

PQ 

QP 

Archytas          .         ,         .         , 
Aristoxenas  Eratosthenes    •    . 
Didymqs          .         .         .         , 
Ptolemy 

5  :  4 

19  :  15 

5  :  4 

5^4 

36  :  35 
89  :  38 
31  :  80 
24  :  23 

28  :  27  1 
40  :  39  j 
32  :  31 
46  :  45 

3*86 
4*10 
3-86 
3  86 

•49 
•44 
•57 
•74 

•63 
•44 
•55 

•38 

It  seems  tiien  that  the  enharmonic  system  would  allow  only  of  the 
following  notes  in  an  octave — 

CEPFOBQC'; 

where  p  means  a  note  about  half  way  between  E  and  P,  and  Q  one  half 
wav  between  B  and  c^.  An  odd  scale  truly  for  a  modem  musician  to 
look  at ;  but,  it  may  be,  not  incapable  of  pleasing  effects  to  ears  not 
accustomed  to  music  in  parts. 

The  chromatic  scales  come  next  in  order,  as  follows  :-^ 


Batio  of  Numbers 

of  Vibrations  in  each 

Interval. 

Mean  Semitones 
in  each  IntertaL 

CP 

PQ 

QP 

CP 

PQ 

1-41 
•61 
•69 

•94 

•71 
1*19 
1*51 

QF 

•63 
•58 
•66 

•88 

M2 

•63 
•80 

Archytas          .        .        .         . 
Aristoxenns,  mollis  Chromatica 
Do.,  Scsqnialterios  Chromatica 
Do.,  tonici  Chromatica         I 
Eratosthenes   .        •        .  j 
Didymus          .         .        .        . 
Ptolemy,  moUls  Chromatica 
Ptolemy,  Intenal  Chromatica    . 

32  :  27 
56:45 
37  :  80 

0:  6 

6:  5 

6  :5 

7  ;6 

243  :  224 
29  :  28 
77  :  74 

19:  18 

25  :24 
15  ;  14 
12  :  11 

28  :  27 
SO  :  29 
80:77 

20:  19 

16  :  15 
28:27 
23:21 

2-04 
3-79 
3-63 

8>16 

8^16 
3-16 

S-67 

1 

To  make  something  as  like  as  we  can  to  these  scales,  we  should 
write  down  in  modem  music 

The  diatonic  scales,  Ptolemy  allows,  are  mor«  agreeable  to  the  ear. 


and  his  specimens  are  as  follows :  we  shall  now  write  the  scale  with 
the  usual  letters  throughout. 


Batio  of  Numbers 

of  Vibrations  in  each 

Interval. 

Mean  Semitones 
in  each  InterraL 

CD 

DE 

EF 

CD 

DE 

EF 
•63 

Archytas          .        .        .        . 

9  :  8 

8:  7 

28  :27 

2*04 

2-31 

Aristoxenns,  mollis  Diatonica  . 

7  :6 

38  :  35 

20  :  19 

2^67 

1-43 

•88 

Do,,  intensi  Diatonica          .    . 

17  :  15 

19  :  17 

20  :  19 

2-17 

1-03 

•88 

Eratosthenes* 

9  :  8 

9  :  8 

-256  :  243 

2-01 

204 

•90 

Didymus 

9  :  8 

10  :  9 

16  :  15 

2-04 

1-82 

112 

Ptolemy,  mollis  Diatonica 

8  :  7 

10  :  9 

21  :  20 

2-31 

1*82 

•85 

Do.,  tonici  Diatonica  .        .     . 

9  :8 

8  :  7 

28  :  27 

2-04 

2-81 

•68 

Do.,  intensi  Diatonica 

10  :  9 

9:8 

16  :  16 

1-82 

2-04 

1-12 

Do.,  cequabilis  Diatonica     .     . 

10  :9 

11  :  10 

12  :  11 

1-62 

1«63 

^51 

These  scales  have  all  so  far  the  diatonic  character  that  they  divide 
the  tetrachord  into  two  larger  intervals  followed  by  a  smaller  one :  the 
scale  of  Didymus  would  have  been  exactly  the  modem  untempered 
diatonic  scale,  if  he  had  inverted  the  order  of  the  two  larger  intervals 
in  his  second  tetrachord.  As  to  the  other  modes,  the  Dorians,  &c., 
there  is  much  confusion  in  Ptolemy  respecting  them,  ariaiug  from  the 
corruptness  of  the  text,  which  Wallis  has  endeavoured  to  remedy. 
According  to  him,  there  are  divisions  of  the  octave,  somewhat  more 
fantastic  than  those  which  precede.  In  more  recent  times  the  idea  has 
been  started  of  their  being  simply  different  keys,  or  rather  answering 
to  different  variations  of  the  diatonic  scale,  by  using  intermediate 
semitones  instead  of  some  of  the  notes  :  it  would  be  difficult,  we 
think,  to  produce  authority  enough  for  this  conjecture. 

If  it  were  true,  as  supposed,  that  the  two  octaves  of  the  Qreek 
scale,  beginning,  say  with  a,  were  minor,  it  would  follow  that  Ptolemy, 
in  his  diatonic  scales,  exhibited  the  octave  from  c  to  c^,  as  we  have 
supposed.  Accordingly,  the  principal  mode  of  exhibiting  the  forma- 
tion of  the  octave  from  two  tetrachords  and  a  tone  would  be  the  one 
we  have  taken,  namely, 

(0     D     R     F)      (a     A     B     C^) 

But  it  is  frequently  supposed  that  it  was  the  fuUowio^ :— 

0{D£F(a}AB0) 

or  the  following-^ 

a{bod(e}foa) 

On  this  point  we  shall  only  say  that  there  never  was,  we  believe,  so 
strong  a  union  of  the  three  characters  of  scholar,  mathematician,  and 
musician,  as  was  seen  in  Dr.  Smith,  the  author  of  the  Harmonics.  He 
had  studied  the  Qreek  scale  attentively,  and  to  him  the  first  of  these 
methods  was  a  matter  of  course.  "The  Qreek  musiciaus*'  ('Har- 
monics,' 1749,  p.  45),  "after  dividing  an  octave  into  two-fourths,  with 
the  diazeuctic  or  major  tone  in  the  middle  between  tJiem,  and  admittiug 
many  primes  to  the  composition  of  musical  ratios,  subdivided  the 
fourth  into  three  intervals  of  various  magnitudes  placed  in  various 
orders,  by  which  they  distinguish  their  kinds  of  tetrachords." 

We  do  not,  we  confess,  though  admitting  that  it  is  exceedingly  hard, 
and  probably  impossible,  to  reconcile  the  Qreek  writers  with  them- 
selves and  each  other,  find  that  sort  of  difficulty  which  Dr.  Burney 
owned  to,  when  he  said  that  he  neither  understood  those  writers 
himself,  nor  had  met  with  any  one  who  did.  He  was  a  musician,  and 
was  looking  out  for  an  intelligible  mode  of  arriving  at  and  distributing 
the  most  agreeable  concords,  with  a  strong  predetermination  to  arrive 
at  musical  truth  or  nothing.  But  the  Qreek  writers  were  arithmeti- 
cians, with  as  strong  a  determination  to  find  natiu^il  foundations  in 
integer  numbers  :  they  did  not  ask  how  to  find  sounds  which  would 
best  suit  the  ear,  but  how  to  discover  triplets  of  fractions  which 
multiplied  together  should  produce  four-thirds  of  a  unit.  Pleased  with 
the  simplicity  of  the  ratios  which  give  the  fourth,  fifth,  and  octave, 
their  efforts  at  musical  improvement  were  confined  to  the  attempt  at 
discovering  magic  numbers  to  fill  up  the  intervals.  It  was  not  until 
one  of  these  philosophers  had  laboured  at  his  abacus,  and  tasked  his 
metaphysics  to  find  d  priori  confirmation  of  some  question  in  arith- 
metic, that  he  strung  his  monochord  and  tried  how  his  scale  sounded : 
it  would  have  been  hard  indeed  if  his  ear  had  refused  to  sympathise 
with  his  brain.  In  all  probability  the  musicians,  whose  object  was 
simply  to  please,  laughed  at  the  arithmeticians,  as  Tycho  Bran^  did  at 
Kepler,  when  the  latter  had  discovered  reason  for  the  distances  of  tho 
planets  in  the  properties  of  sohd  bodies :  they  had  motive  enough,  and, 
beyond  all  question,  reason  more  than  enougn. 

TETRAQON  (properly  a  four-angled  figure),  a  term  usually  ap- 
plied to  the  square  only,  when  used^  which  it  seldom  is.  [Rsquiar 
Figures.] 

TETBAHEDRON  (a  sohd  of  four  faces),  a  term  usually  applied  to 
the  regular  tetrahedron.    [Regular  Figures.] 

TETRAHETHTLAMMONIUM.    [Organic  Babes,  Methylamine.^ 

*  nUs  is  also  Ptolemy's  Ditoniel  Diatonioa. 
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TETRAMYLAMMONIUM.  [Organic  Bases.] 
TETRARCH  {rtrpdpxrii),  from  two  Greek  words,  signifying  four 
and  to  govern,  a  title  used  by  the  Qreeks  at  a  very  early  period  to 
,  describe  the  ruler  of  each  part  of  a  country  which  was  diyided  into 
four  parts,  either  on  account  of  its  occupation  by  different  tribes,  or 
merely  as  a  political  division.  Each  of  such  four  parts  was  called  a 
tetrarchy  {rfrpapxta  or  rtrpaiapxia).  In  process  of  time  the  title  came 
to  be  applied  to  the  rulers  of  different  divisions  of  the  same  country, 
or  to  the  chiefs  of  different  tribes  inhabiting  the  same  country,  with- 
out any  reference  to  the  number  four.  In  this  sense  it  was  equivalent 
to  tlie  titles  ethiiarch  and  phylarch.  Under  the  Roman  government,  in 
the  later  ages  of  the  republic  and  under  the  emperors,  there  were 
several  such  petty  princes,  independent  of  each  other,  but  tributary  to 
Rome.  These  tetrarcfis,  ethnarcks,  or  phj/larcfu,  were  either  the  legiti* 
mate  governors  of  their  subjects,  or  persons  who  had  received  the  title 
and  government  from  Rome  as  a  mark  of  honour.  They  ranked  below 
those  other  subject  princes  who  were  permitted  to  retain  the  title  of 
king. 

The  principal  examples  of  tetrarchies  are  those  of  Thessaly,  which 
was  anciently  so  divided,  and  the  division  was  again  made  by  Philip, 
the  father  of  Alexander  the  Great :  of  Galatia,  which  was  peopled  by 
three  Gallic  tribes,  each  of  which  was  divided  into  four  tetrarchies  :  of 
Syria,  many  of  the  petty  princes  of  which  bore  the  title  of  tetrarchs, 
especially  certain  princes  of  the  family  of  Herod  the  Great.     Con- 
cerning the  tetrarchs  of  Syria,  see  Niebuhr's  '  History  of  Rome,'  ii., 
pp.  134-5. 
TETRATHIONIC  ACID.    [Sulphur] 
TETRETHYLAMMONIUM.     [Organic  Bases.] 
TETRYL.    [Butyl.] 

TETRYLAMINE.    Synonymous  with  hutyUmine.    [Butyl.] 
TETRYLENE.    ButyUne,    [Butyl.] 

TETRYLHYDROSULPHURIC  ACID.  Synonymous  with  hydro- 
sulphate  of  butyl.  [Butyl.] 
TETRYLSULPHURIC  ACID.  Sulphobutylie  Add,  [Butyl.] 
TEUTONIC  NATIONS  is  the  general  name  under  which  are  com- 
prised the  different  nations  of  the  Teutonic  race.  These  are  divided 
into  three  branches.  The  first  branch  contains  the  High  Germans,  to 
whom  belong  the  Teutonic  inhabitants  of  Upper  and  Middle  Germany, 
those  of  Switzerland,  and  the  greater  part  of  the  Germans  of  Hungary; 
it  is  subdivided  into  the  Suabian  and  the  Franconlan  minor  branches. 
The  second  is  the  Saxon  branch,  which  is  divided  into  three  minor 
branches:  the  first  of  which  contains  the  Frisians ;  the  second,  the  Old 
Saxons  or  Low  Germans,  with  the  Dutch,  the  Flemings,  and  the 
Saxons  of  Transylvania ;  and  the  third,  the  English,  the  Scotch,  and 
the  greater  part  of  the  inhabitants  of  the  United  States  of  North 
America.  The  third  branch  is  the  Scandinavian,  to  which  belong 
the  Icelanders,  the  Norwegians,  the  Danes,  and  the  Swedes.  It 
has  been  estimated,  but  on  no  very  exact  data,  that  nearly 
100,000,000  individuals  belong  to  the  Teutonic  race.  The  Germans 
amount  to  above  42,000,000,  83,000,000  of  which  live  in  Germany,  the 
remaining  9,000,000  form  a  greater  or  less  part  of  the  population  of 
East  Prussia,  of  Switzerland,  of  Hungary,  of  Transylvania,  of  France, 
(in  Alsace  and  north-east  Lorraine),  of  Russia  (in  the  Baltic  provinces, 
in  the  kingdom  of  Poland,  in  the  Crimea,  in  Bessarabia,  and  in  the 
German  colonies  in  the  environs  of  Saratov  on  the  Volga),  of  the  duchy 
of  Sleswig,  and  of  the  United  States  of  North  America,  especially 
Pennsylvania.  The  English  amount  to  about  83,000,000,  there  being 
about  18,000,000  of  English  and  Scotch  in  Great  Britain  and  Ire- 
land, nearly  3,000,000  in  the  English  colonies,  and  11,000,000  or 
12,000,000  of  Anglo-Americans  in  the  United  States.  The  number  of 
the  Frisians  is  about  130,000,  in  the  province  of  West  Friesland  in 
Holland,  in  the  islands  in  the  German  Ocean  along  the  Dutch  and 
the  German  shore,  in  the  Saterland  (near  Oldenbura),  and  in  the 
islands  along  the  west  coast  of  the  duchy  of  Sleswig.  There  are  about 
8,000,000  of  Dutchmen  in  Holland  and  in  her  colonies  and  the  Cape  of 
Ciood  Hope ;  and  there  are  about  2,500,000  Flemings  in  the  north  part 
of  Belgium,  in  thaMM)uth  part  of  Holland,  and  in  the  north-east  part  of 
France.  The  number  of  individuals  belonging  to  the  Scandinavian 
branch  amounts  to  at  least  6,000,000,  among  whom  there  are — 50,000 
Icelanders ;  1,500,000  Danes  in  Denmark,  in  her  colonies,  and  in  the 
north  part  of  the  duchy  of  Sleswig ;  1,250,000  Norwegians;  and  about 
8,200,000  Swedes  in  Sweden  and  in  the  present  Russian  province  of 
Finland,  especially  along  the  coast  of  the  Gulf  of  Bothnia,  in  the 
districts  of  Abo  and  Nyland,  and  on  the  Aland  Islands,  which  are 
entirely  inhabited  by  Swedes. 

Light  hair  and  blue  eyes  in  the  northern  countries,  and  brown  hair 
and  brown  or  blue  eyes  in  some  of  the  southern  coimtrios,  are  charac- 
teristics of  the  Teutonic  race.  Their  stature  is  generally  tall,  although 
in  those  provinces  where  the  Germans  are  mixed  with  Wends, 
Suabians,  and  Bohemians,  many  of  the  people  have  the  broad 
shoulders  and  the  short  square  form  of  the  north-western  Slavonians. 
The  straight  black  hair  of  some  Slavonian  tribes  alsd  sometimes 
appears.  The  mixture  of  Germans  with  the  south-west  Slavonians, 
such  as  Wends  and  Croatians,  whose  stature  exceeds  that  of  the  Wends 
and  Bohemians,  is  more  difficult  to  be  distinguished,  the  black  straight 
hair  and  a  darker  complexion  being  almost  Uie  only  indication  of  such 
a  mixture.  The  mixture  of  Germans  with  Celts  in  Belgium  and  in 
the  adioining  part  of  France  has  formed  a  tall  race  which  differs  from 


their  Teutonic  neighbours  only  in  the  dark  colour  of  their  liair  and 
their  black  eyes.    (Platd, '  Scenen  aus  dem  Volksleben  in  Belgien.') 

It  is  very  difficult  to  distinguish  the  descendants  of  EngliBh  and 
Irish  parents  as  belonging  either  to  the  Teutonic  or  the  Celtic  race, 
though  it  appears  that  wherever  aquiline  noses  are  seen  among  the 
lower  classes  they  are  a  proof  of  Celtic  origin,  the  true  Teutonic  nose 
not  being  aquiline,  but  either  straight  or  curved  only  in  its  upper  part 
In  general,  also,  the  Teutonic  forehead  is  broader  between  the  temples 
than  the  Celtic.  (Clement,  'Die  Nordgermaniache  Welt;'  Herder, 
'  Ideen  zur  Philosophie  dor  Geschichte,'  vol.  i.) 

The  moral  and  intellectual  difference  between  the  Teutonic  nations 
is  less  remarkable  than  that  which  exists  between  other  European 
nations  of  the  same  race  with  one  another.  Capable  of  strong  and 
violent  passions,  they  do  not  easily  lose  their  self-control,  the  intel- 
lectual functions  being  more  developed  than  in  most  other  races. 
Southern  nations,  confounding  liveliness  of  feeling  with  intensity,  and 
nervous  excitability  with  moral  sensibility,  have  been  deceived  by  the 
cool  character  of  the  Teutonic  nations,  and  have  accused  them  of 
indifference.  But  the  most  superficial  examination  will  show  their 
sensibility — a  fact  which  is  proved  by  their  poetry.  The  Teutonic 
nations  are  less  excitable  than  the  Celtic,  the  Slavonian,  and  other 
races,  but  capable  of  deeper  thought.  Southern  nations  have  accom- 
plished great  things  by  sudden  efforts;  the  Teutonic  nations  have 
reserved  their  enterprise  for  vast  plans,  which  it  requires  centuriea  to 
carry  into  effect.  Thus  they  destroyed  the  Roman  empire  after  a 
struggle  of  three  oenturies,  and  they  formed  new  kingdoms  in  Europe 
upon  new  social  principles,  which  have  maintained  their  vigour  to 
the  present  day.  The  Normans  became  powerful  wherever  the  sea 
permitted  them  to  effect  a  landing.  The  Germans,  diminished  in 
number  after  they  had  sent  ^eir  swarms  to  Wesiem  Europe,  turned 
back  towards  the  east  part  of  their  country,  then  occupied  by  Slavonian 
nations,  which  thev  conquered,  and  Germanised  upon  a  plsn  of  coloni- 
sation which  enabled  them  to  civilise  the  east  of  Europe.  And  laatl  j, 
the  English  colonies  have  spread  over  the  world :  their  dominion  in 
the  east  and  in  the  west  is  the  result  of  plans  which  imply  more  bold- 
ness of  conception,  more  prudence  in  execution,  and  more  reflection, 
than  the  conquests  of  Alexander  the  Great  and  the  ephemeral  power 
of  Napoleon. 

The  same  character  of  deep  and  patient  reflection  exercised  on  great 
objects  appears  in  German  philosophy  and  in  the  inventions  of  the 
Teutonic  nations.  The  watch,  the  gun,  and  the  art  of  printing  are 
Teutonic  inventions.  They  have  subjugated  the  power  of  steam ;  and 
the  first  model  of  the  modem  sea-vessel  was  constructed  at  the  mouth 
of  the  Eider  by  the  hands  of  an  old  Saxon  or  Frisian  ship-builder. 
(Clement,  ibid,) 

The  name  of  the  Teutones  was  made  known  to  the  ancients  by 
Pytheas  of  Massilia  (Marseille),  who,  in  the  age  of  Alexander  the  Great, 
about  320  B.O.,  discovered  a  nation  of  that  name  in  the  Chersonesus 
Cimbrica,  and  on  the  adjacent  islands,  or  in  the  present  countries  of 
Holstein,  Sleswig,  Denmark,  and  perhaps  also  in  the  southern  extremity 
of  Sweden.  It  seems  that  they  had  long  been  settled  there,  for  they 
lived  in  houses,  and  were  acquainted  with  agriculture  and  commerce. 
Other  traces  of  the  name  appear  later.  Among  the  Celtic  tribes  which 
invaded  Greece  and  besieged  Delphi  under  the  second  Brennus 
(278  B.C.),  there  was  a  people  called  Teutobodiaci,  who  afterwards 
passed  the  Hellespont  and  settled  with  the  Celts  in  Galatia,  in  Asia 
Minor.  About  160  years  later,  the  Romans  were  attacked  by  the 
Cimbri  and  Teutones,  who  came  from  the  same  country,  where  they 
had  been  seen  by  Pytheas.  The  Teutonic  origin  of  the  Cimbri  has 
been  disputed :  some  historians  consider  them  identical  with  the  (Celtic 
Cymri,  but  this  error  has  been  long  since  refuted,  although  it  has  been 
reproduced  in  our  days  by  Thierry,  in  his '  Histoire  des  Gaulois.'  It  is 
said,  and  it  is  not  improbable,  thbt  inundations  of  the  sea  compelled 
the  Teutones  and  their  neighbours  the  Cimbri  to  leave  their  country 
and  to  seek  other  abodes.  The  choice  was  soon  made.  The  wealth  of 
Rome  and  the  arts  of  Greece  were  not  unknown  to  them.  From  the 
most  remote  times  adventurous  merchants,  starting  from  the  shores  of 
the  Black  Sea,  followed  the  course  of  the  Dnieper  towards  its  sources, 
and  reaching  the  Diina  and  the  Niemen,  descended  these  rivers  to 
their  mouths  in  the  Baltic,  where  they  exchanged  the  commodities  of 
the  south  for  amber,  the  electrum  of  the  ancients.  The  same  trade,  as 
it  seems,  was  carried  on  by  the  merchants  of  Massilia  along  the  Rhdne 
and  the  Rhine,  and  therefore  Schlozer,  in  his '  Nordische  Geschichte,* 
says  that  but  for  the  amber  Germany  would  have  remained  unknown 
to  the  ancients  for  five  oenturies  more.  Their  acquaintance  with  Rome 
and  Massilia  was  perhaps  the  principal  cause  which  led  the  Cimbri  and 
the  Teutones  to  the  south  of  France  and  to  Italy  (B.C.  113-99).  Their 
destruction  by  Marius  has  been  related.  [Marius,  in  Bioo.  Dit.  ; 
Cimbri.] 

When  the  Romans  first  heard  the  name  of  the  Teutones,  tbey 
thought  that  they  were  a  single  tribe.  They  did  not  know  that  it  was 
also  the  general  and  ethnographic  name  of  all  those  nations  to  which 
thev  afterwards  gave  the  vague  designation  of  Germans^ 

Origin  of  the  name  Teutones, — The  root  of  the  word  Teuton  iathu 
or  do,  which  originally  represented  the  idea  of  "  activity,"  of  "  living, 
procreating,  nourishing,"  and  also  of  "  taming,  educating,  and  ruling.** 
From  this  root  are  formed  the  following  words,  some  of  which  are  still 
used  in  the    popular   dialects  : — TttU,   god,   creator,   ruler,  father. 
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noiirisher  {Tkor»  TuUco)',  thut  or  thiud,  earth;  toU  ddte,  dote,  god- 
father ;  toda,  nurse ;  thiod,  father  of  the  people,  lord,  ruler,  king,  in 
Cxothic  ihiitdaru,  in  old  Bavarian  theodo  ;  diet,  people,  in  old  SwedUflh, 
thiaut  and  thyd  ;  Ududinamu,  in  Gothic,  kingdom.  (Fulda, '  Wurzel- 
'Worterbuch.')  The  idea  of  ruling,  expressed  by  the  root  Teut,  explains 
\srh.j  this  word  occurs  so  frequently  in  the  names  of  the  ancient 
Teutonic  kings,  dukes,  or  chiefs,  such  as  Teutoboch,  Theudotix, 
Diorix,  Theodorix,  Theodoric,  Theodomir,  Theodimir,  Teutagon,  &c 
It  is  likewise  contained  in  the  general  name  of  all  the  Teutonic  nations, 
and  in  those  of  various  tribes,  as  the  Teutones,  the  Teutonoarii, 
Thaifali,  and  the  Dithmarses  or  Dietmarses.  Teuton  is  identical  with 
Deutsche  or  Teutsehe  (in  Low  German,  DUtsd^;  in  Dutch,  Duittch;  in 
Danish,  Ty»k  ;  in  English,  Dutch),  which  from  the  remotest  time  has 
been  and  is  still  the  general  name  of  that  part  of  the  Teutonic  nations 
which  we  now  call  Germans,  who  considei^Bd  the  god  or  hero  Tuisco 
as  their  common  ancestor.  There  are  no  direct  proofs  of  the  word 
Teuton  having  had  this  extensive  meaning  in  the  earliest  German 
history,  but  Uiis  is  x>ei'hap8  the  result  of  the  political  state  of  the 
Teutonic  nations,  which  were  originally  divided  into  numerous  tribes, 
each  of  which  became  separately  Imown  to  the  Romans. 

Griffin  of  the  Teutonic  Nations. — The  Teutonic  race  is  originally  from 
Asia.  The  Teutones  immigrated  into  Europe  at  different  periods  un- 
known  to  history,  although  it  appears  that  the  last  of  them  entered 
Europe  during  the  migration  of  nations  in  the  4th  and  5th  centuries. 
Some  account  of  their  Asiatic  origin  is  given  in  their  ancient  national 
Bongs,  principally  in  the  Sagas  of  the  Scandinavians.  It  is  also  said 
that  Benedict  Goesius  (Goez),  a  Jesuit,  found  in  1603,  in  the  mountains 
of  the  Hindu  Rush,  north-east  of  Cabul,  a  people  with  fair  hair  like 
the  Dutch,  and  who  are  perhaps  identioil  with  that  tribe  of  which 
Pliny  speaks,  and  which  was  settled  in  the  Montes  Emodi.  But  all 
this  is  of  little  v^ue,  unless  it  is  corroborated  b^  other  facts.  Such 
facts  have  been  furnished  by  the  learned  philologists  of  our  age,  espe- 
cially by  Friedrich  von  Schlegel,  Adelung,  Bopp,  Grimm,  and  &mmer- 
Pux^gstjdl.  A  comparison  of  the  Teutonic  languages  with  the  Persian, 
the  Zend,  and  the  Sanskrit,  has  shown  the  relationship  which  exists 
among  these  languages  [Language  ;  Sanskrit  Lanouagb  and  Litb- 
bature],  and  by  means  of  these  fitcts,  the  Mythes  and  Sagas  become 
important  for  histoiy. 

When  the  Teutonic  nations  appeared  in  history,  they  were  divided 
into  many  bodies  or  confederations  of  tribes,  such  as,  at  a  later  period, 
the  Franks,  the  Suevi,  the  Saxons,  the  Marcomanni,  and  the  Alemanni. 
Long  before  these  names  were  known,  there  was  a  similar  confedera- 
tion  of  tribes  which  came  from  the  north-north-east  and  conquered  the 
countries  on  the  left  bank  of  the  Rhine,  then  inhabited  by  Celtic 
nations,  which  fled  to  their  brethren  in  Central  GauL  The  epoch  of 
this  invasion  is  not  known,  but  the  event  happened  a  long  time  before 
the  age  of  Caesar,  who  found  those  countries  settled  by  a  Teutonic 
population.  IVibes  of  the  Condrusi,  the  Eburones,  the  Caeraed,  and 
the  Paemani,  were  united  in  a  confederation,  and  had  adopted  the 
name  of  Germani,  or  "  war-like  men."  This  name  was  gradually  used 
by  the  RomauB  to  designate  other  nations  which  belonged  to  the  Teu- 
tonic race  (Tacitus, '  Germ.,'  a  2),  and  subsequently  it  was  adopted  by 
the  English  as  a  name  for  the  "Deutsche,"  while  this  very  name, 
changed  into  Dutch,  now  designates  the  inhabitants  of  Holland. 

The  Teutonic  Natiom  after  Vcesar, — When  Ceesar  reached  the  Rhine, 
Northern  Germany,  Holland,  Belgium,  and  a  part  of  the  countries  on 
the  Middle  Rhine  were  inhabited  by  Teutonic  nations  which  belonged 
to  the  northern,  now  Saxon,  branch.  They  had  been  settled  in  fixed 
habitations  for  several  centuries,  and  they  must  be  considered  as  the 
first  of  this  race  which  settled  in  Germany.  The  southern  part  of  this 
country  waa  then  inhabited  by  Celts  and  Rhaetians,  except  the  tract 
between  the  Upper  Rhine  and  the  Upper  Danube,  which  was  con- 
quered by  the  Suevi,  who  belonged  to  the  Teutonic  race.  The  word 
"Suevi,"  which  comes  from  "schweifen,"  may  be  translated  "wan- 
derers," or  people  who  rambldd  about  for  the  purpose  of  settling  in 
any  convenient  country.  It  was  adopted  by  a  great  number  of  tribes, 
the  majority  of  which  belonged  to  the  High  Germans,  and  came  from 
the  countries  on  the  Baltic  between  the  Oder  and  the  Niemen.  Csesar 
was  obliged  to  fight  with  their  leader  Ariovist^s  (b.o.  58),  who  had 
invaded  GauL    Anovistus  was  compelled  to  go  back  to  Germany. 

Tacitus  divides  the  Germani  into  three  great  bodies :  the  Ingaevones, 
in  the  north ;  the  Istaevones,  in  the  west,  from  the  mouths  of  the 
Rhine  upwards  to  Basel ;  and  the  Hermiones,  in  Middle  Germany  and 
towards  the  north-east.  Tlus  division  seems  to  have  an  ethnographic 
and  still  more  a  political  value.  The  position  of  the  Ingaevones  corre- 
sponds to  that  of  the  later  Saxons,  and  both  the  names  have  one 
meaning,  Saxon  signifying  a  settled  people,  and  In-gae-vones  a  people 
who  live  in  a  cultivated  country  divided  into  districts  (In-gau-wohner 
or  Inwohner).  The  Istaevones,  or  Western  Germani  (West-wohner), 
conespond  to  the  later  Franks,  and  the  Hermiones  to  the  Suevi,  in- 
cluding the  Alemanni.  Further,  the  name  of  Hermiones  is  undoubtedly 
identical  with  Hermunduri,  one  of  the  greatest  Suevian  or  High-German 
tribes,  the  name  of  which  is  generally  supposed  to  be  the  same  with 
Doringi  or  Thuringi,  the  present  Thuringiana 

From  the  time  when  Csesar  first  met  with  the  Suevi  under  Ariovistus, 
there  was  a  deadly  enmity  between  the  Romans  and  the  Germans. 
The  Romans  wished  to  make  Germany  into  a  province,  and  the  Ger- 
mans aimed  at  the  possession  of  GaiU :  on  both  sides  there  was  the 
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passion  of  conquest  and  the  necessity  of  self-defence.  Ambition 
pushed  the  Romans  into  Germany,  and  want  of  fertile  Unds,  and 
perhaps  some  great  revolution  among  the  nations  of  Eastern  Europe, 
led  the  Germans  into  Gaul  and  Italy.  The  Roman  eagles  were  seen 
in  the  wilds  of  the  Hercynian  forest,  but  Arminiua  saved  his  nation 
from  slavery  in  the  forest  of  Teutoburg,  in  Detmold,  where  Varus  waa 
slam  with  three  legions  (a-D.  9).  The  campaign  of  Germanicus,  who 
advanced  as  far  as  the  Elbe,  led  to  no  results,  though  he  gained  a  com- 
plete victory  over  the  Germans  on  the  field  of  Idiatavisus  near  the 
Weser  (a.d.  16);  when  he  celebrated  his  triumph  in  Rome  (a.d.  17), 
the  Germans  between  the  Rhine  and  the  Weser  were  as  free  as  before! 
These  tribes  made  a  confederation,  and  diose  Arminiua  for  their  leader! 
A  war  arose  between  him  and  Maroboduus,  king  of  the  Marcomanni] 
who  was  defeated  and  obliged  to  implore  the  assistance  of  the  RomanB 
(A.D.  19).  Being  attacked  by  Catwald,  or  Catualdus,  the  chief  of  the 
Gothones,  he  lost  his  crown,  and  the  confederation  of  the  Marcomanni 
was  broken.  Arminius,  the  hero  of  Germany,  fell  by  the  hands  of  his 
jealous  kinsmen,  in  his  thir^-seventh  year.  (Tacitus, '  AnnaL,'  ii  88.) 
Notwithstanding  the  civil  wars  in  Germany,  the  Romans  gave  up 
the  idea  of  conquering  the  country,  and  Tiberius  ordered  a  defensive 
system  to  be  observed  on  the  frontiers,  which  were  formed  by  the 
Rhine  from  its  mouths  to  the  Moselle,  and  from  the  junction  of  this 
river  with  the  Rhine  they  followed  the  Lahn  as  far  as  the  present 
district  of  Wetterau.  The  frontier  then  took  a  southern  direction, 
passed  the  Main  at  Obemburg,  the  Jagst  at  Jagsthausen,  the  Kocher 
at  Hall,  and  joined  the  Danube  near  Pfdring,  from  which  town  it  ran. 
along  the  Danube  as  far  as  Pannonia.  The  rivers  were  defended  by 
castles,  and  the  tracts  between  them  by  a  strong  rampart  with  towers, 
the  Vallum  Romanum  of  Hadrianus,  a  considerable  part  of  which,  the 
Pfahlgraben,  is  still  visible.  The  Germans  west  and  south  of  this 
barrier  became  Roman  subjects,  but  those  who  lived  east  and  north  of 
it  enjoyed  their  ancient  liberty. 

All  the  German  tribes  practised  agriculture,  but  warfare  being  their 
favourite  occupation,  they  abandoned  their  fields  and  their  flocks  to 
the  care  of  bondsmen.  The  fine  arts  were  not  exereised  among  the 
Germans,  but  they  were  acquainted  with  the  art  of  writing  [Runes], 
although  only  for  religious  purposes.  (Rhabanus  MaurusTm  Goldast, 
'  Script.  Rer.  Alem.,'  ii.  1 ;  Hickesius,  '  Thes.  Ling.  Septentr.*)  The 
groundwork  of  their  social  and  politi(»J  constitution  was  the  union  of 
a  certain  number  of  families  into  a  community,  "Marcha,"  "erd- 
mareha,"  now  "  Mark-Genossenschaft."  Mr.  Kemble,  in  his  '  Saxons 
in  England,'  has  shown  the  prevalence  and  the  importance  of  the 
divisional  mark  in  England.  Several  marehas  formed  a  "  gow,"  now 
"gau,"  a  district  which  had  its  own  administration.  Twice  a  month, 
and  sometimes  eveiy  week,  the  members  of  a  gow  assembled  and  held 
the  "  gowding; "  the  gowdings  were  civil  and  criminal  courts,  and  also 
meetings  for  legislation,  and  war  and  peace  were  decided  on  in  them. 
Besides  the  gowdings  there  were  "graven"  or  "ereven"  (graviones, 
oomites),  or  delegates  of  the  gowding,  who  were  assisted  in  their  judi- 
ciary functions  by  a  certain  number  of  freemen.  The  magistrates 
were  chosen  from  the  nobles  (edelings  or  adelings),  the  "  principes  "  of 
Tacitus,  who  had  also  the  right  of  forming  a  kind  of  senate,  where  they 
deliberated  on  important  a&irs  previously  to  their  being  brought  be- 
fore the  gowding,  and  they  despatched  mattera  of  little  importance, 
which  did  not  oome  before  the  gowding.  The  nobles  had  also  the 
privilege  of  keeping  a  "  dienst-gefolge,"  or  a  band  of  freemen  who 
served  them  in  their  feuds  and  wars ;  and  they  had  individually  the 
right  of  protecting  unfree  people  in  the  gowding,  a  right  which  also 
belonged  to  the  community  as  a  body,  but  not  to  individual  freemen. 
The  privileges  of  the  nobles  were  probably  connected  with  the  religious 
institutions,  of 'which  we  have  no  positive  knowledge,  although  it 
appears  that  priests  and  nobles  formed  only  one  class,  an  opinion  which 
is  corroborated  by  the  fact  that  wherever  Christianity  was  introduced 
into  Germany,  it  met  with  no  opposition  from  the  common  people  as 
soon  as  the  nobles  were  converted.  Some  of  the  earlier  Teutonio 
nations  had  hereditary  kings,  the  "  reges "  of  Tacitus,  who  however 
had  a  very  limited  authority.  The  g^reater  part  of  them  chose  princes 
only  as  commanders  of  the  army  in  time  of  war.  The  name  of  these 
commanders  was  "  herzog,"  in  low  German  "  hertog,"  or  "  hartog,"  in 
Latin  "  dux."^ 

Besides  the  freemen  and  the  nobles,  there  were  bondsmen,  "  lazzi,* 
"Uiti,"or  "Hti,"  now  'Meute;"in  low  German  "liide,"  or  "Ude;" 
who  were  either  the  primitive  inhabitants  of  a  conquered  territory,  or 
prisoners  of  war,  or  freemen  who  had  lost  or  sold  their  liberty.  Their 
condition  waa  in  no  way  like  that  of  the  Roman  servi,  who,  legally 
speaking,  were  not  considered  as  persons,  but  in  most  respects  things. 
Domestic  and  personal  services,  and  especially  agriculture,  were  their 
exclusive  occupations. 

The  military  organisation  of  the  Teutonic  nations  was  founded  on 
two  principles.  When  a  gow,  or  a  confederation  of  several  gows, 
determined  on  war,  every  freeman  was  obliged  to  take  up  arms  for  the 
defence  of  the  commonwealth.  But  war  waa  sometimes  made  for  the 
private  interest  of  some  powerful  noble,  who  carried  it  on  with  his 
"  dienst-gefolge,"  which  was  a  numerous  boidy  when  the  military  renown 
of  the  chiefis,  or  the  hope  of  easy  conquests,  promised  rich  rewards  to 
the  adventurous  band. 

We  know  little  about  the  religion  of  the  ancient  Teutonio  nations. 
They  woiilmpped  a  supreme  being  under  the  name  of  Woden  or  Odin, 
f**-  n 


1^ 


TEUTONIC  NATIONS. 


TEITTONIC  NATIONS* 


180 


but  the  ^-ue  eharacter  of  their  religion  was  the  worship  of  Nature  in 
her  different  manifestations.  Thor,  Hertha,  and  Freya  were  personifi- 
cations of  the  power  of  heaven,  of  earth,  and  of  love  and  procreation. 
[ScANDiifAvuir  MtTHOLoar.] 

Such  was  the  knoral,  social,  and  political  state  of  the  Teutonic 
nations  when  they  began  their  wars  with  Rome.  The  Vallum  Roma- 
num  prevented  them  ftx>m  invading  the  Rotnan  empire  during  the  Ist 
and  2nd  cebturies.  In  the  8d  century  they  often  crossed  it.  In  the 
4th  they  conquered  a  considerable  part  of  the  countries  on  the  Danube ; 
and  in  the  5th  thev  invaded  and  conquered  all  the  European  provinces 
of  the  Roman  empire. 

Alemanni.  [Alemawki,  in  the  Geoq.  Div.,  under  which  head  the 
political  history  will  be  found.] — The  Lex  Alemannonim  was  revised  in 
the  time  of  Dagobert,  king  of  the  Franks,  and  again  by  Lantfried,  the 
Frankish  duke  of  Alemannia,  in  the  beginning  of  the  8th  century. 
There  is  no  trace  of  the  Roman  law  in  it  except  in  one  single  case 
(tit.  80).  The  hex  Alemannorum,  as  well  aa  all  the  other  earlier  codes 
of  the  Teutonic  nations,  are  contained  in  Ferdinand  Walter's  *  Corpus 
Juris  Qermanici.'  Sichard  published  an  edition  of  it  in  the 'Leges 
Ripuariorum,  Bajuvariorum,  et  Alemannorum/  1530,  8vo.  Besides 
these  collections,  the  Teutonic  laws  are  in  thd  collections  of  Herold, 
Lindenbrog,  Eccard,  Heineccius,  Georgish,  Canciani,  and  Baluzius. 

Bwrnndians.  [Buroundians,  Kings  of  the,  in  Bioo,  Div.] — 
The  /Burgundians  came  from  north-east  Germany,  and  first 
assisted  the  Alemanni  against  the  Romans ;  but  they  left  Germany 
as  early  as  the  beginning  of  the  5th  century,  penetrated  into 
Omul,  and  formed  the  powerful  kingdom  of  Burgundy  on  both 
sides  of  the  Jur&,  which  was  incorporated  with  the  kingdom 
of  the  Franks  in  534.  The  collection  of  the  Burgundian  laws.  Lex 
Burgundionum,  *  Gundobada,'  *  Gundobarda/  '  Loi  Gombette,*  was 
m^e  towards  the  end  of  the  5th  century,  under  king  Gimdobald,  who 
died  in  516,  and  was  augmented  (517)  by  king  Siegmund,  who  died  in 
523.  The  legisktlon  of  Gundobald  goes  as  far  as  title  42.  The 
fbllowing  titles,  although  thoy  contain  laws  and  regulations  of  Gundo- 
bald, were  added  by  Siegmund,  who  completed  the  code  by  two 
"additamenta,"  Containing  his  own  laws.  Charlemagne  made  a  third 
additamentum,  without  altering  the  code  itself.  The  Lex  Burgun- 
dionum, which  is  written  in  much  purer  Latin  than  most  of  the  other 
Teutohic  codes,  contains  several  of  the  rules  of  the  Roman  law  concerning 
donations,  and  especially  testaments  (tit  43  and  60).  A  separate 
edition  was  published  at  Lyon  in  1611. 

Pranlc9,  [France,  in  the  Geoo.  Div.,  gives  the  political  history  of 
the  Franks.] — In  the  very  countries  which  the  Romans  traversed  on 
their  way  to  the  woods  where  Varus  was  slain,  the  tJsipetes,  tbe 
Tencteri,  the  Slcambri,  the  Bructeri,  the  Anslbarii,  the  Marsl,  the 
Tubantes,  the  Chamavi,  and  the  Chatti — all  tribes  belonging  to  the 
northern,  tiow  Saxon  branch  (Ingaevones)  of  the  Germani— formed  a 
oonfedetation  and  called  themselves  Franks,  either  because  they  were 
particularly  '*  free  and  bold,"  or  on  account  of  their  "  barbed  lances  " 
(frameae).  The  Franks  were  divided  into  Franci  Sallci,  who  lived  in 
the  Low  Countries  between  the  Zuider  Zee,  the  Maas,  and  the  Somme ; 
and  Franci  Ripuarii,  who  were  settled  along  the  Rhine  between 
Nymegen  and  Bonn.  Each  of  them  had  their  code.  The  Lex  Salica 
Was  written  in  very  barbarous  Latin,  under  Clovis,  between  484  and 
406,  and  was  never  revised,  although  it  contains  some  laws  by  the  sons 
of  Clovis,  which  begin  with  the  62nd  (63rd)  title.  Except  one  rule  in 
title  14,  about  the  rape  of  free  persons,  and  another  concerning 
marriage  within  the  prohibited  degrees,  this  code  contains  no  trace  of 
the  Roman  law.  It  is  very  important  for  the  history  of  the  laws  of 
the  Teutonic  nations.  The  ancient  Lex  Salica  is  often  confounded 
with  the  present  Salic  Law,  which  regulates  the  right  of  succession  in 
several  sovereign  and  noble  families  in  Europe.  But  this  latter  Salic 
l6w  is  only  a  single  rule  of  the  Lex  Salica,  and  originally  concerned 
the  succession  to  the  tax-free  estates  uf  free  or  noble  Aunks  {terra 
Salka),  which  belonged  to  the  male  issue,  to  the  exclusion  of  females. 
It  is  contained  in  title  62,  '  De  Alode,*  1.  6  :  "  De  terra  vero  Salica 
nulla  portio  haereditatis  mulieri  veniat:  sed  ad  vlrilem  sexum  tota 
terrae  haereditas  perveniat." 

This  law  was  not  peculiar  to  the  Franci  Sallci :  it  occurs  In  tho 
greater  part  of  the  other  ancient  Teutonic  laws.  (Wiarda,  *  Geschichte 
und  Auslegung  des  Salischen  Gesetzes;  *  Heineccius,  'Ant.  Germ.',  i., 
p.  265,  285 ;  a  separate  edition  of  the  Lex  Salica  was  published  by 
Pithou,  Paris,  1602,  8vo.)  The  Lex  Ripuaria  was  collected  by 
Theodoric,  the  son  of  Clovis,  between  511  and  534.  It  was  several 
times  revised,  especially  by  Da^obert.  It  resembles  the  Lex  Salica, 
and  contains  no  traces  of  the  Roman  law. 

Ootla.  [GoTBs,  GoTHi,  GoTHoNEs,  for  the  history.]— The  Code 
of  the  Ostro-Goths, '  the  Edictum  Theodorici,'  which  was  composed 
by  order  of  Theodoric  in  500,  is  a  collection  of  Roman  laws.  This 
kihg  wished  to  form  one  people  of  the  Romans  and  the  Goths 
('Edictum,'  §  30),  and  he  therefore  adopted  the  laws  of  the  most 
civilised  of  his  subjects.  Leaving  the  Gothic  laws  exclusively  to  the 
memory  of  the  people,  he  knew  that  they  would  soon  fall  into 
oblivion  without  being  formally  abolished.  In  some  cases,  however,  he 
supplanted  Gothic  customs  by  Roman  laws.  The  Wefirgeld,  or  WehrCf 
— that  is,  the  fine  for  crimes, — was  entirely  abolished,  and  in  place  of 
it  the  punishment  of  death  was  introducc^d  in  many  cases,  an  innovation 
which  seemed  very  hard  to  the  Goths,  who,  like  idl  the  other  Teutonic 


nations,  inflicted  the  punishment  of  death  only  for  high  treason  and  a 
few  such  crimes.  Pithou  published  a  separate  edition  of  the  '  Edictum 
Theodorici '  (Paris,  1579).  Rhon,  '  Commentatio  ad  Edictum  Theo- 
dorici, Reg.  Ostrogoth.',  Halae,  1816,  4to. 

The  Vin-Ootht  settled  in  the  southern  part  of  Gaul  in  412,  and 
invaded  Spain  in  414.  This  country  was  then  in  the  hands  of  the 
Buevi,  the  Alani,  and  the  Vandals,  who  became  subject  to  the  Gothic 
or  were  forced  to  emigrate.  In  461  the  Visi-Goths,  together  with  the 
Franks,  defeated  AttUa  and  his  700,000  Huns,  Goths,  Gepidae,  and 
other  vassals,  in  the  plain  of  ChAlons-sur-Mame.  Their  king^  Alaric 
II.,  lost  Gaul,  except  the  eastern  part  of  Languedoo  and  Provence,  in 
the  battle  of  Vougl<$  against  Clovia,  king  of  the  Franks,  in  607.  The 
kingdom  of  the  Visi-Goths  lasted  for  three  centuries,  when  it  was  over- 
thrown by  the  Arabs  in  712. 

Among  all  the  Teutonic  nations  the  Visi-Goths  were  the  first  who 
had  written  laws.  (Isidorus  Hlspalensis, '  Chron.  ad  annum  Aer.  HiBpu 
504,  A.D.  466.')  A  collection  of  them  was  made  by  their  king  Euric 
(466-484),  which  is  written  in  Latin  iind  has  the  title  of  '  Lex  Visigo- 
thorum.'  Its  present  form  dates  from  king  Egica,  whose  new  code 
was  translated  into  the  Gothic  lansuage  under  King  Receswind.  It 
contains  many  traces  of  the  Roman  law,  and  is  the  only  early  Teutonic 
law  which  may  be  considered  as  a  code  in  the  modem  signification  of 
the  word.  The  Lex  Vlsigothorum  must  not  be  confounded  with  the 
Breviarium  Alarici  (Alaric  II.,  in  606),  or  the  Code  for  the  Romans, 
who  were  subjects  of  the  Visi-Goths,  and  continued  to  live  under  their 
own  laws  until  they  were  abolished  by  the  kings  Chindaswind  and 
Receswind,  who  declared  the  revised  Lex  Vlsigothorum  obligatory  on 
all  the  inhabitants  of  the  kingdom  of  the  Visi-Goths. 

The  Goths,  the  most  civilised  among  the  Teutonic  nations,  were  the 
first  who  adopted  the  Christian  religion.  They  had  a  literature  from 
the  time  when  IJlphilas  translated  the  Bible.  The  Ostro-Goths  soon 
disappeared  among  the  Longobards,  while  the  Visi-Goths  preserved 
their  language  and  nationality  till  the  invasion  of  the  Arabs;  and 
another  portion  of  them  maintained  their  nationality  until  a  very 
recent  period. 

These  were  the  Oothi-Tetmxiiae,  who,  after  the  emigration  of  their 
brethren  to  the  western  countries,  Retired  to  the  eastern  part  of  the 
Chersonesus  Taurica,  now  the  Crimea,  and  the  opposite  island  of 
Taman.  There  they  lived  for  eleven  centuries  under  the  suc- 
cessive dominion  of  Huns,  Bulgarians,  Greeks,  Khazars,  Tartars  of 
Kiptshak,  and  Tartars  of  ihe  Crimea,  and,  lastly,  of  Turks  Osmanlis. 
Their  part  of  the  Crimea  was  called  Gothia  during  the  middle  ages. 
BusbequiuB,  who  was  the  ambassador  of  the  emperor  Rudolph  IL  at 
Constantinople,  towards  the  end  of  the  16th  century,  is  the  last  writer 
who  mentions  them.  It  appears  that  they  afterwards  adopted  the 
language,  the  customs,  and  the  religion  of  the  Tartars.  Russian 
scholars  have  traced  the  Gothic  language  among  the  Tartars  of  the 
Crimea.    ( *  Journal  de  St.  IMtersbourg/  1 829.) 

Another  part  of  the  Goths  invaded  Sweden,  and  founded  the 
kingdom  of  Gothland  (Gautland),  which  was  afterwards  divided  Into 
East  Gothland  and  West  Gothland  (Eystra-Gautland  and  Vestra- 
Gautland).  They  mixed  with  the  Scandinavians,  and  it  became  a 
general  opinion  that  they  were  originally  the  same  people.  But  a 
comparison  of  the  Gothic  of  Ulphilas  and  the  old  Scandinavian 
language  shows  that  this  opinion  is  unfounded.  (Olaus  Verelius, 
'Gothic!  et  Rqlfi  Westrogothiae  Regum  Historia/  Upsalis,  1664; 
AntoniuB,  '  BibL  Hisp.  Vet.',  i. ;  Michael  Geddes,  '  Miscellaneous 
Tracts,'  voL  il.  diss.  1 :  vol.  iii.,  diss.  1  j  '  Manso,  '  Geschichte  des 
Ostgothischen  Reichsin  Italien ; '  Mascov,  cited  below,  IL) 

Suevi. — From  the  country  east  of  the  Black  Forest,  between  the 
Upper  Danube  and  the  Alps,  the  Suevi,  by  which  name  the  Quadi  and 
the  Hermunduri  were  perhaps  likewise  meant,  spread  over  Gaul  and 
forced  their  way  into  Spain  (406-409).  Their  king  Hermanaric  or 
Hermanrich  became  master  of  Portugal,  Galicia,  and  the  western  parts 
of  Asturias,  and  Leon :  he  teslded  at  Bretonla,  near  the  mouth  of  the 
Mifio,  now  a  small  village  named  Bretafia.  His  successors  were  in- 
dependent kings,  but  in  585  the  Suevi  became  subjects  of  LeoTJgild, 
king  of  the  Visi-Goths.  Their  laws  have  not  been  oollectod.  They 
were  at  first  Catholics,  but  king  Remismund  (461)  professed  Arianism; 
Theodemir  (Ariamir)  returned  to  the  Catholic  faith  in  561. 

Vandals.— This  name,  which  was  known  to  Tacitus,  comprises 
various  tribes  of  Teutonic  and  also  of  Slavonian  origin,  who  lived  in 
Eastern  Prussia  and  Pomerania.  The  Slavonian  tribes  were  subject  to 
the  Teutonic  Vandals,  who  are  often  confounded  with  the  Wends 
( Venedl),  who  afterwards  occupied  the  country  of  the  Vandals.  The 
Vandals  left  their  homes  towards  the  eud  of  the  4th  century,  and  a 
part  of  them,  after  a  sojourn  in  Pannonia,  traversed  Germany  and 
Gaul,  and  founded  the  Vandal  kingdom  in  Spain  in  409.  In  417  they 
subjugated  the  Alani,  who  had  also  settled  in  Spain.  In  429  they  were 
forced  by  the  Visi-Goths  to  abandon  this  country,  and  they  went  over 
to  Africa.  Their  king  Genseric  or  Geiseric  took  Carthage  (439),  all 
Mauritania,  and  the  islands  of  Sardinia,  Corsica,  the  Baleares,  and  tho 
western  part  of  Sicily.  On  the  12th  July,  455,  they  plundered  Rome, 
and  their  name  became  proverbial  as  that  of  the  most  barbarous 
among  the  barbarians.  Their  kingdom  lasted  till  585,  when  it  was 
destroyed  by  Belisarius,  and  became  a  part  of  the  Byzantine  empire. 
AU  the  names  of  the  Vandal  kings  are  Teutonic,  and  resemble  those  of 
the  Gothic  kings,  a  fact  which  proves  that  however  numerous  the 
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Slayonians  were  among  them,  the  Teutonic  tribes  were  the  ruling 
nation.  Their  name  ia  visible  in  that  of  the  province  of  Andalusia  or 
Yandaluaia.     (Papencordt, '  Qesohichte  der  Yandalen.) 

Longobarda,  [Lombardo- Venetian  Kinoooh,  in  Qsoo.  Div.j  ool. 
578.] — The  Longobards  lived  on  the  right  bank  of  the  Lower  Elbe, 
and  afterwards  on  the  left  side  of  this  river,  near  Lunebui]B[  and  Bruns- 
wick :  in  language  and  person  they  resembled  their  neighbours  the 
Saxons,  a  strong  body  of  whom  appeared  vrith  them  in  Italy.  Before 
they  invaded  Italy  they  had  lived  in  the  present  countxy  of  Upper 
Hungary)  in  Pannonia,  and  in  Noricum  (494-568).  Their  king  Alboln 
subjugated  the  Qepidso  in  Transylvania  (563  ?),  and  in  568  he  con- 
quered the  greater  part  of  Italy.  Their  last  national  king,  Desiderius, 
was  deprived  of  his  throne  by  Charlemagne  (774),  who  assumed  the 
title  of  king  of  the  Longobai'ds  :  but  the  Longobards  neither  lost  their 
constitution  nor  their  estates;  the  only  change  was  in  the  i-eigning 
dynasty. 

When  the  Longobards  were  subjugated  by  the  Franks,  they  had 
possessed  written  laws  for  130  years.  The  first  collection  was  made 
by  king  Hotharis  in  643.  The  laws  of  Grimoald  were  collected  in 
668,  those  of  Luitprand  between  713  and  724  \  those  of  Rachis  in  746, 
and  those  of  Aiatulf  in  754.  They  contain  only  a  few  heads  of  Roman 
law  concerning  prescription  and  succession.  (Muratori, '  Script.  Rer. 
Ital.,'  torn.  i. ;  and  especially  Biener, '  De  Origine  et  Progressu  Legum 
Jurumque  Qermanicorum,'  L) 

These  are  the  Teutonic  nations  -that  founded  permanent  kingdoms 
within  the  limits  of  the  Roman  empire.  Except  the  Alemaiml,  they 
all  came  in  contact  with  a  population  the  educated  part  of  which  was 
entirely  Romanised,  although,  except  Italy  and  some  parts  of  the 
south  of  Spain  and  Gaul,  the  inhabitants  of  the  villages  were  still 
Celts  or  Iberians  when  they  were  subjugated  by  the  Teutonic  invaders. 
(Fauriel, '  Hist,  de  la  Qaule  Mdridionale,'  vol.  i)  The  political  institu< 
tions  of  the  new  masters  of  the  civilised  world  rested  on  two  great 
principles. 

The  Teutonic  laws  were  not  territorial,  as  they  now  are,  but  per- 
sonal :  a  Frank  was  judged  after  the  Frankish  law,  a  Burgundian  aiter 
the  Burgundian,  wherever  he  lived.  This  principle  being  applied 
also  to  the  Romans,  gave  rise  to  a  double  legislation,  one  for  the 
ruling  Teutonic  nation,  and  the  other  for  the  subject  Romans.  The 
second  principle  was  that  the  sovereignty  belonged  to  the  body  of  the 
conquerors,  and  not  exclusively  to  their  kings.  This  sovereignty  not 
only  comprised  the  supreme  authority  in  legislation  and  administra- 
tion, but  it  was  considered  as  comprehending  a  right  to  the  private 
landed  property  of  the  vanquished  nation.  Every  free  Frank  or  Qoth 
became  the  master  of  a  considerable  portion  of  land  which  he  took 
from  the  Romans.  The  rights  add  duties  of  the  kings  towards  their 
Teutonic  feUow-conquerors  remained  the  same  as  before ;  the  kings 
had  no  right  to  punish  any  freeman,  unless  in  time  of  war  and  for 
neglect  of  military  duties.  The  freemen  also  could  not  be  forced  to 
serve  in  any  war  to  which  they  had  not  given  their  consent ;  and 
they  did  not  pay  any  taxes  to  their  kings^who  were  only  the  first 
among  their  equals.  As  to  the  subject  Romans,  the  Teutonic  kings 
became  the  lords  of  a  numerous  civUised  nation :  as  successors  to  the 
rights  of  the  Roman  emperors,  and  with  regard  to  the  Romans,  they 
had  absolute  power,  and  they  became  proprietors  of  the  extensive 
private  estates  of  the  emperors.  They  maintained  the  provincial 
administration,  which  was  established  by  Constantino  the  Qreat  and 
his  successors,  but  they  often  conferred  various  functions  on  one 
person  in  order  to  render  that  complicated  administration  more 
easy  to  manage..  As  the  conquerors  lived  among  the  subject  people, 
each  province  had  a  double  administration,  one  for  the  ruling  nation 
and  the  other  for  the  subject  nation.  But  there  resulted  so  much 
confusion  from  this  circumstance,  that  the  kings  were  obliged,  espe- 
cially in  Gaul,  to  sacrifice  the  principles  of  the  Roman  administration, 
and  to  govern  in  the  Teutonic  way,  although  the  names  of  the  higher 
public  functions  were  Roman.  The  first  functionary  in  each  province 
in  the  Frankish  kingdom  was  the  Dux,  who  had  the  supreme  military 
command,  and  sometimes  also  the  authority  of  a  judge.  The  second 
was  the  Comes,  who  was  chief  judge  and  director  of  all  afiairs  con- 
cerning taxes  and  the  revenue  of  the  fiscus.  From  the  8th  century 
the  functions  of  the  Dux  and  the  Comes  were  conferred  upon  one 
person,  who  is  sometimes  styled  Dux,  and  sometimes  Comes. 

The  fate  of  the  Romans  in  the  Frankish  empire  was  threefold.  One 
part  of  the  Romans  entered  into  the  private  service  of  the  king,  and 
preserved  a  portion  of  Uieir  estates  on  condition  of  obedience  to  him. 
The  great  landowners  belonged  to  this  class,  which  had  the  name  of 
"  Romani  oonvivse  regis."  A  second  part,  the  "  Roman!  possessores," 
renudned  in  possession  of  their  lands,  but  they  were  obliged  to  pay 
taxes  for  them,  a  duty  from  whigh  the  conquerors  were  exempt :  this 
class  principally  consisted  of  small  landowners.  The  third  class  were 
the  "  Romani  tributarii,"  who  lost  their  liberty,  although  they  did  not 
become  Servi  in  the  Roman  sense  of  the  word  :  these  were  the  ancient 
"  coloni.'*  In  many  towns  the  Romans  continued  to  enjoy  their  muni- 
cipal institutions,  while  a  Teutonic  commimity  gradually  arose  within 
the  same  walls,  and  had  its  separate  constitution.  In  other  towns  the 
richest  among  the  Romans  lost  their  liberty  and  became  "ministe- 
riales,"  a  kind  of  privileged  vassals ;  but  the  poor  were  treated  as  the 
Romani  tributarii  in  the  vUlftses. 

The  Teutonic  nations  which  became  subject  to  the  Frankish  kings 


were  treated  with  leds  severity.  The  Burgundians,  the  Longobards, 
and  the  Bavarians  only  changed  their  dynasty,  but  the  greater  part  of 
the  Thuringians  and  of  the  Alemanni  lost  a  oonsiderable  portion  of 
their  lands,  which  were  given  to  Frankish  nobles,  of  whom  they 
became  vassals. 

Besides  those  nations  which  founded  permanent  kingdoms  within 
the  Roman  empire,  many  tribes  maintained  their  independence  there 
only  for  a  short  period,  or  came  and  went  rapidly  without  leaving 
further  traces,  or  were  subjugated  by  others,  and  adopted  the  names  uf 
their  vanquishers.  Mai^y  among  them  were  of  Slavonian  or  other 
origin. 

The  Alani  came  from  the  Caucasus,  traversed  Europe,  and  lived 
independent  in  southern  Spain  under  their  king  Rospendial,  from  409 
to  417,  when  they  were  subjugated  by  the  yisi-Goths  and  carried  into 
the  south  of  GauL  Another  part  of  them  settled  between  Orleans 
and  Nantes  under  their  chief  Goar  (406),  but  in  452  they  were  defeated 
and  dispersed  by  the  Yisi-Goths.  The  Alani  were  not  of  Teutonio 
origin ;  the  names  of  their  kings  (Respendial,  Utaces,  Goar)  have  no" 
resemblance  to  Saxon,  Frankish,  or  Gothic  names.  They  are  probably 
identical  with  the  Ossetes,  an  old  Persian  tribe  in  the  central  part  of 
the  Caucasus.  The  country  of  Albania,  north  of  the  Caucasus,  waa 
known  to  the  Greeks  and  Romans.  The  Bysantines  called  the  tract 
between  the  Terek  and  Shir  wan,  Alania.  (Prooopius,  *  Do  Bello  Goth./ 
1.-  iv.;  Stritter,  'Memorixo  Populor,' — ^Ahmia,  in  torn,  iv.;  8uhm, 
'Geschichte  der  Diinen,'  Ubersetzt  von  Grater,  i.  1;  Zeuss,  'Urge* 
schichte  der  Deutschen,' — Alanen.) 

The  Quadi,  who  lived  in  Silesia  and  Moravia  in  875,  were  a  Suevian 
people.  The  G^pidm  perhaps  were  of  Gothic  origin;  their  kingdom 
in  Transylvania  was  destroyed  by  Alboin,  who  killed  Kunimund,  the 
last  king  of  the  GepidsB. 

Odoacer,  the  commander  of  a  band  of  Seyrri  or  Scirri,  Ritgiit  and 
Ileruli,  put  an  end  to  the  Roman  empire  in  Italy,  and  was  acknow- 
ledged as  emperor,  but  he  was  put  to  death  by  order  of  llieodoric  the 
Great  in  493. 

The  JRugii  were  German! ;  the  origin  of  the  Scyrri  and  of  the  HeruH 
is  unoertain.  It  has  been  pretended  that  the  Heruli  were  a  Lithuanian 
tribe. 

Tribei  wUMn  the  UnUu  of  Qermany  ickich  lott  their  independence  under 
the  Franks. — The  Bojoarn,  Bojchari,  Bajuvarii,  or  BavcuianSf  whose 
name  became  known  towards  the  year  480,  were  a  confederation  of 
Suevian  tribes :  they  lived  between  the  Danube,  the  Lech,  and  the 
Ens.  In  540  they  were  forced  to  yield  to  the  Frankish  kings,  and  were 
governed  by  dukes  of  the  dynasty  of  the  Agilolfingians.  Their  laws, 
which  were  collected  between  618  and  638,  resemUe  the  laws  of  the 
Alemanni,  though  they  contain  many  traces  of  the  Roman  law. 
(Mederer,  'Leges  Bajuvariorum,  oder  altestes  G^esetzbueh  der  Baju- 
varier,'  &c.,  1793-8.)  The  Tkuringiana  occupied  the  ooimtry  north  of 
the  Bavarians  as  fiir  as  the  Unstrut,  and  even  beyond  that  river. 
They  were  related  to  the  Goths,  and  their  name  seems  to  resemble 
that  of  the  Thervingi,  the  Hermunduri,  and  Hermiones.  Their  last 
king,  Hermanfrid,  ^mm  deprived  of  his  crown  by  the  Franks  in  581. 
Charlemagne  is  said  to  have  made  the  first  collection  of  their  laws,  but 
there  ia  no  evidence  in  support  of  this  statement.  Their  code  is 
known  under  the  title  of  '  Lex  Angliorum  et  Werinorum,  hoc  est 
Thuringorum.'  These  Angles  and  Warini  or  Werini  were  settled  in 
the  northern  part  of  Thuringia,  but  it  does  not  appear  why  their  names 
are  mentioned  before  that  of  the  Thuringians,  who  were  the  more 
numerous  nation.  This  collection  is  brief  and  incomplete.  (LeibnitB, 
'Script.  Rer.  Brunsvio.,'  i) 

The  Sax<m8  dwelt  north  of  the  Thuringians.  On  the  east  their 
frontiers  were  the  Elbe,  the  Stecknitz,  and  the  Baltic ;  on  the  north, 
Denmark,  the  German  Ocean,  and  Friesland ;  on  the  west,  they  cor- 
responded to  the  western  frontiers  of  the  present  province  of  West- 
phalia. When  they  had  sent  numerous  settlers  to  Britain,  their  power 
became  less  formidable  to  their  neighbours — the  Wends  in  the  east, 
and  the  Franks  in  the  west.  The  FVanks  were  formerly  united  with 
them  against  the  Romans,  but  when  they  had  conquered  Gaul,  the 
Saxons  were  obliged  to  desist  from  their  incursions  into  this  country, 
and  hence  arose  jealousy  and  hostility.  The  south-western  parts  were 
conquered  by  the  Franks  as  early  as  555 ;  the  rich  landowners  were 
compelled  to  give  a  considerable  part  of  their  lands  to  Frankish  nobles, 
and  the  common  freemen  to  bend  under  the  yoke  of  servitude.  The 
remaining  and  greater  part  of  the  population  was  free,  though  from 
time  to  time  the  Saxons  paid  tribute,  until,  after  the  memorable  war 
with  Duke  Wittekind  (772-808),  Charlemagne  became  master  of  all 
Saxony.  But  the  Saxons  were  not  subjugated  like  the  Romans.  They 
promised  to  adopt  Christianity,  to  acknowledge  Charles  as  their  king, 
and  to  obey  his  governors  (greves)  and  bishops.  On  the  other  hand, 
Charles  granted  them  equal  *'  Wehre  "  (value  of  their  body  and  liberty 
in  case  of  wounds,  murder,  &c.),  and  the  same  privileges  which  the 
Franks  had,  especially  freedom  from  tribute,  and  the  privilege  of  being 
tried  in  their  own  country,  according  to  their  own  laws,  and  by  their 
equals.  (Leibnitz,  '  Script.  Rer.  Brunsv.,'  l ;  Compare  Moser,  '  Osna- 
bruckische  Geschichte,'  i.) 

Charlemagne  was  the  first  king  of  the  Saxons  who  formed  a  great 
confederation  of  free  conmiunities ;  they  appointed  dukes  for  their 
wars>  and  only  acknowledged  obedience  to  the  "gowding"  and  to 
"  greves  "  chosen  by  the  freemen  among  the  *'  edelings  **  of  the  comma- 
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iiities.  The  laws  of  the  Saxons  were  collected  by  order  of  Charle-  ' 
magne.  They  consist  of  nineteen  titles,  and  are  so  short  and  incom- 
plete as  to  justify  the  opinion  that  only  a  part  of  them  has  been 
preserved.  Two  **  Capitukria  "  of  Charlemagne  concern  the  political 
and  ecclesiastical  condition  of  those  parts  of  Saxony  which  were  con- 
quered at  the  time  of  their  publication  (788  and  797).  This  'Lex 
Saxonum '  must  not  be  confounded  with  the  '  Sachsen-Spiegel/  the 
*  Mirror  of  the  Saxons/  a  code  of  Saxon  law  which  was  written  in 
Latin,  and  afterwards  translated  into  the  Saxon  language  by  Eicke  van 
Bebgow,  between  1215  and  1218.  (Gartner, '  Saxonum  Leges  Tres. 
Aocessit  Lex  Frisionum/  1780-4.) 

Fritiani.  [Fbisiahs.]— The  laws  of  the  Frisians  were  collected  by 
Charlemagne  under  the  title  of  '  Lex  Frisionum/  (Qartner, '  Saxonum 
Leges  Tres.  Acoessit  Lex  Frisionum.')  The  'Statuta  Opstalbomica,' 
the  laws  of  the  Seven  Sealands,  which  are  written  in  the  Frisian  lan- 
guage, are  a  different  collection.  The  dialect  of  this  language,  which 
most  resembles  the  Anglo-Saxon  language,  is  that  of  the  northern 
FVisian  islands  on  the  coast  of  Sleswig. 

AngUhSaxom. — ^An  account  of  their  history  has  been  given  under 
Saxons  ;  and  under  England  in  Qeog.  Div.  The  first  settlement  of 
Teutonic  tribes  in  Great  Britain  previous  to  the  arrival  of  the  Anglo- 
Saxons,  has  been  treated  with  great  learning  by  Dr.  Clement,  in  his 
work  *  Die  Nordgermanische  Welt,'  Copenhagen,  1840 ;  and  much 
valuable  information  respecting  their  laws  and  social  habits  will  be 
found  in  Kemble's  '  Saxons  in  England,'  and  the  works  of  Palgrave 
and  other  recent  writers  on  Anglo-Suon  history. 

The  following  works  contain  full  information  concerning  the  history 
of  the  Teutonic  nations : — Mascov,  '  The  History  of  the  Antient 
Germans,*  translated  by  Thomas  Lediard ;  Gibbon, '  Decline  and  Fall ; ' 
Eichhom,  '  Deutsche  Staats-und  Rechts-Geschichte ; '  Savigny,  '  Ges- 
chichte  des  Romischen  Rechtes  im  Mittelalter ; '  Grimm, '  Deutsche 
Rechts-Alterthumer ; '  and  his  <  Deutsche  Grammatik.' 

The  Scandinavian  branch  of  the  Teutonic  nations  appears  late  in 
history.  The  Sagas  tell  us  that  in  the  fifth  century  B.o.  Odin  led  the 
Scandinavians  to  Sweden  and  Norway ;  but  tlus  Odin  is  a  god.  Less 
fabulous  is  the  history  of  a  second  Odin,  who,  in  the  beginning  of  our 
era,  came  from  Asia  to  Scandinavia,  accompanied  by  his*' Asen"  or 
perhaps  "Ansen,"  or  fellow- warriors.  The  name  of  the  Siiiones  or 
Swedes  was  known  to  Pliny  and  to  Tacitus,  and  Pliny  knew  the  name 
of  Scandia,  now  Scania,  the  southern  extremity  of  Sweden,  which 
name  gradually  acquired  its  present  general  meaning.  Goths  came  to 
Scandinavia  at  a  very  early  period,  and  the  second  Odin  was  perhaps 
their  chief.  They  mixed  with  the  Scandinavians,  and  traces  of  their 
language  have  been  found  in  the  dialects  of  the  provinces  of  East  and 
West  Gothland  in  Sweden,  and  their  name  is  still  preserved  in  many 
localities.  The  aborigines  of  Sweden  and  Norway  belonged  to  the 
Finnish  race.^  They  fled  towards  the  north,  but  not  without  leaving 
their  traces  in  the  mountains  of  the  Kjoden  and  the  Dovre  Fjeld 

The  Scandinavians,  Northmen,  or  Normans,  became  known  to  the 
southern  nations  by  their  piracies,  and  they  were  often  leagued  with 
the  Saxons.  In  the  wars  between  Charlemagne  and  Wittekind,  the 
Danes  assisted  Wittekind,  who  had  married  Gera,  the  daughter  of  their 
king,  Siegfried.  As  earlv  as  the  beginning  of  the  8th  century  the 
Danes  and  Jutes  appeai'ed  in  the  north  of  Elngland ;  in  the  beginning 
of  the  9th  century  the  Danes  settled  on  the  south-east  coast  of  Ireland 
Normans  or  Norwegians  occupied  the  Orkneys  before  the  end  of  the 
9th  century :  in  861  they  came  to  the  Faros  Islands,  and  they  sent 
colonies  to  Iceland  as  early  as  870.  The  northern  parts  of  North 
America  were  known  to  these  bold  navigators  four  centuries  before  the 
time  of  Columbus.  Other  Normans  conquered  Normandy,  Apulia, 
Sicily,  and  the  opposite  coast  of  Africa.  From  the  8th  century  the 
Waregians,  who  came  from  Norway  and  Sweden,  penetrated  into 
Russia,  and  founded  the  Norman  dynasty  of  the  grand-dukes  of  Kiew. 
Some  of  the  first  &milies  of  the  Russian  nobility  are  of  Norman 
origin. 

The  Swedes  conquered  the  coast  of  Finland  as  early  as  850,  and 
settled  in  great  numbers  in  the  districts  of  Abo  and  Nyland.  Although 
Finland  is  chiefly  inhabited  by  a  nation  of  Finnish  origin,  and  though 
it  has  become  a  Russian  province,  the  Swedish  language  is  the  only 
language  used  for  public  acts  and  legal  documents. 

Suhm  is  one  of  the  best  authorities  for  the  critical  history  of  the 
Scandinavians.  He  has  written  in  Danish  on  the  origin  of  the  Scan- 
dinavians, on  their  mythology,  a  critical  history  of  Denmark,  a 
history  of  Demnark,  and  sevend  other  works  eonceming  this  country. 

(Mailer,  in  his  '  Kritisches  Examen  der  Diiuischen  und  Norwe- 
gischen  Sagengeschichte,'  examines  the  hiatorical  truth  of  the  Sagas ; 
Poringskjold,  « Monumenta,  Sueo-Gothica,'  Stockholm,  1710,  fol. ; 
Peringskjold,  *  Wilkina  Saga,  sive  Historia  Wilkinensium,'  contains  au 
account  of  the  exploits  and  conquests  of  the  Scandinavians  in  Russia, 
Italy,  &c.) 

Table  of  the  modem  Teutonic  Languagfi  and  their  DialecU, 
I.  HiQu  German  Lanouaoes. 
(The  German  language  as  it  is  written  or  spoken  by  the  well- 
educated  Germans,  belongs  to  the  High  German  languages,  but  is  not 
a  dialect.) 

A.  Suabian  branch, 
o.  Suabian,  subordinate  branch,  containing  the  dialects  of 


1,  Sudbia,  that  is,  of  the  Black  Forest,  of  the  Neckar,  and  of  th^ 

country  between  the  Danube  and  the  Lech. 

2,  Bavaria,  that  is,  of  the  Alps,  of  Salzbuxg,  and  of  the  Danube. 

8,  Tyrol,  that  ia,  of  Vorarlbei^  of  the  Inn,  of  the  Etsch  (Adige),  .-md 
of  the  Puster-Thal. 

4,  Austria,  that  is,  of  the  archduchy  of  Austria,  of  Styiia,  of  Carin- 

thia,  of  Camiola,  of  Southern  Bohemia,  and  of  Moravia. 
5,  AlemanniCt  subordinate  branch. 

1,  Alemannic,  commonly  so  called  in  the  south-west  oomer  of  the 

Black  Forest 

2,  Dialects  of  Switzerland,  that  is,  of  Bern,  of  the  Oberland  of  Bern, 

of  Wallis,  of  the  country  of  the  Grisons,  and  of  Appenzell,  &c. 
8,  Dialects  of  Elsass  (Alsace),  and  of  Baden. 
c.  Old  ThUringian,  subordinate  branch,  containing  the  dialects  of  the 
Thiiringer  Wald,  of  part  of  the  Fichtelgebii^,  and  of  the 
northern  part  of  the  Bohmerwald.  These  dialects  are  generally 
confounded  with  those  of  the  adjacent  flat  countries  of  Thii- 
ringia  and  the  Upper  Palatinate,  which  belong  to  the  Fianconian 
branch. 

B.  Franeonian  branch. 

1,  Dialects  of  Franconia,  of  the  Palatinate,  of  the  Middle  Rhine,  and 

of  Southern  Hesse. 

2,  Dialectaof  Thiiringia,  except  the  Thiiringer  Wald,  of  Northern 

Hesse,  and  of  the  Eichsfeld. 
8,  Dialects  of  Lorraine  and  Luxemburg,  which  are  much  mixed  with 

Low  German* 
i,  Dialects  of  Upper  Saxony,  of  Meissen,  of  the  Ersgebirge,  and  of 

Lusatia.  ^ 

5,  Dialects  of  Northern  Bohemia,  of  Silesia,  and  of  part  of  the 

German  colonies  in  Hungary. 

6,  Dialects  of  the  nobles,  the  clergy,  and  the  citizens  in  Garland, 

Livonia,  and  Esthonia. 

II.  Saxon  Languages. 

A.  Fritian  branch,  which  contains  the  dialects  of  West  Friesland,  of 

Saterland,  of  the  islands  along  the  Dutch  and  the  German  coast, 
and  of  the  islands  along  the  coast  of  Sleswig. 

B.  Lew  German  branch,  divided  into  six  sections,  namely : — 

1,  Of  Lower  Saxony,  containing  the  dialects  of  Sleswig,  of  Holstein, 

of  Hamburg,  of  Bremen,  of  Brunswick,  of  Hanover,  of  the 
country  between  the  Harz  and  the  Weser,  and  of  the  Marshes 
with  East  Frisia. 

2,  Of  WatphcUia,  with  the  dialects  of  Upper  Miinsterland,  of  Lower 

Miinsterland,  of  OsnabrtLck,  of  the  Upper  Weser,  of  SauerUind, 
of  Mark,  and  of  Eastern  Berg. 
8,  Of  the  Lower  Rhine  between  Neuwied  and  Duaseldorf,  especially 
the  dialects  of  the  Eifel,  of  Cologne,  and  of  Aix-la-Chapelle. 

4,  Of  the  Netherlands,  containing  the  Dutch  language,  the  Flemish 

language,  and  the  dialects  of  Jiilich,  of  Cleve,  and  of  Geldem  in 
Germany. 

5,  The  dialect  of  the  Saxons  in  Transylvania. 

6,  Of  the  ancient  Wendish  countries,  colonised  by  the  Saxons,  con- 

taining Uie  dialects  of  Mecklenbuig,  of  Pomerania,  of  Branden- 
burg, of  the  Marks,  and  of  East  Prussia. 

C.  Bngliah  hmnch,    [Saxon  Language  and  Litebatuub;  England, 
in  Geoq.  Div.] 

III.  Scandinavian  Languages. 

A.  Old  Norman  branch,  containing  the  dialects  of  the  mountaineers 

of  Norway,  the  Icelandic  language,  and  the  idiom  of  the  Faroe 
Islands. 

B.  Banish  branch,  containing  the  Danish  language,  with  the  dialects  of 

the  islands,  of  Jutland,  and  of  Northern  Sleswig,  and  the  modem 
Norwegian  language. 

C.  8'^dish  branch,  containing  the  Swedish  language,  with  the  dialects 

of  Gothland,  of  Dalecarlia,  of  Stockholm  and  the  adjacent 
country,  of  Finland,  and  of  the  Aland  Islands. 

(Adelung  und  Vater, '  Mithridates ; '  Balbi, '  Atlas  Ethnographique ; ' 
Ober-MUller, '  Atlas  Ethno-g^ographique  de  I'Europe.*) 

TEXTILE  MANUFACTURES.    [Cotton.] 

THAMES,  a  certain  jurisdiction,  though  not  undisputedlv  exclusive, 
appears  to  have  been  immemorially  exercised  over  both  the  fisheries 
and  navigation  of  a  large  portion  of  the  Thames  by  the  mayor  and 
corporation  of  London.  In  early  times,  when  fisheries  were  probably 
of  much  greater  importance  than  they  are  at  present,  the  same  kind  of 
encroachments  upon  them  by  private  individuals  which  were  so  often 
made  the  subject  of  complaint  in  other  parts  of  the  kingdom  were  also 
practised  in  this  river.  In  1405  an  order  was  issued  from  Sir  John 
Woodcock,  then  lord  mayor,  enjoining  the  destruction  of  wears  and 
nets  from  Staines  to  the  Med  way,  in  consequence  of  the  injury  which 
they  did  to  the  fishery  and  their  obstruction  of  the  navigation.  By 
4  Hen.  VII.,  c.  15  (1487),  the  mayor  of  London  and  his  successors 
were  investeid  with  the  same  authority  as  conservator  of  the  fish  in 
"all  the  issues,  breaches,  and  ground  overflown  as  far  as  the  water 
ebbeth  and  floweth  from  out  of  the  river  Thames,"  as  he  had  within 
the  river  itself.  Before  the  river  was  artificially  embanked  and  the 
adjoining  lands  drained,  this  extension  was  probably  of  considerable 
importance.  During  the  reign  of  Elizabeth,  in  1584,  an  order  was  put 
forth  by  the  mayor  for  the  purpose  of  settling  the  proper  times  in 
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'which  various  kinds  of  fish  were  to  be  taken.  It  prohibited  fishing  in 
cei-tain  parts  of  the  river,  and  forbade  the  taking  of  the  white-bait  or 
*'  bloodbag."  The  right  of  the  corporation,  however,  to  the  oonserva- 
'tion  of  the  river  about  this  time  was  disputed  by  the  lord-high- 
adtniral,  and  some  Utigation  took  place,  in  which  the  corporation  was 
uniformly  successful  James  L  in  the  third  year  of  his  reign  granted 
St  charter  to  the  city,  in  which  the  immemorial  right  of  the  city  to  the 
ofHce  of  baihfif  and  conservator  of  the  Thames  is  recited  and  confirmed. 
The  same  rights  are  also  confirmed  and  settled  by  various  other 
charters  and  acts  of  parliament.  The  result  was  to  vest  in  the  corpo- 
ration the  conservation  of  the  river,  the  regulation  of  the  port  and 
harboiu*  of  London,  and,  as  is  said,  the  actiml  property  in  the  soil  of 
the  river,  subject  only  to  the  jus  regium  of  the  crown.  The  com- 
mencement of  the  city's  jurisdiction  was  marked  by  a  stone,  with  an 
apocryphal  date,  called  London  Stone,  placed  on  the  north  bank  6l  the 
river,  a  short  distance  above  the  present  bridge  of  Staines,  and  its 
termination  on  the  south  shore,  by  the  formerly  navigable  creek  of 
Yantlet,  separating  the  Isle  of  Grain  from  the  munland  of  Kent,  and 
on  the  north  shore  by  the  village  of  Leigh,  in  Essex,  placed  directly 
opposite,  and  close  to  the  lower  extremity  of  Canvey  Island,  thus 
extending  a  distance  of  eighty  miles,  over  nearly  the  entire  course  o£ 
that  river  through  the  metropolitan  valley. 

After  much  Utigation  between  the  City  of  London  and  the  Crown, 
the  conservancy  of  the  river,  which  involves  the  control  of  the  fisheries, 
the  regulation  and  control  of  the  watermen  and  of  the  shipping, 
the  cleansing  of  the  river,  the  removal  of  obstructions,  erection  of 
stairs,  licensing  mills,  and  other  such  duties,  has  been  vested,  by  act  of 
parliament,  in  a  Board  of  Conservancy,  to  whom  the  powers  of  the 
corporation  have  been  transferred. 

(Griffiths,  Cofuervancy  of  the  ^ver  Thamet ;  Stow,  Survey  of  London; 
Fulling,  On  the  Lavn,  tbc.  of  the  City  and  Port  of  London.) 

THAMMUZ,  in  Hebrew  ]^I^,  is  the  tenth  month  of  the  Jewish 

civil  year,  coinciding  with  our  Jime  or  July ;  it  has  twenty-nine 
days,  and  in  the  present  year  (1861),  it  will  begin  on  the  9th  of 
June  and  end  on  the  7th  of  July.  The  name  does  not  occur  in  the 
Bible,  as  a  monUi  at  least;  the  passage  in  Ezekiel  viii.  14,  "women 
weeping  for  Tammuss,"  having  no  known  connection  with  the  month. 
Benf ey,  who  has  a  short  dissertation  on  the  name  in  his '  Monatona- 
men,'  p.  164,  seq.,  denies  the  identity  of  Thammuz  and  Adonis,  first 
advanced  by  St.  Jerome.in  his  commentary  on  Ezekiel.  In  the  copies 
of  the  calendar  of  HeUopoUs  the  name  is  written  Bafu(a,  Ba/ifiov(,  and 
Bofxa,  A  fast  is  kept  on  the  17th  day  of  Thammuz,  in  memory  of  the 
capture  of  Jerusalem  by  Titus,  according  to  meet  authorities,  though 
some  say  it  was  instituted  to  commemorate  the  breaking  of  the  Tables 
of  .the  Law  by  Moses,  Exod.  xxxiL  19.  In  some  calendars  a  feast  is 
mentioned  on  the  14th  day,  to  celebrate  the  destruction  of  a  pernicious 
book  tending  to  discredit  the  traditions  of  the  llabbins.  In  the  Syrian 
calendar  now  in  use,  Thamuz  is  the  fourth  month,  as  it  was  among 
the  Hebrews  when  the  year  began  with  Nisan. 

THANE,  in  Anglo-Saxon  thegn,  from  theffnian,  or  thenian,  "to 
serve,"  the  same  woid  with  the  modem  Germen  dtm^n,  is  frequently,  in 
conformity  with  this  origin,  translated  ministei*  in  the  Latm  charters 
of  the  Anglo-Saxon  period.  In  other  cases  its  equivalent  is  miles,  or 
Jidelis  miUa,  So  king  Alfred,  in  his  translation  of  Bede's  'Eccle- 
siastical History,'  renders  the  king's  minister,-  the  king's  thane,  and 
uses  thane  wherever  Bede  has  miUs.  The  exact  meaning  of  the  term 
when  employed  as  a  title  of  honour  is  involved  in  considerable 
obscurity :  the  rank  or  dignity  which  it  denoted  was  possibly  not  the 
same  at  difiereut  times,  and  there  were  also  thanes  of  more  than  one 
kind.  After  the  Conquest  thanes  (thaini  or  taiwi)  are  frequently 
classed  with  barons  (barones) :  in  the  laws  of  Henry  I.,  the  two  words 
are  apparently  used  as  synonymous ;  and  where  the  Saxon  Chronicler 
has  thanes  {thegenas),  the  Latin  annaJists  have  commonly  baronee.  The 
class  of  common  or  inferior  thanes  seems  to  have  answered  nearly  to 
that  of  the  barones  mlnores,  or  landed  gentry.  One  of  the  few  thmgs 
that  are  tolerably  certain  with  regard  to  the  rank  of  a  thane  is,  that  it 
implied  the  possession  of  a  certain  amount  of  landed  property.  Such  a 
qualification  indeed  seems  in  certain  circumstances  to  have  conferred 
the  dignity  of  thane.  One  of  the  laws  of  Athelstane  deoLarea  that  if  a 
ceorl  (or  commoner)  shall  have  obtained  five  hides  of  land  in  full 
property,  with  a  church,  a  kitchen,  a  bell-house,  a  burghate  seat  (or 
of&ce  of  magistrate  in  a  burgh),  and  a  station  in  the  king's  hall  (the 
meaning  of  which  last  expression  is  doubtful),  he  shall  henceforth  be  a 
thane  by  right.  Five  hides  of  land  was  probably  the  amount  demanded 
even  for  a  thane  of  the  highest  order ;  although  it  appears  from  Domes- 
day-Book that  this  was  also  the  quantity  which  made  the  owner  a 
miles,  or  liable  to  be  called  out  on  the  king's  mihtary  service.  Many 
lands  are  mentioned  in  Domesday-Book  as  thuie-lands  (terrse  tainorum) ; 
and  it  is  probable  that  the  dignity,  like  the  oldest  of  the  Norman 
baronies,  was  sometimes  attached  to  a  particular  estate.  Thanes  were 
among  the  members  of  the  Saxon  Witenagemot,  or  parliament.  The 
principal  facts  connected  with  this  dignity  in  England  have  been 
collected  by  Mr.  Sharon  Tiuner,  in  his  '  History  of  the  Anglo-Saxons,' 
8vo.,  London,  1823,  voL  iii. ;  by  Sir  Francis  Palgrave,  in  his  '  Rise  and 
Progress  of  the  English  Commonwealth/  4to.,  1832,  and  by  Mr.  J.  M. 
Kemble  in  his '  Saxons  in  England,'  1849. 

There  is  Uttle  mention  of  the  thanes  in  England  after  the  time  of 


Henry  II. ;  but  Lord  Hailes  has  shown  ('  Annals,'  i.  28)  that  in  Scot- 
land thane  was  a  recognised  title  down  to  the  end  of  the  15th  century  : 
the  '  Chartulary  of  Moray'  mentions  a  thane  of  Cawdor  in  1492.  It 
appears  from  ike  first  to  have  implied  in  Scotland  a  higher  dignity 
than  in  England,  and  to  have  been  for  the  most  synonymous  with  earl, 
which  was  a  title  generally  annexed  to  the  territory  of  a  whole 
county. 

THAW  is  the  reduction  of  ice  or  snow  to  a  liquid  state  in  conse- 
quence of  an  increase  in  temperature.  In  the  ordinary  succession  of 
tne  seasons,  this  effect  is  produced  on  the  surface  of  the  earth  or  in 
the  atmosphere  daring  the  spring  by  the  return  of  the  sun  to  the 
hemisphere  of  the  observer,  the  solar  rays  then  falling  in  greater 
abundance  than  before  on  a  given  extent  of  ground ;  or  it  is  produced 
by  accidental  currents  of  warm  air  which  pass  over  a  frozen  mass. 
The  dissolution  of  particles  of  ice  or  snow  floating  in  the  atmosphere, 
and  the  universal  liberation  of  moisture  previously  frozen  up,  are  the 
causes  of  the  humidity  which  accompanies  a  thaw. 

As  the  conversion  of  a  liquid  into  ice  always  commences  at  the 
surface  of  the  former,  and  about  the  sides  of  the  vessel  containing  it, 
or  about  those  of  a  soUd  body  immersed  in  it,  so  in  ice  surrounded  by 
air  which  has  acquired  a  higher  temperature  than  the  ice  has,  the  pro- 
cess of  Uquefaction  commences  at  the  sides  and  extends  gradually  from 
thence  inwards ;  ice  being  a  bad  conductor  of  heat,  the  central  parts  of 
it,  under  ordinary  circumstances,  are  the  last  which  are  dissolved. 
It  is  observed  that  when  solid  bodies,  whose  temperatures  are 
equal  to  one  another  and  higher  than  that  of  ice,  are  applied  to 
the  latter,  the  ice  is  dissolved  most  rapidly  by  those  which  have  the 
greatest  power  of  conducting  caloric :  thus  a  piece  of  ice  being 
laid  on  a  plate  of  polished  metal,  and  a  piece  of  equal  magnitude 
on  wood,  the  ice  on  the  metal  will  be  dissolved  before  that  which 
is  laid  on  the  wood,  not  only  when  the  temperature  of  the  metal 
and  wood  ore  equal,  but  even  when  the  temperature  of  the  wood 
considerably  exceeds  that  of  the  metal,  the  latter  conveying  more 
abundantly  to  the  ice  the  caloric  which  it  is  continually  receiving  from 
the  atmosphere. 

A  severe  and  long-continued  frost  abstracts  so  much  caloric  from 
terrestrial  bodies,  as  the  walls  of  buildings  which  are  not  exposed  to 
the  sun,  that  these  are  often  cooled  below  the  temperature  of  freezing 
water ;  and  whUe  in  this  state,  if  a  current  of  warm  air  pass  over  their 
surfaces,  the  aqueous  vapour  which  the  air  contains  deposits  itself  on 
the  walls,  where  it  is  converted  into  ice  or  snow :  it  remains  thus 
frozen  for  a  time  after  a  thaw  has  commenced,  but  at  length,  the 
temperature  increasing,  the  ice  is  melted  and  the  walls  are  then  covered 
with  moisture. 

It  is  often  remarked  that,  at  the  time  of  a  thaw  taking  place,  there 
is  felt  a  degree  of  coldness  greater  than  that  which  is  experienced 
during  the  continuance  of  the  frost ;  this  has  sometimes  been  ascribed 
merely  to  the  eva]K>ratlon  of  the  moisture  which  is  then  on  the  skin, 
as  the  thermometer  at  the  same  time  indicates  an  elevation  of  tempe- 
rature in  the  atmosphere.  But  the  evaporative  power  of  the  skin 
must  depend  both  upon  the  temperature  of  the  air  and  the  amount  of 
aqueous  vapour  which  it  already  contains,  and  in  part  also  on  the  local 
heat  of  the  human  body.  The  sensation  alluded  to  arises,  in  all  probability, 
from  the  continual  conversion  of  the  sensible  heat  of  the  atmosphere 
and  the  surface  of  the  earth  and  bodies  resting  upon  it,  into  a  latent 
form  during  the  process  of  thawing,  the  latent  heat  of  water  being 
greater  thim  that  of  any  other  substance.  Dr.  Faraday  has  shown 
that  the  conversion  of  a  cubic  yard  of  ice  simply  into  water  at  32^  or 
ice-oold,  would  absorb  or  render  latent  the  whole  heat  emitted  during 
the  combustion  of  a  bushel  of  ooaL  [Hail;  Icb;  Water.]  The 
amount  of  heat  thus  required  in  the  liquefaction  of  ice  renders  a  thaw 
so  gradual  This  i^  an  important  provision  of  nature ;  but  for  it,  **  the 
ice  that  had  accumulated  during  a  long  winter  would  at  the  first  breeze 
from  the  south  be  instantly  converted  into  water,  and  sweep  before  it, 
not  merely  the  habitations  of  man  and  their  tenants,  but  trees,  rocks, 
and  hills ; "  every  thaw,  in  fact,  would  occasion  a  frightful  inundation. 
Conversely,  frost  is  rendered  gradual  by  the  evolution  of  tiie  latent 
heat  of  water  in  a  sensible  form. 

For  a  remarkable  case  of  slow  thawing,  and  illustration  of  the  prin- 
ciple on  which  the  gradual  nature  of  that  process  depends,  we  may 
refer  to  some  experiments  made  by  Dr.  Fareulay  for  the  investigation 
of  a  different  subject,  that  of  regelation.  He  prepared  a  bath  of  water, 
which  could  be  retained,  by  appropriate  contrivances,  at  the  unchanging 
temperature  of  32**  Fahr.,  or  the  melting-point  of  ice,  for  a  week  or 
more ;  but  a  small  piece  of  ice  floating  in  it  for  that  time  was  not 
entirely  melted  away.  Tet  the  temperature  was  adequate  to  the 
lique&ction  of  ice,  for  a  very  slow  thawing  process  was  really  going  on 
in  the  bath  during  the  whole  time,  as  was  rendered  evident  by  the 
state  of  this  very  piece  of  ice ;  but  the  glass  jar  containing  the  water 
being  surrounded  by  a  system  of  bad  conductors  of  heat,  including  dry 
flannel  and  broken  ice,  the  heat  of  the  atmosphere  and  exterior  sur- 
rounding bodies  could  only  very  slowly  penetrate  to  the  ice  in  the  bath, 
and  there  supply  the  heat  required  to  become  latent  in  the  process  of 
thawing  it,  and  hence  the  rate  of  thawing  was  so  slow  as  not  to  dissolve 
a  cubic  inch  of  ice  in  six  or  seven  days.  (See  '  Proc.  of  Royal  Society ' 
for  April  26, 1860,  vol.  x.,  pp.  442,  449.) 

A  phenomenon  observed  at  Inspnick,  in  the  Tyrol,  which  has  been 
I  referred  to  the  contrary  operation  of  local  winds,  probably  admits  of 
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explanation  upon  the  principle  of  the  absorption  or  rendering  latent  d' 
heat  in  the  thawing  process.  At  that  place  the  snow  is  often  seen 
melting  on  the  mouutains  above  the  town^  at  an  elevation  of  3000  feet, 
while  it  continues  very  cold  and  there  is  not  the  least  sign  of  thaw  in 
the  valley  of  the  river  Inn  below.  It  is  then  popularly  said  that  the 
south  wind  is  driving  the  cold  into  the  valley ;  and  this  saying  seenui 
to  involve  the  truth.  The  air  above  will  be  greatly  cooled  down  by 
the  abstraction  of  its  heat  in  the  melting  of  the  snow,  and,  thus 
becoming  heavier,  will  descend  in  the  atmosphere  and  maintain  for  a 
time  the  low  temperature  in  the  valley  below. 

The  overflowing  of  rivers  by  the  dissolution  of  the  snow  and  ice  on 
the  mountains  above  their  sources  is  well  known  [RivebSj  col.  119], 
and  to  the  liquefaction  of  the  ice  formed  by  the  previous  congelation 
of  water  which  has  introduced  itself  into  the  fissures  of  rocks  is  to 
be  ascribed  the  occasional  severance  of  large  masses  from  the  sides  of 
mountains ;  the  expansion  of  the  water  in  freezing  having  destroyed 
the  cohesion,  so  that  the  parts  are  only  held  together  by  the  ice,  and 
on  the  liquefaction  of  this  the  disunion  is  complete. 

Two  ^eces  of  thawing  ice,  if  brought  into  contact,  adhere  and 
become  one ;  at  a  place  where  liquefaction  was  proceeding,  congelation 
suddenly  occurs.  This  is  the  phenomenon  and  process  of  reffdaiion, 
already  treated  of  in  the  article  Icb.  The  view  of  the  thawing  or 
melting  of  ice  taken  by  M.  Person,  that  it  is  a  gradual  process, 
resembling  that  of  wax  and  metals,  and  not  really  a  sudden  one,  and 
its  adoption  by  Professor  James  Forbes,  as  well  as  the  objections  to 
it  urged  by  Professor  James  Thomson,  have  been  noticed  in  the 
article  Ice.  Pcrsou's  original  paper,  '  On  the  Latent  Heat  of 
Fusion  of  Ice,*  will  be  found  in  tiie '  Comptes  Rendus '  of  the  Royiil 
Academy  of  Sciences  of  Paris,  for  April  29,  1850,  vol.  xxx.,  p.  626. 
The  evidence  he  adduces  of  the  supposed  viscosity  of  ice, 
intermediate  between  the  states  of  rigid  solidity  and  perfect  fluidity, 
consists  solely  of  an  amount  of  latent  heat  which  a  high  authority 
agrees  with  us  in  considering  to  be  much  within  the  probable  errors  of 
the  delicate  experiments  required.  The  application  made  by  Professor 
Tyndall  of  the  principle  of  regclation,  renders  the  plasticity  of  ice  in 
the  mass  quite  intelligible,  without  the  necessity  of  attributing  a 
viscous  property  to  that  substance,  the  existence  of  which  is  negatived 
by  all  the  other  properties  which  it  possesses. 

Although  the  terms  thawing  and  freezing  were  originally  applied 
only  to  the  solidification  and  re-liquefaction  of  water,  by  vanations  of 
temperature,  and  derivatively  to  those  of  other  fluids  in  ordinary  use, 
their  sense  has  become  extended  in  the  progress  of  that  more  precise 
knowledge  of  natural  things  which  is  called  science,  to  denote  also, 
generally,  the  solidification  and  re-liquefaction  of  liquids  not  commonly 
observed  in  the  solid  condition.  We  speak,  for  example,  of  the  freezing 
and  thawing  of  mercury ;  and  not  only  so,  but  the  terms  thawii^g  and 
freezing  are  sometimes  used  to  express  the  circumstances  of  the 
melting  and  re-solidification  of  bodies  which  are  ordinarily  solid — 
solid,  uiat  is,  at  common  temperatures,  an  expression  which,  as  usually 
employed,  includes  a  considerable  thermometric  range  from  above  the 
freezing  to  below  the  boiling  point  of  water,  and  is  even  extended, 
though  indefinitelv,  somewhat  below  the  former  and  considerablv 
above  the  latter,  though  not  to  a  red  heat,  or  a  temperature  at  which 
liight  is  evolved.  Thus  these  terms  have  been  applied  to  the  melting 
and  crystallisation  of  glass.  In  like  manner,  the  term  fusion,  originally 
employed  with  reference  to  the  liquefaction  of  bodies  which  are  solid 
at  common  or  much  higher  temperatures,  has  come  to  be  applied,  as 
equivalent  to  that  of  thawing,  to  the  melting  after  solidification  of 
substances  which  are  ordinarUy  liquid.  In  this  manner  we  speak  of 
the  fusion  of  ice,  as  well  as  that  of  wax  or  of  copper;  and  Dr. 
Faraday  has  described,  in  the  paper  referred  to  above,  an  experi* 
ment  in  which  layers  of  ice  are  produced  "of  greater  and  less 
fusibility." 

THEA.    [Tea.] 

THEATINS,  or  TEATINS,  an  order  of  monks  founded  at  Rome 
in  1524,  principally  by  Qianpietro  Carafia,  who  was  then  archbishop  of 
Chieti,  in  Naples,  the  Latin  name  of  which  ii  Teate,  and  who  after- 
wards became  pope  under  the  title  of  Paul  IV.  The  institution  was 
confirmed  at  the  time  of  its  foimdation  by  the  reigning  pope,  Clement 
yil. ;  and  a  final  rule,  or  code  of  regulations,  drawn  up  by  a  general 
(Chapter  of  the  order,  was  authorised  by  Clement  YIIL  m  1604.  The 
Theatins  were  principally  established  in  Italy  and  in  France,  into 
which  latter  country  they  were  broujg^ht  in  1644,  and  where  they  sub- 
sisted till  the  Revolution  of  1789.  Their  dress  was  a  black  cloak  and 
cassock  with  white  sleeves;  and  the  principal  peculiarity  of  their 
institution  was  that  they  affected  to  subsist  not  only  upon  alms,  but 
upon  alms  bestowed  upon  them  without  being  asked  for.  They  pro- 
cured, however,  considerable  support  in  this  way,  and  they  were  at 
one  time  enabled  to  maintain  missions  in  Georgia,  Circasftia,  Hingrelia, 
and  other  parts  of  Asia.  Their  histoir  has  been  writt^  by  John 
Baptist  Tufi&ns,  under  the  title  of '  Annales  Theatinorum.'  There  were 
also  Theatin  nuns  (in  French,  Theatina),  so  called  from  having  been 
placed  by  Pope  Gr^ory  XV.  under  the  direction  of  the  Theatin 
monks,  their  original  and  proper  designation  having  been  Sisters  of  the 
Inmiaciilate  Conception.  A  notice  of  a  controversy  between  the  Thea- 
tins and  the  Jesuits,  which  was  kept  up  for  a  great  part  of  the  17th 
century,,  is  given  by  Baylei,  in  a  note  to  his  article  on  'Ignatius 
Loyola.' 


THEATRE  (from  the  Latin  thedtrum,  which  is  from  the    Greek 
Btdrpov,  *  a  place  for  seeing '),  a  word  adopted  in  all  modem  languages 
to  signify  a  building  appropriated  to  dntmatic  representatioia^     The 
oldest  edifices  of  this  oUss  are  those  of  the  Greeks  and  Romans,  for  it 
was  with  tiiem  that  the  European  drama  originated,  and,  in  point  of 
magnitude,  the  Greek  and  Roman  theatres  surpassed  the  most  i^iacious 
of  their  temples.     The  enormous  extent  of  many  of  the  ancient 
theatres,  and  the  prodigious  solidity  of  their  construction,  are  attested 
by  the  numerous  remains  of  such  edifioes,  which  have  been  explored 
not  only  in  Greece  and  Italy,  but  also  in  Asia  Minor.    Of  some  of 
them  indeed  little  can  now  be  traced,  but  others  are  sufficiently  perfect 
to  convey  a  clear  idea  of  the  arrangement  and  general  appearanoe  of 
the  structure  in  its  original  state ;  that  is,  however,  merely  as  regards 
the  space  appropriated  to  the  spectatora,  for  scarcely  anytlung  remains 
to  explain  what  is  most  difficult,  and,  as  regards  the  dramatic  ejdubitions, 
most  important  of  all  to  understand,  namely,  the  stage  itself,  inoludisg 
under  that  term  the  whole  space  requisite  for  the  accommodation  of 
the  performers,  and  for  the  preparation  of  the  exhibition  before  the 
audience.    Owing  to  the  want  of  any  evidence  of  the  kind  afforded 
by  the  buildings  UieniBelves,  and  to  the  veijr  little  that  can  now  be 
gathered  from  the  pcanty  notices  of  ancient  writers,  we  have  no  certain 
knowledge  of  many  things  which  now  can  only  be  conjectured.     The 
character  of  the  performance  has  been  spoken  of  under  Drajia. 

The  circumstances  that  are  mentioned  for  our  admiration,  and  as 
proofs  of  the  magnificence  and  sumptuousness  of  some  of  the  ancient 
theatres,  prove  how  deficient  in  scenic  illusion  and  stage  efiect  the 
performances  must  have  been.    Whether  it  be  at  all  exaggerated  or 
not,  it  is  evident  from  what  Pliny  ('  Nat  Hist,'  xxxvi,,  a  15)  says  of 
the  theatre  of  Scaurus,  at  Rome,  that  the  scena  was  a  mere  architec- 
tural facade,  unmeaning  in  itself,  though  lavishly  embellished  with 
marble  colunms  and  statuos — with  no  fewer  than  360  of  the  former, 
arranged  in  three  tiers,  and  3000  of  the  latter,  a  most  incredible  num- 
ber, surpassing  that  of  a  modem  audience.    Pliny  puzzles  us  still 
more  when  he  says  that  the  middle  of  the  soena  (meaning  the  second 
of  the  three  orders)  was  of  glass,  ''vUnK*    The  acton  it  is  evident 
must  have  appeared  mere  pigmies  upon  a  stage  of  such  enormous 
extent,  with  a  number  of  statues  behind  them.    This  must  always 
have  been  in  some  degree  the  case,  since  even   in  moderate-sised 
ancient  theatres  the  stage  was  enormously  wide  in  comparison  with 
what  it  is  in  the  very  largest  modem  theatres.    The  scena  too  was 
always  a  permanent  architectural  erection,  incapable  of  change.    It 
has  been  supposed  that,  besides  the  permanent  scena,  the  ancients 
emploved,  occasionally  at  least,  moveable  painted  scenes,  capable  of 
being  let  down  before  it    Tet  while  this  can  be  only  vaguely  inferred, 
the  presumption  against  it  is  founded  both  on  its  impracticability  and 
its  extreme  improbability.    If  they  even  did,  as  some  suppose,  practise 
scene-painting,  it  is  soaxeely  conceivable  that  they  should  have  had 
painted  moveable  scenes  on  canvas,  which  on  the  average  must  have 
cwen  200  feet  in  widUi,  especially  where  the  stage  itself  was  so  shallow 
and  confined  at  its  sides,  and  without  any  space  for  apparatus  or 
machinery  over  it    Vitruvius  does  indeed  mention,  in  ihe  proem  to 
his  seventh  book,  Agatharchus  as  a  scene-painter,  and  Democritus  and 
Anaxsgoras  as  writers  on  scenography  and  perspective ;  but  it  is  with 
such  vagueness  of  expression,  that  it  is  difficult  to  draw  anv  conclusion 
from  his  words.    Of  the  former  he  merely  says  **  soenam  fecit,"  which 
probably  means  no  more  than  that  he  was  one  of  the  first  who  intro- 
duced some  sort  of  decoration  on  the  scena,  or  back  wall  of  the  stage, 
where,  if  there  was  at  any  time  painting  at  all,  it  could  only  have  been 
very  partial,  and  as  aooesaory  embellishment  to  that  general  fagade^ 
The  fixed  arrangement  of  the  scena  itself,  with  three  distinct  entrance! 
assigned  to  the  performers  according  to  their  rank  in  the  piece,  the 
centre  one  being  for  the  principal  characters,  the  others  for  those  sup- 
posed to  arrive  on  one  side  from  the  port,  on  the  other  from  the 
country,  was  not  only  an  awkvrard  conventionalism  in  itself,  but  aa 
expedient  which  shows  how  imperfect  the  ancient  stage  must  have 
been,  notwithstanding  its  alleged  magnificence.    What  there  was  of 
painted  scenery  at  all  was  probably  confined  to  two  Vermt/ra  (vcpiUtm) 
at  the  sides  or  ends  of  the  stage,  which  served  as  "  wings,"  and  which 
were  upright  triangular  frames  made  to  revolve  upon  a  central  pivot, 
BO  that  any  of  the  three  sides  could  be  turned  towards  the  audience ;  a 
very  scanty  change  of  sceneiy  i^t  the  best,  and  only  vufficient  to  Atsi 
where  the  action  was  supposed  to  take  place. 

From  the  use  of  the  term  AtUaa  it  has  been  generally  concluded 
that  the  whole  stage  was  concealed  by  a  curtain,  both  previous  to  the 
commencement  of  the  performance  and  whenever  it  was  requiute  to 
make  any  change  in  the  decorations.  But  we  agree  with  Winckel- 
mann,  that  such  could  not  possibly  have  been  the  esse,  because  in  the 
first  place  it  could  hardly  haye  becoi  practicable,  and  in  the  next  it  was 
unnecessary  as  regarded  the  permanent  scena  or  architectural  facade. 
But  even  admitting  that  there  was  painted  scenery,  and  that  it  was  not 
inferior  to  that  of  our  own  theatres,  either  in  regaxd  to  truth  of  per- 
spective or  to  anything  else,  it  still  must  have  fallen  far  short  of  the 
latter  in  effect,  if  only  for  the  reason  that  the  performances  took  place 
by  daylight  At  the  beet  the  illusion  could  have  been  bat  exceedingly 
imperfect — a  strange  mixture  of  the  artificial  with  the  real.  The 
natural  lights  and  shadows  and  the  painted  ones  must  frequently  have 
been  in  contradiction  to  each  other ;  nor  was  it  possible  to  manage  any 
effects  of  light,  as  in  our  theatres,  by  either  increasing  or  diminishing 
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it,  or  by  coiioeotrating  it  on  any  particular  part  of  ths  seeoery.  The 
only  tbing  in  favour  ol  the  anclsat  Bttif^  in  this  reepwt,  is  that  thsra 
were  no  "  foot- lights,"  and  coosequBntly  the  tncea  of  the  performers 
wore  not  lighted  from  beneath.  Yet  even  ihU  comparatively  unim- 
portant adTantaga  was  nullified  by  tlis  use  of  maslu,  some  of  them  ao 
eitraTngant  as  to  bear  scarcely  any  reaembUnce  to  the  hnman  counte- 
nance, whiUt  in  all  a  &ied  eipressioD  of  countenance  was  subatituted 
for  what  could  properly  be  only  a  momentary  one.  Thia  waa  however 
of  the  leaa  conaequenee,  because,  owing  to  the  vast  eitant  of  the 
theatres,  the  faces  of  the  actors  could  hardly  have  been  distinctly 
seen,  or  CTen  aeen  at  all  by  the  great  majority  of  the  spectatora.  The 
wholo  BpBoa  was  ao  great,  that  in  regard  to  it  the  actors  oould  have 
been  little  more  than  aa  the  figur«a  put  by  a  painter  into  a  landscape. 
On  considering  the  audience  part,  and  the  accommodaUoD  provided 
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spectatoi  , 
was  nearly  perfect,  and  in  some  respects  prt 
ansa,  it  was  not  free  from  many  inconvenii 
one  la,  that  aa  there  waa  no  roof,  there  waa  ni 
on  which  account  awnings  were  aometimes  n 

Ih*  heat  of  the  aun,  while  in  coae  of  audden  and  heavy  run  the  apec- 
tatorv  ware  obliged  to  take  ahelter  in  the  corridora  behind  and  beneath 
the  asats,  where  there  went  any,  and  in  the  portiooa  at  the  back  o!  the 
theatre.  Bnidea  Interruption  to  the  performance,  this  must  have 
occasioned  aonsiderable  confusion  in  so  numeroua  an  assemblage  of 
persona.  BeButiful  too  aa  the  arrangement  of  all  the  seats  in  con- 
centria  rows  is  in  itaelf,  it  ia  attended  with  some  disadvantage,  ui  will 
be  penwiTed  □□  referring  tu  the  annexed  ptana,  for  instead  of  being 
plooad,  i/t  in  the  pit  of  a  modera  theatre,  parallel  to  and  immediately 


facing  the  ttage,  a  considerable  portion  of  the  audisnce  miut  have  aab 
sideways  to  it,  with  port  of  it  behind  them ;  and  tboae  at  the  ends  of 
Ills  furUier  or  upper  benches  could  hardly  have  had  any  view  of  the 
tcena  at  all,  at  least  not  in  the  Oieek  theatre. 

The  Qreek  and  Roman  theatrta  so  veij  nearly  raaemble  each  other 
In  their  general  form  and  principal  parts,  that  it  is  only  by  comparing 
the  plans,  for  the  purpose  of  seeing  whsndn  they  vary,  that  the  differ- 
ence between  them  can  be  clearly  understood.  Such  ^fference  however 
ia  exceedingly  alight,  the  general  arrangement  and  the  eaaential  parta 
being  the  aame  in  both, — the  Coelan  (KoTXar),  Orcluitra  ['Opxtlirrfa), 
and  Senui  (Siciir^)  in  the  one,  and  the  Cavea,  Orch/ttra,  and  Seaia  in 
the  other.  The  cavea  waa  the  general  tenn  for  the  whole  of  the  apace 
appropriated  to  the  aeata  of  the  apectatora,  which  were  all  concentric 
with  the  orchestra,  and  which  were  interaecl«d,  in  one  direction,  by 
aeeents  or  Uights  of  steps  (nXi/iuiti)  dividing  the  seata  into  ao  many 
ooropartmentB,  termed  «(fi»[!(i,  or  Cunei,  and  separated  into  two  or 
more  "  flighta"  or  "  tiers"  by  broader  apaoes  or  landing- placee,  called 
Aiaia/iaTB,  or  PnFcinclionit.  The  number  uf  the  KXiniuii,  or  ascenta, 
and  that  of  ths  AiaCii/iaTa,  or  Prmdnctiona,  and  also  the  breadth  of  the 
latter,  appear  to  have  been  regulated  entirely  according  to  the  extent 
of  the  theatre  and  other  circumstances.  In  general  there  aeema  to 
have  been  only  one  Prscinction  between  the  seats,  dividing  them  into 
two  "  Qighta,"  not  however  so  as  to  give  an  equal  number  of  rowa  of 
■eata  to  aach.  In  the  theatre  near  Epidaurus,  for  instance,  there  were 
S4  rowa  of  aeata,  divided  by  a  single  Pnecinction,  and  31  ot  them 
formed  the  firit  or  lowest  tier  nearest  the  orchestra ;  while  in  that  at 
Syrocuae  there  were  62  rowa,  with  only  a  aingle  Pnecinction  between 
them,  and  41  were  given  to  the  tecond  or  upper  Siglit,  furthest  from 
the  orchestra.  In  the  theatre  at  Dramyssua,  again,  there  were  two 
Prv^cinctiona,  dividing  the  entire  number  of  rowa,  Sf,  into  18,  IS,  and 
SO  respectively,  reckoning  from  the  orcheatru-  Aa  regards  the  diatinct 
"  flights,"  or  series  of  aeats,  there  were  two  modes  of  diapcaing  them  : 
the  more  usual  one  waa  to  break  into  separate  slopes,  retiring  from 
each  other,  like  the  "  flighta  "  in  an  ascent  of  steps ;  the  other  waa  to 
place  them  in  a  continued  elope  from  the  loweat  to  the  highest  aeata, 
whei'eby  at  each  pnecinction  the  next  "  Qight "  was  considerably 
elevated  above  the  level  of  that  landing,  being  raiaed  upon  a  podium 
or  wall,  which  ehowed  itself  between  the  lower  and  upper  "  Sight." 
Besides  the  pnectnctiona  bcttcttn  the  aeats,  there  waa  another  surround- 
ing the  whole  cotlam,  or  auditory  of  the  theatre,  forming  either  an 
upper  uncovered  terrace  as  a  atamung-plsce  for  apectatora,  or  a  covered 
gallery  with  columns,  as  ia  ahown  in  the  plan  of  the  Roman  theatre, 
where  such  portico  was  assigned  to  females. 

Between  the  Grecian  and  Roman  orchestra  there  waa  a  very  wide 
difference  as  regards  the  puipoaa  to  wMoh  that  apace  waa  appropriated. 
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In  the  Roman  theatre  it  w»8  merely  a  continuation  of  the  rest  of  the 
auditory,  being  occupied  with  aeata  ond  spectalora,  with  no  other 
difference  than  that  the  apectatora  were  eenatora  and  other  persona  of 
dignity,  and  that  benches  or  chaira  must  have  been  ranged  parallel  to 
tta  stage.  The  Oreek  orcbestra,  on  the  contrary,  was,  aa  its  name 
imports,  made  use  of  for  the  dancers,  muaiclana,  and  aingera,  whose 
performances  constituted  so  important  a  pari  of  the  entertainment; 
and  ao  for  nothing  could  have  been  better  planned  than  the  Qreek 
theatre,  for  the  orchestra  waa  vieible  from  every  part,  wherena  the 
aceru  oould  not  have  been  distinctly  aeeo.  or  haiiily  seen  at  all  by 
tboae  on  ths  upper  aeata  at  either  extremity  of  the  caelum.  By 
rafetring  to  the  plana  it  will  he  aeen  that  while  the  Roman  orchcatra 
does  not  exceed  half  a  circle,  the  Qreek  forms  three-Bfths  of  one,  or  an 
arc  of  316  degrees,  its  pn>portions  and  the  depth  of  the  stage  being 
aacsrlained  by  merely  inscribing  a  aquara  vrithin  a  circle,  taking  one 
side  of  that  square  aa  the  boundary  of  the  stage,  and  drawing  parallel 
to  it  a  tangent  to  the  circle,  which  tangent  coincides  with  the  scena  or 
back  of  the  stage.  Such  plan  therefore  ia  aimple  enough,  complex  aa 
it  may  appear  in  the  cut,  where  two  other  squares  are  also  drawn 
within  ths  circle,  and  the  pointa  of  the  three  squares  determine  how 
far  the  seats  extend,  and  the  sitnation  of  the  steps  (nxf/iud)  between 
the  seats, — a  fanciful  operation,  nothing  more  bfing  required  after  the 
first  one  than  to  divide  the  ore  or  curved  portion  of  the  orchestra  into 
aa  many  equal  parta  oa  would  be  requialte  according  to  the  number  of 
aacenta.  In  fact  thia  laat  appeara  to  have  been  the  mode  prrtctised,  for 
there  are  aa  many  eiamplea  which  differ  from  aa  agree  with  that  esta- 
blished by  Vilruvius  for  the  Greek  theatre.  According  to  thot,  the 
divisions,  the  number  of  cunei  and  atepa  between  them,  would  be 
uniformly  the  aame,  namely,  aeven  of  the  fonner,  an4  eight  of  the 
latter,  including  those  next  the  atage,  aa  ahown  in  the  cut.  This  how- 
aver  is  so  far  from  being  tho  ciae,  that  very  material  diBerencca  occur 
in  that  respect-  At  Epidanrua,  for  instance,  there  are  ten  cnnei  in  the 
lower  tier,  and  eleven  ascents,  consequently  on  even  number  of  the 
former  and  an  odd  one  of  the  latter.  At  Draniyasus  again  there  are 
nine  cunei  and  ten  ascents;  and  at  Syracuse  and  Tauromenium  the 
aame.  The  Roman  orchestra  and  scena  were  also  defined  by  a  circle, 
within  which  waa  inacribed  an  equilateral  triangle,  one  ot  whoso  sides 
a  D  formed  the  acena,  while  the  diameter  B  R  of  the  circle,  parsllei  to 
the  scena,  formed  the  boundan  between  the  pulpitum  or  stage  and 
the  orchestra,  the  last  being  Jways  a  perfect  semicircle.  The  other 
three  triangles  are  merely  for  the  purpose  of  determining  the  pointa 
where  the  soalffi,  or  etepa  between  the  cuiiei,  ore  to  be,  for  which 
nothing  more  is  requisite  than  to  divide  the  semicircle  of  the  orchestra 
into  aa  many  equal  ports  as  there  are  to  be  cunei,  whether  the  numl>er 
be  six  or  any  oUier  j  and  the  diameter  of  the  orcheatra  B  b  l>eing  given, 
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the  distance  of  the  scena  from  it  would  be  ajBcertained  by  making  it 
equal  to  one-fourtli  of  tliat  line.  After  all,  aa  baa  been  remarked  by 
Wetter  in  hia  work  on  tlieatrea,  there  is  something  more  whimalcal 
than  rational  in  such  an  arrangement.  In  addition  to  the  disadvan- 
tage already  pointed  out,  as  regards  the  want  of  moveable  scenery,  it 
was  no  slight  inconvenience  that  the  stage  could  never  h4  occasionally 
extended  in  depth,  shallow  as  it  was.  Taking  70  feet  as  the  diameter 
of  the  orchestra  alone,  which  dimensions  are  equal  to  the  whole  of  the 
largest  of  our  modem  theatres,  the  depth  of  the  stage  in  a  Grecian 
theatre  would  be  a  little  more  than  10  feet,  or  one-seventh  of  that 
diameter;  and  in  a  Roman  one  174  ^^^>  ^^  j^  one-fourth.  While  so 
confined  a  space  would  admit  of  very  little  dramatic  action,  it  would 
scarcely  admit  of  any  change  of  scenery.  Tet  shallowness  of  the  stage 
was  in  some  measure  matter  of  necessity,  in  order  that  the  performers 
might  be  as  near  to  the  front  of  the  stage  as  possible,  separated  as  they 
were,  in  the  Grecian  theatre  at  least,  from  the  audience  by  the  inter- 
vening orchestra. 

Strict  as  were  the  rules  for  proportioning  the  depth  of  the  stage  to 
the  size  of  the  orchestra,  the  relative  size  of  the  orchestra  to  the  coelum 
or  whole  auditory  does  not  appear  to  have  been  subject  to  any  regula- 
tions :  it  varies  considerably  in  different  theatres,  being  in  some  nearly 
one-half,  in  oUiers  only  one-fifth,  or  even  little  more  than  one-sixth  of 
the  entire  diameter  of  the  interior,  as  in  the  theatres  of  Epidaurus  and 
Dramyssus,  or  Janina. 

When  it  is  said  that  the  Qreciau  orchestra  was  considerably  larger 
than  the  Roman,  there  is  some  ambiguity  in  the  expression,  for  it 
might  be  inferred  from  it  that  it  was  larger  than  the  other  in  proper- 
tion  to  the  coelum,  whereas  the  meaning  is  that  the  orchebtra  of  the 
Greeks  formed  a  larger  portion  of  a  circle,  extending  to  220  degrees, 
while  the  Roman  was  only  180  degrees,  or  an  exact  semicircle.  In  the 
Greek  theatre,  therefore,  the  orchestra  cuts  into  the  stage,  and  renders 
that  part  termed  Logeion  by  the  Greeks,  and  Pulpitum  by  the  Romans, 
considerably  narrower  than  the  extremities,  whereas  in  the  Roman 
theatre  the  stage  was  of  the  same  depth  throughout,  pulpitum  being  a 
mere  technical  distinction  applied  to  that  portion  corresponding  with 
the  orchestra,  and  to  which  the  actors  confined  themselves,  in  order 
that  they  might  be  better  seen  and  heard  by  the  whole  of  the  audience 
than  would  otherwise  have  been  the  case.  The  ancients  also  had 
recourse  to  what  seems  a  strange  expedient  for  transmitting  the  actor's 
voice  to  the  furthest  part  of  Uie  theatre,  namely,  that  of  placing  in 
cavities  for  the  purpose  beneath  the  seats  hollow  metal  or  earUien 
vases,  termed  Echeia  (nx***)*  tliat  ia,  "  sounding  thing,"  which  aug- 
mented the  sound.  The  plans  above  given  are  not  drawn  to  any  par- 
ticular scale,  but  supposing  them  to  be  upon  the  same  scale,  and  the 
diameter  of  the  orchestra  in  the  Greek  plan  to  be  100  feet>  the  diameter 
of  the  coelum  or  whole  auditory  will  be  300  feet,  the  width  of  the 
stage  and  scena  180  feet,  and  the  depth  of  the  logeion  only  15  feet, 
while  in  the  other  the  dimensions  will  be,  oitshestra  100  feet,  auditory 
270  feet,  scena  195  feet,  depth  of  stage  and  pulpitum  25  feet. 

Another  point  of  difference  between  the  Grecian  and  Roman  theatre 
is  that  in  the  former  the  stage  was  considerably  elevated  above  the 
orchestra,  12  feet  or  upwards,  consequently  there  was  a  wall  of  that 
height  at  the  back  of  the  orchestra,  to  which  was  given  the  name  of 
Hyposcenium  {vKOfficriyioy),  or  Lower  Scena,  and  which  appears  to  have 
formed  a  sort  of  architectural  basement  to  the  stage,  and  was  adorned 
with  niches  and  statuea 

Little  more  remains  to  be  said  on  the  subject  of  ancient  theatres, 
except  to  remark  that  the  form  of  the  orchestra  also  determined  that 
of  the  exterior  of  the  buUding ;  while  the  Roman  theatres,  therefore, 
did  not  exceed  a  semicircle,  those  of  Greece  had  a  greater  curve.  In 
the  Greek  theatres,  however,  the  orchestra  was  not  always  extended 
beyond  a  semicircle  by  the  curve  being  continued,  but  sometimes  by 
straight  lines  at  right  angles  to  the  chord  (or  parallel  to  b  b,  in  the 
plan  of  the  Roman  theatre,  whose  general  form  ia  so  sluiped,  the  ex- 
ternal semicircle  being  prolonged  by  the  colonnades).  Grecian  theatres 
were  almost  invariably  buUt  on  the  slopmg  side  of  a  hill,  so  that,  as 
regards  the  coelum,  it  was  merely  necessary  to  shape  it  out,  and  erect 
the  seats ;  consequently  there  was  no  other  architectural  exterior  than 
that  formed  by  the  Parascene  (TlapairKjivri)  and  colonnade  behind  the 
stage;  for  which  reason  the  degree  of  curvature  did  not  manifest 
itself.  The  Boman  theatres,  on  the  contrary,  were  erected  on  level 
ground,  and,  therefore,  the  curved  part  of  the  exterior  was  confined  to 
a  semicircle,  a  form  which  unites  better  with  the  rectangular  one  and 
its  straight  lines. 

The  theatre  at  Athens  (called  that  of  Dionysus)  was  by  no  means  so 
spacious  as  many  others,  its  diameter  being  only  250  feet,  and  that  of 
the  orchestra  72  feet,  which  are  very  moderate  dimensions  in  com- 
parison with  those  of  some  of  the  Asiatic  theatres.  The  Odeion 
of  Regilla,  also  at  Athens,  though  similar  in  its  general  plan  to  the 
usual  theatre,  was  a  music-hall,  and  was  covered  in  with  a  tent-like 
roof,  with  a  semicircular  eye  or  opening  for  light  Both  structures 
were  situated  at  no  great  distance  from  each  other  on  the  south 
side  of  the  Acropolis;  therefore  the  scena  of  the  theatre  had  a  northern 
aspect,  and  must  have  been  in  shadow  while  the  performances  took 
place. 

The  following  is  a  list  of  such  ancient  theatres  as  are  known, 
together  with  the  respective  dimensions  of  their  general  diameter  and 
of  their  orchestra;  which  we  have  for  the  most  part  taken  upon  the 


authority  of  a  similar  table  given  by  Colonel  Leake,  in  Lis  '  Tour  in 
Asia  Minor,'  to  which  several  other  examples  are  here  added. 

Diom*  Orehestra. 

Anemarinm         •        •        •        •        •  197  feeL 

Aspendiu 400        aS  rows  of  seats. 

(soena  Ionic  and  Corinth.) 

Athens,  Theatre  of  Bacchus .        •        .250  71  feet. 

„      Odeion 90  86 

Cnldos 400 

Delos 175 

Dramyssus,  or  Joannina       .        .        .  440  78 

Ephesns 660      *  940 

Epidanms 870  55 

Hercolaneom 180        16  rows  of  seats* 

HierapoUs 346  100 

Laodiceo,  Great  Theatre  .        •        .    .  864  186 

Limyra •  195  not  known. 

Mantineia       .        .        •        .        .    .  327  not  known. 

Hiletos 474  224 

Myra 860  120 

Klcopolis  [hi  Epirus)    .         .        .        .360  120 
Orange  (scena  only  remaining,  836  feet 

wide,  114  feet  high). 

PaUra 265  96 

Perga 25  rows  of  seats. 

Phellus 400  Scena  150 

Pola,  about 200  68 

(destroyed  1686,  but  plan  preserved 
by  Scamozzi) 

PompeU 190  62 

PompeiopoUs 219  188 

Rome,  theatre  Marcellus          •        •.517  17S 

Sardes 396  16S 

SeUnus  (In  CiUcia) 114 

Sicyon 313  100 

Side 890  120 

Sparta 458  917 

Stratonicea     ••••••  890  106 

Syracuse      ..•••■  440 

Tauromenium         •        •       •        •    .  830      width  of  seena  189 

Teoa    •••••«.  285  70 

Trallce 640  150 

Of  some  of  these  theatres  scarcely  anything  remains,  little  more 
than  their  general  shape  and  extent  being  now  distinguishable; 
accordingly  the  statements  of  their  dimensions  are  not  to  be  strictly 
reUed  upon,  though  they  are  sufficient  to  enable  us  to  estimate  their 
comparative  size. 

Fortunately  the  ancient  theatre  was  not  taken  as  a  model  for  modem 
structures  of  the  kind.    The  revival  of  theatrical  representationa  took 
place  before  anything  was  known  relative  to  that  branch  of  archaeology, 
and  under  very  different  circumstances.      Dramatic  entertainments 
were  in  the  middle  ages  either  partly  religious,  and  performed  within 
churches,  convents,  and  collies ;  or  were  acted  for  the  amusement  of 
princes  and  nobles  on  occasions  of  state  and  festivity,  in  halls  merely 
temporarily  fitted  up  for  that  purpose ;  consequently  spacious  and 
permanent  structures,  as  public  theatres,  were  not  required  until  long 
afterwards,  when  the  drama  had  become  a  distinct  profession.     In  the 
meanwhile  a  taste  for  scenic  display  had  developed  itself,  which  re- 
quired a  veiy  different  arrangement  of  the  stage  and  its  apparatus  from 
that  of  the  ancients.    Imperfect  as  they  were  in  many  respects,  the 
dramatic  pageants  and  recitations  performed  before  Leo  X.  were  "  got 
up "  with  great  magnificence,  and  some  of  the  greatest  artists  were 
employed  upon  the  decorations;    among  others  Baldassare   Peruzzi 
[Peruzzi,  in  Bioo.  Drv.],  whose  skill  in  architecture  and  perspective 
carried  scene-painting  almost  to  iierfection  at  once.    Even  in  the  pre- 
ceding century  dramatic  exhibitions  had  been  produced  at  Florence  in 
a  style  then  unprecedented;  and  we  are  told  that  the  first  Italian 
theatre  was  one  erected  in  that  city  by  Bernardo  Buontalenti  in  15S1 ; 
but  it  does  not  appear  to  have  been  a  public  theatre,  nor  could  it 
have  been  very  spacious,  as  it  now  forms  merely  a  saloon  in  the  build- 
ing called  the  UifizL    Theatres  on  the  present  system  were  not  built 
until  the  early  part  of  the  17th  century  :  just  before  which  time  an 
attempt  had  been  made  to  restore  the  form  of  the  ancient  theatre  and 
stage,  with  the  permanent  architectural  scena  and  its  entrances,  by 
Pailadio,  whose  celebrated  Teatro  Olimpico  at  Vicenza  is  one  of  those 
things  which  have  gained  a  traditional  reputation  far  beyond  their  real 
merits.    Admired  at  first,  because  then  superior  to  anything  of  the 
kind,  it  has  continued  to  be  admired  since,  partly  on  account  of  the 
character  attached  to  it,  which  few  care  to  dispute ;  and  partly  perhaps 
on  account  of  its  singularity,  and  because  it  ^ows  the  peculiarities  of 
the  ancient  theatre.    By  no  means,  however,  is  it  a  very  accurate 
imitation,  though  its  chief  merit  lies  in  being  a  mere  imitation ;  it  is 
semi-elliptical  instead  of  semicircular,  with  the  stage  on  the  longer 
axis  of  the  ellipse ;  and  ou  this  account  it  looks  too  much  squeezed  up 
one  way,  and  stretched  out  the  other,  and  produces  the  same  kind  of 
disagreeable  effect  which  would  arise  from  placing  the  stage  on  the 
longer  side  of  a  parallelogram  of  the  same  extent  (96  x  45  feet).  It  is  said 
that  the  space  to  which  the  architect  was  restricted  compelled  him  to 
adopt  that  form,  yet  it  hardly  appears  so  from  the  published  plans  of 
the  building,  for  it  would  not  be  difficult  to  show  how  a  semicircle 
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might  have  been  brought  in.  The  scenai  for  which  unlimited  admira- 
tion is  claimed,  abounds  in  architectural  barbarisms  and  solecisms.  It 
is,  however,  the  avenues  seen  beyond  the  sceua  through  the  centre 
arch  and  other  openings  which  attract  notice,  and  have  been  extolled 
by  some  as  greatly  superior  to  the  "  flimsy  **  painted  decorations  upon 
canvas  used  in  modem  theatres.  Those  avenues  represent  as  many 
streets,  the  fronts  of  the  buildings  being  modelled  or  carved  in  relief, 
and  attempted  to  be  shown  in  perspective  by  the  floor  and  ceiling 
sloping  very  much  upwards  and  downwards,  and  the  other  horizontal 
lines  accord^gly,  and  by  the  passages  themselves  being  naiTower  at 
the  further  end.  The  contrivance  is  puerile  at  the  best ;  and  instead 
of  being  more  deceptive  or  natural  than  painted  scenery,  the  imitative 
perspective  becomes  distorted  when  viewed  from  any  other  situation 
than  the  centre  of  the  theatre  and  the  level  of  the  stage.  It  is  also 
diflicult  to  understand  how  these  narrow  enclosed  passages  could  have 
been  properly  lighted  at  the  time  of  a  performance ;  and  although  they 
are,  in  stage  language,  '*  practicable,'*  they  could  hardly  have  be^  made 
use  of,  at  least  not  for  their  whole  extent,  because  at  their  further  end 
an  actor  would  appear  gigantic  We  are  not  aware  of  more  than  one 
other  attempt  to  revive  the  ancient  theatre  in  all  its  strictness,  which 
was  that  built  in  1588  at  Sabbionetta,  for  the  Duke  Vespasiano 
Gonzaga,  by  Scamozzi,  who  completed  the  Teatro  Olimpico  after 
Palladio's  death. 

In  claiming  a  decided  superiority  for  the  modem  theatre  over  that 
of  the  ancients,  we  speak  only  as  regards  the  respective  systems ;  and 
as  Ugoni,  in  his  Life  of  Milizia,  observes,  to  prefer  the  Grecian  theatre, 
with  all  its  inconveniences  and  the  awkward  expedients  resorted  to  in 
it,  as  being  of  more  classical  and  dignified  character  than  our  own 
comparatively  small  and  fragile  yet  greatly  improved  structures  of  the 
kind,  is  to  wish  to  limit  ajrt  and  science  within  their  first  bounds. 
There  certainly  was  good  reason  at  one  time  for  exclaiming  against 
modem  theatncal  architecture  as  very  defective  in  regard  to  the 
audience  portion  of  the  "house."  Till  within  a  comparatively  late 
period,  scarcely  any  study  was  bestowed  on  beauty  and  convenience  of 
plan.  The  accommodations  were  hardly  so  good  aa  those  in  many 
veiy  ordinary  playhouses,  where  for  want  of  space,  there  are  no  other 
seats  than  what  directly  face  the  stage.  'The  "  house  "  was  usually  an 
oblong,  either  rectangular  or  elliptiod,  so  that  the  greater  part  of  the 
audience,--at  least  those  in  the  boxes, — ^were  placed  quite  on  the 
sides.  Where  the  "  house  "  contracted  towards  the  proscenium,  as  was 
frequently  the  case,  the  side-boxes  were  actually  ^turned  from  the 
stage ;  and  whether  such  was  the  case  or  not,  they  were  allowed  to 
encroach  upon  the  stage  itself  in  such  manner;  that  when  the  actors 
advanced  to  the  front  of  the  stage  or  beyond  the  line  of  the  curtain, 
they  may  be  said  to  have  mingled  with  the  audience,  and  those  in  the 
boxes  on  the  avant-scene  were  actually  behind  them.  If  we  may  judge 
from  the  plans  and  other  drawings  of  them,  the  two  principal  &eatres 
in  London  were,  even  less  than  a  century  ago,  both  as  inconvenient  and 
as  ugly  as  can  well  be  imagined.  The  approaches,  too,  used  formerly 
to  be  exceedingly  bad ;  not  only  mean  and  inconvenient,  but  in  many 
places  most  d^mgerously  narrow.  Such  is  strikingly  the  case  in  most 
of  the  modem  Roman  theatres,  for  instead  of  the  box-corridors  follow- 
ing the  curve  of  the  "  house,"  and  being  of  the  same  width  throughout, 
they  are  so  contracted  where  the  other  is  widest,  that  more  than  two 
pemons  cannot  pass. 

Very  great  reforms  have  now  taken  place,  yet  there  is  still  room 
for  further  improvements,  obvious,  though  not  likely  to  be  adopted 
so  long  as  it  is  considered  a  matter  of  course  that  the  space  before  the 
curtain  xnust  be  made  to  contain  as  many  persons  as  can  possibly  be 
packed  into  it,  and  that  an  audience  must  be  piled  up  around  the 
whole  house  to  the  very  ceiling.  We  do  not  say  that  modem  theatres 
are  too  lofty ;  the  error  does  not  lie  there,  but  in  carrying  up  the 
boxes,  tier  after  tier,  to  such  a  preposterous  height  that  the  uppermost 
box  is  several  feet  above  the  top  of  the  curtain  or  stage-openings,  imd 
the  back  seats  of  the  upper  ^vllery  are  actually  on  a  level  with  the 
ceiling  over  the  pit.  Such  accumulation  of  diminutive  stories  gives  a 
crowded  appearance  to  the  whole,  and  leaves  no  space  for  architectural 
decoration  around  the  upper  part.  No  doubt  a  very  striking  appear- 
ance of  a  different  kind  presents  itself  from  the  pit  and  from  &e  stage, 
when  the  house  is  entirely  filled  to  the  very  top ;  and  if  we  consider 
merely  the  coup-cPoeil  from  such  points,  it  may  be  allowed  to  be 
imposing.  But  then,  as  regards  that  part  of  the  audience  who  occupy 
the  upper  part  of  the  house,  the  arrangement  is  bad.  From  the  seats 
which  are  at  all  above  the  level  of  the  top  of  the  curtain,  there  is  only 
a  bird's-eye  view  of  the  stage  and  the  scenery,  and  that  only  from  the 
front  seats,  and  also  facing  the  stage ;  for  from  those  on  the  side  of  it  it 
is  impossible  at  that  height  to  obtain  a  sight  of  the  scene  or  even  of  the 
actors,  unless  when  they  come  forward  towards  the  foot-lights.  There 
should  be  no  seats  at  a  greater  height  than  that  of  the  centre  of  the 
curtain,  or  the  level  of  what  is  now  the  second  tier  of  boxes  in  our 
large  theatres ;  for,  as  the  scenery  can  be  painted  only  to  one  horizon, 
— generally  that  of  the  stage  itself, — its  perspective  effect  is  more  or 
less  impaired  when  it  is  seen  from  either  very  much  above  or  below 
that  level.  No  less  preposterous  is  the  practice  of  continuing  the  side- 
boxes  up  to  the  proscenium,  and  sometimes  (as  in  Her  Majesty's 
Theatre  at  London)  quite  up  to  the  very  curtain,  so  that  there  is  no 
proscenium  at  all,  unless  the  space  on  the  floor  of  the  stage,  between 
the  curtain  and  foot-lights,  can  be  so  called.    While  those  so  seated 
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lose  the  scenery  altogether,  they  have  the  disadvantage  of  seeing 
between  the  wings  on  the  side  opposite  them ;  and  although  the  posi- 
tive inconvenience  resulting  from  such  arrangement  is  felt  only  by  a 
portion  of  the  audience,  the  bad  effect  occasioned  by  it  extends  to  the 
whole  theatre.  Not  only  ought  there  to  be  a  distinct  proscenium, 
serving  as  an  architectural  frame  to  the  stage  and  its  scenery,  dividing 
that  •part  of  the  theatre  from  the  rest,  but  it  ought  to  be  of  much 
ampler  proportions  than  are  now  given  it.  It  should  extend  so  far  as 
to  leave  some  interval — a  sort  of  neutral  ground— between  the  curtain 
and  the  boxes,  so  as  to  remove  the  nearest  spectator  in  them  to  a 
tolerable  distance  for  properly  viewing  the  stage  as  a  picture ;  for  it  is 
possible  to  be  as  inconveniently  near  we  stage  as  to  Ihb  inconveniently 
distant  from  it.  When,  in  order  to  contract  the  stage,  or  to  render 
the  pit  and  general  diameter  of  the  house  considerably  greater  than 
what  is  required  for  the  width  of  the  curtain,  the  plan  is  made  to 
approach  a  circle  (as  is  the  case  in  nearly  every  theatre  built  within  the 
last  forty  years),  the  boxes  should  be  confined  to  the  semicircle  feeing 
the  stage ;  and,  so  far  from  being  a  blank,  the  curved  space  on  each 
side  between  Uiem  and  the  curtain  might  be  made  to  contribute  very 
much  to  the  architectural  appearance  of  the  whole  house.  This  would 
not  take  away  anything  from  the  pit;  and  if  it  materially  diminished  the 
number  of  the  boxes  and  seats  in  liiem,  it  would  be  only  where  there 
ought  to  be  nothing  of  the  kind.  The  banishing  of  boxes  from  such 
situations,  and  ma&ng  also  no  more  than  two  tiers,  would  certainly 
greatly  abridge  the  present  capacities  of  theatres  :  a  house  of  the  same 


Manieh. 


Moscow. 


San  Carlo,  Naples. 


Lb  Seals,  Milan. 


St.  Fetersbnrg. 


Acad^mie  de  Xnaiqne 


Copenhagen. 


La  Fenlcc. 


Vienna. 


Berlin. 


Li-L 


^Lx 


I i_ 


100 
I     I 


>  .  «^^   .  .  .'90^' 


size  would  not  contain  the  same  number  of  persons  as  at  present,  when 
a  large  part  of  the  audience  are  put  where  they  cannot  well  see  the  per- 
formance. It  is  likely,  therefore,  to  be  objected  that  such  a  system 
would  be  too  expensive,  since  a  large  house  would  be  requisite  for  a 
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comparatively  moderate  audience ;  but  cuitailments  might  very  well 
be  made  elsewhere,  for  at  present  the  whole  building  is  frequently 
much  larger  and  more  costly  than  actui^  necessity  requires,  the 
*'  house  "  itself,  be  its  dimensions  what  they  may,  taking  up  a  comparsr 
tively  small  area  of  Uie  entire  plan,  while  the  rest  is  occupied  by 
stately  approaches  and  saloons,  which,  where  economy  rendered  it 
expedient,  might  be  greatly  abridged,  and  much  plainer  in  sl^le^  and 
some  of  ti^em  omitted  altogether  as  superfluous  appendages. 

In  some  of  the  modem  Continents!  &eatres,  plans  of  which  are  giren 
on  the  previous  page,  the  pomp  displayed  in  the  accessory  parts  of  the 
building  f^  exceeds  anything  of  the  kind  in  this  country.  In  that  at 
Berlin,  besides  several  other  spacious  apartments,  is  a  musicHsaloon 
38  feet  high,  44  wide,  and  106  feet  in  length  in  its  upper  part, 
where  there  is  a  screen  of  six  Ionic  columns  at  each  end;  the  whole 
highly  decorated,  and  forming  one  of  Schinkers  richest  pieces  of 
interior  architecture.  The  theatre  at  Miinich  has  two  staircases  to  the 
boxes,  with  flights  of  marble  steps  IS  feet  wide;  and  besides  two 
saloons  for  the  public  (each  82  x  31  feet),  there  is  a  very  magnificent  one 
commimicating  with  the  royal  box — not  a  mere  ante-room,  but  what 
would  be  termed  a  noble  room  even  in  a  palace,  its  dimensions  being 
46  X  44  feet,  and  26  in  height.  In  both  these  theatres,  and  in  that  of 
Qenoa,  the  royal  or  state  box  is  itself  a  room  of  some  size,  about  15  by 
18  feet,  more  or  less;  and  according  te  the  general  custem  of  the 
Continental  theatres,  this  box  (which  occupies  the  height  of  two  tiers, 
and  is  adorned  with  caryatides  in  front)  is  directly  in  the  centre  of  the 
house,  facing  the  stage,  consequently  in  the  very  best  situation  of  all ; 
whereas  the  situation  tisually  assigned  te  royal 'visitors  in  our  theatres 
is  almost  the  very  worst,  so  feur  as  seeing  the  stage  and  the  perfor- 
mance  is  concerned. 

In  regard  to  the  form  of  the  ''  house,"  a  decided  improvement  has 
taken  place  of  late  years;  and  the  circular  plan,  or  one  approaching  to 
it  (either  extended  by  the  curtain  being  a  tangent  to  the  circle  or 
somewhat  beyond  it,  or  reduced  by  the  curtain  intersecting  and 
forming  a  chord  to  the  segment),  may  now  be  considered  the  one 
established  as  being  the  most  pleasing  and  commodious — ^that  which  is 
best  adapted  for  affording  a  distinct  view  of  the  stage  to  the  majority 
of  the  audience.  But  there  is  comdderabie  difference  of  opinion  a«  to 
its  being  the  best  form  in  regard  to  hearing.  In  fact,  the  science  of 
acoustics  is  not  vet  thoroughly  understood  as  regards  practical  puxposes 
in  building :  it  is  easy  enough  to  ascertain  beforehand  how  much  of 
the  stage  will  be  visible  from  different  paite  of  the  theatre,  but  not  so 
what  will  be  the  result  as  to  soimd,  since  that  will  depend  upon  a 
variety  of  circumstances,  some  of  them  counteracting  each  other,  and 
not  every  one  of  them  to  be  guarded  agtdnst  or  foreseen.  The  shape 
of  the  house  is  but  one  of  these  circumstances  out  of  many :  so  much 
wUl  also  depend  upon  eoze,  upon  the  depth  of  the  boxes  and  galleries, 
and  also  upon  accidental  and  such  trivial  matters,  that  any  defect  or 
advantage  so  occasioned  is  not  likely  to  be  traced  to  them.  Here  the 
chief  guide  Ib  experience ;  and  experience  seems  at  present  to  be  in 
favour  of,  at  least  not  all  against,  the  circular  form;  for  the  new 
theatres  at  Mainz,  Dresden,  and  other  places  where  it  has  been  adopted, 
are  said  to  be  satisfactory  in  regard  to  the  actors  being  distinctly  heard 
in  eveiy  part  of  the  house. 

While  m  their  internal  embellishment  and  fitting  up  theatres  afford 
very  great  scope  to  the  architect,  though  not  so  much  as  they  might 
do,  they  also  a&brd  opportunity  for  accomplishing  much  in  regard  to 
characteristio  external  design.  Ms^ificent  as  are  the  exteriors  and 
facades  of  the  theatres  at  St.  Petersburg,  Berlin,  Munich,  Bordeaux, 
and  Nantes,  with  their  poticoes  and  colonnades,  there  is  nothing  in 
them  that  very  clearly  expresses  their  particular  purpose,  because 
nothing  that  corresponds  with,  or  indicates,  the  form  of  the  "  house  " 
itself  within.  Moller,  we  believe,  was  the  first  who  made  the  internal 
plan  disoQver  itself  from  without,  by  making  the  auditory — at  least  the 
corridors  and  saloon  surrounding  it — project  out  as  a  spacious  semi- 
circle, in  the  iaqade  of  the  theatre  at  Mainz,  The  same  form  of 
exterior  has  been  given  by  Semper  to  the  new  Uieatre  at  Dresden, 
which  is  also  remarkable  for  the  display  it  makes  of  sculpture.  The 
new  Covent  Garden  Theatre,  it  may  be  observed,  is  as  deficient  in 
character  as  any  of  the  earlier  structures  of  the  same  description  men- 
tioned above.  Ito  internal  arrangemente  are  also  of  a  very  common- 
place nature.  The  forthcoming  competition  for  the  new  Opera  of 
Paris  may  perhaps  elicit  some  originality  of  treatment;  but  aa 
modem  habits  interfere  with  the  taste  for  theatrical  amusemente, 
it  is  to  be  feared  that  theatres  themselves  will  hardly  inspire  any 
great  art. 

After  all  it  is  the  stage,  with  ite  multifarious  contrivances  and 
complex  mechanism,  its  sceneiy  and  pictorial  effecte,  which  manifest 
the  extraordinary  perfection  to  which  the  modems  have  carried  the 
scenic  art.  It  does  not  enter  into  our  purpose,  however,  to  speak  of 
stage  mechanism,  which  is  a  subject  and  study  by  itself,  and  not  other- 
wise connected  with  theatres  and  their  architecture  than  as  being 
made  use  of  in  the  former.  Those  who  seek  for  information  of  the 
kind  will  meet  with  many  plates  showing  the  stage  construction  and 
mechanism  of  Plymouth  Theatre,  in  Foulstone's '  Public  and  Private 
Buildings,  in  Cavo's  '  Architectonique  des  Theatres,'  &o. ;  and,  with 
more  general  and  comjdeto  instructions,  in  Stephenson's  work  on 
the  machinery  of  theatres.  We  will  only  observe  that  very  great 
improvemente  and  numerouB  contrivances  for  producing  stage  and 


scenic  effects  had  been  introduced  into  theatres  at  the  o<»nmeiioement 
of  the  17th  century. 

THEATRE.  Before  the  reign  of  Elizabeth  theatrical  representations 
appear  to  have  been  subject  to  no  legal  restraint  beyond  the  liability 
of  those  who  conducted  them  to  the  vagrant  laws. 

But,  although  players,  as  such,  were  subject  to  no  general  l^gal 
restrictions,  it  is  probable  that  the  practice  of  granting  licences  from 
the  crown  to  such  persons  pre^niiled  as  wly  as  the  reign  of 
Henry  VIII.  The  earliest  theatrical  licence  from  the  crown  now 
extant  is  that  granted  by  Queen  Elizabeth,  in  1574,  to  James  Burbage 
and  four  other  persons, ''  servante  to  the  Eui  of  Leicester,"  which  con- 
tains a  proviso  that  the  performances  thereby  authorised,  before  they 
are  publicly  represented,  shall  be  seen  and  allowed  by  the  queen  s 
master  of  the  revels ;  a  stipulation  analogous  to  the  licence  of  the 
lord  chamberiain  imder  the  Licensing  Act  at  the  present  day.  These 
licences  from  the  crown  were  originally  nothing  more  than  authorities 
to  itinerate,  which  exempted  strolling  playets  from  being  molested  by 
proceedings  taken  under  the  laws  or  proclamations  against  vagrante, 
and  also  superseded  the  necessity  of  licences  from  local  magistrates. 

Although  theatrical  representations  became  much  more  general  in 
the  reigns  of  James  L  and  Charles  I.,  no  laws  were  enacted  for  their 
regulation,  with  the  exception  of  the  stat.  1  Car.  I.  o.  1,  which  sup- 
pressed the  performance  of  "  interludes  and  common  plays"  upon  the 
Lord's  Day.  An  ordinance  of  the  Long  Parliament,  in  1648,  was 
directed  to  the.  suppression  of  all  stage-plays  and  interludes,  but 
though  occasionally  enforced  with  mucn  rigour,  it  failed  to  abolish 
these  entertainments.  The  stat.  12  Ann.  stat  2,  c.  28,  in  general 
terms,  classed  players  of  interludes  as  rogues  and  vagabonds;  but  the 
stat.  10  Geo.  II.,  c.  28,  s.  1,  expounded  the  former  statute,  by  enacting 
that "  eveiy  person,  who  should  for  hire,  gain,  or  reward,  act,  repre- 
sent, or  perform  any  play  or  other  entertainment  of  the  stage,  or  any 
part  therein,  if  he  shall  not  have  any  legal  settlement  where  the 
offence  should  be  committed,  without  authority  by  patent  from  the 
king,  or  licence  from  the  lord  chamberlain,  should  be  deemed  %  rogue 
and  vagabond  within  the  stat.  12  Ann."  This  provision  is  now 
repealed  by  the  stat.  5  Qeow  IV.  c  88,  and  players  as  such,  whether 
stationary  or  itinerant,  are,  at  the  present  day,  not  amenable  to  the 
law  as  rogues  and  vagabonds.  By  the  2nd  section  of  the  above  statute, 
10  Qeo.  II.  c.  28,  which,  with  the  exceptions  just  mentioned,  is  still  in 
full  operation,  and  forms  the  law  of  the  metropolitan  theatres,  it  is 
enacted  generally,  that ''  every  person  who  shall,  without  a  patent  or 
licence,  act  or  peif orm  any  entertainment  of  the  stage  for  hire,  gain, 
or  reward,  shidl  forfeit  the  sum  of  502."  By  the  3rd  section  it  is 
declared,  that  "  no  person  shall  for  hire,  gain,  or  reward  act^  perform, 
or  represent  any  new  interlude,  tragedy,  comedy,  opera,  play,  £arce,  or 
other  entertainment  of  the  stege,  or  any  parts  therein ;  or  any  new 
act,  scene,  or  other  part  added  to  any  old  interlude,  tragedy,  oomedy, 
opera,  play,  &rce,  or  other  entertainment  of  the  sta^,  or  any  new  pro- 
logue or  epilogue,  unless  a  true  oopy  thereof  be  sent  to  the  lord 
c^duberlam  of  the  king's  household  for  the  time  being,  fourteen 
days  at  the  least  bdPore  the  acting,  representing,  or  performing  thereof 
together  with  an  account  of  the  play-house  or  pla<>9  where  tiie  same 
shall  be,  and  the  time  when  the  same  is  first  intended  to  be  first  acted, 
represented,  or  performed*  signed  by  the  master  or  manager."  The 
4th  section  authorises  the  lord  chamberlain  to  prohibit  the  perform- 
ance of  any  theatrical  entertainment,  and  subjects  the  persons  infringe 
ing  this  prohibition  to  a  penalty  of  50^,  and  the  forfeiture  of  their 
patent  or  licence.  The  5th  section  provides  that "  no  person  shall  be 
authorised  by  patent  from  the  crown,  or  licence  from  the  lord  cham- 
berlain, to  act,  represent,  or  perform  for  hire  or  reward,  any  interlude^ 
tragedy,  comedy,  opera,  play,  farce,  or  other  entertainment  of  the 
stage,  in  any  part  of  Great  Britain,  except  in  the  city  of  Wmtaunetst 
and  within  the  liberties  thereof,  and  in  such  places  where  the  king 
shall  personally  reside,  and  during  such  residence  only."  The  7th 
section  enacts,  that  "  if  any  interlude,  tragedy,  oomedy,  opera,  play, 
farce,  or  other  entertainment  of  the  stage,  or  any  act,  scene,  or  pert 
thereof,  shall  be  acted,  represented,  or  performed  in  any  house  or  place 
where  wine,  ale,  beer,  or  other  liquors  shall  be  sold  or  retailed,  the 
same  shall  be  deemed  to  be  acted,  represented,  and  performed  for  gain, 
hire,  and  reward."  Within  a  few  years  after  the  passing  of  this  act  of 
parliament,  the  clause  which  restricted  the  power  of  granting  patents 
by  the  crown  to  theatres  within  the  city  of  Westminster  and  places  of 
royal  residence,  was  found  to  be  productive  of  inoonvenienoe;  and 
special  acts  of  parliament  were  passed^  which  exempted  several  lai^ 
towns^  in  which  such  entertainments  wen  desired,  from  the  operation 
of  that  clause,  and  authorised  the  king  to  grant  lettere  for  establishing 
theatres  in  such  places. 

A  ftirther  relaxation  of  the  rule  established  by  the  stat.  10  Geo.  II. 
c.  28,  for  the  regulation  of  theatrical  performances,  was  effected  by  the 
statute  28  Geo.  III.  c.  30,  in  favour  of  places  which  could  not  be 
expected  to  bear  the  expense  of  a  special  act  of  parliament.  By  this 
latter  stetute,  the  justices  of  the  peace  at  general  or  quarter  sessions 
are  authorised  to  license  the  performance  of  any  such  tragedies, 
comedies,  interludes,  operas,  plays,  or  farces  as  are  represented  at  the 
patent  or  licensed  theatres  in  Westminster,  or  as  have  been  submitted 
to  the  Lord  Chamberlain,  at  any  place  within  their  jurisdiction  not 
within  20  miles  of  London,  Westminster,  or  Edinburgh,  or  eight  miles 
of  any  patent  or  Ucenaed  theatre,  or  ten  miles  of  the  king's  residence 
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or  fourteen  miles  of  either  of  the  uniiereitiB*  of   Oxford  or  C«n- 

'bridge,  or  two  milea  of  the  outward  limita  of  any  place  having  peculiar 

jurudiction. 

The  penaltjei  imposed  by  the  stat.  10  Qso.  II.  c  28,  being  found  in 

practice  inauffldent  to  prevent  the  pert annanae  of  theatiioal  entarCain- 
menta  without  licence,  and  great  evili  being  allegod  to  follow  from  the 
resort  of  the  lower  Mdera  in  London  to  mch  antertainmeDta,  the 
legislature,  in  the  year  ISSf),  gave  additional  powers  to  the  metropo- 
litau  police  for  th^  prevention.  By  the  4ath  eecijoa  of  the  atit,  2  ft 
3  Vict.  c.  47,  "  the  oommisBiouers  of  police  are  anjpowered  to  outhoriae 


police  district  for  stage  playa  or  dramatic  entertainmeute,  into  which 
admiisioD  is  obtained  by  payment  of  money,  and  which  is  uot  a 
licensed  theatre,  and  to  take  into  custody  all  persons  who  shall  be 
found  therein  without  lawful  excuse."  The  same  clause  enacts  that 
"  every  perBOn  keeping,  unng,  or  knowingly  letting  any  house  or  other 
tenement  fcH-  tbe  purpose  of  being  used  ss  an  unlicensed  theatre,  shall 
be  liable  to  a  penalty  of  2Di.,  or,  in  the  discretion  of  the  magistrate, 
may  be  committed  to  the  House  of  Correotion,  with  or  without  hard 
!aboDr,for  two  odondarmonths;  andevory  pel         _  „  „ 

therein  without  lawful  excuse  shall  be  liable  to  a  penalty  of  forty 
■hilliDgs." 

TUEBAINE.    [Opnm,  Alkaloids  or.] 

THEBET,  in  Hebrew  rQ&,  is  the  fourth  month  of  tbe  civil  year, 
and  has  twenty  nine  days  oidy.  The  name  occun  in  the  Bible,  at 
Bather  iL  16,  where  it  is  called  the  tenth  month,  in  accordance  with 
the  ancient  reckoning.  It  is  a  winter  month,  and  will  vary  from 
December  to  January  ;  the  month  Thebet  of  the  year  fi6S1  be^an  on 
the  14th  of  December,  1860,  and  ended  on  the  lltb  of  January,  1861. 
JoaephuB  WTil«a  the  name  T^^itai,  in  the  eleventh  book  of  hie  Antiqui- 
ties, ch.  fi,  §  4,  where  he  speaks  of  the  command  of  Eara  to  the  Jewa 
to  put  away  their  strange  wives,  but  Exra  in  i.  9,  places  this 
the  9th  month,  and  Joaephus  himself  makes  it  to  correspond  with 
'AnAAiuai,  BO  that  we  have  a  clerical  error  here.  On  a  monument  at 
Palmyra  it  is  written  as  in  Hebrew,  but  the  Samaritan  read  Tebitb, 
according  to  Soaliger.  Benfey  derives  the  name  from  some  ancient 
Persian  word,  meaning  "  winter,"  which  was  probably  Tapas,  as  in  tiie 
oognate  Sanskrit.  A  fast  is  observed  on  the  1 0th  of  the  month  in 
memory  of  the  siege  of  Jenuaiem  by  Nebucbadnexzar,  as  mentioned 
In  ch.  IXT.,  T.  1,  of  the  second  lx>ok  of  Kings.  Another  fast  is  men- 
tioned, but  not  generally  obeerved,  ta  show  the  abhorrence  of  the  Jewe 
for  the  Septusgint  version  of  the  Bible  ;  it  is  given  to  the  8th  day  of 
(ha  month.  Another  fast  is  attributed  to  the  9th  day,  without  any 
assigned  reason ;  and  a  feotiTal  tor  the  eiolusion  of  the  Sadducees  from 
the  Sanhedrim ;  but  all  the*e,  except  the  first-mentioned,  are  rarely 
obwrred. 

THEFT.     [Law,  Chiminal.] 

THEINE.    [CiFiKWE.] 

THEMIS  (Mm»).  a  Qroek  divinity,  was,  aocordlng  to  Heoiod  and 
Apollodorus,  a  daughter  of  Uranus  (Heaven)  atad  Oasa  (Earth),  or, 
aooording  to  T^etieB,  a  daughter  of  Helios.  She  was  a  favourite  of 
Zeus,  and  bora  him  several  daughterB,—the  Hone,  Eunomia,  Dice, 
Eirene,  and  the  Hoerse.  (Hasiod,  '  Theog.,'  13G,  901,  Ac.;  Apollo- 
doms,  i.  B,  !.)  These  peiBonified  alwtractiona,  which  are  represented 
as  her  daughten,  show  the  ideas  which  the  ancienta  had  formed  of  her 
eharacter,  and  consiatentiy  with  these  ideas  she  appears  in  Homer  as  a 
personification  of  the  order  of  things  sanctioned  by  usage  or  by  law, 
and  as  the  goddeas  who  rules  in  the  assemblies  of  the  people.  (Homer, 
'  Odyes.,'  ii  68,  fto.)  According  to  the  same  poet  she  lived  with  the 
other  great  gode  in  Olympus,  iras  on  good  terms  with  Hera,  and  occa- 
sionally assembled  the  gods  at  the  command  of  Zeua.  (Homer, '  Iliad,' 
XV.  87,  Ik.  ;  xx.  4,  ftc)  Diodorus  (v.  67)  states  that  she  was  believed 
to  have  made  men  acquainted  with  the  will  of  the  gods,  the  mode  of 
their  worship,  and  to  have  instituted  laws,  religious  as  well  as  eiviL 
As  a  deity  revealing  the  future  she  was  believed  to  have  been  in 
possession  of  the  Delphic  oncle  after  her  mother  Oaea,  and  previous 
to  the  time  that  it  came  into  the  hands  of  Apollo,  whence  the  act  ot 
giving  an  oracle  was,  even  in  later  timee,  frequently  called  by  a  word 
derived  from  her  name  {itiurrtitir).  She  was  worshipped  as  the  god- 
dess of  law  and  order  in  various  parts  of  Greece,  as  at  I'hebes,  Olymiji^ 
Athens,  Tanagra,  and  Troezen.  She  is  frequently  repreeented  on  coins 
In  form  resembling  that  of  Athena,  but  carrying  the  horn  of  plenty  in 
one  hand  and  a  pair  of  acalea  in  the  other. 

THENARD'S  BLUE.    [Cobalt.] 

THEOBROMA.     [Chocolath  abd  Cocoa.] 

THEOBROMINE  (C„H,y,0,).  A  vegetable  alkaloid,  homologous 
with  caffeine,  found  in  cocoa.  It  is  obbuned  by  extracting  oocoa  with 
boiling  water,  adding  acetate  of  lead  to  the  clear  solution,  filtering, 
removing  the  eiceaa  of  acetate  of  lead  from  the  filtrate,  and  then 
evaporating  to  drynesa-  The  residue  is  to  be  treated  with  boiling 
alcohol,  which  deposits  oTystats  of  theobromine  on  cooling.  These  are 
to  be  purified  by  recrystiiUiBation. 

Theobromine  is  very  slightly  soluble  in  boiling  water,  and  etijl  less 
10  in  alcohol  or  ether.  It  possesseH  a  slightly  bitter  taste,  and  can  be 
sublimed  without  decomposition.  It  combines  with  acids,  forming 
Baits,  which  however  posse«  little  tUbility. 


THEODOLKT.  ua 

THEOCRACT  (»««>jMv(.,  a  fftntranau  byOod)itt  term  applied  to 
the  oonstitution  of  the  Israelitish  govenmient,  as  established  by  Moses, 
on  aocount  of  its  being  under  the  direct  control  ot  God.  In  fact,  in 
the  earliest  form  ot  the  Israelitish  constitutioa,  (hd  una  Utrir  ting; 
and  the  desire  of  the  people  to  have  a  king  at  the  time  when  Saul  was 
raised  to  that  office  is  expressly  declared  to  be  an  act  of  rebellion  on 
their  part     (1'  Sam.,  viii.  7.) 

The  theooacy  did  not  sapsraeds  the  establishment  of  a  visible 
human  government,  consirting  of  Judges  and  other  oScnn,  but  dl 
these  officers  were  considered  as  subordinate  to  Ood  as  the  only 
supreme  ruler  of  the  state, 

THEODOLET.or  THEODOLITE  (tie  wradis  found  in  both  forms), 
IB  the  name  generaDy  given  to  the  instrument  used  for  measuring 
horinontal  angles.  In  its  simplest  form  the  theodolet  consists  of  a 
divided  circle,  wbioh  is  to  be  set  parallel  with  the  horison,  and  a 
taleacope  which  has  so  much  motion  in  a  vertical  plana  as  to  enable  the 
ohaerver  to  view  any  object  which  he  may  require  above  or  below  the 
horizon.  The  derivation  of  the  word  is  obscure,  although  the  instru- 
ment and  its  name  are  comparatively  ot  recent  date.  The  earlier 
observers  did  indeed  use  divided  circles,  which  they  called  atlroiaba, 
anRillai,  Ac  [Astbolabe],  for  tha  purposes  ot  surveying,  but  these 
were,  generally  speaking,  very  rude.  The  quadrant  woe  employed  in 
all  accurate  surveys  up  to  the  latter  half  of  the  last  century,  although 
Roomer  had  shown  by  reason  and  example  the  superiority  of  the  entire 
drcle.  ^Cihcle.]  lie  first  instance  of  a  survey  conducted  with  an 
entire  arele,  on  a  considerable  acaJe,  waa,  so  far  as  we  reoolleot,  the 
Survey  of  Zealand  by  Bugge,  in  1782-8.  (See  Bugge'a  '  Observationee 
Astronomicn,'  p.  Hi,  where  he  refers  to  a  description  of  this  instrument 
in  Danish,  and  p.  61,  where  he  states  its  merits.)  The  horiaontal 
circle  was  two  feet  in  diameter,  and  constructed  bv  the  Danish  artist 
Ahl. 

Ramsden  finished  hla  great  theodolite  hi  1787,  the  circle  of  which  is 
three  feet  in  diameter.  This  wsa  used  for  a  triangulation,  to  connect 
the  Observatories  of  Greenwich  and  Paris.  A  very  full  description  of 
it  is  fiven  in '  An  Account  of  the  Operations  carried  on  for  accomplishing 
a  Tr^nometrical  Survey  of  England  and  Wales,'  London,  179S,  pp. 
107-180,  with  four  plates;  a  reprint,  in  a  great  measure,  from  the 
'  PhiL  Trans.,'  voL  80  tt  leq.  The  principal  triangles  of  the  English, 
Irish,  and  Indian  surveys  have  been  observed  with  this  instrument  or 
vrith  those  nearly  identical  in  sise  and  construction ;  and  though  aeventl 
minor  additions  and  improvements  have  been  made,  the  great  theodo- 
lite is  Btill  considered  as  a  very  eEBdent  and  almost  iofidlible  instru- 


ment We  beliove  that  the  high  repuUtion  of  the  great  theodolite 
depends  in  a  great  d(«r»e  on  the  .apmWioiu  care  with  which  it  hw 
been  used  and  preaerved :  it  is  undoubtedly  a  very  fine,  weU-divicled 
instrument,  but  in  common  hands  iU  want  of  soUdity  and  firmnt— 
would  probably  have  boon  fait,  It  would  ba  impossible  "  *?"  »' 
■   »  to  give  an  aooount  of  the  var — ' "™"  "*  'i'«^™' 
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ai-iUts  at  home  and  abroad ;  but  the  reader  who  deaires  to  see  what  had 
been  done  up  to  1851  is  referred  to  the  Jury  Report,  Class  X.,  where 
the  surveying  and  levelling  instruments  and  theodolites  of  the  Qreat 
Exhibition  are  pretty  fully  noticed,  as  to  their  new  points  and  from 
the  personal  observations  of  Mr.  Gloisher.  The  general  properties  of 
a  theodolite,  that  it  should  be  firm,  well  balanced,  &c.,  will  be  easily 
recognised  by  a  person  who  knows  how  to  make  good  use  of  the 
instrument,  and  we  shall  advert  in  the  course  of  this  article  to  some 
of  the  qualities  which  are,  and  to  others  which  are  not,  essential. 

We  have  given. on  the  preceding  page  a  sketch  of  the  theodolite  in  its 
dmplest  form,  such  as  would  be  proper  for  the  secondary  triangulation 
of  a  national  survey,  or  for  the  most  accurate  private  survey.    The 
tripod  which  carries  the  instrument  rests  with  three  foot-screws  in  brass 
notches  let  into  the  top  of  a  wooden  stand.    The  legs  of  the  stand  are 
not  fully  represented,  but  the  two  parts  of  which  each  is  composed  end 
below  in  a  strong  and  sharply-pointed  metal  socket.    The  circle  is  fixed, 
and  the  upper  works,  telescope,  verniers,  levels,  &c,  turn  on  a  centre, 
which  may  be  seen  just  under  the  cross  of  the  telescope.    The  adjust- 
ments are  veiy  simple.   The  wooden  stand  is  first  set  down  with  a  good 
opening  of  the  legs,  and  the  top  nearly  horizontal.   The  foot-screws  are 
placed  in  their  notches,  the  plumb-line  hung  from  its  hook,  below  the 
centre  of  the  circle,  and  the  telescope  turned  round  tiU  one  level  is 
parallel  to  the  line  joining  two  foot^crews,  while  the  other  level  is  in  a 
line  from  the  third  foot-screw  to  the  centre.    Bring  the  bubble  of  the 
first-mentioned  level  into  the  middle  by  raising  one  of  the  two  foot- 
screws  and  depressing  the  other,  and  then  adjust  the  cross-level  by  raising 
or  depressing  the  third  foot>screw  alone.    Now  turn  the  telescope  round 
180",  and  if  the  bubbles  are  not  in  the  middle,  bring  them  half  way 
there  by  touching  the  foot-screws,  and  the  other  half  by  screws  whicn 
adjust  the  levels  themselves.    When  this  has  been  nicely  done,  the 
bubbles  will  remain  in  the  middle  in  every  position  of  the  telescope. 
If  the  objects  to  be  observed  lay  all  in  the  horizon,  or  in  a  pl^e 
parallel  to  it,  the  above  adjustment  would  be  sufficient;  but  when  the 
objects  are  out  of  the  horizontal  plane  they  must  be  referred  to  it  by  a 
perpendicular,  that  is,  the  plane  described  by  the  telescope  must  be  a 
great  circle,  and  must  also    pass  through  the  TOnith.     There  are 
generally  two  ivires  at  least  in  the  focus  of  the  telescope,  one  horizontal 
and  the  other  vertical.    Place  the  e^e-pieoe  to  give  sharp  vision  of  the 
wires,  and  turn  the  milled  screw,  seen  towards  the  object>glaas,  until 
the  objects  you  are  going  to  observe  are  distinct.    Place  the  vertical 
wire  on  any  well-defined  object,  making  the  bisection  near  the  crossing 
of  the  wire ;  raise  or  depress  the  telescope  until  the  object  is  nearly  at 
the  bottom  or  top  of  the  field ;  if  it  is  still  bisected,  the  wire  is  rightly 
placed,  but  if  not,  twist  the  tube  carrying  the  eye-piece  so  as  to  effect 
a  bisection.    To  make  the  telescope  describe  a  ffrecU  circle,  select  some 
well-defined  object  near  the  horizon,  and  bisect  it :  now  take  the 
telescope  very  carefully  out  of  its  t's,  reverse  it,  and  look  again  at  the 
object.    If  it  is  still  bisected,  there  is  no  error;  but  if  not,  the  bisec- 
tion is  to  be  effected  half  by  the  tangent-screw  of  the  instrument  and 
half  by  the  screws  which  carry  the  wire-plate,  screwing  up  one  and 
releasing  the  other.    Restoring  the  telescope  to  its  first  position,  it 
will  be  seen  whether  the  adjustment  is  correct,  and  if  not,  the  process 
must  be  repeated  until  the  bisection  is  the  same  in  both  positions  of 
the  telescope,  the  clamp  and  tangent-screw  remaining  fixed.    Fur  the 
adjustment  of  the  axis  of  the  telescope  a  level  would  be  convenient,  but 
in  this  instrument  the  axis  is  supposed  to  have  been  correctly  placed  by 
the  maker,  and  the  only  mode  of  correcting  any  error  is  by  filing  the 
t's.     It  may  be  ascertained  whether  the  axis  is  tolerably  correct  as 
follows : — Bisect  an  object  as  far  above  or  below  the  horizon  as  the 
motion  of  the  telescope  will  allow.    Reverse  the  telescope,  and  if  the 
object  is  still  bisected,  the  pivots  of  the  telescope  are  me  same  size  : 
if  not,  the  observer  must  deduce  the  difference  of  the  pivots  from  the 
altitude  and  the  error  observed,  which  is  not  difficult.    When  this  has 
been  satisfactorily  executed,  bisect,  as  in  the  last  instance,  an  object  as 
far  as  possible  from  the  horizon,  and  read  off  the  verniers.    Turn  the 
instrument  round  180',  return  the  telescope  end  for  end,  bisect  the 
object  again,  and  read  off  the  verniers.    If  the  mean  readings  differ 
exactly  180*,  the  axis  is  horizontal ;  but  if  they  do  not,  the  observer 
will  have  sufficient  data  from  this,  and  the  altitude  or  depression,  for 
determining  the  quantity  and  direction  of  the  error,  which  he  may 
correct  by  the  file  or  by  calculation,  according  to  his  pleasure.    There 
is  a  much  easier  method  of  examining  the  position  of  the  axis  by 
observing  an  object  directly  and  as  seen  by  reflexion  from  a  fluid,  as 
mercury,  oil,  or  water.    The  axis  is  truly  horizontal  when  the  vertical 
wire  bisects  the  object  and  its  reflected  image  without  moving  the 
tangent-screw.    It  must  be  recollected  that  the  adjustments  of  the 
horizontal  circle   already  described    must  be    previously  and    very 
scrupulously  performed  before  attempting  the  examination  or  adjust- 
ment of  the  cross-axis. 

As  the  objects  in  a  survey  are  at  very  different  distances,  an  adjust- 
ment is  required  for  forming  the  image  exactly  on  the  wires.  The  use 
of  the  milled  screw,  seen  towards  the  objectrcnd  of  the  telescope  for 
this  purpose,  has  already  been  mentioned. 

In  use,  this  theodolite  should  be  placed  on  a  repeating  table  or  tri* 
pod,  such  as  is  to  be  found  figured  and  described  in  Repeating  Circlk, 
and  the  repeating-tripod  upon  the  stand.  This  was  not  done  in  the 
present  plan  for  the  sake  of  clearness.  To  adjust  the  repeating  tripod, 
place  the  levels  as  described  in  the  first  adjustment,  and  clamp  the 


theodolite.  Bring  the  foot-screws  of  the  theodolite  over  tlie  foot- 
screws  of  the  repeating-tripod  by  the  motion  of  the  tripod,  and  then 
by  touching  the  foot-screws  of  the  tripod  or  theodolite  set  th.e  level- 
bubbles  in  the  middle.  Turn  the  upper  plate  of  the  tripod  half-round, 
and  again  bring  the  bubbles  into  the  middle,  half  by  the  tripod  foot- 
screws,  half  by  those  of  the  instrument,  and  repeat  the  operation^  until 
the  revolution  of  the  repeating-table  does  not  alter  the  poaitioti  of 
the  level-bubbles.  The  repeating-stand  is  now  clamped,  and  the 
instrument  itself  is  to  be  adjusted  exactly  as  we  have  deacribed 
above. 

The  course  of  observation  after  the  instrument  is  adjusted  is  v^y 
simple.    The  problem  is  to  measure  the  horizontal  angle  between   two 
objects.    Turn  the  telescope  two  or  three  times  round  in  the  direction 
in  which  you  intend  to  observe,  then  bisect  one  of  the  objects,  read 
off  the  verniers,  and  take  a  mean ;  bisect  the  second  object,  x-ead  the 
verniers,  and  take  a  mean.     The  difference  between  the  two  means 
is  the  angle  required.    Tliis  is  all  that  can  be  done  by  the  instrument 
as  usually  mounted ;  but  with  a  repeating-table  the  operation  is  con- 
tinued, thus : — Bring  the  telescope  bctek  on  the  first  object,  by  the 
motion  of  the  repeating-table,  using  its  clamp  and  tangent-scre'w,  and 
by  the  motion  of  the  instrument  bring  the  telescope  on  the  second 
object.     It  is  clear  the  motion  of  the  repeating-table  has   merely 
restored  the  telescope  to  its  original  direction,  without  alterin^^  the 
readings  of  the  circle ;  and  that  if  the  telescope  be  turned  on    the 
second  object  by  its  motion  alone,  without  disturbing  the  circle,  the 
difference  between  the  mean  of  these  new  readings  and  the  preceding 
mean  will  also  be  the  angle  required.    By  continuing  the  process,  the 
angle  may  be  measured  as  often  as  the  observer  pleases.     It  is  evident 
that  all  readings-off,  except  the  first  and  last,  are  superfluous,  save  as 
checks,  or  as  giving  the  means  of  estimating  the  accuracy  of  the  final 
result.    The  series  should  terminate  after  a  whole  number  of  revolu- 
tions as  nearly  as  possible,  when  the  excentricity  of  the  repeating-table 
will  be  eliminated,  a  matter  of  possible  importance  if  the  objects  are 
near  and  the  repeating-table  carelessly  made,  or,  if  the  objects   are 
pretty  distant  and  this  caution  superfluous,  when  the  verniers   are 
nearly  at  the  divisions  at  which  you  set  out,  which  gets  rid  of  or  at 
least  diminishes  any  errors  of  division.    The  latter  condition  is  how* 
ever  rather  a  speculative  than  a  practical  one.     As  the  error  of  divi- 
sion is  divided  by  the  number  of  observations,  and  the  casual  error  of 
observation  only  by  the  square-root  of  the  same  number,  it  is  evident 
that  a  moderate  number  of  repetitions  in  our  excellently-divided  circles 
will  reduce  the  error  arising  from  mal-division  to  a  much  smaller 
quantity  than  that  which  belongs  to  the  class  of  casual  error  of 
observation. 

The  essential  condition  of  repetition  is,  that  the  motion  of  the  theo- 
dolite shall  not  disturb  the  repeating-table.  The  motion  of  the  latter 
therefore  should  be  as  heavy  as  will  admit  of  nicety  in  the  tangent- 
screw,  while  the  motion  of  the  parts  which  move  with  the  telescope 
should  be  as  light  and  free  as  is  consistent  with  firmness.  There  is, 
we  believe,  no  difficulty  whatever  in  effecting  both  these  points ;  but 
lest  any  error  should  arise  from  repetition,  we  should  recommend  a 
careful  observer  to  determine  his  angles  by  two  series, — one  by  always 
moving  the  telescope  and  its  tangent-screw  forward,  and  the  rep«iting- 
stand  and  its  screw  backwards ;  and  another,  by  reversing  the  process. 
If  the  two  results  agree,  as  they  should  do  within  the  limits  of  casual 
observation,  the  mean  is  probably  free  from  all  other  error ;  and  if 
they  do  not,  the  observation  should  be  repeated  and  varied  until  the 
quantity  and  probable  law  of  the  error  is  ascertained.  We  should 
then  be  able  to  say  decidedly  where,  when,  and  under  what  precau- 
tions,  repeating  was  a  safe  as  well  as  a  convenient  and  economical 
process,  which  at  present  is  rather  a  vexata  qucesUo,  unless  the 
decision  be  supposed  to  be  against  all  repetition,  to  which  we  do 
not  bow. 

The  foregoing  description  has  been  confined  to  a  form  of  theodo« 
lite  which  is  not  in  ordimuy  use,  though  from  its  simplicity  and 
power  it  is  well  adapted  to  the  purpose  of  explanation.  The  common 
theodolite  is  generally  carried  by  a  pair  of  parallel  plates,  fixed  on 
a  threc'legged  staff.  The  lower  of  these  circular  plates  is  screwed  upon 
the  staff,  and  has  an  aperture  above  the  screw.  The  upper  plate  has  a 
strong  descending  shs^k  which  passes  loosely  through  this  aperture. 
A  button  of  a  spherical  form  is  fixed  on  the  end  of  the  shank,  the  cur- 
vature uppermost,  and  rubs  against  the  under  surface  of  the  lower 
plate,  which  is  dome-shaped  to  fit  it.  Four  strong  screws  pass  through 
the  upper  plate  and  abut  with  their  lower  ends  against  the  lower 
plate.  When  the  screws  are  turned  the  plates  are  separated  imtil  the 
button  and  the  spherical  surface  on  which  it  rubs  are  brought  into 
squeezing  contact.  To  level  the  theodolite,  set  the  levels  each  parallel 
to  a  diagonal  pair  of  screws  of  the  parallel  plates.  Then  screw  one 
pair  until  you  come  to  a  bearing,  and  by  releasing  one  screw  and 
screwing  up  the  other,  but  not  very  tight,  set  the  corresponding  level 
horizontal;  leaving  this  pair  and  taking  hold  of  the  other  pair  set  the 
second  level  also  right,  and  if  the  first  level  is  deranged,  as  it  probably 
will  be  a  little,  restore  its  position  by  screwing  up  the  proper  screw. 
Turn  the  telescope  half  round  and  correct  the  error,  half  by  the 
parallel  plate-screws,  and  the  other  half  by  the  level-adjustments  them- 
selves. It  is  desirable  that,  when  the  final  adjustment  is  made,  the 
screws  should  bite  pretty  hard,  otherwise  there  is  a  great  chance  that 
the  upper  plate  will  turn  a  little  during  the  observation.    This  objeo- 
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tion  would  seem  fatal  to  the  use  of  parallel  plates  where  great  nicety 
18  required ;  they  are  however  very  convenient  and  of  very  ready  use, 
and  perhaps  if  the  screws  are  strong  and  the  observer  is  careful  to  give 
'tlie  telescope  three  or  four  turns  round  in  tiie  direction  he  means  to 
observe,  before  starting,  and  always  to  move  the  telescope  the  same 
'way,  serious  error  may  be  avoided.  The  first  object  observed  should 
always  be  observed  at  the  end  of  the  service,  in  order  to  see  whether 
there  has  been  any  change  in  the  original  position.  If  one  of  the 
screws  rest  in  a  notch,  perhaps  the  tendency  to  twist  may  be  wholly 
overcome. 

Another  contrivance  which  is  to  be  found  in  almost  all  theodolites 
is  much  more  objectionable.  The  surveyor  wishes  to  save  himself 
addition  or  subtraction,  and  requires  an  adjustment  by  which  he  can 
turn  the  whole  circle  about  and  bring  the  telescope  upon  the  first 
object,  the  verniers  being  previously  set  to  zero.  There  is,  therefore, 
a  motion  with  a  clamp  and  tangent-screw  for  this  purpose,  which,  as 
the  clamp  has  usually  a  very  &ort  bearing,  is  paiiicularly  liable  to 
yield,  and  so  to  destroy  all  accuracy.  To  remedy  this  unneoessary 
evil,  a  second  ox  toatch  telescope,  as  it  is  called,  is  attached  to  this  part 
of  the  instrument,  and  brought  to  bear  upon  a  well-defined  object. 
Any  motion  or  wriggling  of  the  zero-clamp  is  betrayed  by  the  watch- 
telescope,  and  when  an  angle  is  taken  it  must  be  first  ascertained 
-whether  the  watch-telescope  keeps  its  position,  and  the  position  if  dis- 
turbed must  be  restored  to  the  zero-tangent  screw,  before  the  observa- 
tion is  finally  made.  In  some  theodolites  made  for  the  Indian  survey, 
under  the  direction  of  Colonel  Everest,  the  zero  and  slow-motion  clamp 
take  the  form  of  a  repeating-table,  and  may  be  so  applied.  It  would  be 
safer  to  have  this  motion  made  considerably  heavier  than  in  the  pat- 
terns we  have  seen,  and  if  the  instrument  is  likely  to  fall  into  clumsy 
bands  the  watch-telescope  might  easily  be  added  for  greater  caution. 
Such  a  theodolite  would,  so  far  as  we  can  judge,  have  no  limit  to  its 
accuracy,  except  that  depending  on  the  diminutive  telescope. 

For  many  purposes  of  siurveying  it  is  desirable  that  the  telescope 
should  allow  of  being  considerably  elevated  or  depressed,  and  that 
means  should  be  given  for  measuring  this  angle  with  considerable 
accuracy.  A  circle,  or  portion  of  a  circle,  is  then  fixed  upon  the  tele- 
scope axis,  and  the  necessary  verniers  and  level  may  be  secured  by  a 
tail- piece  or  otiierwise  to  the  support.  If  the  vertiod  angles  are  to  be 
measured  as  accurately  as  the  horizontal  angles,  the  instrument  becomes 
an  altitude  and  azimuth  circle.  [Circle.]  But  such  instruments  are 
rarely  applied  to  the  measurement  of  terrestrial  angles.  The  direction 
of  the  meridian  was  determined  in  the  Ordnance  Survey  by  observing 
Polaris  at  its  greatest  elongations  E.  and  W.,  and  taking  the  middle  of 
the  two  readings  for  the  direction  of  the  north.  Hence,  the  telescope 
required  all  the  transit  adjustments  except  that  for  azimuth  [Transit], 
and  was  considerably  elevated  above  the  circle.  Though  the  results 
were  upon  the  whole  satis&ctory,  yet  we  greatly  doubt  the  prudence 
of  ascertaining  this  fundamental  and  delicate  point  from  such  an  instru- 
ment, or  of  risking  the  steadiness  of  the  telescope  supports  by  raising 
them  so  much  above  the  body  of  the  instrument.  It  would  have  been 
better,  we  conceive,  to  have  determined  the  direction  of  the  meridian 
by  a  series  of  careful  transit  observations,  using  more  optical  power 
with  greater  steadiness,  and  to  have  kept  the  theodolite  to  its  proper 
office,  that  of  measuring  horizontal  angles,  greativ  reducing  the  height 
of  the  telescope  supports.  The  great  theodolite  had  originally  a  semi- 
circle fixed  to  the  axis  of  the  telescope,  for  measuring  altitudes  and 
depressions.  This  has  since,  very  properly,  been  removed,  and  a  whole 
circle  substituted. 

Where  a  theodolite  is  merely  used  for  siu^eying,  the  telescope 
requires  only  a  moderate  vertical  range.  Mr.  Troughton  fixed  a  por- 
tion of  a  circle  (which  may  be  more  properly  called  a  dice  thim  a 
sector)  to  one  or  two  of  his  12-inch  theodolites,  and  this  construction 
is  often  found  in  other  makers.  The  telescope  is  thus  kept  lower,  the 
instrument  is  firmer,  and  the  larger  radius  gives  the  portion  of  the 
circle  a  seeming  advantage  over  the  entire  circle  of  smaller  radius. 
There  is,  however,  something  very  unsatisfactory  in  a  portion  of  a 
circle,  and  we  should  prefer  a  sort  of  compromise,  giving  the  supports 
such  an  elevation  as  would  allow  a  vertical  circle  of  about  hfdf  the 
dimensions  of  the  horizontal  drcle.  If  the  direction  of  the  meridian  is 
to  be  determined  by  this  instrument,  the  supports  must  be  at  least  so 
high  as  to  see  2*  or  3**  above  the  latitude  of  the  place,  and  the  vertical 
circle  may  be  increased  accordingly. 

It  is  perhaps  requisite  to  give  some  description  of  the  mode  of 
adjusting  the  vertical  circle.  Where  the  supports  are  high  enough  to 
allow  the  telescope  to  pass  when  turned  round  in  a  vertical  plane,  all 
the  adjustments  are  the  same  as  in  the  altitude  and  azimuth  circle. 

{Circle.]  When  the  telescope  is  too  long  for  this,  the  circle  must  be 
if  ted  out  of  its  t'b,  in  order  to  bring  the  line  of  sight  again  upon  the 
object  to  be  bisected,  and  then  set  down  again.  The  operation  is,  in 
fact,  the  same,  whatever  be  the  natiu^  of  the  vertical  a^h,  and  the 
adjustment  is  to  be  effected  either  by  altering  the  level  or  the  horizon- 
tal wire  until  the  reading  ia  the  same  in  both  positions  of  the  telescope. 
If  the  observer  has  a  T  level,  or  collimator,  he  can  set  the  cross  of  his 
level- wires  horizontal,  and  this  being  bisected  by  the  telescope  of  the 
theodolite,  the  vernier  must  be  made  to  read  zero,  and  the  bubble  of 
the  level  be  brought  to  the  middle  by  its  proper  screws.  Or  if  the 
observer  possess  two  stands  (and  there  is  a  great  convenience  in 
having  more  stands  than  one  in  surveying),  he  may  place  the  stands  at 


a  considerable  distance  from  each  other,  and,  fixing  the  instrument  on 
one  stand,  and  a  mark  of  exactiy  the  same  height  as  the  telescope-axis 
on  the  other,  observe  the  mark,  noting  its  elevation  or  depression. 
Now,  exchanging  the  instrument  and  mark,  he  must  re-observe  the 
depression  or  elevation  exactiy  as  before.  On  drawing  the  figure,  it 
will  be  seen  that  if  light  move  in  a  straight  line,  90**— elevation  at 
lower  station  =  90— depression  at  higher  stations  the  angle  between 
perpendiculars  to  the  earth's  surface  at  each  station,  which  last  quan- 
tity is  known  from  the  distance  between  the  stations,  and  may  be 
easily  calculated,  that  is,  depression  —  elevation  =  a  known  angle.  But 
if  the  zero  is  wrong,  depressions  wUl  be  increased  while  elevations  are 
diminished,  and  vice  vend,  so  that  depression  observed  —  elevation 
observed  —  the  known  angle,  instead  of  being  =  0,  will  be  +  2  error  of 
the  vernier,  which  may  be  corrected  accordingly  either  by  the  adjust- 
ment of  the  level  or  of  the  horizontal  wire.  Or,  lastly,  if  the  telescope 
has  so  much  motion  as  that  a  star  can  be  observed  directiy  and  by 
reflexion  from  mercury  or  any  other  fluid,  the  index-error  of  the  verti- 
cal circle  may  be  most  accurately  determined  thus : — Take  any  star  in 
the  meridian,  and  having  observed  it  directly,  observe  it  immediately 
after  by  reflexion.  If  great  nicety  is  required,  the  observations  should 
be  repeated  alternately  several  times,  and  the  partial  results  reduced  to 
the  meridian.  The  mean  reading  between  the  meridian  altitude  and 
meridian  depression  is  the  reading  which  corresponds  to  the  horizon, 
and  the  difference  of  this  from  0,  or  90*^,  acording  as  the  circle  reads 
altitudes  or  zenith  distances,  is  the  error  of  the  instrument,  which  may 
either  be  corrected  or  allowed  for.  This  method,  though  very  accu- 
rate, requires  some  knowledge  of  the  time,  and  is  rather  restricted 
by  the  choice  of  stars.  It  is  nearly  as  safe  to  observe  a  star  not  far 
from  the  east  or  west  poiot,  first  directiy,  then  by  reflexion,  and  lastly, 
directly,  making  the  contacts  at  following  whole  minutes,  or  at  even  or 
odd  minutes  if  the  interval  of  a  minute  is  not  sufficient.  As  the  stars 
rise  nearly  uniformly  in  this  part  of  tiie  heavens,  the  mean  of  the  first 
and  third  observations  should  give  an  altitude  equal  to  the  depression 
observed  midway.  The  discrepancy  between  these  results  will  be  the 
double  index-error  as  before,  which  may  be  corrected  or  allowed  for. 
By  some  of  these  methods  the  index-error  of  tiie  vertical  circle  or  sector 
is  to  be  found. 

In  some  of  the  older  theodolites  the  telescope  rides  in  t's  at  the  top 
of  the  vertical  arch,  and  is  reversible  as  a  level.  The  horizontal  posi- 
tion of  the  telescope  y's  can  therefore  be  found  as  in  any  other  level, 
and  the  verniers  of  the  vertical  circle  set  to  zero  when  the  telescope  is 
horizontal  The  vertical  angles  measured  by  these  instruments  aro 
not,  however,  to  be  greatly  depended  on.  They  are  usually  greatly 
out^  of  balance  in  all  positions  of  the  telescope,  except  the  horizontal 
position,  and  therefore  they  make  better  levels  than  altitude  instru- 
ments. This  error  may  be  partially  got  rid  of  by  having  a  second  level 
fixed  to  the  instrument  which  is  parallel  to  the  plane  of  the  vertical 
cirole,  and  adjusted  to  the  telescope-level  when  that  is  horizontal  If 
this  supplementary  level  is  pretty  well  graduated,  it  will  show  the  tUt 
which  is  given  the  plane  of  the  instrument  by  want  of  balance,  and  so 
give  the  correction  required. 

It  may  be  as  well  to  mention  here  that  the  principal  adjustment 
being  that  of  setting  the  plane  of  the  theodolite  horizontal,  or,  more 
correctly  speaking,  the  principal  axis  vertioal,  any  horizontal  level  any- 
where placed  is  sufficient  for  the  purpose,  though  the  cross-levels  are  a 
littie  handier.  A  box-level  is  convenient,  if  a  stand  and  ropeating-table 
are  used,  to  bring  the  planes  nearly  horizontal,  and  to  make  both  ends 
of  the  bubbles  visible  at  first. 

Many  surveyors  give  themselves  and  the  instrument-maker  a  great 
deal  of  unnecessary  trouble  by  being  very  difficult  on  the  chapter  of 
excentridty,  which  they  confound  with  error  of  division.  The  English 
dividing-engines,  up  to  the  present  time,  do  not  divide  the  circles  upon 
their  centres ;  and  tiierefore  it  frequentiy  happens  that  the  point  round 
which  the  cirole  turns  is  not  the  point  round  which  it  is  divided. 
When  this  error  is  not  absolutely  monstrous,  the  only  effect  is  that  one 
vernier  gains  what  another  loses,  and  that  the  mean  of  two  opposite, 
or  of  throe,  four,  or  more  equidistant  readings,  is  precisely  the  same  as 
if  there  were  no  excentridty.  The  advantage  of  a  lUtU  excentridty  is, 
that  it  gives  you  the  benefit  of  an  unbiassed  reading  at  every  vernier 
as  well  as  the  first :  again,  if  all  the  verniers  aro  recorded,  it  is  a  check 
on  the  dishonest  observer,  who  might  read  one  vernier  and  set  down 
the  rest.  The  instrument-maker  must  please  his  ignorant  customer, 
and  so  either  hammer  his  cirole  after  it  is  divided,  which  may  deform 
his  work,  or  have  an  adjustment,  which  injures  its  solidity. 

In  Kamsden's  great  theodolite,  and  several  others  which  have  been 
made,  the  cirole  is  read  off  by  micrometer  microscopes.  Sometimes 
the  microscopes  rovolve  with  the  telescope  (as  the  verniers  do  in  our 
figuro) ;  sometimes  the  microscopes  aro  fixed,  and  the  cirole  rovolvea 
with  the  telescopes,  as  in  Ramsden's  theodolite. 

Ertel  of  Munich  has  made  several  attronomical  theodolites  in  which 
the  rays  entering  into  the  telescope  aro  roflected  along  the  horizontal 
axis  by  a  prism.  The  observer  thereforo  looks  in  at  the  end  of  the 
horizontal  axis,  whatever  the  position  of  the  star  may  t>e.  The  eye 
and  body  of  the  observer  aro  moro  satisfactorily  placed,  and  the  sup- 
ports are  kept  close  and  snug  to  the  horizontal  circle.  The  instrument 
is  well  adapted  to  one  of  its  principal  objects,  observing  stars  at  their 
passage  over  the  prime  verticid  [Transit]  ;  but  thero  is  some  trouble 
in  finding  an  object  when  you  have  no  better  direction  to  look  for  it 
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than  your  eye  affords.  Excellent  latitudes  have  been  determined  by 
instruments  of  this  class  used  in  the  prime  vertical,  and  even  the  smaU 
vertical  circle  seems  from  some  accounts  to  possess  more  power  than 
from  its  dimensions  we  should  have  thought  probable.  As  a  general 
rule,  the  greater  the  number  of  readings,  the  less  the  effect  of  bad 
division,  but  beyond  a  limited  number,  the  trouble  and  difficulty  of 
reading-off  is  found  in  practice  to  counterbalance  the  advantage.  Two 
opposite  readings  annul  the  effect  of  ezoentricity ;  three  or  four  equi- 
distant readings  destroy  such  an  error  as  would  aiiae  from  the  circles 
becoming  elliptic  after  it  was  divided,  or  any  error  which  follows  the 
same  law.  In  small  stoutly-made  theodolites  we  think  two  the  most 
convenient  niunber,  and  they  can  be  much  more  conveniently  read  off 
than  a  larger  number.  When  the  circle  is  so  much  as  8  inches  in 
diameter  and  the  telescope  good,  we  should  prefer  three  or  four 
readings.  The  vertical  circle  or  sector  may  have  two  opposite  readinga 
For  many  matters  connected  with  surveying  on  the  most  extensive  and 
accurate  scale,  see  the  memoirs  published  of  the  English,  Scotch,  and 
Irish  Trigonometrical  Survey;  and  the  'Base  M^trique/  or  accovmt 
of  the  French  measurement  of  an  arc  of  the  meridian,  although 
that  survey  was  conducted  by  a  different  instrument.  Similar  opera- 
tions have  been  carried  on  in  many  countries  during  the  last  seventy 
or  eighty  years,  and  the  memoirs  which  relate  to  these  surveys  contain 
the  best  information  which  can  be  had  on  the  subject 

It  should  be  mentioned  that  Mr.  Simms  has  introduced  a  TranMU 
Theodolite,  or  portable  altitude  and  azimuth  instrument,  for  the  use  of 
the  scientific  traveller  and  engineer.  The  ordinary  vertical  arc  of  the 
theodolite  is  extended  to  a  complete  drde,  and  is  read  by  two  oi^K>site 
verniers.  The  range  of  the  telescope  is  unlimited,  and  by  means  of  a 
diagonal  eye-piece  observations  can  bo  made  in  the  zenilli.  The  axis 
Is  perforated  for  illumination  of  the  field  of  view.  The  instrument  is 
8  inches  in  diameter. 

THEODOSIAN  CODE.  In  the  year  A.a  429  TheodosiusII.  appointed 
a  commission  of  eight  persons,  at  the  head  of  whom  was  Antiochus,  to 
form  a  code  out  of  all  the  constitutions  and  other  laws  which  had  been 
promulgated  since  the  time  of  Constantino  the  Great  The  code  was 
to  be  formed  on  the  model  of  the  private  compilations  respectively 
called  the  Codex  Qregorianus  and  the  Codex  HermogenianuSb  Either 
nothing  was  done  by  this  commission,  or,  for  some  reason,  a  renewal  of 
it  was  thought  necessary,  and  this  renewed  commission  received  its 
instructions  in  the  year  435.  This  second  commission  consisted  ol 
sixteen  members,  with  Uie  same  Antiochus  at  its  head.  In  remodelling 
their  materials  the  commission  was  empowered  to  omit  the  superfluous, 
insert  the  necessary,  change  the  ambiguous,  and  reconcile  the  incon- 
gruous. 

The  code  was  completed  and  promulgated  as  law  in  the  Eastern 
empire  in  the  year  438 ;  and  it  was  declared  that  the  laws  enacted 
since  the  time  of  Constantino  should  only  be  in  foroe  so  ^  as  they 
-were  incorporated  into  this  code.  The  code  was  forwarded  in  the  year 
488  b^  Theodosius  to  his  son-in-law  Yalentinian  HI.,  who  confirmed  it 
and  laid  it  before  the  Roman  senate,  by  whom  it  was  received.  In  the 
year  448  Theodosius  forwarded  to  Yalentinian  other  constitutions 
which  he  had  made  since  the  completion  of  Uie  code,  as  circumstances 
had  arisen;  and  these  new  constitutions  were  promulgated  in  the 
Western  empire  in  the  same  year.  The  new  constitutions  were  called 
Novellae,  and  all  such  new  constitutions  which  were  intext^anged 
between  the  East  and  West,  and  had  reference  to  the  <M>de  of  Theo- 
dosius, were  called  by  the  name  Novellae.  This  interchange  subeisted 
as  long  as  the  empire  of  the  West  continued :  the  last  constitution  of 
the  kind  that  we  know  is  one  of  Anthemius,  who  was  contemporary 
with  Leo  I.  in  the  Eastern  empire :  it  belongs  to  ihe  year  468,  and 
relates  to  Bona  Vacantia. 

This  code  consists  of  sixteen  books,  which  are  divided  into  titles,  and 
the  titles  are  subdivided  into  sections.  The  arrangement  of  the  matter 
Offers  from  that  in  the  subsequent  compilation  of  Justinian,  also  called 
{the  Code.  The  code  of  Theodosius  treats  of  Jus  Privatum  in  the  first 
part,  and  especially  in  the  second  and  fourth  books,  both  included,  and 
m  the  beginning  of  the  fifth :  the  following  books  treat  chiefly  of  Jus 
Publicum.  The  first  book  treats  of  offices,  and  the  sixteenth  book 
treats  of  matters  pertaining  to  the  Christian  church.  The  code  of 
Theodosius  was  the  first  great  compilation  of  the  kind,  and  it  was 
much  used  in  the  compilation  of  the  code  of  Justinian.  It  also  forms 
the  basis  of  the  code  of  the  Ostrogoths,  called  the  Edictum  Theoderici ; 
it  was  incorporated  into  the  code  of  Alaric  II.,  commonly  called  the 
Breviarium,  in  an  abridged  form,  accompanied  by  a  continual  interpre- 
tation or  explanation ;  and  it  was  used  in  the  compilation  of  the  Lex 
Rqmana  of  the  Burgundians,  which  is  often  incorrectly  called  Papiani 
Liber  Responsorum. 

The  greater  part  of  the  Theodosian  code  and  of  the  Novellae  Con- 
Btitutiones  exist  in  their  genuine  state  :  the  first  five  books  of  the  code 
Md  the  begmmng  of  the  sixth  are  chiefly  found  only  in  the  Breviarium. 
The  exceUent  edition  of  J.  Gothofredus  (6  vols,  fol.,  Lyon,  1666,  re- 
edited  by  J.  p.  Ritter,  foL,  Leipzig,  1736-1745),  and  also  the  edition  of 
the  Jus  Civile  Antejustinianeum,  Berlin,  1816,  have  followed  the  text 
of  the  Breviarium  for  the  first  five  books  and  the  beginning  of  the 
mth.  But  Clossius  and  Peyron  have  subsequentiy  made  additions  to 
Si -1  ^«  ^^  ^^^'*  ^^  particularly  to  the  first ;  the  former  from  a 
miaji  MS.  of  the  Breviarium,  and  the  Utter  from  a  Turin  paUmpsest 
of  the  Theodosian  Code.    ('  Theodos.  Cod.  Genuina  Fragmenta,'  &o.. 


W.  P.  Clossius,  Tiib.,  1824, 8vo. ;  '  Cod.  Theodos.  Frs^gment.  inedd./&c^ 
Amad.  Peyron,  1823,  4to.)    Hand  has  also  added  to  the  l^ter  books. 
THEOLOGY  {BwKoyla),  the  science  which. relates  to  Ood. 

1.  Ikjiniiitm  of  Terms, — All  that  men  know  of  the  laature  of  God. 
considered  absolutely,  of  the  relations  between  God  oa  "tbe  one  baud 
and  themselves  and  other  beings  on  the  other,  together  'w^itli  the  con- 
sequences resulting  from  those  relations,  and  the  duties  arising  out  ot 
those  relations : — all  this  knowledge  is  described  by  the  -word  rtligvju. 
[Kklioion.]    To  reduce  this  knowledge  to  a  systematic  form,  is  tb« 
province  of  the  science  of  theology  ;  and  the  truths  of  relig^c»i,  when 
arranged  in  a  scientific  form,  constitute  a  sy«leM  o/  theoloffy^      Tbeol«>gT 
stands  to  religion  in  the  same  relation  as  that  in  which.  &very  other 
science  stands  to  its  subject;  for  instance,  natural  philosophy  to  matter, 
metaphysics  to  the  mind,  philology  to  Lmguage.    By  many  iwxiters  the 
words  theology  and  religion  are  used  as  synonymous  terms  ;   but  such  a 
usage  of  them  is  incorrecL 

The  above  definition  applies  to  the  word  as  it  has  been  understood 
for  some  centuries ;  but  its  earlier  use  was  somewhat  difierent  from 
this.     The  9w\Qyla  of  the  ancient  Greeks  was  fiXoo-o^Ja  w*pl   r«» 
$9l«y,  the  philosophy  of  divine  existences ;  and  it  included  all  questions 
relating  to  the  origin,  the  nature,  and  the  service  of  the  gods.     As 
relatiog  to  the  origin  and  mode  of  existence  of  the  gods,  Aristotle  uses 
the  verb  (kokoyint  {*  Metaphys.,'  i.  8) ;  and  Cicero  the  noun   theUogtu 
{*  De  Nat.  Deor.,*  iii.  21).    In  a  wider  signification  the  word  is  ii^ed 
by   Varro  (Augustin.,  'De  Civitat.  Dei/  vL  5;    compare    £uaebiu3, 
'  Prseparat.  Evaog.,' iv.,  130),  who  distinguishes  three  different  kind^ 
of  theology:  (1)  luAmiif,  or  foJtmlotum,  mythical  or  legendary;  ('I) 
^vcuc6v,  or  nahtra^r,  physical,  or  relating  to  the  nature  uf  the  goda ; 
(3)  voAiTOc^y,  or  ctvi/e,  political  or  popular.     Of  these,  the  first  is  the 
theology  of  poets,  the  second  that  of  philosophersy  the  third  that  oi 
the  people. 

In  the  New  Testament  the  word  is  not  used.  (The  title  of  the 
Apocalypse,  in  which  the  word  MKoyoi  is  applied  to  the  author,  h 
much  later  than  the  book  itself.)  [Apocalypse.]  The  simpler  terms 
hnowiedge  (yy&au)  and  faith  {witrris)  are  those  which  approach  most 
nearly  to  the  meaning  of  the  word  theology  ;  but  the  fact  being  that 
theology,  as  a  system,  is  not  taught  in  the  New  Testament,  there  is 
nothing  surprising  in  the  absence  of  the  word. 

Lastly,  the  modem  usage  of  the  word,  as  expressed  in  the  above 
definition,  was  first  adopted  by  Peter  Abailard  (ob.  1142)«  who  drew  up 
a  system  of  scholastic  divinity,  to  which  he  gave  the  title  of  '  Theologia 
Christiana.'  It  should  be  remarked  that  instead  of  the  Greek  wonl 
theology,  the  Latin  word  divinity  is  often  used  to  describe  the  science 
of  religion. 

2.  HivisioHi  of  the  Science, — With  reference  to  its  foundation, 
theology  is  divided,  as  explained  in  the  preceding  paragraph,  into 
Natural  and  Reveakd,  or  positive.  The  latter  word  is  used  to  indicate 
that  the  foundations  of  revealed  theology  are  the  expressed  wiU  of  Qcd ; 
just  as  we  speak  of  positive  laws.  The  term  positive  theology  is  also 
used  to  describe  any  system  of  theology  which  rests  upon  auUkority,  as, 
for  example,  the  system  embodied  in  the  formularies  of  a  particular 
dburoh. 

According  to  the  method  of  treating  the  subject^  theology  is  divided 
into  popular  or  biblical,  and  systematic  or  silastic  theology. 

According  to  the  part  of  the  subject  which  is  treated  of,  it  is  divided 
into  theoretical  and  practical  theology.  Of  these,  the  former  includes — 
(1)  the  knowledge  of  the  documents  which  contain  the  revelation,  the 

Sroof  of  their  authority,  and  the  explanation  of  their  meaning,  that  is, 
uJcegeHcal  Theology  ;  (2)  the  investigation,  arrangement,  and  discussion 
of  the  truths  so  revealed,  that  is,  Systematic  Theology;  (3)  the  workings 
and  changes  of  religion  among  those  who  have  professed  it,  or  Histori- 
cal Theology,  Practical  Theology  has  for  its  subjects  the  duties  of 
practical  religion,  and  the  various  modes  of  enforcing  them  on  men ; 
and  with  reference  to  the  latter,  it  is  divided  into — (1)  Momileties,  or 
preaching ;  (2)  Odtechetics,  or  teaching ;  (3)  Liturgies,  or  worship  and 
the  administration  of  the  sacraments ;  and  (4)  Pastoral  Theology,  or  the 
care  and  government  of  a  church. 

8.  DogvMttic  Theology,  or  DogmatieSf  means  more  than  the  term  sys- 
tematie  theology.  The  province  of  the  latter  is  simply  to  give  to  the 
scattered  truths  of  revelation  the  scientific  form  of  a  connected  system, 
in  whatever  manner  may  seem  most  convenient  to  the  f  ramer  of  the 
system ;  but  dogmatic  theclogy  aims  at  forming  a  system  which  shall  be 
accepted  as  binding  by  a  huge  body  of  religionists,  and  then  views  all 
religious  truth  in  the  light  of  that  system.  It  is  systematic  theology, 
with  the  idea  of  authority  superadded. 

Out  of  Dogmatic  Theology  springs  Controversial  Theology,  or  that 
mode  of  treating  the  subject  of  religion  in  which  some  particular 
system  of  dogmatics  is  defended,  or  some  other  system  attacked. 

See,  further,  the  articles  Canon;  Mibaole;  Rationalism;  and 
Revblation  ;  in  iK^ch  many  of  the  subjects  of  dogmatic  controversy 
are  discussed. 

THEORBO,  a  musical  instrument  of  the  lute  kind,  which  has  long 
fallen  into  disuse.  This  instrument  has  been  called  the  Cithara 
Bifuga,  its  two  heads  having  been  erroneously  considered  as  two  necku ; 
and  it  was  commonly  known  under  the  name  of  Arch-lute,  on  account 
of  its  magnitude.  The  upper  and  middle  strings  were  attached  to  the 
lower  head  or  nut ;  the  lower,  or  base  strings,  to  an  upper  or  addi« 
tional  one.    According  to  MaisUr  Mace  (1676),  the  Theorbo  was  tlie 
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old   English  lute  very  much  enlarged,  and  used  chiefly,  if  not  only,  aa 
an  accompaniment  to  the  voice. 

THEOREM  (9ci6pniua)  means  properly  a  thing  to  he  looked  at  or 
seen ;  and  is  used  in  mathematioB  to  signify  any  proposition  which 
states  its  conclusion  or  makes  any  affirmation  or  negation ;  as  distin- 
guished from  a  Pboblsu,  which  demands  or  requires  a  conclusion  to 
^be  arrived  at,  without  so  much  as  stating  whether  that  conclusion  is 
even  possible.  Thus :  **  Required  to  draw  a  tangent  to  a  circle  at  a 
g:iven  point,"  is  a  problem ;  but "  If  a  straight  line  be  drawn  at  right 
angles  to  a  diameter  from  its  extremity,  that  straight  line  is  a  tangent 
to  the  cirde,"  is  a  theorem.  The  problem  asks  discovery  both  of 
method  and  demonstration ;  the  theorem  asks  demonstration  only. 

This  distinction,  as  noticed  in  detail  in  Problbic,  was  not  made  by 
the  older  Greek  geometers.  Theodosius  is  the  first,  so  far  as  we  know, 
"who  uses  the  word  theorem,  but  none  of  his  propositions  ar«  problems. 
Pappus  is  the  first  who  uses  both  terms  in  the  distinctive  sense. 

THEORY,  THEORY  AND  PRACTICE.  If  articles  upon  the 
mere  meaning  of  words  be  admissible,  it  is  the  consequence  of  the 
manner  in  which  the  words  are  used.  Of  aU  the  fallacies  which  infest 
society,  the  most  common  is  that  of  applying  to  one  sense  of  a  word 
ideas  or  associations  derived  from  another ;  and  of  all  the  words  in 
use,  there  are  few  which  are  more  often  subjected  to  such  process  than 
those  which  stand  at  the  head  of  this  article. 

By  theory,  properly  speaking,  is  meant  the  mode  of  making  seen  and 
known  the  dependence  of  truths  upon  one  another :  a  theory  is  a  con- 
nected body  of  such  truths   belonging  to  one  or   more    common 
principles.    The  use  of  this  word  has  enlarged  with  the  boundaries  of 
the  sciences.    For  example,  before  the  discovery  of  imiversal  gravita- 
tion, all  that  was  known  of  any  one  planet  was  the  empirical  formulad 
for  one  or  two  of  its  inequalities.    This  constituted  the  theory  of  the 
planet  (then  so  called) :  thus  the  theory  of  the  moon,  so  far  as  peculiar, 
consisted  in  the  statement  of  the  laws  of  iiie  inequalities  csdled  the 
equation  of  the  centre,  the  eveotion,  &c.     In  our  day  the  point,  of 
view  is  changed ;  it  is  no  longer  the  mere  exhibition  of  these  ine- 
qualities which  constitutes  the  theory,  but  the  deduction  of  them,  as 
necessary  consequences,   from   the    principle    of   gravitation.      The 
theoretical  astronomer  now  starts  from  this  principle,  and,  taking  only 
one  position  and  velocity  for  his  numerical  data,  finds  out  every 
inequality  of  the  planetary  motions,  those  which  were  previously  known 
from  observation  and  more,  and  shows  how  to  form  them  into  tables. 
The  practical  astronomer  makes  these  tables,  computes  places  from 
them  for  the  current  year,  compares  these  places  with  the  results  of 
observation,  and  returning  the  comparison  into  the  hands  of  the 
theorist,  enables  him,  if  need  be,  to  correct  the  origmal  numerical 
data  to  which  he  applied  his  methods,  or  to  detect  new  inequalities. 
The  process  is  now  deductive ;  but  before  the  lime  of  Newton  it  was 
the  other  way.    The  observer  had  the  first  task ;  the  inequalities  were 
to  be  collected  from  comparison  of  observations,  and  their  laws,  reduced 
to  the  simplest  form,  were  the  data  for  future  tables. 

Again,  before  the  introduction  of  the  undulatory  hypothesis,  the. 
theory  of  light  consisted  in  the  exhibition  of  the  laws  of  reflexion  and 
refraction,  with  a  certain  extent  of  explanation  from  the  emanatory 
hypothesis  of  Newton.  Since  that  time  the  theory  of  light  has 
become,  though  at  a  distance,  a  resemblance  of  the  theory  of  gravita- 
tion in  its  character :  prediction  has  commenced,  that  is  to  say,  the 
phenomena  which  would  appear  under  certain  new  circumstances  have 
been  announced  before  any  experiments  were  made  to  discover  them ; 
and  correctly  annoimced.  This  is  the  end  to  which  theory  oug^t  to  be 
constantly  tending;  namely,  the  discovery  of  laws  of  action  in  so 
complete  a  manner  that  the  necessary  consequences  of  those  laws 
never  fail  to  make  their  appearance,  so  that  everything  which  is  seen  is 
found  to  be  a  consequence  of  the  laws  when  examined,  and  every  con- 
sequence of  the  laws  is  seen  in  phenomena  when  looked  for.  Whatever 
fulfils  these  conditions  may  be  called  a  perfect  theoiy,  or  a  perfect 
maihefnatical  theory. 

The  next  step  in  the  chain  of  discovery  is  one  which  may  in  most 
coses  be  incapable  of  attainment.  For  example,  nothing  is  more 
certain  than  that  the  assumption  of  every  particle  of  matter  attracting 
every  other  particle,  according  to  the  Newtonian  law,  leads  to  the 
complete  deduction  of  the  celestial  motions,  and  gives  the  complete 
power  of  prediction  just  alluded  to.  But  whether  this  attbaotion 
dues  actually  take  place,  or  whether  any  intermediate  agent  is 
employed,  though  it  matters  nothing  at  present  to  the  mathematical 
theory,  is  the  next  object  of  inquiry.  Could  this  point  be  ascertained, 
it  is  more  than  probable  that  the  knowledge  of  the  constitution  of 
matter  to  which  it  would  lead,  would  open  hundreds  of  important 
consequences  even  in  the  application  of  science  to  the  arts.  [Cause  ; 
Hypothesis.] 

Before  coming  to  the  distinction  between  theory  and  practice,  we 
must  observe  that  theories  may  be  divided  into  two  classes,  the  more 
perfect  and  the  less  perfect.  We  cannot  say  that  any  theory  is 
absolutely  perfect ;  but  there  are  some  of  which  the  defects  are  hardly 
perceptible,  and  others  in  which  the  contrary  is  the  case.  For  example, 
the  theory  of  the  statics  and  dynamics  of  rigid  bodies  is  tolerably 
perfect ;  but  that  of  bodies  composed  of  particles  acted  on  by  molecular 
forces  is  in  its  infancy.  We  know  a  great  deal  more  of  the  connection 
of  the  planetary  worlds  with  each  other  than  we  do  of  the  particles 
which,  when  connected  together,  form  a  bar  of  iron  or  of  oak.    We 


know  that  the  bar  is  not  perfectly  rigid ;  that  it  bends  and  breaka : 
and  the  degree  of  bending  which  a  given  force  will  cause,  and  the 
amount  of  pressure  necessary  to  produce  fracture,  must  be  sought  for 
in  experiments,  from  which,  imperfect  aa  they  are,  the  laws  which 
would  follow  from  a  good  theory,  if  we  had  one,  are  to  be  deduced. 
In  Buoh  a  subject  our  theory,  instead  of  being  an  all-sufficient  puicie,  is 
only  a  AeZp,  the  services  of  which  are  to  be  used  to  aa  extent  which 
discrimination  derived  from  practice  and  experience  must  point  out. 
Many  a  person  who  thinks  he  is  proceeding  upon  experience  only  is 
really  making  use  of  a  mixture  m  which  there  is  theory,  though  his 
own  knowledge  of  the  process  ho  uses,  and  of  its  history,  may  not  be 
sufficient  to  inform  him  of  it. 

A  person  who  uses  an  imperfect  theory  with  the  confidence  due 
only  to  a  perfect  one  will  naturally  fall  into  abundance  of  mistakes ; 
his  predictions  will  be  crossed  by  disturbing  circumstances  of  whic^ 
his  theory  is  not  able  to  take  account^  and  his  credit  will  be  lowered  by 
the  failure.  And  inasmuch  as  more  theories  are  imperfect  than  are 
perfect,  and  of  those  who  attend  to  anything,  those  who  acquire  very 
sound  habits  of  judging  are  few  oompared  with  those  who  do  not  get 
so  far,  it  must  have  happened,  as  it  has  happened,  that  a  great  quantity 
of  mistake  has  been  made  by  those  who  do  not  understand  the  true  use 
of  an  imperfect  theory.  Hence  much  discredit  has  been  brought  upon 
theory  in  general ;  and  the  schism  of  theoretical  and  practical  men  has 
arisen.  Fortunately  there  are  many  of  the  former  who  attend 
properly  to  the  improvement  of  impierfect  theory  by  practice;  and 
many  calling  themselves  practical  who  seise  with  avidity  all  that 
theory  can  do  for  them,  and  who  know  that  step  by  step  theory  has 
been  making  her  way  with  giant  strides  into  the  territory  of  practice 
for  the  last  century  and  a  hidl 

By  practice,  as  distinguished  from  theory,  is  meant  (not  by  us,  but 
by  those  who  contend  for  the  distinction)  the  application  of  that 
knowledge  which  comes  from  experience  only,  and  is  not  sufficiently 
connected  with  any  general  principles  to  be  entitled  to  the  nunc  of  a 
theory.  The  distinction  of  labourers  in  the  field  of  science  or  art  into 
theoretical  and  practical  is  not  strictly  a  just  one,  for  there  is  no 
liieorist  whose  knowledge  is  all  theory,  and  there  is  no  practical  man 
whose  skill  va  all  derived  from  experience.  But  the  terms  will  do  well 
enou^  to  distinguish  two  classes  whom  peculiarities  it  might  be 
difficult  to  define  exactly. 

The  practical  man,  when  he  is  really  nothing  more,  is  one  who  can 
just  do  what  he  has  been  taught  to  do,  and  who  has  acquired  skill  and 
judgment  in  a  small  range  of  occupations.  All  who  pride  themselves 
upon  the  title  would  be  displeased  at  this  definition,  and  we  readily 
admit  that  many  of  them  are  entitled  to  a  higher  character;  but  only 
because  the  title  by  which  they  delight  to 'describe  themselves  is  a 
wrong  one.  They  desire,  under  the  name  of  a  workman,  to  chdm  the 
qualities  of  a  master.  The  term  theoretictd  serves,  aa  one  of  contempt, 
to  designate  any  thing  of- which  they  disapprove ;  and  as  there  never  is 
any  fallacy  which  is  not  carried  to  a  foolVcap  extent  by  the  lower 
order  of  users,  it  would  not  be  difficult  to  make  a  most  amusing  selec- 
tion of  instances  of  the  manner  in  which  the  distinction  has  been 
worked  by  the  laiige  number  who  are  at  the  bottom  of  the  class,  and  in 
whose  heads  it  runs  that  their  own  ignorance  is  practical  and  others' 
tnowledge  theoretical.  Our  attention  was  called  to  this  class  in  early 
youth  by  hearing  an  educated  person  state  that  he  was  a  "  practical 
man,"  by  way  of  declining  a  question  which  involved  knowledge  of 
fractions  ;  it  was  then  extracted  from  him,  to  the  delight  of  bystanders, 
that  all  above  integert  is  theory.  And  from  that  time  whenever  we 
wish,  in  a  delicate  way,  to  find  out  how  much  a  person  knows  of  hus 
subject,  we  manage  to  ascertain  to  what  extent  he  considers  it  practi- 
cally fueffU.  And  vre  have  thus  discovered  that  what  happens  to 
ourselves  happens  to  others,  namely,  that  all  knowledge  which  i$ 
possessed  is  practically  useful,  and  aU  which  is  not  possessed  is  not. 
It  is  very  often  notioMl  that  men  are  onduly  given  to  puff  and  vaunt 
their  own  professions;  whereby  they  provoke  the  retort  of  ''nothing 
like  leather,"  being  the  words  the  currier  used  when  he  was  aske9 
what  the  city  walls  should  be  made  of.  The  sarcasm  is  often  unjust 
The  exaggerator  is  frequently  giving  a  true  account  of  the  effects  of 
knowledge:  his  mistake  lies  only  in  restricting  those  effects  to  the 
knowledge  of  things  in  his  own  line,  the  only  knowledge  he  has  ever 
sufficiently  cultivated. 

We  say  nothing  about  those  to  whom  theory  is  but  a  name  under 
which  they  may  safely  sneer  at  knowledge,  except  this:  two  small 
commercial  companies  sometimes  prolong  their  existence  by  amalga- 
mating, as  they  call  it ;  would  it  not  be  desirable  that  they  should  join 
those  who  use  the  word  infidelity  instead  of  theory  t  We  give  a 'passing 
word  to  the  many  who  blind  themselves  to  the  difference  between  truth 
and  falsehood  by  disguising* the  latter  under  the  name  of  practice.  It 
chanced  to  us  long  ago  to  advise  a  very  worthy  man  of  business,  now  dead, 
upon  the  terms  of  an  advertisement.  On  one  of  our  alterations  he  re- 
marked "  Don*t  you  think  that,  practically,  it  would  read  better  my 
way  ? " — "  It  would,"  said  we,  "  the  objection  is,  that  it  would  not  be 
true."  Our  friend  stared  as  if  a  light  had  broken  in  upon  him,  and 
said,  *'  Well,  Sir,  there  ur  something  in  that."  We  remember  seeing  a 
theorist,  as  he  was  called,  endeavour  to  make  the  managers  of  a  certain 
undertaking  comprehend  that  their  profits  could  not  exceed  the  excess 
of  the  gross  returns  over  the  outlay,  after  they  had  been  trying  to 
cheat  the  eguoHon  by  inventing  names  for  what  Uiey  would  have  liked 
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to  have,  but  which  the  theoriBt  assured  them  they  would  not  get,  for 
the  preceding  reason.  The  answer  was,  "  That  is  very  true  theoretically , 
but  now  let  us  look  at  it  practically"  We  shall  say  no  more  of  the 
gross  abuse  of  the  terms,  except  to  remark  that  were  it  worth  while 
really  to  make  a  contest  between  theory  and  practice,  it  would  be 
difficult  to  say  on  which  side  tiie  balance  of  absurdity  would  incline ; 
or  whether  the  man  who  is  too  confident  in  his  theory,  or  too  confident 
in  his  experience,  has  done  most  mischief  for  the  time  being. 

Coming  now  to  the  higher  class  of  practical  men,  and  speaking  as  of 
the  balance  between  two  methods  the  value  of  both  of  which  is 
admitted,  we  observe  there  are  obvious  faults  to  which  both  parties  are 
subject,  both  in  conduct,  and  in  argument  respecting  their  pursuits. 
Qreat  care  is  necessary  to  secure  the  theorist  from  pushing  an  im- 
perfect theory  too  far,  and  neglecting  causes  of  disturbance ;  but  at 
feast  as  much  is  necessary  to  prevent  the  practical  man  from  general- 
ising  into  theory  from  imperfect  experience,  or  from  restraining  inquixr 
by  a  notion  formed  from  practice.  This  is  his  besetting  sin,  to  such 
an  extent  that  we  should  almost  be  inclined  to  say  that  the  fault  of  a 
practical  man  is  a  tendency  to  form  false  theory,  as  that  of  tho  theorist 
IS  to  make  false  applications.  We  have  often  been  surprised  at  the 
boldness  with  which  the  former  assert  generalities,  upon  evidence 
which  would  only  make  a  pure  theorist  look  for  further  information. 
Ansdogies  are  of  all  things  the  most  deceptive.  Much  and  frequent 
attention  to  men's  arguments  has  left  us  with  a  feeling  which,  whenever 
we  hear  a  person  begin  with  "  I  am  a  practical  man/'  makes  us  say  to 
ourselves, ''  Now  for  a  smack  of  false  theory." 

In  argument  there  is  one  mode  which  is  common  to  both  parties, 
and  which  is  exceedingly  detrimental.  It  is  the  selection  of  instances 
from  the  very  highest  minds  of  the  two  orders,  to  illustrate  the  effects 
of  theory  or  practice  upon  the  general  mass  of  understandings  :  minds 
the  superior  calibre  of  which,  and  their  power  of  adapting  ^emselves 
to  circumstances,  and  making  the  most  of  what  they  have,  render  them 
exceptions  to  all  rules,  and  no  proper  examples  of  the  most  advantage* 
ous  course  of  training.  Every  one  likes,  no  doubt,  to  draw  consequences 
about  and  concerning  his  own  self  from  a  contemplation  of  the  minds 
and  methods  of  the  Newtons  or  the  Galileos  of  a  higher  sphere  of 
intellectual  existence,  or  the  Arkwrights  or  Telfords  of  a  better  state 
of  power  of  adaptation.  "  What  is  your  theory  good  for  ?"  says  the 
tongue  attached  to  some  head  which  holds  about  the  same  weight  of 
conceit  that  Telford's  did  of  sagacity ;  "  Telford  knew  nothing  of  it^ 
and  I  may  do  without  it  too."  llie  answer  is — Tdford,  The  opinion 
of  Bacon  was,  that  "  the  root  of  aU  the  mischief  in  the  sciences  is,  that, 
falsely  magnifying  and  admiring  the  powers  of  the  mind,  we  seek  not 
its  r^  helps,"  a  maxim  full  of  meaning,  and  a  lesson  to  him  who  rates 
theory  too  highly,  and  also  to  one  who  thinks  that  the  only  use  of 
his  mind  is  to  arrange  the  results  of  experience,  his  own  or  others. 
What  are  the  majority  of  men,  that  they  should  look  down  upon  any 
course  of  training,  theoretical  or  practical  ? 

Another  fault  of  ai^ument,  but  almost  peculiar  to  the  practical 
world,  who  have  the  force  of  numbers  on  their  own  side,  is  the  habit 
of  claiming  all  who  are  successful  in  application  as  instances  of  their 
own  method  and  knights  of  their  own  order.  Suppose  that  one  indivi- 
dual should  discover  a  mine,  work  it  with  his  own  hand^  purify  the 
ore,  and  beat  the  metal  into  a  horse-shoe ;  which  is  he,  a  geologist, 
miner,  furnace-man,  or  blacksmith  ?  He  has  done  the  work  of  all,  but 
the  community  of  blacksmiths  would  hardly  be  allowed  to  claim  him  as 
peculiarly  belonging  to  themselves.  When  a  person  who  has  mastered 
the  difficulties  of  theory  has  also  successfully  applied  them,  he  is  free 
of  both  corporations ;  but  those  who  attend  only  to  application,  never 
fail  to  appropriate  his  merits.  Watt  is  a  striking  instance  ,*  he  was  a 
highly  accomplished  theorist  on  every  point  on  which  he  worked :  and 
yet  his  name  has  been  frequently  cited  as  a  proof  that  theory  could  be 
dispensed  with.  And  his  career,  when  compared  with  that  of  Telford, 
will  illustrate  theory  applied  to  practice,  as  distinguished  from  practice 
alone,  however  acute.  It  is  impossible  to  contemplate  the  career  of 
Telford  without  a  feeling  of  high  interest^  created  by  the  comparison 
of  his  apparently  inadequate  education  wiUi  his  startling  successes. 
Looking  at  the  individual  himself,  there  is  everything  for  his  age  to 
admire;  and  so  long  as  his  structures  hist,  each  of  them  is  the  wont*- 
men  turn,  but  not  m'e  percnnius.  The  time  will  come  when  his  name 
shall  be  like  that  of  the  biiilder  of  the  old  London  bridge,  who  was  no 
doubt  the  Telford  of  the  day,  a  stimulus  to  his  contemporaries,  useful 
and  honoured,  but  not  the  remembered  of  succeeding  ages.  On  the 
other  hand,  the  discoveries  of  Watt,  though  equally  startling  in  what 
is  called  the  practical  point  of  view,  have  the  mind  of  the  discoverer 
impressed  upon  them,  and  have  been,  and  must  be,  the  guide  of  his 
successors,  not  merely  to  repetitions  of  what  he  did  himself,  but  to 
enlargement  of  ideas,  and  to  the  conversion  of  principles  into  forms 
useful  in  art.  Take  away  the  honourable  qualities  which  enabled  the 
two  men  to  outstrip  their  contemporaries,  each  in  his  line,  quiJities 
which  are  the  properties  of  the  individual  minds,  and  consider  what  is 
left,  namely,  their  modes  of  proceeding ;  consider  the  effect  of  these 
two  modes  upon  men  in  general,  and  there  is  nothing  in  that  of  Telford 
which  would  raise  the  workman  above  a  workman,  while  in  that  of 
Watt  there  is  the  vital  principle  to  which  we  owe  all  the  mechanical 
triumphs  of  civilisation  and  all  the  theoretical  successes  of  physical 
philosophy. 

This  country  has  been  long  and  happily  distinguished  for  the  great 


attention  which  has  been  paid  to  application;  but  it  is  a  mistake  to 
suppose,  as  some  do,  that  our  supremacy  in  practical  matters  has  been 
co-ordinate  vrith,  still  less  owing  to,  neglect  of  theory.     It  would  be 
easy  to  show  that  though  the  comparative  n^lect  of  theory  alone, 
a»  apfovuit,  added  to  its  diligent  cultivation  on  the  Continent,  uzider 
the  encouragement  of  govenmient,  had  given  to  foreign  countries  a 
decided  preponderance,  now  very  much  on  the  wane,  of  theoretical 
inquirers  and  writers,  yet  that  there  has  been  no  country  in  £urope  in 
wluch  a  competent  knowledge  of  the  mathematics  and  their  applica- 
tions has  been  spread  over  so  large  a  mass,  or  raised  to  so  high  an 
average.    At  any  time  since  the  beginning  of  the  17th  century  the 
total  amount  of  theory  in  Britain  has  been  larger  than  in  any  other 
European  country,  on  account  of  the  numbers  who  have  poaseased 
a  useful  amount  of  knowledge :  the  diffusion  of  education  in  Germany 
may  have  altered  our  position,  but  of  this  we  are  not  sure.     For  our- 
selves we  are  pOTfectly  satisfied,  however  little  those  most  concerned 
may  know  it,  that  this  greater  diffusion  of  theory  has  been  the  original 
moving  cause  of  the  practical  excellence  to  which  we  have  alluded. 
If  those  who  have  become  known  for  splendid  achievements  in   the 
former  are  few,  the  same  may  also  be  said  of  the  latter ;  but  a  country 
owes  its  excellence  in  either  department,  not  to  one  or  two  of  the 
highest,  but  to  the  mass  of  those  who  have  competent  knowledge, 
producing  good  habits  of  thought  and  action.    It  is  a  new  thing  to 
hear  one  branch  set  against  the  other,  and  would  make  our  writers  of 
a  century  back  think  that  posterity  had  lost  its  senses.     The  only 
addition  wanted  has  been  some  means  of  systeiruiticaUy  nurturing  the 
growth  of  theory,  so  that,  well  as  we  have  done  with  what  we  hare, 
we  may  do  better  with  more.    The  efforts  which  are  making  on  every 
side  to  extend  education  will,  it  mav  be  hoped,  do  what  is  wanted  in 
this  particular ;  they  vriU  at  least  have  the  effect  of  making  it  clear 
that,  whatever  the  force  of  genius  may  do  for  an  isolated  exception, 
the  mass  of  mankind  must  place  their  best  hope  of  progress  in  the 
imion  of  theory  and  practice. 

There  is  also  a  mode  of  viewing  what  we  may  caU  the  action  of 
theory,  which  is  absolutely  necessary  to  a  true  conception  of  the  value 
of  their  labours  who  employ  their  time  in  its  advancement.    Watch  the 
arguments  of  a  person  who  calls  himself,  distinctively,  a  practical 
man,  and  it  will  be  always  found  that  a  well-established  theory,  fifty 
years  old,  is  practical  knowledge,  so  called.    To  this  there  cannot  be 
the  slightest  objection  in  the  non-distinctive  sense  :  a  well-established 
theory,  which  has  been  shown  to  be  sufficient,  is  highly  practical,  as 
opposed  to  one  of  which  the  investigation  is  more  recent,  and  the  complete* 
neas  not  so  well  ascertained.  But  when  the  question  is  theory,  as  theory, 
against  practice,  as  practice,  the  advocates  of  the  latter  frequently 
find  it  convenient  to  assume,  for  their  own  share  of  the  matters  in 
contest,  all  the  best  theories  plm  the  most  recent  practical  knowledge, 
leaving  to  the  other  side  the  onus  of  supporting  theory  upon  the  most 
imperfect  part  of  the  mass  of  doctrines  which  it  contaiiu,  being  that 
part  which  is  not  yet  off  the  anvil.  Suppose  a  merchant  going  into  the 
bail  court  to  prove  his  being  worth  a  certain  sum :  he  is  asked  whether 
his  business,  all  debts  and  risks  allowed  for,  would  produce  that  sum : 
he  replies,  that  his  ventures  must  be  beyond  record  unsuccessful,  if  it 
would  not  be  so,  over  and   over  agaiiL    "So  then,"  he  is  further 
questioned,  "you  cannot  positively  swear  that  your  business  will  make 
you  worth  the  sum  in  question."    "  I  caxmot,"  he  replies,   **  positively 
swear  any  such  thing ;  but  I  have  enough  not  employed  in  business, 
in  land  and  mortgages,  and  in  the  funds,  to  pay  twenty  shillings  in  the 
pound  five  times  over  upon  every  risk  which  I  am  liable  to."    What 
would  be  thought  of  counsel  who  should  retort, "  That  is  nothing  to  us ; 
you  are  described  as  a  merchant,  and  your  solvency  must  be  tried  by 
the  state  of  that  part  of  your  property  which  is  now  undergoing  the 
fluctuations  of  trade  ? "  Such  is  and  always  must  be  the  state  of  theory; 
the  amount  which  is  actually  realised  is  enormously  greater  than  the 
floating  balance  which  is  being  worked  out.    Those  who  are  engaged  in 
producing  fixed  capital  from  &e  latter,  have  a  right  to  the  credit  which 
arises  from  the  interest  of  the  former:  their  labours  for  the  time 
being  are  not  to  produce  their  return  at  the  instant. 

We  have,  in  compliance  with  common  notions,  not  adverted  to  the 
consequences  of  theory  upon  the  mind  and  thoughts  of  men,  but  have 
treated  it  as  if  its  sole  object  were  to  advance  the  mechanical  arts  and 
better  the  physical  condition  of  society.  But  this  is  under  protest 
that  even  if  it  could  not  be  proved  that  rational  investigation  of 
nature  had  added  one  single  atom  to  the  physical  comfort  of  life,  there 
would  remain  such  an  enormous  mass  of  social  ameliorations  which 
can  be  traced  to  that  source  as  would  outweigh  even  the  triumphs  of 
steam.  This  is  often  forgotten  by  the  highest  men  of  the  highest  and 
most  valuable  practice,  meaning  the  best  application  of  the  truest 
theory.  They  confound  practice  with  application  to  matter  as  opposed 
to  mtmi.  On  this  point  we  quote  something  we  have  printed  else- 
where. "  There  is  a  strong  impression  in  the  world  of  physical  inquiry 
that  a  mathematician  is  almost  boimd,  whatever  his  pursuit  may  be, 
to  make  his  science  the  means  of  investigating  or  registering  some 
facts  coimected  with  the  material  world.  A  teacher  of  mathematics 
for  example,  whose  business  it  is  to  study  the  mind  and  its  discipline, 
that  he  may  make  his  teaching  permanentlv  useful  to  those  who  will 
not,  in  nineteen  cases  out  of  twenty,  ever  have  any  need  to  apply  it 
professionally,  would  be  thought  quite  in  the  right  way  if  he  should 
take  to  investigating  the  force  of  steam,  or  the  strength  of  beams,  or 
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the  orbits  of  binary  stara :  tbey  would  call  him  a  practical  man,  I 
should  give  him  quite  another  name  if  he  took  up  steam  or  star  for 
anything  beyond  relaxation,  supposing  his  taste  to  turn  that  way. 
The  disposition  to  hold  material  application  to  be  always  practical  is 
one  of  the  oonsequences  of  the  want  of  psychological  thought,  and  will 
vanish  before  sound  logical  training,  wiUi  other  myopisms."  ('  Cambr. 
PhlL  Truis./  vol.  z.  p.  1.) 

In  condusion,  the  word  practice  as  opposed  to  theory  takes  an 
advantage  from  its  meaning  as  opposed  to  profusion.  There  are  many 
persons  who  have  so  hazy  a  view  of  the  two  meanings  as  to  imagine 
that  the  two  antitheses  are  one  and  the  same. 

THEORY  OF  COUPLES.  The  two  motions  of  which  any  rigid 
system  is  susceptible  are  those  of  Translation  and  of  Rotation. 
Each  of  these  has  this  peculiarity,  namely,  that  one  particular -case  of 
its  application  yields  the  other  kind  of  motion.  Every  motion  of  a 
system  can,  for  any  one  instant,  be  resolved,  at  most,  into  a  motion  of 
translation  of  the  whole  system,  combined  with  a  motion  of  rotation 
about  an  axis ;  and  every  application  of  a  system  of  forces  to  any  rigid 
body,  produces,  generally  speaking,  this  compound  of  translation  and 
rotation.  Also,  if  equal  and  opposite  forces,  such  as  would  produce 
simple  translation,  be  applied  at  the  same  point,  or  if  eqxial  and  oppo- 
site forces,  such  as  would  produce  rotation,  be  applied  about  the  same 
axis,  the  result  is  that  ^e  equilibrium,  or  previous  motion,  of  the 
system  remains  undisturbed. 

But  if  the  equal  and  opposite  forces  of  translation  be  applied  at 
different  points,  the  result  is  h)tation  only,  for  the  first  instant ;  and 
if  the  equal  and  opposite  forces  of  rotation  be  applied  about  axes  not 
coinciding,  but  oiily  parallel,  the  effect^  at  the  first  instant,  Ib  transla- 
tion only.  And  though  the  doctrine  of  motion  is  now  properly  e;c- 
cluded  m>m  statics,  yet  the  preceding  theorems,  together  with  others 
mentioned  in  Rotation,  should  be  well  understood,  and  viewed  in 
connection  with  the  science  of  equilibrium,  which  is  always  illustrated, 
though  it  may  not  be  demonstrated,  by  such  considerations. 

It  was  for  a  long  time  a  curious  but  barren  exception,  that  though 
any  two  forces  acting  in  the  same  plane  may,  generally  speaking,  have 
their  joint  efifect  supplied  by  one  single  third  force,  yet  if  the  two 
forces  be  equal  in  magnitude,  and  opposite  in  direction,  no  such  single 
third  force  will  do.  If  indeed  they  be  applied  in  the  same  line,  as  op 
and  q  B  in  the  first  figure,  they  equilibrate  each  other ;  but  if  -not  in 
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the  same  line,  as  o  f  and  q  r  in  the  second  figure,  no  one  single  force 
can  be  found  which  wUl  eiliier  equilibrate  them,  or  produce  their 
efiect.  Some  years  ago,  M.  Poinsot,  already  mentioned  for  his 
beautiful  theory  of  Rotation,  applied  a  remarkable  theorem  con- 
nected with  sucn  pairs  of  forces  to  the  establishment  of  the  theory  of 
the  statics  of  rigid  bodies,  in  a  manner  which  has  made  his  system 
rapidly  take  its  place  among  the  fundamental  bases  of  the  science.  We 
shall  m  *hf«  article  point  out  the  manner  in  which  this  can  be  done, 
without  much  demonstration,  with  a  view  to  draw  the  attention  of 
those  who  have  learned  the  doctrine  of  equilibrium  in  the  old  way  : 
we  cannot  make  it  intelligible  (without  too  great  length)  except  to 
those  who  have  learned  the  principles  of  analytical  statics. 

M.  Poinsot  called  a  pair  of  equal  and  opposite  forces,  not  equili- 
brating each  other,  by  the  name  of  a  couple — too  general  a  term 
perhaps :  by  it  is  to  be  understood  a  couple  which  cannot  be  made 
anything  but  a  couple,  or  cannot  be  replaced  by  one  force :  an  incom' 
posible  couple.  The  plane  of  tiie  couple  Ib  the  plane  drawn  through 
the  parallel  forces ;  the  arm  of  the  couple  is  any  line  drawn  perpen- 
dicular to  the  forces  from  the  direction  of  >jne  to  that  of  the  other; 
the  axis  of  the  couple  is  any  straight  lino  perpendicular  to  its  plane. 
And  if  we  consider  any  axis,  it  will  be  apparent  that  the  moment  or 
leverage  of  the  couple  [Lever]  to  turn  the  ^stem  about  that  axis  is 
represented  by  the  product  of  one  of  the  forces  and  the  arm.  For  if, 
with  reference  to  the  axis,  x  be  the  arm  of  one  of  the  foroes,  a;  ±  a  is 
that  of  the  other,  a  being  the  arm  of  the  couple.  Hence  if  p  be  one 
of  the  forces,  the  united  leverage  is  p  (x  +  a)  —  p  a;  or  J;  Pa.  This 
product  p  a  is  csMod  the  moment  of  the  couple. 

The  last-mentioned  property  will  give  a  high  probability  of  itseH  to 
the  following  theorems,  which  are  the  basis  of  the  theory  of  couples, 
and  can  be  proved,  the  first  by  aid  of  the  composition  of  forces  only, 
the  second  by  the  principle  of  tiie  lever.  Any  couple  may  have  the 
direction  of  its  arm  clumged,  and  consequently  of  its  forces,  in  any 
manner  whatsoever,  either  in  its  own  plane,  or  in  any  plane  parallel  to 
it,  provided  only  that  the  direction  in  which  it  tends  to  turn  the  sys- 
tem remains  unaltered.  Secondly,  any  couple  may  be  replaced  by 
another  which  has  the  some  moment,  the  plane  and  direction  of 
turning  renmning  unaltered ;  that  is,  the  arm  may  be  shortened  or 
lengthened  in  any  manner,  provided  the  forces  be  increased  or  dimi- 
nished in  the  same  proportion.  If  the  system  were  in  equilibrium 
before,  it  will  remain  in  equilibrium,  however  its  couples  may  be  altered, 
in  any  manner  described  in  the  above  theorems.  Hence  it  follows 
that  a  couple  is  entirely  given  when  there  are  given : — 1.  Its  axis  or 
any  line  perpendicular  to  its  lylme,  which  is  also  perpendicular  to  any 
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of  the  planes  into  which  it  may  be  removed.  2.  The  moment  of  the 
couple ;  specific  forces  or  arms  are  unnecessary  for  its  description,  so 
long  as  their  product  is  given.  3.  The  direction  in  which  it  tends  to 
turn  the  system.  The  easiest  way  of  describing  a  couple  is  then  aa 
follows ;  suppose,  for  example,  a  horizontal  one  : — Take  any  vertical 
line  for  the  axis  of  the  couple ;  on  that  axis  lay  down  a  line  propor- 
tional to  its  moment,  and  agree  that  vertical  lines  drawn  upwards  shall 
represent  moments  tending  to  turn  the  system  from  west  to  east ;  and 
downwards,  those  tending  to  turn  the  system  from  east  to  west.  But 
a  sign  must  also  be  agreed  upon ;  positive  moment  must  consist  in 
tendency  to  turn  in  one  direction,  and  negative  in  the  other. 

The  composition  and  resolution  of  couples  is  easily  shown  to  be 
done  in  a  manner  which  perfectly  resembles  that  of  Rotations.  When 
the  couples  con  have  a  common  axis  (act  in  the  same  plane  or  parallel 
planes),  the  moment  of  the  resultant  is,  in  sign  and  magnitude,  the 
sum  of  the  moments  of  the  components,  with  their  proper  signs.  To 
find  the  resultant  of  two  couples  which  cannot  have  a  common  axis, 
take  axes  to  them  which  pass  through  the  same  point,  and  on  these 
axes  lay  down  lines  representing  the  moments  of  the  couples  in  their 
proper  direction.  On  those  lines  complete  a  parallelogram  ;  the 
direction  of  the  diagonal  is  the  axis  of  the  resulting  couple,  and  its 
length  represents  the  moment  of  that  couple.  Care  must  be  taken  to 
lay  down  the  directions  of  the  moments  properly  on  the  axes ;  the  best 
isolated  rule  (when  reference  is  not  made  to  distinct  co-ordinate  planes) 
is  as  follows :  Let  the  parts  of  the  plane  of  the  axes  which  lie  in  the 
angle  made  by  the  lines  representing  moments  be  turned  by  the  two 
couples  in  opposite  directions.  To  the  student  to  whom  such  a 
direction  would  be  useful,  we  should  say,  appeal  in  all  cases  to  the 
pei-ccptions  derived  from  Rotation. 

To  apply  the  preceding  theorems  to  the  statics  of  a  rigid  body,  we 
fitst  take  the  following  conventions : — Assume  an  origin  and  three 
rectangular  axes  of  co-ordinates,  as  usual.  Let  the  forces  which  act  at 
each  pobit  of  the  system  be  decomposed  into  three,  parallel  to  the 
axes  of  Xf  y,  and  z.  Let  each  force  be  called  positive,  when  it  acts 
towards  the  positive  part  of  the  axis  to  which  it  is  parallel ;  if,  for 
instance,  the  axis  of  z  be  vertical,  and  if  its  positive  part  tend  upwards, 
all  forces  in  the  direction  of  e,  wherever  they  act,  are  called  positive 
while  they  act  upwards,  and  negative  when  downwards.  As  to  couples, 
let  their  moments  be  called  positive  when,  acting  in  the  planes  of  x 
and  y,  y  and  z,  z  and  x^  they  tend  to  turn  the  positive  part  of  the  first- 
named  towards  the  positive  part  of  the  second  (xy^  yz,  zx).  Let  P^  be 
the  first  point  of  the  system ;  let  its  co-ordinates  be  x^,  y^,  z^ ;  let  the 
forces  in  the  three  directions  acting  at  that  point  be  x^,  t^,  z^.  Let  p, 
be  the  second  point ;  x^,  y^  z.,  its  co-ordinates ;  x^  T„  z,,  the  forces 
there  applied;  and  so  on.  All  co-ordinates  and  forces  have  their 
proper  signs.  At  the  origin  apply  the  following  jmirs  of  equilibrating 
forces  :  x^  and  —  Xj,  t^  and  —  y^,  z^  and  — z^ ;  x,  and  -  x^  t,  and  —  t^, 
Zg  and  —  z,,  and  so  on ;  which  of  course  do  not  affect  the  equilibrium, 
and  are  over  and  above  those  already  applied.  Again,  at  the  extremity 
of  a?j,  in  the  axis  of  x,  apply  the  equilibrating  forces  Y^,  — Vj ;  at  the 
extremity  of  y^,  in  the  axis  of  y,  apply  z^,  —  z, ;  at  the  extremity  of  Zj, 
in  the  axis  of  z,  apply  Xj,  — x,^ ;  and  so  on  for  the  other  points.  Lastly, 
let  the  points  of  application  of  the  original  forces  x^,  t^,  Zj,  be  changed 
BO  that  each  shall  act  at  the  projection  of  the  point  of  application  made 
by  its  co-ordinate ;  and  the  same  for  the  other  points^  Nothing  is 
done  but  the  application  of  mutually  destroying  forces,  or  the  chxmge 
of  the  point  of  application  of  a  force  to  another  point  in  its  direction, 
and  the  following  fig^ure  will  show  the  present  arrangement  for  one 
point.  The  original  forces,  transferred,  are  marked  x,  T,  z ;  the  original 
point  of  application,  p ;  and  the  other  forces,  equilibrating  two  and  two, 
have  great  and  small  letters  at  their  extremities. 


We  now  see  that  the  forces  x,  T,  Zj'are  equivalent  to — 

1.  The  forces  x,  y,  z  (marked  a,  d,  o)  applied  at  the  origin. 

2.  A  pair  of  couples  to  the  axis  of  z  (l,  b)  (x,  n),  the  first  podtive 
with  the  moment  yx,  the  second  negative  with  the  moment  xy.  Theb< 
two  are  equivalent  to  one  couple  with  the  moment  yx—  xy. 
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3.  A  pair  of  couples  to  the  axis  of  x  (v.,  c)  (t,  /),  the  total  moment 
of  which  ia  zy—xz. 

4.  A  pair  of  couples  to  the  axis  of  y  (n,  a)  (z,  m),  the  total  moment 
of  which  is  X2 — zx. 

Apply  thb  to  every  point  in  the  system,  and  let  2x  stand  for 
X^  -f  X,  + ,  &c.,  and  so  on :  hence  it  appears  that  the  whole  of  the  forces 
are  equivalent  to  forces  2x,  2y,  2z,  applied  at  the  origin  in  the 
directions  of  x,  y,  and  z,  together  with  couples  in  the  planes  of  xy,  yz, 
MX,  of  which  the  moments  are — 

2  (y«— xy),  2  (zy— y«),  2  (X2— zjf). 

Let  A= 2x,  L= 2  (zy—rz) 
b=2y,  m=2(xz— zo?) 
0  s  2z,  N = 2  {Yx—xy) 
v=  V(a'  +  b2  +  c2),  w==  V(l'  +  m'  +  n') 

Then  it  appears  that  all  the  forces  can  be  reduced  to  one  force,  v, 
acting  at  the  origin,  making  angles  with  the  axes  whose  cosines  are 
A  :  V,  B :  y,  0 :  y ;  and  one  couple  having  a  moment  w,  and  whose  axis 
makes  with  the  axes  of  co-ordinates  angles  whose  cosines  are  L :  w, 
M :  w,  K  :w.  But  when  there  is  equilibrium,  both  the  force  and  the 
moment  of  the  couple  must  vanish,  for  the  single  force  cannot  equili- 
brate *a  couple.  Consequently  the  conditions  of  equilibrium  are  y=:0, 
w  =  0,  which  give  a  «  0,  b  «  0,  c = 0, 1.= 0,  m = 0,  n = 0,  the  six  well-known 
conditions  of  equilibrium. 

The  forces  will  have  a  single  resultant  when  y  falls  in  the  plane  of 
the  couple  whose  moment  is  w ;  that  is,  when  the  direction  of  v  is  at 
right  angles  to  the  axis  of  the  couple.  This  takes  place  when 
AL  +  BK  +  ON = o,  a  well-known  condition. 

(For  further  information,  we  may  refer  to  Poinsot*s  EUment  de 
SlcUique  ;  or,  in  English,  to  Pratt's  Mathematical  Principle  of  Natural 
PhUoaophy  ;  or  Pritchard's  Theory  of  Couplet,) 

THEORY  OF  EQUATIONS.  Under  this  term  is  exnressed  all 
that  part  of  algebra  which  treats  of  the  properties  of  rational  and  inte- 
gral functions  of  a  single  variable,  such  as  ax-k-b,  eu!?-\-bX'\-c, 
aafl+hjp+ex'^e,  and  so  on ;  a,  h,  c,  ftc.,  being  any  algebraical  quanti- 
ties,  positive  or  negative,  whole  or  fractional,  real  or  imaginary. 
Unless  however  the  contrary  be  sf^cified,  it  is  usual  to  suppose  these 
co-efficients  real,  not  imaginary. 

The  great  question  of  the  earlier  algebraists  was  the  finding  of  a 
▼alue  for  the  variable  which  should  make  the  expression  equal  to  a 
given  number  or  fraction :  as  what  must  a;  be  so  that  3x^  +  2x  may  be 
11,  or  ofi—a^  4*  6a;  may  be  40,  and  so  on.  In  modem  form  it  would  be 
asked  what  value  of  x  will  make  3d^-f2a;~lls0,  or  2^—2-+ 6^;— 40 
=:0,  and  so  on.  To  find  values  of  a  variable  which  should  make  an 
expresuon  vanish,  or  become  equal  to  nothing,  was  tiien  the  first  desi- 
deratum ;  and  these  values  are  now  called  roott  of  the  expressions. 
Later  algebraists  made  the  finding  of  these  roots  subservient  to  the 
discovenr  of  other  properties  of  the  expressions. 

The  Hindu  algebnusts  oommnnioated  to  the  Arabs,  and  through 
khem  to  the  Italians,  the  complete  solution  of  equations  of  the  first 
and  second  degrees.  The  Italians  added  the  solution  of  equations  of 
the  third  degree,  and  of  the  fourth  imperfectly.  These  last  two 
degrees  have  been  completed  in  more  recent  times,  so  that  it  may  be 
now  said  that  the  equations  of  the  first  four  degrees  have  been  com- 
pletely conquered:  that  is  to  say,  having  given  the  equation 
aa^  -h  02^  +  ca^ + ej;  +/«  0,  an  algebraioal  expression  can  be  found,  hav- 
ing four  values,  and  four  values  only,  and  being  a  function  of  a,  6,  c, 
c,/,  which  being  substituted  for  x  on  the  first  side  of  the  equation, 
shall  make  that  first  side  vanish.  But  the  student  would  look  in  vain 
through  the  books  of  algebra  to  see  this  expression  :  it  is  both  com- 
plicated and  useless,  and  it  is  more  desirable  to  indicate  how  it  is  to 
De  found,  than  to  find  it. 

The  equation  of  the  fifth  degree  was  attempted  in  all  quarters,  with- 
out success  :  means  were  found  of  approximating  to  the  arithmetical 
value  of  one  or  another  root  in  any  one  given  equation ;  but  never  a 
definite  function  of  the  co-efficients  which  would  apply  in  aU  cases. 
A  proof  was  given  by  Abel,  in  Crelle's  Journal  (reprinted  in  his  works), 
that  such  an  expression  was  impossible,  but  this  proof  was  not  gene- 
rally received  :  it  was  admitted  by  Sir  W.  Hamilton,  who  illustrated 
the  aigument  at  great  length  in  the  '  Transactions'  of  the  Royal 
Irish  Academy,  voL  xviii,  part  iL ;  but  the  singular  complexity  of  the 
reasoning  will  probably  prevent  most  persons  from  attending  to  the 
subject  We  do  not  mean  in  this  article  to  enter  into  tiie  history  of 
the  theory  of  equations,  but  only  to  place  its  genial  state  before 
the  reader  by  an  exhibition  of  the  principal  theorems,  without 
proof.  For  works  on  the  subject  we  may  refer  as  follows  : — Hutton, 
^  Tracts,'  voL  iL,  tract  88,  which  contains  a  full  account  of  the  earlier 
algebraists;  Peacock,  "Report  on  certain  Parts  of  Analysis,"  in  the 
'Report  of  the  Third  Meeting  of  the  British  Association;'  or  the 
recent  works  of  Murphy,  Young,  or  Hymers ;  all  of  which  are  good, 
and  written  on  such  difibrent  plans  that  any  one  who  makes  a 
particular  study  of  the  subject  wiU  &id  it  advantageous  to  consult 
them  all.  In  French  the  standard  works  are  those  of  Budan, 
^Lagrange,  and  Fourier,  which  however  iJl  treat  of  particular  topics : 
the  algebraical  troatisea  of  Bourdon  and  Lefebvre  de  Fourcy  treat  it 
more  generally. 


The  particular  points  relative  to  equations  of  the  first  four  degrees 
are  as  follows  : — 

1.  The  expression  of  the  first  degree  can  be  reduced  to  the  form 
ax-\'h ;  it  vanii^es  when  x^z  —hxa^  and  has  only  this  one  root. 
And  oo; -i-&  is  of  the  same  sign  as  a  or  not,  according  as  a;  is  greater  or 
less  than  the  root. 

2.  The  expression  of  the  second  degree  is  more  important.  It  can 
always  be  reduced  to  ihe  form  aa?  4*  2u;  4*  c,  and  its  properties  are  beet 
developed  by  transforming  the  preceding  into 

(2ag+6)*-f  4oc~y 
ia 

There  are  three  distinct  cases^  according  as  6^  is  greater  than^  equal 
to,  or  less  than,  Aae. 

When  &'> 4ac,  the  expression  aafi-^-hx+c  has  two  real  and  differizig 
roots,  contained  in  the  f onnula* 

-6j:  V(y-4ac) 
2a 

and  has  always  the  same  sign  as  a,  except  when  x  lies  between  those 
roots.  Every  change  of  signs  in  passing  from  a  to  6  and  from  6  to 
0  indicates  a  positive  root,  and  every  continuation  a  negative  root  : 
uid  when  one  root  is  positive  and  one  root  negative,  the  positive  or 
negative  root  is  numerically  the  greater,  according  as  (a,  6)  shows  a 
change  or  continuation.  When  x=  —h  :  2a,  the  expression  is  at 
its  numerical  Tru^yimnm  between  the  two  roots,  its  then  value  being 
(4o<?— 6*)  :  4a. 

When6'=4a6,the  expression  ox^+frx  +  c  is  a  perfect  square  with 
respect  to  «,  and  absolutely  so  if  a  be  a  square.  The  two  roots 
become  equal,  and  each  equal  to  —6  :  2a.  The  expression  now  never 
differs  in  sign  from  a. 

When  &*<4ae,  the  two  roots  become  imaginary,  the  expression 
always  has  the  sign  of  a,  and  is  numerically  least  when  x^  — h  :  2a, 
being  then  (4ac— fr') :  4a. 

8.  The  equation  of  the  third  degree  (or  cubic)  has  been  separately 
considered  in  the  article  Irbeducible  Caae. 

4.  Nothing  belongs  particularly  to  the  equation  of  the  fourth  degree 
(or  biquadratic)  except  the  recital  of  the  various  modes  in  which  the 
solution  is  reduced  to  that  of  a  cubic.  The  various  modes  are  dis- 
tinguished by  the  names  of  their  inventors. 

ferraru    Let  a^-f-aa:^  +  6-t-e  =  0.    This  can  be  transformed  into 

(oi* -h  v)«  =  (2»— o)  a:S  -  ftjB  +  f^— c: 

make  the  second  side  a  perfect  square ;  that  v^  find  the  value  of 
V  from  6» = 4  (»* — e)  (2v  —  o),  or 

8«»— 4a»»  — 8c»  +  4ac— 6«  =  0; 

the  extraction  of.  the  square  root  then  reduces  the  biquadratic  to  a 
couple  of  quadratics. 

Vet  Oartet,  Let  a;'  +  aa^-h 6a; -j-c= (a*  +  y/p^x-^f)  (aS*— Vl»««+y), 
which  gives 

g  +  f^p  =  a,  ig-f)  Vi)  =  hjg  =  c,  or 

1>«  +  2ap*  -H  (a*  —  4c)  p  -  6*  =  0  : 

find  a  positive  root  of  this  equation  (it  certainly  has  one),  and  from  it 
find  g  and /;  then  the  roots  of  a?  +  y/p,  x  -tf^ 0,  and  a^—  ^^p, x+g^O, 
are  those  of  the  given  equation. 

Thomas  Simpson  gave  a  modification  of  Ferrari's  method,  and 
Euler  one  of  that  of  Des  Cartes.  (Muxphy's  Theory  of  Equations 
('  Library  of  Useful  Knowledge'),  pp.  54,  55.) 

The  theory  of  equations  of  all  degrees  is  to  be  divided  into  two  dis- 
tinct parts ;  the  numerical  solution,  and  the  general  properties  of  the 
roots  and  the  expressions  themselves.  The  numerical  tUution  xnuBthe 
carefully  distinguished  from  the  general  toUktion  ;  the  former  term 
applying  to  any  mode  of  approximating  to  a  single  root>  the  latter  to 
any  mode  of  exhibiting  a  general  expression  for  the  roots.  We  shall 
begin  by  the  general  prox)ertics  of  the  roots :  the  expression  in  ques- 
tion being  ^,  or 

1.  If  r  be  a  root  of  ^,  or  if  0r=  0,  then  ^  is  di?isible  by  x—r,  and 
the  quotient  is  another  such  expression  of  the  (n— l)th  degree,  eveiy 
root  of  which  is  also  a  root  of  ^,  and  every  number  which  is  not  a 
root  (r  excepted)  is  not  a  root  of  ^.  Hence  ^  cannot  have  more 
roots  than  it  has  dimensions,  or  cannot  have  more  than  n  roots. 

2.  When  the  expression  ^  ia  divisible  by  (x — r)"*,  it  is  said  to  have 
m  roots  each  equal  to  r;  and  when  this  is  the  case,  the  substitu- 
tion of  r-^-y  for  x  would  give  an  expression  in  which  y*  is  the  lowest 
power  of  y. 

8.  Eveiy  expression  has  as  many  roots  as  it  has  dimensions.    This 

*  This  formula  should  be  committed  to  memory,  and  quadratic  equations 
always  solved  by  it.  Nolhing  is  more  amusing  than  the  vitality  of  the  old 
method  of  completing  tho  square  and  extracting  the  root  in  every  partfenlar 
case.  No  doubt  a  student  should  have  some  training  in  this  laat-montioned 
process ;  but  his  ultimate  method  should  be  that  of  remembering,  onoe  for  all, 
tho  fonq^ida  in  t^e  text. 
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proposition  is  o!  complex  proof,  but  it  begins  to  occupy  its  proper 
place  in  elementary  works,  especially  on  the  continent. 

4.  We  may  now  refer  to  Sturm's  Theorem,  to  Fourier's  theorem 
(given  in  the  arUde  just  cited),  to  Des  Cartes*  theorem,  a  very  limited 
particular  case  of  Fourier^s,  and  to  Homer's  adaptation  of,  and  addition 
to,  the  old  method  of  numerical  solution  by  Vieta  (an  account  of  the 
history  of  this  last  problem  is  given  in  the '  Companion  to  the  Almanac* 
for  1839).  [Involution  and  Evolution.]  We  have  then,  since 
the  beginning  of  this  century,  a  complete  theoretical  mode  of  deter- 
mining the  number  of  roots,  real  or  imaginary,  between  any  given 
limits;  both  exceedingly  difficult  in  the  complication  of  the  opera- 
tions whidi  they  require.  Also,  a  mode  of  eaqr  application,  though 
not  theoreticiklly  perfect,  of  determining  the  limits  between  which 
the  real  roots  lie  ,*  and  a  process  for  the  numerical  solution  which 
jtlaoes  that  question  upon  the  same  footing  as  the  common  extrac- 
tion of  square,  cube,  &c.,  roots;  making  those  extractions  them- 
8«lvee,  exoept  only  in  l^e  case  of  the  square  root,  much  easier  than 
before.  In  Cauchy's  theorem,  now  beginning  to  be  generally  known, 
and  which  was  given  in  the  *  Penny  CyclopeedSa,*  we  hiive  a  theoretical 
mode  of  determining  the  imaginary  roots.  And  Homer's  method  has 
been  extended  to  &eir  computation.  But  it  seldom  happens  that 
the  actual  determination  of  imaginary  roots  is  required. 

5.  The  Newtonian  method  of  approximation  is  in  the  following 
theorem.  If  a  be  nearly  a  root  of  ^»0,  and  if  ^  :  ^'a  be  small, 
then 


a — 


^ 
^ 


is  more  nearly  a  root.  See  Approximation  for  the  \ise  of  this,  and 
Taylor's  Thkorem,  for  a  more  extensive  result  But  the  use  of 
Homer's  method  is  very  much  more  easy  than  that  of  Newton :  the 
former,  in  fact,  includes  and  systematises  the  latter.  But  this  remark 
applies  only  to  algebraical  equations :  for  aU  others  Newton's  form  just 
given  remains  practically  unamended. 

6.  We  refer  to  the  article  Root  for  the  solution  of  a:  +  1  =  0.  The 
following  equation,  a:^»  ±  2  cos  d.a:«  -h  1  =  0,  admits  of  complete 
solution  on  the  same  principles. 

7.  If  ^  and  ^b  have  different  signs,  one  or  some  other  odd  number 
of  roots  of  ^  lies  between  a  and  b :  but  if  they  have  the  same  signs, 
either  no  one  or  an  even  number  of  roots  lies  between  a  and  b.  Every 
equation  of  an  odd  degree  has  at  least  one  real  root,  negative  or  posi- 
tive, according  as  the  first  and  last  terms  have  like  or  unlike  signs. 
Every  equation  of  an  even  degree  having  the  first  and  last  terms  of 
unliks  signs  has  at  least  two  real  roots,  one  positive  and  one  n^ative. 

8.  If  all  the  coefficients  of  ^  be  real,  and  one  of  the  two,  a+6  V— !> 
be  a  root,  so  is  the  other :  and  if  all  the  coefficients  be  rational,  and 
one  of  the  two,  a±  \^b,  a  and  b  being  rational,  be  a  root»  so  is  the 
other.  If  there  be  a  rational  fractional  root,  its  denominator  must  be 
a  divisor  of  the  first  coefficient,  and  its  numerator  of  the  last,  as  soon 
as  the  equation  <px=OiB  cleared  of  fractions.  N.B.  Among  the  divisors 
of  a  number  we  reckon  1  and  itself. 

9.  In  the  equation  OoO^  +  a^as^^  +  a^x''-^  +  ...  +  On-ia:  +  a,  =  0, 
the  sum  of  all  the  roots  is  —  a^ :  a^,  the  sum  of  the  products  of  every 
two  is  a,  :  o^,  that  of  the  products  of  every  three  is  —  a, :  a^,,  and  so 
on.  Finally  the  product  of  all  the  roots  is  +  a  .:  Oq,  according  as  n  is 
even  or  odd.  And  if  r^,  r„. . .  r,  be  the  roots,  then  c^  -f  ...  is  the 
same  as  a^  («  -  rj  (a;  —  r,) . . . .  (a;— r, ). 

10.  If  the  preceding  expression  be  called  ^,  and  nagZ""^  +  (n  —  1) 
a^a^*-!  4- . .  • ,  its  derived  fimction,  be  called  4/x,  we  have 


«— r. 


X  —  f% 


T  • .  • .  *r 


X—  r. 


and  if  ^x  be  any  rational  or  integral  algebriical  function  of  x,  the  sum 
^1  +  ^s  +  •*•<+  ^«  ^  the  coefficient  of  the  highest  power  of  a:  in 
the  remainder  of  the  division  of  ^x  x  r^x  by  ^. 

11.  H  8«  in  all  cases  stand  for  the  sum  of  the  nth  powers  of  the  roots 
of  the  equation,  we  have 

and  80  on  up  to 

0^8,  -ha48^i-|"0,8»-j+  ....  +«ia» -0, 
after  which,  in  all  cases. 

Hence  also  the  coefficients  of  the  expression  may  be  found  in  terms  of 
B^  8, . . .   B«,  as  soon  as  a^  is  given. 

12.  All  rational  symmetrical  functions  of  the  roots  may  be  easily 
expressed  in  terms  S^  S„  9m.,  and  thence  in  terms  of  the  coefficients 
of  the  expression. 

13.  If  it  be  required  to  find  a  function  ^  the  roots  of  which  shall 
be  given  functions  of  those  of  ^,  so  that  in  all  cases  p^vx,  proceed 
as  in  finding  the  highest  common  divisor  of  4>x  and  "Ex—y,  and  take 
for  1^  the  final  remainder.  But  if  this  final  remainder  should  be  of  a 
higher  dimension  than,  from  the  known  number  of  its  roots,  it  ought 
to  be,  it  will  be  a  sign  that  some  of  the  factors  introduced  in  the  pro- 
cess have  affected  the  remainder,  and  these  must  be  examined  and 


removed.  The  treatment  of  this  case  belongs  to  the  general  question 
of  elimination,  but  the  following  particular  oases  are  almost  all  that 
are  necessary. 

14.  To  decrease  all  the  roots  of  ^  by  a  given  quantity,  or  to  make 
ys«— a,  otx^y+a,  observe  that  the  resulting  equation  must  be 


^"a 


^(■)a 


^■f-4»'».y+ "2"  »*  +  "••  +  2.8...»y"  =  ^' 

where  the  coefficients  ^a,  ^'a,  \  ^"a,  &c.,  may  be  the  most  readily 
found  by  the  process  described  in  Involution.  The  same  process 
may  be  applied,  by  using  —  a  instead  of  a,  to  increase  all  the  roots 
of  ^  by  a  given  quantity.  It  is  by  this  process  that  the  second 
term  of  an  equation  is  taken  away;  thus,  the  equation  being 
0^  -J-  a^x^^  +  . . .  0,  assume 

the  sum  of  the  roots  of  the  equation  in  x  being  — a^ :  a^  that  of  the 
equation  in  y  will  be  0. 

15.  To  multiply  all  the  roots  of  an  equation  by  m,  multiply  its  suc- 
cessive terms,  beginning  from  the  highest,  by  1,  m,  m*,  m',  ftc.  And 
to  divide  sJl  the  roots  of  an  equation  by  m,  multiply  all  the  terms  by 
the  same,  beginning  from  the  lowest  N.B.  Terms  apparently  missing 
in  an  equation  must  never  be  neglected.  Thus  a^— 2j:*-|-3x— 1=0 
ought  to  be  written 

a:?  +  OaJ«  -f  Oa:*  —  Sic*  +  Ox»  -I-  Oo?  +  8x  - 1  —  0. 

This  caution  is  of  the  utmost  importance  :  in  fact  no  process  ought 
to  be  applied  to  any  equation  without  a  moment's  thought  as  to 
whether  all  the  terms  be  formally  written  down,  and  if  not,  whether 
the  process  about  to  be  applied  will  not  require  it. 

16.  To  change  the  signs  of  all  the  roots  of  an  equation,  change  the 
signs  of  the  coefficients  of  all  the  odd  powers,  or  of  all  the  even  powers, 
as  most  convenient. 

17.  To  change  an  equation  into  another  whose  roots  shall  be  reci- 
procals of  the  former  roots,  for  every  power  of  x  write  its  complement 
to  the  highest  dimension.  Thus  in  an  equation  of  the  seventh  degree, 
for  sfi  write  a:',  for  x  write  *•,  for  x*  write  as*,  and  so  on :  lastly,  for  x'' 
write  sfi.  N.B.  Consider  the  independent  term  of  the  equation  aa 
affected  by  aP,  From  the  reciprocal  equation  can  be  found  the  sums 
of  the  negative  powers  of  the  roots  of  the  originaL 

18.  The  old  methods  of  finding  limits  to  the  magnitude  of  the  posi- 
tive and  negative  roots  of  an  equation  are  so  rapid  that  they  can  hurdly 
be  said  to  be  superseded  by  those  of  Sturm  or  Fourier.  In  enunciating 
them  we  speak  of  coefficients  absolutely,  without  their  signs,  when 
mentioning  any  increase  or  decrease  they  are  to  receive^ 

If  A  be  the  greatest  of  all  the  quotients  made  by  dividing  the  co- 
efficients by  the  first  coefficient,  no  root,  positive  or  negative,  is  nume- 
rically so  great  as  a  -f  1.  And  if  b  be  the  greatest  of  idl  the  quotients 
made  by  dividing  the  co-efficients  by  the  last  co-efficient,  no  root, 
positive  or  negative,  is  numerically  so  small  as  1  :  (b  +  1).  Better 
thus :  if  l  be  the  first  co-efficient,  m  the  greatest,  and  n  tiie  last,  signs 
not  considered,  then  all  the  roots,  numerically  speaking,  lie  between 


v-t-  L 


and 


M  -k-V 


19.  If  L  be  the  first  eo-efficienty>  and  m  the  greatest  co-efficient  which 
has  a  different  sign  from  that  of  l,  no  positive  root  is  so  great  as 
(m  +  l)  :  L.  And  if  l  be  the  last  co-efficient  and  M  the  greatest  which 
has  a  different  sign,  no  positive  root  is  so  small  as  l  :  (m  +  l).  And  to 
apply  this  to  the  negative  roots,  change  the  signs  of  all  the  roots  of 
the  original  (§  16),  and  find  limits  to  the  positive  roots  of  the  new  one. 

20.  H  l  be  the  first  co-efficient,  m  the  greaUd  which  has  a  different 
sign,  and  if  the  Jint  which  has  a  different  sign  be  in  the  mth  place 
from  the  first  term  exclusive,  or  belong  to  the  (m-i-  l)th  term;  then 
no  positive  root  Ib  bo  great  as 


>*^© 


If  2;  be  the  number  of  terms  which  elapse  at  the  beginning  before  a 
change  of  sign,  l  the  least  of  their  co-efficients,  and  m  the  greatest 
co-efficient  of  a  different  sign,  any  value  of  x  which,  being  >  1,  makes 

«•-*+»  (LaJ*  —  L  —  m)  +M 
positiye,  is  greater  than  the  great^est  root :  forinstaaoe, 

fe/L  +  M 

The  following  method  ia  very  convenient  when  the  number  of  terms 
18  lai^  Divide  the  whole  expression  into  successive  positive  and 
negative  lots,  a,  —  b,  +  Or  —  i>«  +  ..,p,q,r,8,  &c.,  representing  the 
last  exponent  of  a;  in  each  lot.  Divide  a^  —  B,  by  a:« ,  and  ascertain  a 
value  of  Xt  say  X,  which  makes  a.  —  B,  positive  and  equal  to  2.  Do 
the  same  with  Ix*  -^  Cr  —  D,  ,  which,  f or  ar  ==  fi  (perhaps  no  greater 
^  than  X)  becomes  m.    Repeat  the  process  with  mx*  +  £t  —  Ph  «  and  so 
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SM 


P  +  3 


(«:  +  i)  +  r(^+i) 


+  ...  =  0 


on  to  the  cnci    Tho  lost  valuo  of  x  used  vi  greater  than  any  root  of 
the  equation  :  and  the  first  value  of  x,  A,  is  very  often  the  last  also. 

21.  If  each  co-eificient  which  differs  in  sit^ii  from  tho  first  term,  be 
divided  by  the  sum  of  all  which  precede  an(l  agree  with  the  first  term 
(the  first  term  itself  included),  the  greatest  resulting  fraction,  increased  ! 
by  unity,  is  greater  than  any  positive  root  of  the  equation. 

22.  Newton's  method  of  finding  a  limit  greater  than  the  greatest 
positive  root  of  any  equation  now  merges  in  Fourier's  theorem.  It 
consists  in  finding  a  by  inspection  and  trial,  so  that  ^,  4>'a,  ^"a,  kc, 
shall  all  be  positive. 

23.  Any  mode  of  ascertaining  a  limit  greater  than  the  greatest  posi- 
tive root  of  an  equation  may  be  thus  treated.  Apply  it  to  the  reci- 
procal equation  (§  17),  and  the  reciprocal  of  the  result  at'tained  is  less 
than  the  least  positive  root  of  the  original.  Ap^ily  both  to  the  equa- 
tion of  roots  with  signs  changed,  and  the  resxilts  give  limits  for  the 
negative  roots  of  the  original. 

24.  A  celebrated  mode  of  examining  the  roots  of  equations,  but  too 
complicated  for  ordinary  use,  consists  in  forming  the  equation  whose 
roots  are  the  squares  of  the  differences  of  the  roots  of  the  originaL 
Any  quantity  being  found  less  than  the  least  positive  root  of  this  new 
equation,  its  square  root  is  less  than  the  difference  of  any  two  roots  of 
the  original.  If  such  a  quantity  could  be  readily  found,  the  theoretical 
imperfection  of  Fourier's  theorem  would  be  greatly  diminished,  and, 
practically  speaking,  much  advantage  would  be  gained  in  numerical 
(Solution.  What  is  wanted  to  add  to  both  Fourier's  and  Homer's 
method,  is  a  ready  mode  of  finding  out  when  two  roots  are  nearly 
equal. 

25.  Lagrange's  mode  of  approximation  is  as  follows : — Having  found 
that  a  root  of  an  equation  lies  between  the  integers  a  and  a  +  1, 
diminish  all  the  roots  of  that  equation  by  a,  and  take  the  reciprocal 
equation  to  the  result.  Find  a  root  of  the  last  lying  between  tho 
integers  h  and  6  +  1,  diminish  all  the  roots  by  6,  and  take  the  reciprocal 
equation  of  the  result.  Find  a  root  of  this  last  between  c  and  c  +  l, 
and  proceed  in  the  same  way.    Then  the  continued  fraction 

-i.  -L  J- 
a+   6+  c+'  *^- 

is  a  root  of  the  original.    The  details  of  the  work  are  much  abridged 
by  use  of  Homer  s  process. 

26.  When  an  equation  has  equal  roots,  those  roots  can  be  found  by 
an  equation  depending  entirely  on  the  different  sets  of  equal  roots. 
If  ipx  have  m  roots  equal  to  a,  <p'x  has  wi— 1  of  them,  fp"x  has  w— 2  of 
them,  and  so  on ;  finally,  <p(''-^)x  has  one  of  them.  If  then  ^  and 
^'x  be  found  to  have  a  common  measure,  every  root  of  that  common 
measure  enters  in  ^  one  time  more  than  in  the  common  measure 
itself. 

27.  When  an  equation  has  an  integer  root,  which  must  be  one  of 
the  divisors  of  the  last  co-efficient^  it  may  be  discovered  by  successive 
trial,  as  follows  :  —  Suppose  a^ot^  +  Ci  a;'*  +  o^  a:'  +  a,  a:  +  a^  «  0,  a,,,  &c., 
being  integers.  Let  ^  be  a  divisor  of  a^,  and  let  o^  xh^l,  an  integer. 
Then  if  A;  be  a  root,  we  have  aJ^-h-aJfi-^ajc^a^-^l^O,  and  a,  +  ^  is 
divisible  by  k,  giving  m>,  an  integer.  Hence  ajc^  +  a,ife  +  a  +  m  «  0,  and 
Oj  +TO  divided  by  k  gives  an  integer,  say  ».  Hence  ajc^a^-¥n=0y 
and  ai  +  «  divided  by  k  gives  —a^  If  all  these  conditions  be  fulfilled, 
^  is  a  root.  All  the  divisors  of  a^  being  tried  in  this  mannei*,  settle 
the  question  of  the  integer  roots  entirely. 

28.  If  the  co-efficients  of  an  equation  read  backwards  and  forwards 
be  the  same,  both  in  sign  and  magnitude,  eveiy  root  has  itt  reciprocal 
also  among  the  roots.    By  reducing  it  to  Uie  form 


-which  can  always  be  done  by  division,  when  the  dimension  is  even, 
and  assuming  y=aj  +  a;-*,  an  equation  of  the  2nth  degree  can  be  re- 
duced to  one  of  the  nth  and  n  quadratics.  But  when  the  dimension 
IB  odd,  either  —l  or  +.1  must  be  a  root,  and  the  equation  can  be 
depressed  to  an  even  degree  by  division  by  «+ 1  or  x—\, 

Tht  student  who  is  acquainted  with  the  preceding  results,  namely, 
such  as  are  either  stated  or  referred  to  in  this  article,  ^dU  find  no 
difficulty  either  in  reading  on  the  history  of  this  subject,  or  in  its 
application.  It  is  peculiarly  a  subject  on  which  selection  shoxild  be 
made  for  the  beginner. 

THEUIACA  (eiypMurcC)  was  the  name  given  orginally  by  the  ancients 
to  all  those  medicines  which  were  intended  as  antidotes  to  the  bite  of 
venomous  animals  (^pia),  as  those  which  counteracted  poisonous  drugs 
were  called  kKiii4niptuuca  (Qalen, '  Comment,  in  Hippocr.'  '  De  Alim.,' 
1».  m.,  cap.  7,  tom.  xv.,  p.  279,  ed.  Kiihn ;  id.,  *  Comment  in  Hippocr.* 
'  De  Morb.  Vulgar.  VI.;  Hb.  vi,  cap.  5,  tom.  xviL,  pt.  a,  p.  337) ; 
afterwards,  however,  the  word  seems  to  have  been  somewhiit  restricted 
in  its  signification,  or  at  least  67iptaKi\(m  the  singular  number)  is  applied 
to  one  particular  compound,  while  at  the  same  time  this  one  drug  was 
considered  to  be  a  safeguard  not  only  against  the  bites  of  venomous 
animals,  but  also  against  poisonous  drugs  and  imwholeaome  food. 
(Galen,  'De  Antid.,'  lib.  i.,  c.  1,  tom.  xiv.,  p.  1.)  Many  of  these  old 
preparations  are  preserved  in  the  writings  of  the  ancient  physicians^ 
but  of  those  it  will  be  enough  to  mention  here  the  two  most  famous. 


namely  tlie  MUhndatium  (^iBoi^Artiov,  or  'hyrlioros  MidpiSircMw)   and 
the  Theridca  Andromachi, 

The  Mithridatium  received  its  name  from  the  great  Mithridate^ 
king  of  PontuB,  who  had  a  strange  affectation  of  superior  skill  in  the 
powers  of  simples.    He  tried  the  effects  of  these  upon  condemned 
malefactors,  and,  finding  that  different  drugs  counteracted  dififerent 
poisons,  he  thought  that,  by  putting  all  of  them  together,  he  ahoold 
be  able  to  make  a  compound  that  would  render  him  secure  against  any 
poison  that  could  be  given  him.     (Galen,  'De  Antid.,*  p.  2.)    Accord- 
ingly he  is  commonly  said  to  have  so  fortified  his  own  bcdy  by  the 
constant  use  of  this  antidote,  that  he  afterwards  tried  in  vain    to 
put  an  end  to  his  life ;  but  this,  if  true,  "  was  probably,"  as  Dr.  Heber- 
den  says  (' Antither.,'  p.   10),  "less  owing  to  the  strength  of  his 
antidote  than  to  the  weakness  of  his  poison. 

Andromachus  the  Elder  (who  was  physician  to  the  emperor  Nero, 
and  the  first  person  who  is  known  to  have  received  the  title  of  Archior 
ter)  made  considerable  alterations  in  the  Mithridatium  by  omitting 
some  of  the  ingredients,  adding  others  (especially  the  dried  flesh  of 
vipers),  and  by  increasing  tiie  proportion  of  opium.    His  receipt  was 
embodied  in  a  Greek  elegiac  poem,  in  order  that  it  might  be  the  more 
easily  'preserved  without  alteration;  and  this  has  been  inserted  by 
Galen  in  two  of  his  works.  ('  De  Antid.,*  lib.  L,  cap.  vi.,  et '  De  Ther. 
ad  Pison.,'  c.  6),  and  has  been  frequently  published  in  a  separate  form. 
Andromachus  likewise  changed  the  name  of  the  Mithridatium  thus  re- 
formed to  yoX'^yri ;  but  in  l^jan's  time  it  obtained  that  of  '  Theri&ca,' 
either  from  the  vipers  in  it,  or  from  its  good  effects  in  curing  the  bites 
of  venomous  animals.  (Qalen, '  De  Antid.,'  Hb.  i.,  cap.  6 ;  '  De  Ther.  ad 
Pison.,'  cap.  5.,  tom.  xiv.,  pp.  32,  282.)    The  formula  for  the  Theriaca 
of  Andromachus,  as  well  as  for  others,  is  to  be  foimd  in  Geiger's 
'  Pharmac.  Uidversalis.  Pars.  Posterior,'  p.  281. 

It  is  much  to  be  regretted  that  the  woid  '  Theriaca '  is  applied  to  the 
uncrystaUisable  juice  which  flows  from  sugar  in  the  process  of  refining ; 
for  distinction's  sake  this  should  always  be  termed  "  Faex  Sacchari," 
or  "  Syrupus  Empyremnaticus,"  anglioi^,  "  Molasses,"  as  in  the  Dublhi 
'  Pharmacopoeia.'    The  uses  of  moIasiBes  (or  melasses)  are  well  known. 

THEIlMiE.    [Baths.] 

THEKMOCHKOSIS.    [Radiation  of  Heat.] 

THERMOELECTRICITT.  It  has  been  shown,  under  Galyavisu, 
that  any  obstruction  to  the  passage  of  an  electric  current  produces  heat 
in  the  conductor ;  so  conversely  it  has  been  found  that  any  obstruction 
to  the  equal  propagation  of  heat  in  a  conducting  circuit  produces  a 
currrent  of  electricity.  The  discovery  of  this  principle  was  made  in 
1822,  by  Dr.  Seebeck  of  Berlin,  while  engaged  in  researches  concerning 
electro-magnetism,  which  but  two  years  before  had  been  discovered  by 
Professor  Oersted  of  Copenhagen;  and  the  name  thermo-electricity 
was  given  to  the  fluid  by  the  latter  philosopher  in  order  to  distinguish 
it  from  that  which  is  produced  by  the  usual  galvanic  apparatus,  which 
he  proposed  to  call  hydro-electriciij. 

Some  of  the  most  simple  experiments  by  which  the  effects  of  thermo- 
electricity may  be  illustrated  are  those  which,  soon  after  the  discovery, 
were  xxiade  by  Professor  Moll  of  Utrecht.  ('  Edinbui^h  Philosophical 
Journal,'  No.  xvii.)  A  slip  of  copper  bent  in  the  form  of  a  semicircle 
was  attached  (in  close  contact),  at  its  extremities,  to  the  ends  of  a  bar 
of  antimony  about  15  inches  long;  and  the  bar  being  laid  in  the 
direction  of  the  magnetic  meridian  with  the  wire  above  it,  a  small 
compass  needle  was  suspended,  or  supported  on  a  pivot  between  them. 
On  heatiug  the  northern  extremity  of  the  bar  by  the  flame  of  a  lamp, 
the  north  end  of  the  needle  was  observed  to  deviate  towards  the  west. 
Again,  when  a  slip  of  zinc  and  one  of  copper  were  bent  so  that,  on  tlie 
extremities  being  applied  together,  there  was  formed  a  parallelogram 
having  the  junctions  of  the  sUps  in  the  middle  of  the  shorter  Bide8,and 
a  compass  needle  was  suspended  within  the  circuit,  on  placing  the 
apparatus  in  a  plane  coinciding  with  the  magnetio  meridian,  with  the 
longer  sides  parallel  to  the  horizon  (the  copper  slip  being  uppermost) 
and  heating  the  northern  point  of  junction,  the  needle  deviated  towards 
the  west :  the  apparatus  being  inverted  so  that  the  jdnc  slip  was  upper- 
most, on  heating  the  northern  junction  as  before,  the  needle  deviated 
towards  the  east.  It  follows  from  these  experiments  that  the  fluid 
current,  if  such  it  be,  which  affects  the  magnetism  of  the  needle,  circu- 
lates about  the  copper  slip  in  such  a  manner  that  when  the  latter  is  in  a 
horizontal  position  its  direction  is  from  west  to  east,  passing  above  the  slip, 
in  a  plane  perpendicular  to  its  length :  this  effect  is  similar  to  that  which 
taltes  place,  though  in  a  contrary  direction,  when  a  magnetised  needle 
is  brought  near  a  conducting  wire  joining  the  poles  of  an  ordinary 
galvanic  apparatus ;  for  if  the  conducting  wire  be  placed  in  a  hori- 
zontal position  in  the  direction  of  the  magnetic  meridian,  with  the 
copper,  or  the  negative  end  of  tho  apparatus  towards  the  north,  and  the 
needle  be  below  the  wire,  the  north  end  of  the  needle  deviates  towards 
the  east ;  if  above  the  wire,  towards  the  west. 

Effects  similar  to  those  which  result  from  the  application  of  heat 
take  place  when  one  extremity  of  the  bar  of  antimony,  or  one  of  the 
junctions  of  the  zinc  and  copper,  is  made  colder  than  the  other  by 
means  of  ice. 

When  both  ends  of  the  bar  were  heated,  no  deviation  was  produced 
in  the  needle ;  and  after  deviation  had  taken  place  by  heating  one  end 
only  of  the  boTj  in  proportion  as  the  heat  tended  to  a  uniform  diffusion, 
the  needle  gradually  returned  to  the  direction  of  the  magnetio 
meridian. 
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Tho  fuUowing  flgura  diows  the  geatatl  anaagonwnt  of  thoso  oxpori- 
ments.    A  recbuiglo  ia  eomposed  of  Antimony  (shaded)  and  biimath. 


On  heating  one  of  the  juncUoDa  a  thermo-elactric  current  will  sat  in 
in  the  dijecUoa  of  the  arrows  and  the  needle  will  be  deQected. 

Thermo-electric  circuits  ma;  be  formed  in  a  ring  conaiBttng.  of  two 
lurved  ban  of  difierent  metala,  as  bismuth  and  copper,  each  being  in 
tho  form  of  a  semicircle,  and  the  two  being  attached  together  in  the 
(tiroction  of  a  diameter ;  or  thej  may  be  produced  in  a  rectangle  made 
l>y  placing  in  close  contact  four  bars  of  metal,  of  two  diSWrent  kinds, 
following  one  another  alternately.  M.  Oeretod  formed  a  hexagonal 
circuit  with  eiz  pieeee,  three  of  bismuth  and  three  of  antimony,  which 
were  dlBposed  m  alternate  order  :  on  heating,  bf  means  of  a  spiiit- 
lainp,  one  of  the  places  of  junction  in  the  ring,  or  in  the  roctan^  of 
four  pieces,  a  comjooa-needle  placed  within  or  below  lie  plane  of 
circuit  was  found  to  deriato;  and  it  deviated  still  more  when  the 
opposite  angles  of  Uie  rectangle  were  heated.  In  the  experiment  with 
the  heiogonol  circuit  the  deviation  was  greater  in  proportion  to  the 
number  of  sltemato  joints  which  were  heated.  Similar  effects  were 
produced  when  the  alternate  joints  were  artiGcinll;  cooled;  but  the 
deviation  was  the  greatest  when  the  alternate  joints  were  heated  and 
the  oUiers  were  cooled. 

By  doubling  the  lengtlu  of  the  bora  in  a  rectangle  compoeed  of  four, 
the  deviation  was  less  than  that  which  was  produced  by  the  smaller 
rectangle  ;  hut  when  the  larger  rectangle  woa  composed  of  eight  pieces, 
the  deviation  was  greater. 

In  this  country  the  subject  of  thermo-electricity  was  pursued  by 
Professor  Cumming  of  Cambridge,  who  appears  to  have  entered  upon 
it  without  any  other  knowledge  of  the  discovery  of  Saebock  than  the 
simple  fact  that  electro-msgnetical  action  was  pn>duced  by  heating  one 
end  of  a  bar  of  autimony,  to  the  eitremities  of  which  were  nude  fast 
those  of  a  brass  wire.  The  details  of  his  researches  ore  published  in 
the  '  Cambridge  Philosophical  Tiansoctiuns,'  for  1S23.  ^ima  these  it 
appears  that  ^  perfect  conductors  of  electricity,  on  being  heated  or 
cooled  in  any  part,  exhibit  in  general  magneticol  phenomena ;  hut  the 
intensity  of  the  action,  which  is  indicated  by  the  amount  of  the 
deviations  produced  in  a  magnetised  needle,  is  not  the  same  in  all 
Bubstances,  and  with  some  the  direction  of  the  euirent  is  contrary  to 
that  which  is  produced  in  others.  When  a  single  bar,  of  symmetrical 
form,  ia  heated  in  the  middle,  it  produces  no  effect  on  the  needle, 
probably  because  the  opposing  currents  counteract  each  other ;  and  in 
B  ring  formed  of  two  metals,  when  heated  at  one  of  the  points  of 
junction,  the  Quid  seems  to  pass  from  one  metal  to  the  other;  so  that 
one  loses  positive  electricity,  or  becomes  negative,  while  the  other 
becomes  positive.  If,  however,  the  ends  of  a  sensitive  galvanometer  be 
united  I^  means  of  a  platinum  wire,  no  current  will  be  perceived  on 
heating  the  wire  until  a  portion  of  it  be  twisted  into  a  loop ;  the 
molecular  tension  thus  produced  will  interfere  with  the  ramducting 
power  of  tho  wire,  and  a  current  will  flow  through  the  apparatus 
from  right  to  left  when  heat  is  applied  close  to  the  loop  and  to  the 
right  of  it.  Or  if  the  wire  be  formed  into  two  flat  glials,  and  one 
be  heated  to  redness,  and  brought  into  contact  with  Om  cold  spiral, 
a  current  will  flow  from  the  hotter  to  the  colder  portion.  Or  if  poitions 
of  a  metallic  wire  be  stretched  by  weights  while  other  portions  aro 
free,  a  current  will  Sow  from  the  former  to  the  latter  on  applying 
beat  to  the  junctions.  These  last-named  facta  are  due  to  Professor 
W.  Thomson. 

lYofessor  Cumming  having  ascertained  &om  eiperimenta  on  bars  of 
bismuth,  which  were  made  alternately  hot  and  cold,  and  were  placed  in 
contact  with  each  other  (each  pur  of  tie  hot  and  cold  parts,  and  also 
the  two  extremities  of  the  whole  compound  liar,  lieing  connected 
together  by  wires),  that  the  action  of  Uie  whole  liar  on  a  needle  was 
greater  than  that  of  any  two  portions,  one  hot  and  the  other  cold,  was 
led  to  the  discovery  that  electro-magnetism  may  be  exhibited  by  the 
mete  juxtaposition  of  an  indeOnite  number  of  small  plates.  He  was 
also  enabled  to  determine  the  thermo-elcctrio  rehitions  of  different 
metola  by  merely  placing  in  contact  with  each  other  a  small  portion  of 
each  of  the  two  kinds  of  metal  to  be  examined,  and  touching  first  one 
of  thorn,  and  then  the  other,  with  one  end  of  a  silver  or  copper  vrire 
which  was  connected  with  the  heated  bar.  When  the  metals  were 
bismuth  and  antimony,  the  former,  on  being  touched,  caused  the 
ounposa-needle  to  devinto  so  as  to  indicate  positive  electricity,  and  the 
httvr  BO  as  to  indicate  negative  electricity ;  and  in  the  memoir  above 
quolol  tiicru  is  given  a  table  of  the  dcctrical  relations  of  metola 
in  several  different  combinations.  In  the  same  memoir  there  is  also  au 
Mconnt  ot  several  curious  anomalies  which  were  observed  in  the 
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magnetic  action :  one  of  these  is,  that  when  iron  wire  is  used  to  touch 
the  metals  exorained,  ot  which  one  is  iron,  the  needle  deviate  a  oertain 
number  of  degrees  In  the  positive  direction ;  then,  as  tho  heat  of  the 
wire  is  increased,  the  deviation  in  that  direction  gradually  diminish^ 
till  it  becomes  zero  ;  after  which  the  deviation  takes  place  in  a  negative 
diractiun,  and  it  becomes  a  maximum  in  this  directum  when  the  wire 
BC<|uirea  a  red  heat. 

Metals  with  a  marked  crystalline  slnioture,  and  an  inferior  power  for 
conducting  electricity,  display  thenno-eleotric  efEsets  moat  perfectly. 
Thus  bismuth  and  antimony  are  favourable  noA^lt,  and  even  the 
warmth  of  the  hand  applied  to  one  of  the  junctions  of  a  pair  will 
deflect  the  galvanometer  needle.  Indeed  for  small  differenoes  in 
temperature,  no  instrument  is  so  senutive  ■■  a  tbermo-electric  pile  or 
therm  o-multipUer.  An  instrument  of  this  kind  was  invented  by 
Cumming,  aud  improved  by  Nobili,  who  introduced  the  astatic  needle 

If  a  thermo-electric  pair  have  one  of  its  junctions  kept  at  32°,  whilst 
the  other  junction  is  gradually  raised  in  temperature,  the  current  will 
gradually  increase  in  intensity  up  to  a  certain  punt,  then  decline,  and 
become  reversed.  If,  for  example,  the  metals  be  £inc  and  ulver,  the 
currant  will  decline  at  213^,  then  cease,  and  set  in,  in  the  opposite 
direction  as  the  temperature  ooutinues  to  rise.  This  probably  arises 
from  the  efTeot  of  heat  on  tbe  cryst^dline  structure  of  jGtnc  Iron  aud 
antimony  produce  the  same  effect  to  a  less  extent.  The  thsnno-electrio 
order  of  the  metals  is  quite  difierent  from  their  vdlttic  order.  It  ia 
for  a  few  of  the  principiJ  metals  as  follows : — 


Tin. 


Antimony, 


Matlbiessen, '  Phii  Trans.",  1858. 

—    1  have  been  formed  between  noa-metallio 

bodies.  Thus  the  point  of  a  heated  cone  of  porcelain  clay,  brought 
into  contact  with  a  cold  cylinder  of  the  same  material,  and  connected 
with  the  galvanometer  hj  means  of  moistened  cotton,  caused  a 
deflection  of  the  .needle.  This  effect  has  been  ascribed  to  the  mutual 
re-action  of  two  portions  o(  water  of  different  temperatures. 

rAcrmo-inutopKer. — Bars  of  antimony  and  biarauth  a  and  b  may  bo 
arranged  into  a  thermo-multiplier  or  thermo-dectric  pile,  so  that  a 
high  lemperoture  may  be  applied  to  one  series  of  junctions  and  a  low 
one  to  tbe  other.  The  current  is  then  moaaiired  by  its  effect  on  the 
galvanometer  needle,  as  shown  in  the  figure.  By  means  of 
a  thermo-electric  pile  chemical  effects  may  be  produced,  such  aa 
decomposing  a  solution  of  iodide  of  potassium,  and  with  one  hundred 
pairs  of  platinum  and  iron  wire,  each  1  inch  long  and  ^th  of 
an  inch  in  diameter,  water  acidulated  with  sulphuric  acid  has  been 
decompoBed.  Wires  of  iron  and  German  silver  make  a  very  good 
thermo-electric  pile,  but  in  all  cases  the  ciurent  is  feeble,  and  the  size 
of  the  elements  do  not  odd  to  the  effect,  except  by  increasing  Uie 


conducting  power.      The   thermo-electric  pile  used  by  Nabiti  i 


UeQoni  formed  a  very  delicate  me-isure  of  temperature.  It  oc 
of  thirty-six  pairs  ot  bars  ot  binnuth  and  antimony  packed  into  ■ 
small  space,  connected  with  a  delicate  astatic  galvanometer.  When 
the  alternate  junctions  ot  the  bars  at  each  end  of  the  pile  were  coveted 
with  lamp-black  the  pile  was  so  sensitive  to  radiant  heat  as  to  bo 
afi^ted  by  the  warmth  of  the  liand  at  a  distance  of  30  feet.  Even 
the  amount  of  heat  radiated  by  insecta  could  be  eatimatod  by  means  of 
this  apparatus.  Hr.  Joule  placed  the  instrument  in  vacuum,  with  ft 
Steel  magnet  near  it  to  diminish  the  action  of  the  earth's  magnetism, 
and  BO  lir  increased  its  sensibility,  as  to  indicate  by  means  of  a  single 
pair  of  bismuth  and  antimony,  a  change  of  temperature  amounting  to 
only  the  rJis>th  part  of  a  centigrado  degree.  By  means  of  thia  instru- 
ment Melloni  was  able  to  prove  the  instantaneous  transmission  of  heat 
through  gloss  and  other  bodies,  and  the  thermo-transparency  of  rock- 
a-dt.  By  its  means  Forbes  wss  able  to  show  the  polarisation  of  heat. 
The  Gneness  of  the  wires  used  for  the  junction,  together  with  its  great 
sensibility,  allow  the  use  of  this  instrument,  where  a  common  thermo- 
meter could  nub  be  applied,  as  in  mnuuring  the  temperature  of  Chs 
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xniiscles  of  the  human  body.  It  has  also  been  employed  by  Mr.  Joule 
in  confirming  tho  .deductions  of  Professor  Thomson's  theoxy  of  the 
thermal  effects  of  stretching  solid  bodies  already  alluded  to.  Mr. 
Joule  has  found  that  if  a  strip  of  vidcanised  india-rubber  is  stretched 
by  a  weight  which  doubles  its  length,  an  eleyation  of  its  temperature 
by  50**  C.  shortens  it  by  as  much  as  i^th  of  its  whole  length ;  and 
Peltier  has  discovered  that  a  cooling  effect  is  produced  by  an  electric 
current  in  flowing  from  bismuth  to  antimony  across  a  surface  of 
contact  This  result  has  been  applied  by  Professor  Thomson  to  the 
establishment  of  a  "  Mechanical  Theory  of  Thermo-electric^  Currents  ** 
('Transactions  of  Royal  Society  of  Edinburgh/  1851). 

The  term  mfro-dtetricUy  is  sometimes  applied  to  the  phenomena 
produced  by  heating  certain  minerals,  such  as  boracite,  topaz,  azinite, 
mesotype,  tourmaline,  prehnite,  calamine,  and  sphene.  It  was  shown 
.by  CEpinus,  so  far  back  as  1757,  that  the  two  electricities  are  to  be 
found  on  opposite  sides,  or  ends,  of  the  same  piece  of  tourmaline  when 
heated,  and  it  was  proved  by  Haiiy  that  electric  crystals  exhibit 
different  sets  of  crystalline  faces  on  the  two  sides  on  which  the  contrary 
electric  effects  are  observed.  It  is  remarkable,  also,  as  lately  pointed 
out  by  Svanberg,  that  in  bismuth  and  antimony,  where  there  is  one 
particular  plane  of  cleavage  more  brilliant  than  the  rest,  when  bars  of 
the  metals  are  placed  with  this  plane  of  cleavage  perpendicular  to  the 
direction  of  the  current,  such  l^ms  are  more  highly  negative  than  in 
any  other  position,  whilst  if  a  less  brilliant  plane  of  cleavage  be  placed 
across  the  line  of  current,  the  bar  is  more  lughly  positive  than  in  any 
other  position. 

THERMO'METER  (from  the  Greek  words  BipfUs,  hot,  and  filrpow,  a 
measure)  is  an  instrument  by  which  the  temperatures  of  bodies  are 
ascertained.  It  consists  of  a  glass  tube  with  a  capillary  bore  containing, 
in  general,  alcohol  or  mereury,  which  expanding  or  contracting  by 
variations  in  the  temperature  of  the  atmosphere,  or  on  the  instrument 
being  immersed  in  the  liquid  or  gas  which  is  to  be  examined,  the  state 
of  the  atmosphere,  liquid,  or  gas,  with  respect  to  heat,  is  indicated  by 
a  scale  which  is  either  applied  to  the  tube  or  engraven  on  its  exterior 
surface. 

The  end  proposed  by  a  thermometer  is  the  measurement  of  the 
temperatiu^  of  any  body  with  relation  to  the  temperature  of  some 
other  substance,  as  of  water  at  the  point  of  freezing ;  but  the  measure 
so  obtained  must  not  be  understood  to  express  the  absolute  quantity 
or  density  of  heat  in  any  body,  it  being  well  known  that  different  sul>- 
stances,  though  exhibiting  &e  same  apparent  temperature,  contain 
.Tcry  different  quantities  of  heat  according  to  their  capacUiet  for  that 
element.    [Specific  Heat  ;  Latent  Heat.] 

The  thermometer  must  have  been  in  use  in  the  banning  of  the 
17th  century,  but  it  is  not  known,  precisely,  to  whom  the  honour  of 
the  invention  is  due.  A  physician  of  Padua,  named  Santorio,  and 
Cornelius  Drebbel,  of  Alkmaar  in  Holland,  are  the  persons  to  one  of 
whom  that  honour  is,  with  most  probability,  ascribed ;  and  the  former, 
in  his '  Commentaries  on  Avicenna'  (1626),  actually  claims  it  for  him> 
sell  It  may,  however,  have  happened  with  this,  as  with  other  scien- 
tific discoveries,  that  the  idea  of  the  instrument  occurred  to  two 
persons  or  more  at  or  about  the  same  time. 

The  first  thermometers  were  intended  to  indicate  variations  in  tho 
temperature  of  the  atmosphere  merely ;  and  the  most  simple  of  them 
consisted  of  a  hollow  glass-ball  at  one  extremity  of  a  long 
tube  which  was  open  at  the  opposite  extremity.  The  air 
within  the  ball  and  tube  being  rarefied  by  the  heat  of  a  lamp, 
and  the  tube  being  in  a  veitical  position,  the  open  end  was 
plunged  into  a  vessel  containing  a  coloured  spirit ;  as  the 
enclosed  air  cooled,  the  pressure  of  the  atmosphere  on  the 
liquid  caused  it  to  ascend  in  the  tube  till  the  expansive  force 
of  the  air  in  the  ball  and  the  upper  part  of  the  tube  became 
equal  to  the  pressure.  In  this  state,  an  increase  of  the 
temperature  of  the  atmosphere  caused  the  air  in  the  ball  to 
expand  and  press  down  the  spirit  in  the  tube ;  on  the  other 
hand,  a  diminution  of  temperature,  by  causing  that  air  to 
contract,  allowed  the  external  pressure  to  raise  tiie  spirit. 
A  scale  was  adapted  to  the  tube  in  order  to  express  the 
degree  of  temperature  by  the  number  of  the  graduation  at 
the  upper  extremity  of  the  spirit. 

An  effort  was  made  to  render  the  instrument  portable  by 

bending  the  lower  part  of  the  tube  upwards,  and  terminating 

this  branch  also  with  a  ball ;  and  a  small  aperture  was  made 

in  the  latter  in  order  that  the  external  air  might  have  access 

to  the  lower  surface  of  the  spirit.    Mr.  Boyle  subsequently 

Original   ^^^^^^  ^^0  air-thermometer  by  making  the  tube  quite 

Air.Ther.  f^^ght  and  open  at  both  ends :  the  lower  end  was  unmersed 

mometer.  ^^  &  small  glass  vessel  containing  both  air  and  coloured  spirit, 

and  the  vessel  being  formed  with  a  neck  which  closely 

encircled  the  tube,  it  was  hermetically  sealed  to  the  latter.      The 

variations  in  the  temperature  of  the  atmosphere  caused  the  air  in  the 

vessel  to  expand  or  contract,  and  thus  to  press  with  more  or  less  force 

on  the  surface  of  the  spirit ;   the  latter  was  consequently  made  to 

ascend  or  descend  in  Uie  tube. 

The  air-thermometer  invented  by  Amontons  (1702)  consisted  of  a 
tube  nearly  four  feet  long,  open  at  both  ends,  and  curved  upwards  at 
bottom,  where  it  terminated  in  a  ball.  This  tube  carried  a  column  of 
mercury  about  294  English  inches  high,  so  that  tho  air  in  the  ball  was 


compressed  by  the  weight  of  two  atmospheres.  A  light  body,  in  wlai-cb 
was  inserted  the  lower  end  of  a  wire,  floated  on  the  upx^er  extremity  jsi 
the  column  of  mercury  in  the  tube ;  and  near  the  upper  end  of 
wire  was  an  index  by  which  the  number  of  the  graduation  on  a 
was  shown.  The  variations  of  the  temperature  of  the  air  in  the 
caused  the  mercurial  column  to  ascend  or  descend  in  the  tube ;  aji4. 
thus  were  produced  corresponding  movements  in  the  index.  By  tbia 
instrument  it  was  proposed  to  measure  high  temperatureB  on  a  aea3« 
whose  length  was  only  half  of  that  which  was  required  with  the  simpJ^r 
air-thermometer. 

The  defects  inseparable  from  all  the  above  thermometers  are,  i\twT 
the  dilatations  of  the  air  are  not  proportional  to  the  incremoita  r^f 
heat ;  that  the  length  of  tihe  column  of  spirit  or  mercury  varies  witJi. 
the  temperature  of  the  atmosphere ;  also,  that  the  air  which  is  in  coo- 
tact  with  the  surface  of  the  spirit  in  the  open  vessel,  in  the  first  Jdofl 
of  instrument,  or  with  the  top  of  the  column  of  the  spirit  or  jaereary 
in  the  others,  exerts  more  or  less  pressure  according  to  ita  densty  ; 
and  thus  the  indications  afforded  by  the  thermometer  are  rendered 
erroneous,  or  require  corrections  which  it  is  difiicult  to  apply.  Tbe 
air-thermometer  proposed  by  Dubuat,  and  of  which  the  following  ia 
a  brief  description,  possesses  some  advantages  above  those  which. 
have  been  mentioned;  but  not  being  portable,  it  has  never  beea 
employed. 

It  oonsistB  of  a  column  of  mercury  in  a  tube,  like  that  of  a  baro- 
meter, hermetically  sealed  at  the  upper  end,  and  bent  below  so  as  ta 
form  a  short  branch  inclined  at  about  40*  to  the  straight  part  of  the 
tube;  this  branch  terminating  with  a  hollow  ball.  The  mercuir 
occupies  the  straight  part  of  the  tube  to  the  height  of  about  2!if\ 
inches  above  the  bend ;  and  at  this  bmd  it  terminates  without  entering 
into  the  ball,  which,  by  the  construction,  is  a  little  above  the  bend. 
The  part  of  the  tube  which  is  above  the  column  of  mercury  is  free 
from  air,  and  when  the  bend  is  plunged  in  boiling  water  the  tube  ia 
to  be  in  a  slightly  inclined  position,  so  that  a  vertical  line  may  pass 
through  the  two  extremities  of  the  mercurial  column ;  then,  upon  the 
ball  becoming  cool,  and  the  elasticity  of  the  air  in  it  being  diminished, 
the  weight  of  the  mercury  will  cause  it  to  descend  in  the  long  branch 
and  rise  in  the  other.  The  mercury  is  to  be  prevented  from  entering 
the  ball  by  making  the  tube  decline  farther  from  the  vertical  positioo, 
so  that  the  lower  exta^mity  of  the  mercury  may  remain  in  the  vertical 
line  before  mentioned ;  and  the  temperature  of  the  air  is  to  be  deter- 
mined by  the  height  of  the  top  of  the  column  of  mereury  above  a 
horiEontiu  line  passing  through  the  lower  extremity,  that  is,  by  the 
cosine  of  the  declination  of  me  tube  from  the  verticaL  Since  the  air 
in  the  ball  preserves  constantlv  the  same  volume,  the  elasticity  com- 
municated to  it  by  the  heat  of  the  atmosphere,  or  by  the  fluid  in  which 
the  instrument  is  plunged,  is  always  in  equilibrio  with  the  pressure  of 
the  column  of  mercury,  which  is  the  force  acting  against  it,  and  is 
proportional  to  the  vertical  height  of  that  column. 

About  the  middle  of  the  17th  century  the  members  of  the  Aceademia 
dd  CimetUo  caused  thermometers  to  be  constructed  in  which,  instead 
of  air,  alcohol  or  spirit  of  wine  was  employed.  The  fluid  was  intro- 
duced, as  at  present,  into  a  glass  tube  terminating  at  bottom  in  a 
hollow  ball,  from  which  the  air  had  been  expelled  by  heat.  The  oppo- 
site extremity  of  the  tube  was  then  hermetically  sealed,  and  a  soile  of 
equal  parts  was  applied  to  the  stem,  by  means  of  small  beads  of  coloured 
enamel,  for  the  purpose  of  expressing  the  temperature  of  the  atmo- 
sphere, or  of  the  liquid  which  was  to  be  examined.  Alcohol  dilates 
and  contracts  considerably  with  the  variations  of  temperature  to  which 
it  may  be  subject,  though  not  in  so  great  a  degree  as  air.  It  is  also 
capable  of  measuring  very  low  temperatures ;  but  as  it  is  brought  to  a 
boiling  state  much  sooner  than  water,  it  cannot  be  employed  to 
ascertain  a  high  degree  of  heat.  Spirit-thermometers  were  introduced 
into  this  country  by  Mr.  Boyle,  and  they  are  still  used  for  low  tern* 
penitures. 

Sir  Isaac  Newton,  being  dissatisfied  with  the  smallness  of  the  range 
of  spirit-thermometers,  employed  linseed-oil  in  tubes  for  the  purpose 
of  measuring  degrees  of  temperature.  This  liquid  has  nearly  the  same 
amount  of  expansibility  by  increments  of  heat  as  alcohol ;  and  it  is 
capable  of  bearing  a  considerable  amount  of  heat  and  of  cold  without 
ei^er  boiling  or  freezing ;  but  from  its  viscidity  it  adheres  so  much  to 
the  interior  side  of  the  tube  as  to  render  accurate  observations  quite 
impossible,  and  on  this  account  it  has  not  since  Newton's  time  been 
employed  for  thermometers. 

The  thermometer  which  is  now  in  general  use  is  a  slender  tube  of 
glass  terminating  in  a  ball  containing  mercury,  the  air  having  been 
expelled  and  the  tube  afterwards  hermetically  sealed.  The  idea  of 
employing  this  fluid  for  the  purpose  of  measuring  degrees  of  heat  by 
its  expansion  is  supposed  to  have  first  occurred  to  Dr.  Halley ;  and  the 
reason  why  it  was  not  employed  by  that  philosopher  appears  to  have 
been  that  the  range  of  its  expansion  is  much  less  than  that  of  alcohol 
According  to  Boerhaave  ('Elementa  Chemise,'  1782),  the  honour  of 
having  been  the  first  to  recommend  a  mercurial  thermometer  is  to  be 
ascribed  to  Romer,  the  discoverer  of  the  motion  of  light,  who  is  said 
to  have  invented  it  in  1709;  but  it  was  not  till  the  year  1724  that 
such  a  thermometer  was  known  in  this  country.  In  that  year  an 
account  of  a  mei-curial  thermometer  which  had  been  invented  by 
Fahrenheit,  of  Amsterdam,  in  1720,  ^^-as  read  before  the  Royal  Society, 
and  was  inibliehed  in  the  'Philosophical  Transactions'  (vol.  xxxiii.). 
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The  advantagoB  of  merciuy  over  alcohol  and  air,  a«  a  meaBure  of  tem- 

I>eratur8,  are  that  its  ezpanBions  are  more  nearly  proportional  to  the 

increments  of  heat  than  those  which  take  place  in  either 

of  the  other  fluids ;  it  is  easily  deprived  of  air,  and  its 

power  to  conduct  heat  bdng  considerable,  the  changes  of 

its  volume  by  changes  of  temperature  in  the  surrounding 

r\         medium  take  place  more  rapidly  than  those  of  any  other 

^^  [=}f  >     fluid  except  the  gases. 

At  first  the  scales  for  measuring  degrees  of  tempe- 
rature were  o^bitraTy,  and  oonseouently  no  two  thermo- 
meters could*  be  compared  togetaer.    The  scale  of  the 
Florentine  thermometer  was  detennined  by  marking  the 
place  where  the  top  of  the  spirit  column  stood  in  the 
tube  when  the  latter  was  immersed  in  snow,  and  the 
place  at  whi^  it  stood  at  the  time  of  the  grei^iest  heats 
m  Florence :  the  interval  between  the  points  was  divided 
into  60  parts.    Subsequently,  in  this  oountiy,  Mr.  Boyle 
and  Sir  Isaac  Newton  formed  scales  for  detennining  the 
expansion  of  the  spirit  or  oil  by  making  the  space  included 
in  each  degree  of  the  tube  equal  to  a  certain  portion  of 
the  whole  volume.     Thus,  supposing  the  IxJl  of  the 
thermometer  and  part  of  the  tube  to  be  divided  into 
10,000  equat  parts,  and  to  be  wholly  occupied  by  the  oil 
when  the  instrument  is  plunged  in  melted  ice,  Sir  Isaac 
found  that  by  the  heat  of  the  human   bod^  the  oil 
expanded  256  such  parts,  and  by  that  of  boibng  water 
725  parts ;  then,  considering  the  point  at  which  the  top 
of  the  column  stood  in  the  tube  when  the  latter  was 
placed  in  Uie  ice,  as  the  zero  of  the  scale,  he  divided  the 
VaOmnhelf  •  mter^  between  this  point  and  that  at  which  the  top  of 
Thermoineter.  the  column  stood  when  the  ball  of  the  thermometer  was 
placed  under  the  arm  of  a  man,  into  12  parts.    After- 
wards by  proportion  he  found  that  the  distance  from  the  ice-point 
to  that  of  boiUng  water  was  equal  to  84  such  parts  ('  Phil.  Tnns.,' 
vol.  xxiU).     This   method,  bemg   of  difficult   execution,  was  soon 
abandoned. 

The  scale  which  has  been  in  general  use  in  this  country  since  the 
year  1724,  is  supposed  to  have  been  invented  by  Fahrenheit.  It  is 
quite  unknown  on  what  ground  he  made  choice  of  the  fixed  points  on 
his  scale,  or  of  the  number  of  graduations  between  them ;  but  it  ia 
thought  that  one  of  the  fixed  points  was  that  of  boiling  water,  and 
that  the  other,  which  is  the  zero  of  the  scale,  was  that  at  which 
the  top  of  the  column  stood  when  the  instrument  was  exposed  to  an 
intense  cold  in  Iceland,  in  1709.  The  extent  of  the  scale  between 
».liiM  last  point  and  that  of  boiling  water  is  divided  into  212  parts, 
and  the  point  of  freezing  water  is  at  the  thirty-second  division 
from  the  zero  point.  See  the  scale  on  the  right  of  the  tube  in  the 
above  figure. 

M.  R&umur  constructed  a  thermometer  in  which  spirit  of  wine  was 
employed,  and  he  formed  a  scale  in  a  manner  nearly  similar  to  that 
which  had  been  put  in  practice  by  Sir  Isaac  Newton.  He  computed 
the  volume  of  the  glass  ball,  and  graduated  the  tube  so  that  the  space 
between  two  divinons  was  equal  to  one-thousandth  part  of  that 
volume :  he  then  found  the  zero  of  the  scale  by  markmg  the  place 
where  the  top  of  the  column  stood  when  the  thermometer  was  placed, 
in  water  just  freezing:  and  afterwards,  plunging  the  instrument  in 
boilbig  water,  he  observed  whether  or  not  the  spirit  rose  exactly  eighty 
divisions.  If  not,  he  strengthened  or  diluted  the  spirit  till  it  did  so ; 
and  the  point  at  which  the  top  of  the  spirit  stood  became  the  point  of 
boiling  water.  Of  Uus  instrument  an  account  was  published  in  the 
'  M^oires '  of  the  Academy  of  Sciences  for  1730,  but  the  construction 
has  been  long  since  abandoned ;  for,  besides  the  difficulty  of  giving  a 
proper  degree  of  strength  to  the  spirit,  it  is  well  known  that  the 
latter  cannot  be  made  to  take  the  temperature  of  boiling  water,  so  that 
the  determination  of  the  upper  point  in  the  scale  must  be  very  erroneous. 
That  which  is  now  called  Reaumur's  thermometer  is  an  improvement 
on  the  former,  by  M.  Deluo,  who  determined  the  points  of  freezing  and 
boiling  water  by  experiment,  and  divided  the  distance  between  them 
into  eighty  parts,  the  zero  of  the  scale  being  at  the  former  point.  See 
the  scale  on  the  left  of  the  tube  in  the  above  figure. 

A  third  scale,  called  **  Centigrade,"  has  been  much  in  use  among  the 
philosophers  of  the  Continent  within  the  lost  eighty  years:  it  was 
invented  by  Celsius,  a  Swede,  and  it  differs  from  that  of  Rdaumur  or 
Deluc,  only  in  the  cQstance  between  the  points  of  freezing  and  boiling 
water  being  divided  iuto  100  parts.  The  length  of  each  degree  in  this 
thermometer,  as  well  as  in  toat  of  Reaumur,  is  greater  than  in  the 
Bcale  of  Fsdirenheit ;  and  consequently  the  indications  of  temperature, 
when  the  top  of  the  spirit  or  mercurr  Ib  between  the  lines  of  division 
ore  rather  uncertain,  from  the  difficulty  of  estimating  them  accurately 
by  the  eye ;  also,  the  temperatures  required  to  be  determined  being 
often  below  the  point  of  freezing-water,  the  employment  of  negative 
signs  ia  of  more  frequent  occurrence  with  these  thermometers  than 
with  those  of  Fahrenheit. 

The  following  formulso  wUl  serve  to  convert  any  given  number  of 
degrees  on  Fahrenheit's  scale  into  the  corresponding  number  of  degrees 
on  R^umur's  and  the  Centigrade  scales,  and  vice  vei'sd. 

Let  r,  B,  and  c  express  any  corresponding  numbers  of  degrees  on 
the  three  scales  respectively :  then— 


(r-82')  \  «B,and(p-32'')  5=0: 

9  9 

2  B-h82«=F,  and  7  o  +  82=f: 

4  5. 

also,  7  c=R,  and  "i  n— a 

N.B.  When  fr  is  between  zero  and  32%  the  values  of  r  and  0  are 
negative,  and  express  the  required  number  of  degrees  below  zero  on 
R^umur's  and  tiie  Centigrade  scales.  AIbo,  when  f,  r,  or  c  expresses 
any  given  number  of  degrees  below  zero  on  its  proper  scale,  it  must  be 
considered  as  negative. 

The  scale  invented  by  De  Tlsle  of  St  Petersbui^g,  in  1733,  being 
still  occasionally  in  use,  it  may  be  necessary  to  mention  that  it  is 
formed  by  making  the  space  included  in  each  degree  equaJ  to  one 
hundred-thousandtti  part  of  the  whole  volume  of  the  mercury ;  the 
zero  of  the  scale  Ib  at  the  point  of  boiHng-water,  and  between  this 
point  and  that  of  freezing-water  the  space  is  divided  into  150  parts. 

It  may  be  observed  that  the  situation  of  the  freezing-point  on  the 
scale  of  a  thermometer  can  be  determined  with  great  accuracy  if  the 
ball  and  part  of  the  tube  be  immened  in  pounded  ice ;  for  it  is  known 
that  water  containing  ice  and  snow  remains  of  the  same  temperature 
till  the  ice  is  entirely  dissolved,  every  accession  of  heat  to  the  water 
being  employed  in  promoting  the  dissolution.  But  the  point  of 
boiling  water  is  far  from  being  so  precisely  known,  since  it  varies  with 
the  density  of  the  atmosphere  at  the  time  of  making  the  deter- 
mination. Distilled  water  in  an  open  vessel,  and  under  a  given 
pressure  of  the  atmosphere,  boils  at  an  invariable  temperature,  except 
as  far  as  the  nature  of  the  vessel  may  make  some  difference;  for  if  the 
heat  communicated  to  the  water  be  increased,  the  only  effect  produced 
is  that  of  driving  off  a  greater  quantity  of  steam  in  a  given  time  :  in  a 
vessel  exhausted  of  the  air  the  water  will  boil  at  a  temperature 
expressed  by  about  70**  of  Fahrenheit's  scale,  while  in  a  vessel  con- 
structed so  as  to  prevent  the  steam  from  escaping  it  will  remain  in  a 
liquid  state  at  a  temperature  of  400*"  and  upwards.  In  order 
therefore  that  the  temperatures  indicated  by  different  instnimenta 
may  agree  together,  it  is  recommended  that  this  point  shoidd  be  found 
from  water  boiling  in  the  open  air  at  a  time,  if  possible,  when  the 
height  of  the  mercurial  column  in  the  barometer  is  30  inches,  and 
when  the  temperature  of  the  air  is  indicated  by  55*  of  Fahrenheit's 
scale. 

This  effect  of  the  pressure  of  the  atmosphere  on  the  boiling  of 
water  was  noticed  by  Fahrenheit  in  1724,  and  M.  Deluc,  in  his 
'  Recherches  sur  les  Modifications  de  I'Atmosphdre,'  has  investigated  a 
formula  for  determining  the  height  of  the  boiling-point  above  the 
freezing-point  of  the  scale  in  terms  of  the  height  of  the  mercury  in 
the  barometer ;  but  the  English  artist.  Bird,  was  the  first  who  applied 
a  correction  on  account  of  the  state  of  the  barometer,  for  the  purpose 
of  fixing  the  point  of  boiling  water  on  the  scales  of  thermometm. 

The  Royal  Society  having,  in  1776,  appointed  a  committee  to  con- 
sider the  best  means  of  adjusting  the  fixed  points  of  thermometers, 
the  formula  of  Deluc  was  verified  and  reduced  to  English  measures 
for  the  benefit  of  artists,  in  the  event  of  their  being  obliged  to  make 
the  instruments  imder  different  states  of  the  atmosphere  with  respect 
to  density  and  temperature ;  and  the  following  are  some  of  the  cor- 
rections which  are  given  by  Sir  George  Shuckburgh  for  detennining 
the  true  place  of  the  boiling-point  of  water.    The  first  column  contains 
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the  height  of  the  barometer  in  inches ;  and  the  second,  the  correction 
which  is  to  be  applied  with  its  proper  sign  to  the  number  212  on 
Fahrenheit's  scale,  in  order  to  give  the  correct  number  of  degrees  at 
which  the  .water  will  boil  under  the  pressure  expressed  by  the  height 
of  the  mercurial  column.  The  committee  observe  that  in  trying  the 
heat  of  liquors,  the  quicksilver  in  the  tube  of  the  thermometer  should 
be  heated  to  the  same  degree  as  that  in  the  ball ;  or  if  this  cannot  be 
done,  a  correction  should  be  applied  on  that  account.  ('  PhiL  Trans.,' 
voL  Ixvii) 

Thermometer-tubes  should  have  their  bores  vexy  slender,  and,  if 
possible,  perfectly  equable  in  the  whole  of  their  length.  When  there 
is  any  inequality  in  the  transverse  sections,  the  best  artists  make  the 
graduations  of  Uio  scale  vary  so  that  they  may  correspond  to  the  equal 
divisions  of  a  cylindrical  tube;  and  in  order  to  ascertain  Uie  relative 
dimensions  of  the  sections,  they  cause  a  small  qiumtity  of  mercury, 
about  an  inch  in  length,  to  slide  along  the  interior  of  the  tube, 
measuring  its  length  in  different  places ;  then,  since  the  lengths  are 
inversely  proportional  to  the  areas  of  the  sections,  the  variations  of 
the  former  will  immediately  show  the  corresponding  variations  of  the 
latter.  The  method  of  ealibraUon,  as  it  is  called,  recommended  by 
the  Kew  committee,  will  be  noticed  presently.  It  is  usual  to 
give  to  the  bore  an  oval  form,  with  the  broader  side  towards  iha 
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front,  in  order  that  the  mercury  or  spirit  may  be  easily  distinguished 
at  a  certain  distance,  as  by  approaching  very  near  the  instrument,  the 
heat  of  the  observer's  person  may '  affect  the  length  of  the  column. 
Mr.  Sheepshanks  found  that  tubes  with  round  bores  were  far  more 
nearly  true  than  those  with  flat  ones.  He  also  approves  of  bulbs 
three  or  four-tenths  of  an  inch  in  diameter.  They  shoxild  not  be  too 
small,  or  the  graduations  of  the  scale  will  be  dose  together,  nor 
too  large,  or  the  instrument  will  not  be  sensitive  on  account  of  the 
large  body  of  mercury  required  to  be  heated.  The  bulb  should  not  be 
blown  by  the  breath,  lest  moisture  be  Introduced,  but  by  an  india- 
rubborbag. 

It  is  of  course  essential  that  the  extent  of  the  thermometer-scale 
should  be  great  enough  to  comprehend  all  the  temperatures  at  which 
the  substances  generally  required  to  be  examined  exist  in  a  state  of 
fluidity ;  and  this  extent  may  be  obtained  when  mercury  is  employed. 
According  to  the  experiments  of  Mr.  Bolton,  mercury  does  not  boil 
till  it  has  acquired  a  temperature  equal  to  660*  of  Fahrenheit's  scale ; 
and  it  does  not  freeze  till  it  is  subject  to  a  degree  of  cold  expressed  by 
89  divisions  below  the  zero  of  that  scale,  (—39**)  or  7V  below  the  freez- 
ing-point of  water.  Pure  alcohol,  on  the  other  hand,  has  never  been 
fr^sen,  though  it  has  been  exposed  to  a  degree  of  cold  exceeding  that 
which  is  expressed  by  166°  below  the  zero  of  Fahrenheit;  (—166") 
thoug^  at  that  remarkably  low  temperature  it  became  viscid.  Hence 
a  spirit-thermometer  is  to  be  preferred  to  one  of  mereury  when  it  is 
faatonded  to  ascertain  the  temperature  of  the  air  in  high  northern  or 
southern  latitudes :  but  since  the  spirit  boils  in  air  with  a  degree  of 
heat  expressed  b^  178*  of  Fahrenheit,  it  is  imfit  for  many  of  the 
purposes  for  which  a  thermometer  is  required.  For  instruments 
capable  of  measuring  very  high  temperatures,  see  Pyrometer. 

In  the  construction  of  a  uiermometer,  the  air  should  be  carefully 
expelled  from  the  tube,  and  even  from  the  mereury  or  spirit  within 
it:  the  variations  in  the  density  of  the  atmosphere  cannot,  under 
proper  precaution,  affect  the  instrument,  since  the  tube  is  hermetically 
sealed.  This  precaution  consists  in  not  graduating  the  tube  for  some 
months  after  it  has  been  sealed,  or  until  the  glass  has  accommodated 
itself  to  the  altered  circumstances  of  a  vacuum  within  and  atmospheric 
pressure  without.  The  most  carefully  constructed  thermometers  will 
shift  their  fixed  points  if  graduated  too  soon  after  filling.  It  must 
also  be  observed  that  the  indications  of  temperature  are  not  precisely 
expressed  in  terms  of  the  dilatation  of  the  mereury  or  spirit  only,  but 
in  terms  of  the  excess  of  that  dilatation  above  the  dilatation  of  glass. 

The  apparent  dilatation  of  mercury  in  a  glass  tube  is  equal  to  ^  of  its 

volume,  between  the  temperatures  of  freezing  and  boiling  water ;  and 

its  true  dilatation  between  the  same  limits  is  ^  of  its  voluma 

A  perfect  thermometer  would  be  one  in  which  the  expansions  of  the 
fluid  in  the  tube  were  exactly  proportional  to  the  increments  of  heat 
which  it  might  receive  from  the  substance  whose  temperature  is  to  be 
determined ;  but  it  cannot  be  said  that  any  of  the  fluids  which  as  yet 
have  been  employed  in  the  construction  of  therraometera  strictly  pos* 
Bess  this  proper^.  Mercury  is  the  fluid  in  which  it  exists  m  the 
greatest  degree ;  but  from  the  experiments  of  Deluc  it  has  been  ascer- 
tained that,  between  the  points  of  freosing  and  boiling-water,  the  tem- 
perature indicated  by  the  mercurial  thermometer  is  lower  than  the 
true  temperature,  the  greatest  difference  (which,  however,  is  only  equal 
to  1*'4  of  R^aumur^s  scale,  or  8**15  Fahrenheit),  being  in  the  middle 
between  those  two  points  on  the  scale.  From  the  same  experiments 
it  is  also  found  that  when  thermometers  are  regulated  so  as  to  agree  at 
the  points  of  freezing  and  boiling-water,  whether  the  liquid  be  oil, 
spirit,  or  water,  the  indications  are  always  below  those  of  mereury, 
the  difference  being  the  greatest  at  the  middle  between  those  points. 
With  oil  of  olives  the  difference  is  1*  of  R^umur^s  scale  (2*'25  Fahr.) ; 
with  highly-rectified  alcohol,  4*-9  Rdaumur  (11**02  Fahr.);  with  half 
alcohol  and  half  water,  6*7  R&umur  (15**07  Fahr.) ;  and  with  water, 
19*-6  R^umur  (48*-87  Fahr.).  It  must  be  observed  that  great  irregu- 
kirities  take  place  in  the  expansion  of  all  fluids  when  near  their  boiling 
state,  and  that  mercury  contracts  very  suddenly  when  at  the  point  of 
its  congelation.  The  deviations  of  the  spirit-thermometer  from  the 
true  indications  of  heat  are  known  to  be  rather  greater  than  those  of 
the  mereurial  thermometer.  It  may  be  added,  that  the  alcohol  in  a 
thermometer^tube  loses,  in  time,  part  of  its  strength;  and  that,  in  con- 
sequenccj  the  degree  of  expansion  by  a  given  increment  of  heat  is  not 
the  same  as  when  the  instrument  was  made.  The  expansion  of  alcohol 
for  temperatures  greater  than  about  178*  Fahr.,  at  which  the  spirit 
boils,  cannot  be  ascertained  practically,  because  the  spirit  at  that 
temperature  passes  into  a  state  of  vapour ;  and  the  oompanson  between 
the  mercurial  and  the  spirit  thermometer  ought  not  to  be  carried 
higher  than  that  temperature ;  or  the  scales  for  mercury  and  spirit 
ought  to  be  roguUted  so  as  to  agree  with  one  another  at  the  freezing- 
point  of  water  and  at  the  temperature  of  178*  Fahr. ;  if  this  were 
attended  to,  the  differences  between  the  indications  of  the  mercurial 
and  spirit  thermometera,  above  that  point,  would  be  lees  than  they 
i^pear  to  be  by  the  tables  of  Deluc. 

Later  measurements  by  Regnault  of  the  total  expansion  of  mereury 
for  three  progressive  intervals  of  180*  Fahr.,  give  the  following  results : 
Between  82*  and  212**  it  is  1  part  in  65*08 ;  between  212°  and  892*  it 
is  1  in  64*61 ;  and  between  892°  and  572*  it  is  1  in  54*01.  In  the 
merourial  thermometer  it  may  be  assumed,  without  sensible  error,  that 


between  82*  and  212*  equal  increments  of  heat  raise  the  thermometer 
throu^  an  equal  number  of  degrees.  The  increase  in  the  capaciftj  of 
the  g^tfs  bulb  (especially  for  crown  glass)  almost  exactly  compenflatcs 
for  the  increasing  rate  of  the  expansion  of  mereury,  although  for 
temperatures  above  212*  the  compensation  is  not  so  exact.  It  hu 
been  found,  also,  that  the  temperature  of  572*  Fahr.,  as  measured  bj 
an  air  thermometer,  is  586*  by  a  mercurial  thermometer,  on  account  of 
the  increasing  dilatation  of  mercury,  with  an  increased  temperature^ 
Mr.  Dixon,  in  his 'Treatise  on  Heat,'  says:  "Different  glaases  have 
different  co-efficients  of  expanmon,  and  also  vary  in  the  law  of  their 
dilatation  at  high  temperatures,  and  as  theHmount  of  absolute  dilata- 
tion of  mercury  is  small,  this  variation  in  the  expansion  of  the  glass 
envelope  produces  irregularities  of  considerable  magnitude  in  the 
Apparent  dilatation  of  mereury.  As  the  real  expansibility  of  air  is 
much  greater,  its  apparent  expansion  in  glass  is  not  affected  to  the 
same  extent  by  these  variations  in  the  rate  of  expansion  of  the  latter, 
and  accordingly  in  an  air-thermometer  the  rate  of  expansion  of  the 
glass  may  be  considered  as  sensibly  uniform.  When  corrected,  there- 
fore, for  the  expansion  of  its  envelope,  such  an  instrument  forms  the 
most  perfect  thermometer  with  which  we  are  acquainted  in  the 
present  state  of  science."  An  air-thermometer,  corrected  for  the 
expansion  of  its  envelope,  being  compared  with  a  mereurial  thermo- 
meter made  with  the  peculiar  description  of  glass  emjdoyed  by  M. 
Regnault,  the  agreement  between  the  two  instruments  was  po^ect 
up  to  200*  C;  whereas,  in  a  mercurial  thermometer  made  of  ordi- 
nary tube,  compared  with  one  of  crystal  glass,  although  they  agreed 
from  0*  to  100*  C,  yet  at  higher  temperatures  the  discrepancies  were  : — 


lit  Thermometer, 

2nd  Thermometor. 

Difference, 

100*51 

191-66 

115 

S46-68 

249S6 

3-68 

S51-87 

254-57 

2-70 

279-08 

283-50 

S-4S 

810C0 

815-28 

4*59 

838*73 

840-07 

6*85 

Water,  like  other  substances,  suffera  a  diminution  of  volume  by  the 
abstraction  of  heat,  but  when  it  is  cooled  to  a  temperature  between 
89*  and  40*  of  Fahrenheit's  sctde,  it  seems  to  have  attained  the 
maximum  of  densitv ;  and  if  the  process  of  cooling  be  oontinued,  it 
then  increases  in  volume  till  it  is  converted  into  ice.  Therefore,  if  a 
thermometer  were  made  with  water,  and  the  top  of  the  coluom  woe 
at  50°  Fahr.,  it  would  be  impossible  to  know  whether  the  temperature 
were  50*  or  80*,  the  expansion  being  nearly  equal  at  equal  distances 
within  l(f  above  and  below  40*  of  the  scale.  The  cause  is  uncertain, 
but  it  is  probably  owing  to  a  partial  ctystallisation,  which  may  begin 
to  take  place  in  water  when  at  a  temperature  expressed  by  about 
8*  above  its  freezing-point. 

The  mereurial  and  spirit  thermometera  formerly  differed  considerably 
at  temperatures  below  that  of  freezing  water.  By  observations  made 
during  Sir  Edward  Parry's  second  voyage,  the  dimrences  between  the 
indications  of  the  spirit  and  mercurial  thermometera  varied  from  3**05 
to  8*  Fahr.  between  the  temperatures  -^58*  and  -SO*,  the  alcohd 
being  always  too  low.  At  very  low  temperatures  alcohol  thermometere, 
unless  verv  carefully  preptu-ed,  differ  greatly  among  themselves 
Dr.  Kane  m  his  Aretic  voyage  records  temperatures  as  low  as  from 
—60*  to  —76*;  but  he  admits  that  "it  was  not  uncommon  for  ther- 
mometers whidi  had  given  us  correct  and  agreeing  temperatures  aa 
low  as  —40*  to  show  at  —60*  differences  of  from  fifteen  to  twenty 
degrees."  In  remarkable  contrast  with  this  are  the  results  obtained 
by  Sir  E.  Belcher  in  his  Arctic  voyage  with  the  thermometen  furnished 
to  him  by  Mr.  Welsh  of  the  Kew  Obeervatoiy.  While  wintering  in 
Northumberland  Sound,  76°  52'  N.,  97*  W.,  he  made  a  comparison  of 
seven  thermometera,  marked  2, 6, 8,  20,  8, 4,  5,  with  a  standard  instru- 
ment, with  the  following  results.  The  temperatures  were  all  natunl 
ones: — 


Standard. 

2. 

6. 

8. 

20. 

8. 

4. 

5. 

Fahr. 

o 

o 

o 

o 

e 

0 

o 

—20° 

—21 

—20 

— 20'Q 

—21-2 

—20-4 

— 30*7 

— 2X*1 

—SO' 

—81 

—30 

—80 

--81'5 

—30-8 

—31-2 

—31-5 

—40'' 

—40-5 

-30-6 

—89-8 

—40-6 

—40-5 

—39-5 

—41-3 

—50^ 

—60 

—49 

—49 

—51 

—49 

—40-3 

—SI'S 

The  lowest  temperatiu-e  observed  was  on  12th  January,  1853, 
namely  — 62^'5.  The  indices  of  the  minimum  thermometen  read  next 
day  at  8  a.m., gave  —62",  — Gl*-6,  -  66*,  -63*-2.  "  The  night  was  bright 
and  calm ;  no  sensation  of  cold.  — 68**2  is  the  external  exposed  thermo- 
meter, but  was  never  read  excepting  by  its  index  of  that  graduation." 
Parry's  coldest  was  — ^54*  for  154  houn.  In  Belcher's  Expeditionj  tho 
following  temperatures  were  observed : — 

— 46°  and  below,  for  150  oontinuons  boun. 


-50*'        „ 

II 

89 

II 

II 

-52»        „ 

II 

88 

II 

II 

—55''         ,. 

M 

62 

II 

•1 

—58°  to  62^-5 

14 

It 

II 

In  the  preparation  of  spirit  thermometers  the  alcohol  should  bo 
abiolute,  and  the  stem  should  be  deprived  of  air  by  boiling.    "When  tho 
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inatrumant  ia  iateoded 

to  graduate  it  by  meanB , .,, 

at  water  (32°)  and  the  treeziDg  polot  of  mercuir  t  —  39°).  Profeuor 
Miller  has  also  proposed  a  third  fixed  point,  namely,  tliB  fuuoa  of  solid 
carbanic  acid  whea  it  shall  have  been  determined.  The  very  lev 
ai^ficiftl  temperatures  that  hare  been  recorded  miuit  not  be  insisted 
upon,  as  the  law  oE  oontraction  oE  alcohol  (which  seema  to  form  a  con- 
verging series)  is  not  yet  accurately  knowo,  and  upon  It  the  indications 
of  the  spirit  thermometer  must  oE  conree  depend.  Even  the  low 
natural  temperatures  which  are  sometimes  recorded,  ore  not  always 
trustworthy.  During  the  severe  cold  of  the  winter  of  lB60-81,sumB 
very  low  readings  have  been  proved  to  be  erroneous,  in  consequenee  of 
the  distillation  of  a  portion  of  the  spirit  in  the  minimum  thermometer 
iato  the  further  extremity  of  the  borizontal  stem.  It  has  I 
tliat  such  a  thermometer  requires  to  be  tQted  from  time 
connect  this  portion  of  alcohol  with  that  in  llie  stem,  unless  indeed  the 
new  make  come  iut«  genei^  use,  lu  whii 
turned  upwards,  and  the  stem  itself  a  little 

Segitler  TherTOomelert. — It  is  oE  great  importance  in  meteorology 

that  the  observer  should  be  able  to  aseertain  the  highest  or  lowest 

_  point  of  a  thermometer  scale  at  which  the  column 

^^         of  mercury  ma^  have  stood  during  bis  absence 

■  a  very  Iftii[e  number  of   contrivances  havi 

1  made  to  obtun   this  end.      Of  these,  one 

cb  is  not  quite  gone  out  oE  use,  was  invented 

by  Mr.  Six,  whoae  name  the  instrument  bears,  and 

a  described  in  the   '  Phitoeophical  Transactions' 

or  1782.     We  retain  it  in  this  place,  as  it  showi 

the  principle  of  construction  in  a  very  Urge  num- 

*"  ~~  of  register  thermometers.    Six's  contrivance 

data  of  a  long  tube  bent  so  u  to  fonn  Uiree 

parallel  branches.  A,  B,  and  o:  the  part  a 

^,    elongated  bulb,  and  the  rest  of  the  tube 

capillary  bore.     The  lower  portion,  &,  co 

mercury,  which  risee  in  B  and  o  to  certain  points, 

as  a  and  «,  and  tiie  bulb  is  filled  willi  spirit  of 

wine,  which  passing  over  the  bend  at  d,  desoends 

to  tlie  upper  extremity  of  the  mercury  in  B  :  above 

c  the  branch  a  ia  also  Slled  with  spirit  to  near  the 

ni^er  extremity,  which  is  hermetically  sealed. 

Two  small  indices  of  steel  coated  with  glass, 
which  are  represented  at  m  and  n,  are  introduced 
in  the  branches  b  aqd  c :  these  are  capable  of  being 
forced  upwards  by  the  rising  oE  the  column  of 
mercury  in  either  tube,  and  they  have  about  them 
a  Gne  wire  or  a  bristle  or  a  thread  of  glass ;  so 
that  they  will  remain  stationaty  where  they  happen 
to  be  when  the  beads  d  and  c  of  the  columns 
recede  from  them.  Their  lower  exljvmitiea  con- 
sequently indicate  the  points  at  which  the  ends 
of   the    coiumns   may  have   stood   before   such 


It  is  evident  that  the  expansion  of  the  spirit  in 
*  by  increments  of  heat  will  cause  that  which  is 
in  B  to  press  down  the  column  of  mercury  in  that  branch  and  force  up 
the  extremity  c,  moving  the  index  n  before  it,  while  by  its  friction  the 
index  nt  is  prevented  boia  descending.  On  the  other  hand,  the  con- 
trairtion  of  the  spirit  in  &  allows  the  eUsticity  of  the  air  in  the  ball  D 
to  force  the  column  in  o  downwards,  the  index  n  remaining  at  the 
highest  point  to  which  it  had  been  previously  raised;  the  mercury  in 
B  then  rises  up,  carrying  the  index  nt  before  it,  tjll  an  augmentatdon 
of  temperature  causes  the  spirit  in  a  to  expand,  and  again  force  the 
mercury  in  B  downwards. 

The  grtuluaUons  on  the  scale  belonging  to  branch  o  are  numbered 
upwarils ;  while  the  graduations  on  the  scale  belonging  to  B  are  num- 
bered downwards.  The  points  a  and  c  should  always  indicate  the 
same  degree  on  the  two  scales  ;  and  by  means  oE  a  magnet  the  indices 
m  and  n  may  be  brought  down  to  those  points :  from  thence  after- 
wards the  former  ascends  by  a  decrease,  and  the  Ltter  by  an  increase  of 

This  instrument  is  apt  to  get  out  of  order,  and  has  given  way 
to  simpler  forms.  The  mui'inuin  thermometer,  as  now  generally 
mode,  is  a  mercurial  thermometer  with  a  horiiontal  stem.  Within  the 
bore  is  a  small  piece  of  steel  wire,  which  is  pushed  forward  by  the 
exjianding  mercury,  and  ia  left  stationary  when  the  mercury  begins  to 
contract  and  recede,  thus  marking  the  highest  temperature  in  the 
absence  of  the  obeerver.  The  instrument  can  bo  reset  for  another 
observation,  by  tilting  it,  or  by  applying  a  magnet  to  the  outside 
of  the  stem.  The  mtninium  thermometer  is  arranged  like  the  maxi- 
mum, only  it  contains  coloured  alcohol,  the  index  being  a  amall 
piece  of  enamel  terminating  in  a  bead,  and  resting  just  below  the  sur- 
face of  the  liquid  column.  As  the  liquid  contracM  by  cold  it  carries 
the  inilez  with  it  by  capillary  adhesion,  but  as  soon  as  Uie  liquid  begins 
to  expand,  it  passes  by  the  enamel,  and  leaves  it  at  tbe  lowest  point  to 
which  the  liquid  had  descended,  thus  marking  the  minimum  temper- 
ature. To  reset  tbe  instrument  it  may  be  tilted  a  little  forward,  or 
the  enamel  may  contain  a  piece  of  iron  wire,  which  can  be  acted  on  by 
a  magnet  on  the  outaide.    Anol  her  form  of  maximum  thermometer, 
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by  N^retti,  ia  to  contract  the  tube  just  above  the  bulb,  so  as  to  allow 
the  mercury  to  pass  when  it  expands,  but  not  to  return  when  it  con- 
tract*. The  maxim  II  m  temperature  is  thus  marked,  and  the  instru- 
ment can  be  reset  by  giving  it  a  slight  swing.  The  advantage  of  this 
instrument  ia  that  Uiere  is  no  index  to  get  out  of  order,  but  there  ia 
some  trouble  in  determining  the  corrections  necessary  to  bring  its 
readings  iato  unison  with  a  standard  thermometer.  Professor  Phillips 
has  a  maximum  thermometer,  in  which  a  portion  of  the  mercurial 
column  is  detaobed  from  the  rest  by  means  of  a  small  bubble  of  air, 
which  detached  portion  remains  stationary  in  the  tube  when  the 
mercury  in  the  bulb  oontracta,  and  thus  marks  the  highest  reading. 
The  instrument  is  reset  by  swinging  or  inclining  it.  A  good  minimum 
thermometer  may  still  be  consi&red  aa  a  desideratum.  Hesar*. 
Negretti  and  Zambra  have  contrived  one  of  very  ingenious  construe, 
tion,  in  which  a  slender-pointed  needle  is  brought  down  to  the  surfaca 
of  the  mercury  in  the  tube,  the  latter  being  of  wide  bore,  and  in  • 
vertical  position.  As  the  mercury  contracts  the  needle  descends  with 
it,  but  on  rising  the  mercury  presses  the  needle  to  the  glass,  and  rises 
up  by  the  side  of  it,  instead  ot  raising  it.  There  are  difficulties  in  the 
manufacture  of  this  instrument,  and  also  in  tbe  method  of  observing 
it,  and  all  we  can  say  of  it  is,  that  it  is  under  trial.  The  intrwiuotion 
of  photographic  registration  [SeLr-KEaisTERiKQ  InsthhuehtsJ  in 
meteorological  observatories  Dss  greatly  limited  the  necessity  for 
mechanical  r^istration.  Even  the  wet  and  dry  bulb  thermometers 
[HroBoaETKB]  are  now  registered  photographically. 

The  Ohnmalic  Tkermomeler  ia  a  contrivance  by  Sir  D.  Brewster,  in 
which  a  number  of  superposed  plates  of  glass  exert  under  diSerenoea 
of  temperature  a  polansing  action,  which  is  estimated  when  the  plates 
Bie  held  in  a  beam  of  light  polarised  by  reBection. 

Woiiaiton'i  Thermonuttr,  for  determining  heights '  by  variation* 
in  the  boiling  point  of  water,  is  described  under  BoiUHa  or  Littuma. 

Difeitniiai  Thermomttcr.—ThM  instrument,  which  was  invented  by 
M.  Sturmius,  of  Altdorf,  before  the  year  1676,  and  was  revived  by 
Professor  Leslie,  in  1801,  consists  of  two  ther- 
mometer tubes,  terminating,  at  one  extremity   z'    \ 
of  each,  in  a  hollow  ^ass  ball,  and  containing  Lh* 
coloured  sulphuric  acid  :  the  opposite  extremities 
are  united  by  the  flame  of  a  blow-pipe,  and  an 
enlargement  of  the  bore  ia  made  at  the  place  of 
junction.     The  tube  is  then  bent  so  as  to  form 
three  sides  of  a  rectangle,  the  two  balls,  which 
are  of  equal  diameter,  forming  the  upper  extre- 
mities of  two  sides ;  and  the  instrument  is  od  a 
stand  with  tbe  branches  of  the  tube  in  vertical 
positions.    When  the  temperature  of  the  air  in 
the  two  balls  is  the  same,  the  acid  occupies  one 
side  and  the  base,  and  rises  a  little  way  up  tiio 
other  aide  of  the  rectangle.    To  the  Utter  side 
ia  attached  a  graduated  scale,  with  the  lero  of 
which  the  upper  extremity  of  the  acid  in  that 
branch  ahould  coincide.     In  the   event  of  this      uilfBteniiiil  TflsriBo. 
adjustment  being  deranged,  it  may  be  restored 

one  ball  to  the  other,  which  is  done  simply  by 

the  warmth  of  a  hand  applied  to  that  ball  from  whence  the  air  is  to  be 

driven. 

The  variations  of  temperature  in  tbe  apirtment  will  evidently  have 
no  effect  on  the  instrument,  siniw  the  action  upon  the  two  buls  will 
be  equal :  but  if  one  ball  alone  be  heated,  the  rise  of  the  acid  in  the 
other  will  immediately  indicate  Uie  diSerence  between  tbe  tempera- 
tures of  the  media  about  tbe  two  balls  by  the  excess  of  the  expansion 
of  the  air  in  one  ball  above  the  expansion  in  the  other.  Tbe  delicacy 
of  the  instrument  is  such  that  the  least  difference  of  temperature  is 
immediately  made  sensible  by  the  movement  of  the  acid. 

Radiating  Thermonteler,  or  Aaiiuinuter. — For  tbe  purpose  of 
measuring  the  intensity  of  solar  or  terrestrial  radiation,  an  instrument, 
called  an  Aotinometes,  has  been  contrived,  for  the  use  of  which  we 
must  refer  to  that  head ;  but  it  may  be  remarked  that  an  approxima- 
tion to  tbe  measiu's  of  solar  radiation  may  be  obtained  b;  simply 
exposing  a  register  thermometer  with  a  blackened  ball  to  the  direct 
action  of  the  sun's  raya.  [Hadiation.]  The  thermometer  should  be 
placed  a  few  inches  above  the  ground,  and  be  screened  from  curreats 
of  air;  and  the  graduations  should  be  made  on  the  stem  of  the  thermo- 
meter, in  order  to  avoid  the  errors  arising  from  the  expansion  or 
warping  ot  the  scale.  The  force  of  terrestrial  radiation  m.iy  bo 
measured  by  the  minimum  temperature  of  a  register  thermometer, 
wboae  ball  is  placed  in  tbe  focus  of  a  concave  mirror  ;  the  face  of  tbo 
mirror  is  to  be  turned  towards  the  face  of  the  sky,  but  anay  from  the 
rays  of  the  sun. 

Since  tbe  establishment  ot  the  Kew  Observatory,  the  construction  of 
meteorological  instruments  has  received  tbe  earnest  attention  of  com- 
petent minds.  Under  BAROUSTElt  will  be  found  tlis  method  by  which 
the  Kew  standard  was  formed  by  Mr.  Welsh,  the  late  superintendent. 
He  has  also  given  directions  for  the  construction  and  comparison  of 
thermometers ;  his  Report,  presented  to  the  Royal  Society  in  1S5^ 
(and  printed  not  in  the  '  Transactiona'  but  in  the  '  Abstracts  ot  the 
Papers,'  &c.,*),  being  founded  tn  great  measure  on  the  pLm  proposed 
■  See  alH  BritUli  AuoeUUon  Report,  l»i9. 
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by  M.  Regnault.    Our  limits  will  not  allow  us  to  do  more  than  just 
indicate  the  methods  adopted.     And  frtl,  as  to  the  caJUbraMmi,  of 
the  tube.    A  short  column  of  mercury  (less  than  1  inch  in  length) 
having  been  introduced  into  it,  the  tube  is  attached  to  the  ff^e 
of  Perreaux's  dividing  engine,  and,  by  means  of  flexible  tubing,  is 
connected  at  both  ends  with  india-rubber  air-bags,  the  pressure  on 
which  is  regulated  by  screws.    The  mercury  is  brought  to  that  part  of 
the  tube  where  the  graduation  is  to  be  commenced.    The  cutting- 
frame  of  the  engine  carries  a  small  microscope  with  cross-wires  in  its 
focus ;  on  turning  the  dividing-screw,  the  microscope  wire  is  made  to 
coincide  with  the  first  extremity  of  the  mercury,  and  the  screw  is  then 
turned  forward  until  the  wire  reaches  the  second  extremity ;  so  that 
the  length  of  the  column  is  thus  given  in  revolutions  of  the  screw.  The 
mercury  is  then  made  to  move  along  the  tube  by  pressing  on  one  of  the 
india-rubber  bags  until  the  first  end  again  coincides  with  the  microscope 
wire,  when  the  length  of  the  column  is  again  measured,  and  the 
mercury  again  moved  forward :  this  process  is  repeated  until  the  column 
has  been  measured  for  each  length  of  itself  through  the  whole  extent  of 
the  proposed  scale.    Permanent  marks  are  made  on  the  glass  at  the 
points  of  commencement  and  ending  of  calibration.    If  the  progress  of 
the  numbers  shows  any  considerable  irregidarity  in  the  tube,  and  as  a 
verification  of  the  first  set  of  measures,  the  calibration  may  be  re- 
peated, commencing  at  a  point  one-half  the  length  of  the  column  in 
advance  of  the  original  starting  point.    A  series  of  measures  inter- 
polated from  the  two  sets  may  then  be  adopted.     In  this  operation 
the  mercury  should  be  very  pure  and  the  tubes  clean.    Secondly,  with 
respect  to  the  graduation,  measured  lengths  of  the  column  of  mercury, 
in  its  successive  steps  along  the  tube,  correspond  to  equal  volumes,  so 
that  assuming  the  calibre  of  the  tube  not  to  vary  throughout  the 
small  length  of  the  calibrating  column,  it  is  evident  that  by  dividing 
the  spaces  occupied  successively  by  the  mercury  into  an  equal  ntimber 
of  parts,  the  divisions  will  represent  the  same  capacity,  although  they 
may  be  of  different  lengths.    Before  making  the  tube  into  a  ther- 
mometer, the  divisions  of  the  scale  may  be  verified  by  introducing  a 
longer  column  of  mercury,  and  examining  whether  the  column  occu- 
pies an  equal  number  of  divisions  in  different  parts  of  the  scale. 
Should  there  be  any  irregularity,  a  table  of  corrections  is  to  be  formed, 
but  tills  is  seldom  required.    The  divisions  are  cut  vnth  a  fine  needle- 
point upon  a  coating  of  engraver's  varnish,  and  are  afterwards  etched 
by  means  of  hydro-fluoric  acid.    The  required  dimensions  of  the  bulb 
may  be  found  approximately  by  weighing  a  measured  length  of  the 
mercurial  column,  and  from  the  known  expansion  of  mercury  and  its 
specific  gravity,  computing  the  capacity  of  the  bulb.   Thirdly,  as  to  the 
determination  of  the  scale  co-efficients.    The  thermometer  being  pro- 
perly filled  with  mercury  and  sealed,  the  divisions  of  the  scale  evidently 
represent  equal  increments  of  the  volume  of  the  fluid,  but  their  value 
is  quite  arbitrary.    The  advantage  of  this  plan  is,  that  the  divisions 
can  be  tested  before  the  instrument  is  converted  into  a  thermometer. 
The  instrument  is  kept  sufficiently  long  to  allow  of  the  settlement  of 
the  freezing  point.    The  tendency  of  this  point  to  shift,  if  the  gradua- 
tion take  place  soon  after  the  filling,  has  already  been  noticed,  but 
Mr.  Welsh  has  pointed  out  another  peculiarity  in  this  respect :  after  a 
thermometer  has  been  exposed  for  some  weeks  to  the  ordinary  tempe- 
rature of  the  air,  if  its  freezing  point  be  ascertained,  and  it  be  suddenly 
exposed  for  a  short  time  to  the  temperature  of  boiling  water,  and  again 
immediately  placed  in  ice,  the  latter  determination  of  the  freezing 
point  will  be  lower  than  the  former,  by  as  much  as  from  O'^l  to  0'**2, 
and  the  freezing  point  does  not  recover  its  former  position  for  some 
time,  probably  two  or  three  weeks.    The  freezing  point  is  found  by 
X)lacing  the  thermometer  in  finely  pounded  ice,  from  which  the  water 
is  drained  off  as  it  melts.  The  boiUng  point  is  taken  at  the  temperature 
of  steam  (from  distilled  water)  of  the  same  elasticity  as  that  of  the 
atmosphere.  The  barometer  is  observed  at  the  time,  and  the  correction 
to  a  uniform  height  of  80  inches  (reduced  to  32**)  is  found  from 
Begnault's  Table.    The  fixed  points  are  determined  in  the  position  in 
which  the  thermometers  are  to  be  used. 

In  the  graduation  of  mercurial  thermometers,  it  is  customary  to  con- 
sider increments  of  volume  as  proportional  to  increments  of  temperature, 
a  plan  which  cannot  be  adopted  in  the  case  of  spirit  thermometers. 
In  testing  some  spirit  thermometers  graduated  for  low  temperatures 
(namely,  to  —  75**  Fahr.)  intended  for  the  Arctic  Expedition  under  Sir 
E.  Belcher,  Mr.  Welsh  proceeded  to  determine  the  rate  of  expansion 
of  alcohol  in  glass,  as  compared  with  that  of  mercury.  The  alcohol 
had  been  carefully  prepared  by  Prof.  MUler,  and  its  specific  gravity  at 
60*  was  0796.  A  tube  was  calibrated  and  divided  with  an  arbitraiy 
scale,  and  its  divisions  were  found  upon  verification  to  be  of  exactly 
eq'ial  capacity  throughout.  The  tube  was  then  furnished  with  a  bulb 
of  the  same  dimensions  as  those  intended  to  be  supplied  to  the 
Admiralty,  and  was  filled  with  alcohol.  Comparisons  were  then  made 
between  the  readings  of  this  instrument  and  those  of  a  standard  mercu- 
rial thermometer  through  as  wide  a  range  as  was  found  practicable. 
The  comparisons  above  the  freezing  point  were  taken  in  water :  those 
below  32'  were  taken  in  freezing  mixtures  of  ice  and  salt,  or  chloride 
of  cilcitun.  From  these  comparisons  the  law  of  expansion  was 
deduced,  but  for  the  details  we  must  refer  to  Mr.  Welsh's  report. 

The  apparatus  used  at  Kew  for  comparing  the  indications  of  different 
thermometers  consists  of  a  cylindrical  glass  vessel,  15  inches  deep,  and 
84  inches  diameter,  together  with  a  stand  for  supporting  the  ther- 


mometers, and  an  agitator  or  flat  ring  of  tinned  iron,  fitting  easily 
within  the  vase,  for  agitating  the  water  so  as  to  presenre  an  equable 
temperature  throughout.  The  stand  is  a  vertical  rod  supported  by  a 
small  tripod,  resting  on  the  bottom  of  the  vessel  Hooks  sliding  on 
this  rod  serve  for  suspending  the  thermometers.  These  are  arranged 
with  their  bulbs  at  the  same  height  in  a  circle  of  3  inches  diameter 
round  the  rod,  and  are  kept  fixed  by  means  of  elastic  bands  to  a  pro- 
jecting six-rayed  frame,  attached  to  the  supporting  rod.  In  this  way 
six  thermometers  can  be  compared  at  once.  The  whole  apparatus  ii 
placed  on  a  wooden  revolving  stand,  and  in  taking  the  observations, 
the  observer  first  agitates  the  water  briskly  for  some  time,  then  turse 
the  revolving  stand  until  each  thermometOT  is  brought  opposite  to  his 
eye,  and  he  reads  off  the  scales  as  quickly  as  possible  to  an  assistant, 
who  takes  down  the  numbers.  The  six  thermometers  can  be  read  off 
and  recorded  in  20  seconds.  More  than  one  set  of  reading  should  be 
made  for  each  temperature,  and  the  order  of  observing  the  instx'uments 
should  be  reversed,  to  avoid,  as  much  as  possible,  the  changes  whidi 
may  occur  during  the  reading  off. 

In  graduating  a  thermometer    for    meteorological    purposes,    the 
freezing  point  is  determined  as  usual  with  melting  ice  or  snow,  and  an 
upper  reading  is  fixed,  by  placing  the  thermometer  in  water  of  a  certain 
temperature,  together  with  a  standiird  instrument.     Instruments  are 
now  sold  wMch  have  undergone  comparison  with  the  standards  of  the 
Kew  Observatory,  and  as  their  price  is  moderate,  there  is  no  reason 
why  the  observations  made  by  amateurs  in  various  parts   of  the 
kingdom  should  not  be  accurate,  and  comparable  with  each  other.    The 
scales  are  engraved  on  the  tubes,  so  that  no  correction  is  required  for 
the  scale.     When  the  instrument  is  intended  to  record  the  external 
temperature,  it  should  be  placed  in  the  shade  away  from  the  reflected 
and  radiated  heat  of  walls  and  buildings,  and  the  bulb  should  be  kept 
perfectly  diy.     Convenient  thermometer  stands  have  been  contrived 
by  Mr.  Qlaisher,  Mr.  Lawson,  and  Dr.  Drew,  for  sheltering  the  instru- 
ments from  disturbing  influences.    The  best  hours  for  observation  are 
9  am.,  8  p.m.,  and  9  p.m.    The  readings  should  be  taken    rapidly, 
especially  m  cold  weather,  to  prevent  the  warmth  of  the  body  from 
ii^uendng  them. 

THERMO-MULTIPLIER.    [Thbrmo-Elkotricity.] 

THERMO-PHONE.  When  a  bar  of  copper  slightly  curved  and 
furnished  with  a  wire  for  a  handle,  is  heated,  and  its  convex  surface 
placed  on  a  notch  cut  in  the  upper  surface  of  a  stout  ring  of  lead  rest- 
ing on  a  sounding  board,  it  will  vibrate  and  evolve  a  variety  of  musical 
sounds  resembling  those  of  an  seolian  harp,  and  also  the  drone  of  the 
bagpipes,  changing  in  the  most  fitful  and  irregular  manner,  and  varying 
with  the  pressure  applied  by  means  of  a  point  to  the  concave  surface  of 
the  copper.  The  sounds  will  continue  until  the  temperatures  of  the 
lead  and  the  copper  approach  each  other.  Such  an  arrangement  is 
called  a  thermo-phoM,  The  experiment  succeeds  best  wi&  metals 
whose  conducting  powers  for  heat  are  very  different,  such  as  copper 
and  lead,  the  conducting  power  of  the  former  beiog  =  845,  and  of  the 
latter  =287  (silver  =1000).  The  experiment^  which  is  due  to  Mr. 
Trevelyan,  was  investigated  by  Professor  Forbes  ('  Phil.  Journal '),  who 
showed  that  it  could  be  performed  with  various  other  metals  of  dif- 
ferent conducting  powers,  and  the  subject  has  been  more  recently 
investigated  by  Professor  Tyndal  ('  Phil.  Trans.') 

THERMOSTAT,  or  heat-governor,  is  an  apparatus  invented  and 
patented  in  1881  by  Dr.  Urc,  for  regulating  temperature  in  the 
processes  of  vaporisation  and  distillation,  in  heating  baths  and  hot- 
houses, in  adjusting  the  dmught  of  stoves  and  furnaces,  in  ventilating 
apartments,  &c.  It  acts  upon  tiie  principle  that  when  two  thin  metallic 
bars,  of  different  degrees  of  expansibility,  are  riveted  or  soldered  side 
by  side,  any  change  of  temperature  will  cause  a  sensible  flexure  in  the 
compound  bar ;  the  side  consisting  of  the  least  extensible  metal  be- 
coming concave,  and  the  other  convex.  By  this  flexure  of  the  com* 
pound  bar,  which  takes  place  with  considerable  force,  a  movement  is 
effected,  which,  by  the  intervention  of  levers,  may  be  made  to  open  or 
close  stop-cocks,  dsmpers,  ventilators,  or  any  description  of  valves, 
and  thereby  to  regulate  the  flow  of  heated  liquids  or  the  admission 
and  emission  of  air.  The  principle  of  the  thermostat  may  be  applied 
in  many  different  ways,  of  which  the  following  may  serve  as  examples. 
In  Jig.  1,  a  is  the  compound  bar,  firmly  fixed  at  6.    To  the  other,  or  free 

K«.  I.  Kg.  2. 


end  of  the  compound  bar,  is  attached,  by  means  of  a  connecting  rod, 
the  short  end  of  a  lever  mounted  upon  the  axis  of  a  circular  revolving 
v?ive,  or  ventilator,  c ;  and  from  the  longer  end  of  the  lever  is  sus- 
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pended  a  eliding  valve,  or  damper,  d.  By  increaaing  the  temperature 
of  the  chamber  or  vessel  in  which  the  thermostat  is  placed,  tne  com- 
pound bar  will  assume  the  curved  form  indicated  by  the  dotted  lines, 
by  which  means  the  position  of  the  lever  will  be  altered,  the  valve  e 
will  be  turned  on  its  axis,  and  the  damper  will  be  raised.  Fig.  2 
shows  another  arrangement,  in  which  two  compound  bars,  o,  a,  fixed 
at  6,  are  made  to  open  and  close  a  valve,  c,  in  a  pipe  through  which 
air,  water,  or  any  otiier  fluid  is  passed.  By  increasing  the  temperature 
of  the  apparatus,  the  upper  or  moveable  ends  of  the  bars  would  recede 
from  each  other,  and,  consequently,  alter  the  position  of  the  valve. 
J^g.  S  shows  the  principal  part  of  a  thermostatic  apparatus  m  which 
three  pairs  of  compound  bars,  a,  a,  a,  are  used  to  give  motion  to  a 
sliding-rod  d,  rf,  with  which  any  kind  of  valve  may  be  connected  by  a 
rack  and  pinion,  a  chain  and  pulley,  or  otherwise.  6,  b,  in  this  figure, 
1b  a  straight  guide-rod,  which  is  fixed  at  one  end  by  a  screw-nut  <?.  The 

Fig.  3. 


thermostatic  bars  are  nearly  or  quite  straight  when  cold,  and  become 
more  or  less  curved  by  the  action  of  heat ;  but  in  some  modifications 
of  the  apparatus  the  bars  are  always  curved,  and  the  action  of  the 
apparatus  depends  upon  the  increase  or  decrease  of  the  ordinary 
flexure.  Fig.  4,  for  example,  represents  a  thermostatic  hoop,  a,  a, 
which  may  be  immersed  horizontally  beneath  the  surface  of  the 
water-bath  of  a  still.  The  hoop  is  fixed  at  b,  and  to  its  free  ends  are 
attached  short  links  c,  c,  which*  impart  longitudinal  motion  to  the 
rod  rf.  e  is  a  lever-handle  moved  by  the  sliding-rod,  and  turning  a 
valve  on  its  axis  /.  The  outer  end  of  this  lever  carries  an  index, 
which  moves  against  a  graduated  scale.  ^  is  a  screw-nut,  moveable 
upon  the  sliding-rod  to  adjust  the  apparatus  before  graduating  the 
scale  or  arc  traversed  by  the  index.     [Pyrometer.] 

THESMOPHO'RIA  (ec(r/iu>0jpia),  a  festival  with  mysteries  in  honour 
of  Demeter,  to  whom  all  the  institutions  of  civilised  life,  especially 
of  civil  and  religious  laws,  were  attributed.  The  festival  of  the 
Thesmophoria  especially  referred  to  this  part  of  the  character  of  the 
goddess,  as  is  clear  from  several  of  the  ceremonies  observed  at  its  cele- 
bration, and  from  the  surname  of  the  goddess,  "  Thesmophoros,"  from 
which  the  festival  derived  its  name.  It  was  celebrated  in  various 
towns  in  Greece,  and  in  the  Greek  colonies,  as  Sparta,  Thebes,  Eretria, 
EphesuB,  Syracuse,  Agrigentum,  and  others.  But  the  place  where  it 
was  held  with  the  greatest  solenmity,  and  where  the  particulars  of  its 
celebration  are  best  known,  was  Athena.  It  was  introduced  at  Athena, 
according  to  some  writers,  by  Orpheus,  and  according  to  Herodotus 
(ii.  171)  by  the  daughters  of  Danaus  from  Egypt.  Its  celebration  was 
confined  to  women,  especially  married  women.  It  commenced  every 
year  on  the  11th  of  Pyanepsion,  and  lasted  three  days,  though  some 
writers  extend  it  to  four  or  even  five.  The  discrepancy  in  this  case, 
as  well  as  in  that  of  other  Greek  and  Roman  festivals,  seems  to  have 
arisen  from  the  circumstance  that  the  real  festival  was  in  many  instances 
preceded  by  one  or  more  days  devoted  to  preparations  and  purifica- 
tions, and  that  some  writers  reckoned  these  days  as  belonging  to  the 
festival. 

Previous  to  its  celebration,  the  women  of  each  demos  elected  from 
among  themselves  two  matrons  to  conduct  the  solemnities,  whose 
husbands,  provided  they  had  received  a  dowry  of  not  less  than  three 
talents,  had  to  pay  the  expenses  of  the  festival  as  a  liturgy.  (Isseus, 
'  De  Cironis  Heredit.,'  p.  208).  The  first  day  of  the  festival  was  called 
iyo^os  or  icddoSos,  that  is,  the  procession ;  because  the  womon  went 
from  Athens  to  Eleusis  in  a  procession  in  which  they  carried  on  their 
heads  certain  laws  (Btfffxoi)  written  either  in  bookjB  or  upon  tablets. 
During  the  night  between  the  first  and  second  day  the  women  solem- 
nised their  mysteries  at  Eleusis.  The  second  day,  called  vijorcfa,  or 
"  The  Fast,"  was  a  day  of  mourning,  on  which  the  women  were  not 
allowed  to  take  any  other  food  than  cakes  of  sesame  and  honey,  and 
the  greater  part  of  it  they  spent  sitting  in  mournful  attitudes  on  the 
ground  around  the  statue  of  the  goddess.  Meursius  and  others  think 
that  the  procession  to  the  Thesmophorion  (the  temple  of  Demeter 
Thesmophoros)  at  Athens,  which  is  alluded  to  by  Aristophanes 
('  Thesmophor.,'  276,  &c.),  and  in  which  the  women  walked  behind  a 
waggon  laden  with  baskets  containing  mystic  symbols,  took  place  in 
the  afternoon  of  this  day,  the  whole  of  which  was  a  sacred  day  at 
Athens,  on  which  neither  the  senate  nor  the  people  were  allowed  to 
hold  their  usual  meetings.  The  third  day  was  called  KaK\iy4y(M,  a 
surname  of  Demeter,  by  which  she  was  invoked  on  this  occasion. 
(Aristoph., '  Thesmophor.,'  296,  with  the  Scholiast.)  On  this  day  the 
women  made  up  for  the  day  of  mourning,  and  indulged  in  varioua 
kinds  of  merriment,  in  imitation  of  lambe,  who  was  believed  to  have 
created  a  smile  on  the  face  of  the  goddess  during  her  grief. 


THESSALONIANS,  Epistles  to  the.  Christianity  was  introduced 
among  the  Thessalonians  in  A.D.  50,  by  St.  Paul,  when  he  fii-st  passed 
over  from  Asia  Minor  into  Europe  to  preach  the  gospel.  St.  Paul 
found  at  Thessalonica  a  synagogue  of  the  Jews,  "  and  went  in  unto 
them,  and  for  three  Sabbath  days  reasoned  with  them  out  of  the 
Scriptures,"  endeavouring  to  convince  them  that  Jesus  was  the  Christ 
or  Messiah  expected  by  them.  Though  some  of  them  believed,  his 
success  with  the  Jews  does  not  appear  to  have  been  great ;  but  a  con- 
siderable number  of  the  '*  devout  Gentiles  '*  were  converted,  and  many 
women  of  distinction ;  so  that  the  Christian  church  at  Thessalonica 
was  composed  both  of  Jews  and  Gentiles,  of  whom  the  latter  were  the 
more  numerous.  The  unconverted  Jews  stirred  up  a  perseoutiou 
against  him,  so  that  himself  and  his  companions  "  were  sent  away  by 
night  by  the  brethren "  to  the  neighbouring  city  of  Bercea.  Here, 
again,  the  Jews  of  Thessalonica  stirred  up  a  tumult  against  St.  Paul, 
so  that  he  was  obliged  to  retire  to  Athens,  leaving,  however,  Silas  and 
Timothy  at  Beroea.  At  Athens  he  was  subsequently  joined  by  them, 
and  being  anxious  about  his  recent  converts  at  Thessalonica,  "  when 
he  could  no  longer  forbear"  (1  Thes.,  iii.,  1),  he  sent  Timothy  from, 
Athens  "  to  establish  them,  and  to  comfort  them  concerning  the  faith." 
St.  Paul  then  visited  Corinth,  and  on  the  return  of  Timothy  with 
**  good  tidings  of  their  faith  and  charity,  and  that  they  had  a  good 
remembrance  of  him  always"  (1  Thes.,  iii.  6),  he  wrote  his  first  epistle 
to  them,  A.D.  52,  from  Corinth,  and  not  from  Athens,  as  the  subscrip- 
tion of  the  epistle  imports. 

It  was  one  of  the  earliest,  if  not  the  very  first,  of  all  St.  PauFs 
epistles,  the  doubt  lying  between  this  epistle  and  that  to  the  Corinth- 
ians,  written  from  the  same  place.  That  to  the  Galatians  was  also  pro- 
bably written  from  Corinth  before  the  Second  Epistle  to  the  Thessa- 
lonians.  The  genuineness  of  the  first  epistle  has  always  been  admitted  : 
together  with  the  second  epistle,  it  is  quoted  and  recognised  as  the  work 
of  St.  Paul,  by  Irenseus,  Clement  of  Alexandria,  Tertullian,  Origen,  and 
all  subsequent  ecclesiastical  writers.  The  immediate  occasion  of  St.  Paul's 
writing  this  epistle  was  the  favourable  intelligence  brought  by  Timothy 
of  the  steadiness  with  which  the  Thessalonians  adhered  to  Christianity, 
in  spite  of  the  persecution  with  which  they  were  assailed  by  their  own 
countrymen.  Besides  being  exposed  to  direct  persecution,  there  can 
be  little  doubt  that  they  were  also  in  danger  of  being  moved  by  the 
reasonings  of  their  religious  adversaries,  to  which  the  sudden  disappear- 
ance of  St.  Paul  from  Thessalonica,  and  his  apparent  desertion  of  them 
at  a  critical  moment,  might  give  some  plausibility  and  apparent  con- 
firmation. To  counteract  the  natural  result  of  all  this  was  one  of  the 
chief  objects  of  Timothy's  mission)  and  the  First  Epistle  to  the  Thes- 
salonians was  written  with  the  same  design.  Accordingly,  in  chap,  i., 
after  a  short  introduction,  in  which  he  couples  the  names  of  Timothy 
and  Sylvanus  (the  Roman  form  of  Silas)  with  his  own,  he  expresses  his 
thankfulness  for  their  "  work  of  faith  and  labour  of  love,  and  patience 
of  hope  in  the  Lord  Jesus  Christ,"  and  then  (v.  5-10)  reminds  them 
of  the  "proofs  of  power  and  of  the  Holy  Ghost"  with  which  the 
preaching  of  the  gospel  among  them  was  accompanied,  as  evidences  of 
its  truth,  and  commends  them  for  the  constancy  of  their  faith. 

The  Second  Epistle  to  the  Thessalonians  was  undoubtedly  written 
soon  after  the  first;  Sylvanus  and  Timothy  being  joined  with  the 
apostle  in  the  inscription  of  this  Epistle  as  well  as  of  the  former ;  and 
as  in  chap,  iii,  ver.  2,  he  requests  the  prayers  of  the  Thessalonians 
for  his  deliverance  from  wicked  men,  it  is  not  improbable  that  he  wrote 
it  soon  after  the  insurrection  of  the  Jews  at  Corinth,  when  they  dragged 
him  before  Gallio,  and  accused  him  of  persuading  men  to  worship  God 
contrary  to  the  law.  This  Epistle  seems  to  have  been  occasioned  by 
the  information  which  St.  Paul  received  on  the  state  of  the  church  at 
Thessalonica  from  the  messenger  who  conveyed  his  first  letter  to  the 
elders  of  the  church,  and  his  report  of  the  effect  produced  by  its  con- 
tents. From  some  expressions  in  that  Epistle  (iv.  15 ;  v.  4-6),  com- 
pared with  chapter  ii.  of  the  second,  it  would  seem  that  a  number  of 
Thessalonians  had  come  to  the  conclusion  that  the  day  of  judgment 
was  at  hand,  and  would  happen  in  their  generation.  To  correct  this 
misapprehension,  and  to  prevent  the  anxiety  and  the  neglect  of  secular 
affiiirs  which  resulted  from  it,  appears  to  have  been  the  main  object 
and  design  of  St.  Paul  in  writing  this  Second  Epistle  to  them. 

This  Second  Epistle  to  the  Thessalonians  is,  next  to  that  to 
Philemon,  the  shortest  of  St.  Paul's  Epistles,  but  not  inferior  to  any 
in  style  or  spirit,  and  it  is  also  remarkable  as  containing  a  distinct 
prophecy  of  the  corruptions  and  delusions  which  were  to  arise  in  the 
Christian  Church. 

The  tmdesigned  coincidences  between  these  Epistles  and  the  ''  Acts 
of  the  Apostles  "  are  given  in  Paley's  "  Horoe  Paulinro." 

THIACETIC  ACID  (HS,  C^H,OjS).  The  product  of  the  action  of 
tersulphido  or  pentiuBulphide  of  phosphorus  upon  monohydrated  acetic 
acid.  It  is  a  colourless  liquid,  possessing  at  the  same  time  an  odour  of 
i^^etic  acid  and  a  sulphurous  smell.  It  unites  with  bases,  and  may 
also  be  made  to  yield  an  anhydride — thiacetic  anhydride  iOfifi^-^ 
C,H,0,S). 

THIACETONINE  (C,gH,o(CjH3)3NS,).    An  artificial  organic  base 

Produced  by  the  simultaneous  action  of  ammonia  and  sulphuretted 
ydrogen  upon  acetone. 
THIALDINE  (CjsHj^NS,).    An  alkaloid  produced  by  the  action  of 
sulphuretted  hydrogen  upon  aldehydide  of  ammonium.     It  is  volatile 
and  crystalline,  very  slightly  soluble  in  water,  but  readily  so  in  alcohol 
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and  in  ether.  It  forms  crystalline  ■  salts  with  acids.  A  similar  base 
containing  selenium  in  the  place  of  sulphur  and  termed  aelenaldine, 
may  be  prepared  by  an  analogous  process. 

THIANISOL  (Ci,H.O,S,).  Hydride  of  tulphanUyl,  A  white  pul- 
verulent organic  substance,  formed  by  the  action  of  hydrosulphate  of 
ammonia  upon  hydride  of  azoanisyl. 

THIN  PLATES.    [Ukdulatort  Theory.] 

THIOFORMYLIC  ACID  (C,H,0,8,  ?).  A  crystalline  body,  formed 
by  the  action  of  dry  sulphuretted  hydn)gen  upon  formiate  of  lead. 
It  possesses  a  slightly  alliaceous  odour,  and  is  insoluble  in  water,  but 
freely  soluble  in  boiling  alcohol  and  ether.  Its  alcoholic  solution  does 
not  redden  litmus  paper,  and  it  has  not  yet  been  made  to  form  definite 
salts. 

THIOFURFOL  (C^^fi^^^),  An  unimportant  organic  substance, 
formed  by  the  action  of  hydrosulphate  of  ammonia  upon  solution  of 
furfurol. 

THIONAPHTHAMIC  ACID.    [Naphthalic  Group.] 

THIONAPHTHIC  ACID.    [Naphthalic  Group.] 

THIONESSALE.     [Stilbene.] 

THIONURIC  ACID.    [Uric  Acid.] 

THIOSALICOL.    [Salicylic  Group.] 

THIOSINAMINE  (C.H.N.S,).  ModalUne,  A  compound  of 
ammonia  with  the  oil  of  mustard,  or  sulphocyanide  of  allyl.  It  crys- 
tallises in  brilliant  white  right  rhombic  prisms,  which  are  inodorous 
and  bitter.  Thiosinamine  is  easily  soluble  in  hot  water,  in  alcohol, 
and  in  ether.  It  forms  salts  which  are  very  instable  and  rarely  crys- 
talline.    Treated  with  oxide  of  mercury  it  yields  sinamine : 

C«HgN,8,   -f  HgO,   =  CgH.N,   -f  HgS,  -f  SHO. 

V .. / 


Thiosinamine. 


Sinamino. 


Treated  with  ethylamine  instead  of  ammonia,  oil  of  mustard  yields 
thiotinethylanUne  (CjiH^jN^Sji).  Whilst  by  treatment  with  oxide  of 
mercury  the  latter  body  yields  Hnetkylamine  (C^jH^qN,).  [Mustard, 
Oil  of.] 

THIOSINETHYLAMINE.    [Thiosinamine.] 

THIRD,  an  interval  in  music,  classed  among  the  imperfect  concords, 
because  liable  to  alteration;  that  is,  the  third  part  may  be  either 
major  or  minor.  The  ratio  of  the  Major  Third  is  6  :  4 ;  of  the  Minor 
Third,  6  : 5.  The  former  comprises  one  major  and  one  minor  tone, 
as  c  £.  The  latter  comprises  a  major  tone  and  a  semitone,  as  a  c. 
Example : — 

Mi^or  Third.  Minor  Third. 
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Or,  according  to  the  mode  of  description  adopted  by  many  writers 
on  the  subject,  the  Major  Third  comprises,  inclusively,  five  semitones ; 
the  Minor  only  four.    Example : 
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THIKLAGE,  a  tenure  or  custom  formerly  very  common  in  Scotland, 
by  which  the  owners  or  occupiers  of  certam  lands  were  compelled  to 
take  their  com  to  a  particular  mill,  to  which  the  lands  were  said  to  be 
thirled  or  astricted,  and  to  pay  a  certain  proportion  of  it,  varying  in 
^different  cases,  as  a  remuneration  for  the  grinding,  and  for  the  expense 
of  the  erection  and  maintenance  of  the  miU.  This  kind  of  servitude, 
having  become  in  many  cases  exceedingly  oppressive,  has  fallen  very 
much  into  disuse. 

THISTLE,  ORDER  OF  THE,  an  ancient  Scottish  order  of  knight- 
hood, sometimes  called  the  order  of  St.  Andrew.  The  claim  to  a  high 
antiquity  rests  on  no  other  authority  than  the  legendary  account 
recited  in  the  warrant  for  the  restitution  of  the  order  in  1687,  and 
given  most  minutely  by  several  Scottish  anticuories,  attributing  its 
formation  to  Achaius,  king  of  the  Scots,  in  commemoration  of  a  victory 
obtained  by  himself  and  Hungus,  king  of  the  Picts,  over  Athelstan. 
(Nicolas  observes,  as  a  fitting  illustration  of  this  legend,  that  Achaius 
died  upwards  of  a  century  before  the  reign  of  Athelstan.  The 
investigation  of  Sir  Nicholas  Harris  Nicolas,  in  the  third  volume  of 
his '  History  of  the  Orders  of  Knighthood  of  the  British  Empire,'  shows 
that  the  Onler  of  the  Thistle,  as  an  organised  fraternity,  did  not  exist 
until  the  reign  of  James  YII.  of  Scotland  and  II.  of  England.  The 
warrant  of  James  II.  for  the  re-institution',  as  it  is  styled,  of  the  "  most 
ancient  and  honourable  order  of  the  Thistle,"  which  is  printed  at  full 
by  Nicolas,  and  which  asserts  that  by  authentic  proofs,  documents,  and 
records,  the  order  "  continued  in  great  glory  and  splendour  for  many 
hundreds  of  years,"  bears  date  Windsor,  May  29, 1687.  Statutes  were 
issued,  and  eight  knights  were  nominated  by  James  II.,  but  the 
patent  for  the  restitution  of  the  order  never  passed  the  great  seal ;  and 
on  the  abdication  of  James  11. ,  the  order  fell  into  abeyance,  until  it 
was  revived  by  Anne  in  1703.  The  statutes  then  authorised  were 
much  the  same  as  those  framed  in  1687,  and  are  still  in  use.  The 
order  consisted  originally  of  the  king  and  twelve  brethren.  This  con- 
tinued without  alteration  until  July  16, 1821,  when,  in  consequence  of 
the  coronation  of  George  lY.^  an  ordinance  was  issued  for  the  appoint- 


ment of  four  extra  members,  who  should  become  regular  knights  as 
vacancies  should  occur ;  and  in  May,  1827,  the  number  of  knights  wu 
permanently  extended  to  sixteen.  The  decorations  worn  by  the  knights 
consist  of  a  collar  of  enamelled  gold,  composed  of  sixteen  thi^lles, 
interlaced  with  sprigs  of  rue,  fastened  to  the  mantle  by  a  white 
riband;  a  small  image  of  St.  Andrew, also  of  enamelled  gold, suspended 
from  the  collar ;  a  medal  or  badge  of  gold,  having  an  image  of  St 
Andrew  within  a  circle  containing  the  motto  of  tbe  order,  "  N££0 
ME  IHPUNB  laoessit"  (No  One  provokes  me  with  impunity),  and  a 
thistle ,'  a  green  riband,  to  which  the  medal  is  attached,  and  which  u 
thrown  dit^onally  over  the  left  shoulder ;  and  a  star,  consisting  of  a 
St  Andrews  cross  of  silver  in  the, centre  of  which  Lb  a  thistle  enamelled 
in  its  natural  colours  upon  a  field  of  gold,  and  surrounded  by  the 
motto  and  rays  of  silver.  The  star  is  worn  on  the  left  shoulder,  on  a 
mantle  of  green  velvet,  which,  witii  other  parts  of  the  dress,  are 
minutely  described  by  Nicolas.  The  officers  of  the  order  are  th« 
dean,  the  secretary,  the  lordly  king-at-arms,  and  the  usher  of  the 
green  rod,  each  of  whom  receives  an  annual  salary,  and  a  fee  on  the 
election  of  a  knight.  A  complete  Ust  of  knights  of  the  Thistle,  from 
the  revival  or  creation  of  the  order  in  1687  to  1840,  is  given  by  Sir  X. 
H.  Nicolas  in  the  work  above  cited. 

THORINA.    [Thorinum.] 

THORINUM  (Th).  A  metallic  body  discovered  by  Berzelius  in  u 
earth  to  which  he  had  given  the  name  of  ihorina.  When  this  was 
converted  into  chloride  of  thorinum,  and  treated  with  potassium,  after 
washing  the  mass  a  heavy  metdlio  powder  was  left  of  a  deep  leaden- 
gray  colour,  which,  when  pressed  in  an  agate  mortar,  aoquired  an  iron- 
gray  tint  and  a  metallic  lustre.  It  is  not  oxidised  by  water,  either  hot 
or  cold,  but  when  heated  in  the  air  it  bums  brilliantly,  and  is  coo- 
verted  into  oxide  of  thorium,  or  thorina,  which  is  perfectly  white,  and 
devoid  of  any  trace  ol  fusion.  Thorinum  is  scarcely  at  all  acted  upon 
bv  nitric  acid,  and  slowly  by  the  sulphuric ;  but  hydrochloric  acid 
dissolves  it  readily  with  the  evolution  of  hydrogen  gas.  Its  equivalent 
is  39-5. 

Oxygen  and  Thorinum  combine  to  form  oxide  of  thorinum,  (ThO)  or 
thorina,  by  heating  the  metal  in  the  air,  or  by  decomposing  the  chloride 
by  means  of  an  alkali.  When  it  has  been  strongly  heated,  its  density 
IB  9*402,  and  it  is  then  insoluble  in  any  acid  but  the  sulphuric,  and  in 
that  with  difficulty.  It  is  precipitated  in  the  state  of  hydrate  from  its 
solutions  b^  the  alkalies,  and  in  tiiis  state  it  is  readily  soluble  in 
acids,  and  is  converted  into  carbonate  by  exposure  to  tne  air.  Tbe 
alkaline  carbonates  dissolve  the  hydrate,  carbonate,  and  subsalts  of 
thorina ;  thorina  is  precipitated  from  solution  by  the  ferrocyanide  of 
potassium. 

Besides  combining  readily  with  oxygen,  as  already  mentioned, 
thorinum  unites  energetically  with  chlorine,  sulphur,  and  phosphorus ; 
but  the  compounds  which  they  form  have  not  been  minutely  examined. 

THOROUQH-BASE,  the  art  of  playing  (on  keyed  instruments,  and 
according  to  the  rules  of  harmony)  an  accompaniment  from  figures 
representing  chords,  such  figures  being  placed  either  over  or  under  tbe 
notes  of  the  instrumental  base  staff.  This  is  one  of  the  many  absurd 
terms  employed  in  music,  and  its  meaning  is  altogether  arbitrary. 

The  figures  used  in  Thcrougk-Bate  are  the  nine  units.  These  repre- 
sent certain  intervals  or  sounds.  Thus  a  6  placed  over  a  o  in  the  baae, 
points  out  A  as  an  accompaniment :  and  that  figure  also  implies  two 
other  notes  attendant  on  it,  namely,  the  8rd  and  8th,  which  aro  called 

the  (iceompanimentt  of  the  6th.    A  6  and  a  5  placed  under  it  (  r  j^  vi^' 

cate  the  intervals  of  the  6th  and  5th  ^ayed  together ;  and  also,  aa 
accompanying  notes,  the  8rd  and  8th.  The  figures  8,  5,  and  8,  singly, 
or  together,  represent  the  perfect  or  common  chord.  But  in  Thorough- 
Bate  a  base  note  without  any  figure  is  supposed  to  carry  a  perfect 
chord.  The  chords  are,  as  a  general  rule,  assigned  to  the  right  hand 
of  the  performer,  and  the  intervals  are,  in  most  cases,  counted  from  an 
octave  above  the  figured  note.  This  will  be  more  clearly  understood 
by  referring  to  the  articles  Accompaniment,  Chord,  and  Harmony. 

The  following  is  a  tabular  view  of  the  figures  used  in  Thorough- 
Bate  to  represent  chords,  together  with  those,  not  written,  but  under- 
stood, representing  the  accompaniments  which,  with  the  base,  form  tbe 
chordis : — 


Chords  designated 
by  figures. 

8rd,       accompanied  by  a 


5th, 
8th, 
6th, 
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7th, 
^rd, 
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Accompanying 
interTals. 

5th  and  8th. 
8rd  and  8th. 
5th  and  8rd. 
3rd  and  8th. 

8th. 

3rd,  5th,  and  8th. 

3rd  and  8th. 
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Chords  designated 
by  figures. 


Aeeompsniing 
intenralfl. 


•        .    3rd  and  5th. 

t        •    .    5tli| 


.  th,     V  accompanied  by  an        •        .    8th. 

iith    (sharp  6th)  „  •        •    .  •<  g^d. 

»th, 

4^'    } 

^th,     V  „  •        •        •    Srd. 

ij  (sharp  7th)       ,,  «        .    .    5th,  iihf  and  2nd. 

Some  other  chords  of  an  extraordinary  kind  are  occasionally  formed; 
but  they  are  always  clearly  denoted,  in  Thorovgh-Bate,  by  an  ample 
number  of  figures. 

The  above  eKorde  exempUJied, 
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When  two  figures  are  placed  in  succession  over  one  base  note,  the 
time  of  the  latter  is  divided  between  them.    Example : — 
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A  sharp,  or  flat,  or  natural,  placed  alone  over  a  base  note,  relates 
solely  to  Uie  3rd.    Example  : — 
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When  other  intervals  are  to  be  raised  or  lowered,  the  proper  cha- 
racters for  the  purpose  are  prefixed  to  them.  A  dash  through  a  figure 
is  equivalent  to  a  sharp. 

The  practice  of  figuring  a  base  staff,  whether  in  a  score  or  in  the  part 
assigned  to  a  keyed  instrument,  has  fallen  into  disuse,  the  harmony 
being  now  fully  and  dearly  presented  to  the  eye  of  the  accompanyist 
in  notes  placed  in  a  treble  staff  over  the  base.  But  a  knowledge  of 
what  is  yet  too  commonly  misnamed  Thorovgh-batCf  that  is  to  say, 
harmony,  is  absolutely  indispensable  to  the  good  musician,  and  very 
much  abbreviates  the  labour  of  those  who,  as  amateurs,  only  aspire  to 
a  practical  skill  either  as  vocal  or  instrumental  performers.  The  rules 
of  harmony  stand  in  the  same  relation  to  music  as  those  of  grammar 
do  to  language. 

The  invention  of  a  Figured  Bate  [Baaeo  Oifrato,  as  the  Italians  so 
well  denominate  it)  has  been  stated  to  have  taken  place  in  1606,  and  is 
commonly  attributed  to  Ludovico  Viadana»  Mcuttro  di  Cappdla  at  the 
cathedral  of  Mantua.  But  this  kind  of  musical  abbreviation  was 
earlier  practised,  and  by  an  English  composer,  Richard  Deering,  who, 
in  1697,  publii^ed  his  Cantionet  S<icrcB,  at  Antwerp,  in  which  a 
figured  base  appears.  And  we  have  now  before  us  Jaoopo  Peri's 
serious  opera  Buridice,  printed  at  Florence  in  1600,  in  which  the  base 
is  figured  throughout.  Lying  by  us  also  is  Caccini's  Nucve  Musiehe, 
likewise  printed  at  Florence,  but  one  year  later,  and  here  we  find  the 
base  regularly  figured. 

THREAD  AND  YARN.  The  distinction  between  thread  and  yam 
is  such  as  to  render  it  desirable  to  describe  them  together  under  the 
present  heading. 

Yam  is  the  general  name  given  to  the  threads  which  are  woven  into 
the  various  kinds  of  textile  fabrics,  whether  cotton,  silk,  flax,  hemp, 
wool,  or  worsted ;  the  terms  ivnet,  muU-teeft,  organnne,  tram,  ahb,  line, 
&c.,  being  particular  names  applied  to  particular  sorts.  Yam  for 
coC/(m- weaving  is  of  two  distinct  kinds,  according  as  it  is  intended  for 
v)arp  or  weft ;  each  kind  being  varied  to  suit  different  fabrics.  WqUt- 
twist  or  throatle-yam  (the  first  name  having  been  derived  from  the 
water-frame  by  which  this  kind  of  yam  was  formerly  spun,  and  the 
second  from  the  throstle  now  employed^  is  smooth  and  wiry,  and  is 
usually  employed  for  warp  in  heavy  gooos,  such  as  fustians,  corduroys, 
or  for  making  sewing-thread.  Mule-yam  (named  from  the  mule  machine 
by  which  it  is  spun)  is  of  a  soft  and  downy  nature,  calculated  for  the 
weft  in  coarse  goods,  and  for  both  warp  and  weft  in  finer  fabrics.    The 


spun  yam  is  distinguished  by  certain  numerals,  which  indicate  the 
number  of  hanks  contained  in  one  pound,  each  hank  consisting  of  840 
yards  of  yam.  The  two  kinds  of  machines  are  adapted  for  different 
numbers ;  thus,  the  throaUe  is  not  now  often  employed  for  yams  finer 
than  No.  30  or  40,  the  higher  numbers  being  generally  spun  by  the 
mule.  By  successive  improvements  in  the  macMnery  employed,  yam 
is  now  spun  to  an  exquisite  degree  of  fineness,  several  hundred  miles  of 
yam  being  spim  from  one  pound  of  cotton.  The  excellence  and 
cheapness  of  the  yam  spun  by  modem  machinery  has  led  to  very  large 
exports.  i^/aa;-yam  is  not  estimated  by  No.,  like  cotton,  but  by  terms 
peculiar  to  that  branch  of  spinning.  Three  hundred  yards  form  a  Ua 
of  fiax-yam ;  88  leas  form  a  epindte ;  6  leas  form  a  rand  ;  72  leas,  or 
21,600  yards,  or  12  rands,  form  a  dozen.  There  is  this  difference,  how- 
ever :  in  Scotland,  fiax  yam  is  designated  by  the  number  of  lbs.  in  48 
leas;  thus  the  same  yam  is  known  in  England  as  No.  48,  and  in 
Scotland  as  1  lb.  yam.  In  the  pi\>ce8S  of  preparation  by  spinning, 
the  flax  becomes  separated  into  two  qualities,  the  finer  obtaining  the 
name  of  line,  and  the  coarser  that  of  tow  ;  and  the  yam  spun  from 
these  two  qualities  is  applied  to  different  purposes.  Modem  improve- 
ments have  led  to  the  production  of  such  fine  qualities  of  line,  that 
it  is  now  used  in  combination  with  silk  in  pocket  handkerchiefs 
and  other  fabrics.  With  regard  to  hemp,  besides  the  yam  employed 
for  weaving  into  sacking  and  other  coarse  goods,  the  term  yam  is 
applied  in  rope-making  in  a  different  sense.  The  yam  in  this  case 
is  a  loose  kind  of  string  or  cord,  and  it  receives  a  No.  according  to 
the  number  of  such  strings  required  in  making  ropes  three  inches  in 
circumference;  thus,  Nos.  18,  20,  or  25  imply  such  thicknesses  of 
yam  that  18,  20,  or  25  of  them  are  required  in  making  a  rope  of  the 
dimensions  just  stated.  Silk-yam  has  names  applied  to  it  not  known 
in  the  examples  just  given.  The  silk  is  import^  as  a  fine  filament,  or 
in  the  state  of  raw  sUk ;  it  is  twisted  as  a  means  of  giving  it  greater 
firmness  of  texture,  and  then  obtains  the  name  of  tingles ;  two  fila- 
ments are  twisted  together  rather  loosely,  and  formed  into  a  yarn 
called  Uxim,  which  commonly  forms  the  weft  or  cross-threads  of  mauu- 
factured  goods ;  lastly,  two  or  more  filaments  are  twisted  separately  into 
hard  angles,  and  then  twisted  together  in  an  opposite  direction,  forming 
a  strong  silken  yam  called  organane,  used  generally  for  warp.  Silk- 
yam  in  the  form  of  tram  or  oiganzine,  that  is,  ready  for  the  weaver,  is 
called  thrown  silk.  Yam  made  from  wool  is  called  woollen  or  worsted, 
according  as  it  is  formed  from  short  or  from  long  wool,  from  clothing 
or  from  combing  wool  The  former  of  these  is  so  spun  that  the 
elementary  fibres  shall  be  in  a  fit  state  for  felting  or  fulling ;  while  the 
latter  has  the  filaments  ranged  more  nearly  parallel  The  worsted 
yarns  are  further  divided  into  the  coarse  and  the  fine,  according  as 
they  are  to  be  used  for  hosiery  or  for  such  goods  as  mousaeline-de- 
laines,  fine  merinoes,  &c. 

Thread  is  a  stronger  kind  of  yam.  Whether  or  not  it  is  composed 
of  a  greater  number  of  filaments,  it  is  twisted  more  closely,  and  has  a 
harder  and  smoother  surface.  Most  of  it  is  used  in  needlework,  as 
sewing-thread  ;  but  some  is  employed  in  net  and  lace  making,  and  in 
other  ways,  though  seldom  in  actual  weaving.  The  manufacture  of 
thread  was  first  attempted  in  this  country  by  Mrs.  Millar,  of  Balgarran, 
in  1722,  on  having  received  some  information  and  machinery  from 
Holland.  Her  example  was  speedily  followed  by  several  families  in 
Paisley,  where  the  manu&Msture  soon  became  of  considerable  inf  por- 
tance.  The  first  manufacturers  inutated  the  kind  called  Nuns'  or 
ounce  thread,  which  was  made  up  in  hanks  of  forty  threads  each, 
reeled  upon  reels  a  yard  in  circumference ;  but  when  the  profits  of  the 
manufacture  were  diminished  by  competition,  it  was  injured  by  the 
surreptitious  practices  of  some  of  the  manufacturers.  It  was  even 
deemed  necessary,  in  1788,  to  pass  an  act  of  parliament  requiring  all 
manufacturers  of  thread  to  use  uniform  standard  reels  of  thirty-six 
inches  in  circumference,  and  to  put  thirty  threads  or  rounds  of  the 
reel  in  each  hank. 

The  manufacture  of  thread  from  fibres  of  cotton-wool,  for  sewing 
and  other  purposes,  is  one  of  the  many  important  departments  of 
British  industry  called  into  exercise  by  the  improvements  effected  by 
Arkwright  and  his  successors  in  spinning-machinery.  The  operation 
of  combining  yams  of  cotton  or  linen  into  thread  is  performed  by  a 
machine  called  a  doubling  and  twisting  frame,  somewhat  resembling 
the  throstle  of  the  cotton-spinner.  Along  the  centre  of  the  machine  is 
an  elevated  creel  or  frame- work,  which  supports  two  parallel  rows  of 
cops  or  bobbins  of  yam.  The  cops  are  placed  vertically,  or  nearly  so, 
and  the  lower  ends  of  their  axes  rest  in  oiled  steps,  or  hollows,  while 
the  upper  ends  are  supported  by  wire  eyes,  so  that  they  may  revolve 
with  facility.  The  number  of  cops  is  twice  as  great  as  that  of  the 
twisting  spmdles  when  the  thread  is  to  consist  of  two  yams,  three 
times  as  great  for  thread  formed  of  three  yams,  ftc.  The  yam  with 
which  they  are  chai'ged  is  frequently  gassed,  or  passed  quickly  through 
a  series  of  gas  flames,  to  singe  off  any  loose  downy  fibres.  From  the 
cops  the  yams  are  conducted  over  horizontal  gloss  rods,  which  are  fixed 
parallel  with  the  creel,  and  thence  downwards  into  troughs  filled  with 
water  or  very  thin  starch- paste.  To  ensure  the  equal  moistening  of 
the  yams  they  are,  while  being  drawn  through  the  troughs,  made  to 
pass  either  under  a  glass  rod,  or  through  eyes.  After  being  wetted  the 
yams  pass  over  the  rounded  edge  of  the  trough,  which  is  covered  with 
flannel  for  the  purpose  of  absorbing  the  superfluous  moisture;  and 
thenoe  under  and  partly  around  an  iron  roUeri  which  is  made  to 
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revolve  with  any  required  velocity  by  a  train  of  wheel- work.  Upon 
thm  roller  rests  another,  of  box-wood,  which  revolves  solely  by  contact 
with  the  iron  roller,  its  axis  playing  in  vertical  slots.  In  passing  under 
the  iron  roller,  then  between  it  and  the  wooden  roller,  and  finally  over 
the  latter,  the  yams  required  to  form  the  thread  are  brought  together  and 
slightly  compressed ;  but  although  thus  prepared  for  a  more  intimate 
union,  they  are  not  yet  twisted  together.  In  the  annexed  figure  a  a 
represents  the  united  yams  which  are  to  form  the  thread,  and  6  is  a 
fixed'  eylet  through  which  they  are  conducted  to  the  flyer  e,  which  is 
mounted  upon  and  revolves  with  a  long  vertical  spindle  set  in  motion 
by  a  whorl  or  pulley  and  strap  At  d.  e  is  the  bobbin  upon  which  the 
finished  thread  is  wound  by  the  revolution  of  the  flyer,  which  also 
gives  to  it  any  predetermined  degree  of  twist.    The  spindle  passes 


freely  through  a  hole  in  the  oentre  of  this  bobbin,  which  rests  upon  a 
bar  called  the  copping-rail,  the  transverse  section  of  which  is  indicated 
by  a  tint  in  the  cut ;  and  the  oopping-rail,  wliich  extends  the  whole 
width  of  the  machine,  is  supportea  at  intervals  by  vertical  rods,  one  of 
which  is  shown  at  /.  To  these  rods,  and  consequently  to  the  copping- 
rail  and  bobbins  supported  by  them,  a  reciprocating  verti<^  motion  is 
imparted  through  the  connecting  pieces  g  and  A,  from  the  bent  lever 
a,  which  is  pivoted  at  it,  and  receives  its  motion  through  the  adjustable 
friction-roller  I,  from  an  eccentric  or  heart  wheel  to.  Thus  by  the 
combined  rotatory  motion  of  the  spindle  and  flyer,  and  the  rising  and 
falling  motion  of  the  bobbin,  the  thread  is  at  once  twisted  and  wound 
regularly  upon  the  bobbins,  which  may  be  easily  removed  when  full. 
Bv  changes  in  the  relative  sizes  of  some  of  the  toothed  wheels  by 
which  the  moving-power  is  distributed  from  the  main  shaft,  the 
spindles,  which  always  revolve  much  faster  than  the  rollers,  may  be 
msde  to  do  so  to  any  required  degree,  so  as  to  impart  a  greater  or  less 
degree  of  twist  to  the  thread. 

These  few  illustrations  will  suffice  to  show  the  nature  of  the  twist- 
ing processes,  aided  by  details  given  in  such  articles  as  Cotton  ;  Linen; 
Silk  ;  Spinning  ;  and  Woollens.  We  may,  however,  mention  that  the 
p<dishing  of  sewing  thread  is  a  process  on  which  its  saleable  quality 
much  depends.  Mr.  Adam,  of  Paisley,  polishes  sowing  thread  by  pass- 
ing it  through  a  dressing  composition,  over  a  guide  roller,  through  the 
teeth  of  a  reed,  over  a  metal  drum,  under  a  brush  roller,  again  through 
a  reed,  and  finally  under  a  polishing  roller  covered  with  cloth.  Mr. 
Brooks,  of  Derby,  has  invented  a  mode  of  producing  a  polish  on  thread, 
which  he  called  patent  glad  ;  and  the  assumption  of  the  name  glaci 
thread  by  Mr.  Evans,  of  Huddersfield,  led  to  litigation  between  the 
two  inventors.  The  polishing  of  sewing  thread  has  indeed  led  to 
more  than  one  appeal  to  the  law.  Mr.  Ewen  patented  a  process  where- 
by he  dips  a  hank  of  thread  into  size,  squeeees  it,  passes  it  over  two 
rollers  rapidly  revolving,  and  applies  it  against  a  cylinder-brush,  which 
removes  all  asperities.  Mr.  Liddell,  another  inventor,  used  two  sets  of 
roUers instead  of  one,  and  teasles  instead  of  brushes;  but  in  some 
other  respects  he  was  considered  to  have  infringed  Ewen's  patent. 
Other  appeals  to  the  law  have  been  made  m  reference  to  the  length  of 
thread  wound  upon  a  reel.  A  manufacturer  of  Pertian  thread  put 
labels  on  his  reels,  denoting  the  quantities  to  be  100,  200,  or  300 
yards;  whereas  the  real  lengths  were  less.  This  was  done  at  the 
request  of  Manchester  firms  which  had  lax  notions  of  honesty.  The 
manufacturer  refused  to  continue  this  system;  whereupon  a  Man- 
chester man  pirated  his  trade-mark,  and  used  it  for  short-measure 
cotton  thread  obtained  elsewhere— thus  committing  a  double  fraud. 

The  exports  of  yam  and  thread  have  now  reached  an  enormous 
quantity.     In  1860  there  were  exported  :— 


Cotton  yarn 
Cotton  thread         , 
Linen  yam  , 

Linen  thread 
Silk,  thrown 
Silk,  twist  and  yam 
Woollen   ) 
Worsted  j^'*" 


Quantity. 

107,364,947  Ibe. 

P,266,724    ., 

31,152,026 

3,230,377 

435,212 

456,661 

27,533,058 


II 


Declared  Value. 

£0,875,073 
740,876 
1,800,927 
339,236 
529,419 
294,878 

3,843,396 


To**l       ....  206,439,005  lbs.     £17.428,799 

THREAD-GILDINO.    [Gold  Lace  Manufacture.] 


THREATS    AND    THREATENING   LETTERS.       Threats    of 
personal  violence,  or  any  other  threats  by  which  a  man  of  ordinary 
firmness  and  prudence  may  be  put  in  fear,  and  by  means  of  whica 
money  or  other  property  is  extorted  from  hhn,  amoimt  in  law  to  xha 
crime  of  robbery.    [Robbebt.]    And  by  the  statute  7  WilL  IV.  &  1 
Vict.  c.  87,  sect.  7,  a  person  demanding  by  menaces  any  property  <.^ 
another  with  intent  to  steal  the  same,  is  declared  to  be  guUty  of  ~f elunj, 
and  is  liable  to  imprisonment  for  any  term  noi  exceeding,  three  year*. 
It  is  also  a  misdemeanor  at  common  law  to  threateii  another  in  order 
to  deter  him  from  doing  some  lawful  act,  or  to  compel  him  to  do  an 
unlawful  one,  or  to  extort  money  or  goods  from  him,  or  to  obtain  any 
other  benefit  to  the  person  who  makes  the  threat. 

The  ofience  of  sending  or  delivering  letters  or  writings,  threaten lu^ 
to  kill  or  injure  the  person  to  whom  they  are  sent  or  delivered,  or  zo 
bum  his  house,  or  to  accuse  him  of  some  heinous  crime    for   the 
purpose  of  extorting  money,  was  formerly  considered   to    be   high 
treason  (stat.  8  Hen.  V.  o.  6) ;  and  under  the  stat.  9  Geo.  L  c.  22,  c«>n- 
tinned  for  more  than  a  century  to  be  punishable  as  a  capital  felony. 
By  the  statutes  4  Geo.  lY.  c.  64,  s.  8,  &  10  &  11  Vict.  c.  66,  a.  6,  a  less 
punishment  is  substituted ;  and  any  person  sending  or  delivering  any 
writing,  with  or  without  any  name  or  signature  subscribed  thereto,  or 
with  a  fictitious  name  or  signature,  threatening  to  kill  or  murder  any 
person,  or  to  bum  or  destroy  his  house,  outhouse,  bams,  or  staclu 
of  com  or  grain,  hay  or  straw,  is  declared  guilty  of  fdony;    thr< 
ofience  being  now  punishable  with  penal  servitude  for  life,  or  not  les^s 
than  three  years,  or  imprisonment  for  any  term  not  exceeding  four 
years.    By  statute  7  &  8  Geo.  IV.  c  29,  s.  8,  any  person  sending  or 
delivering  any  letter  or  writing,  demanding  of   any  person    with 
menaces,  and  without  any  reasonable  or  probable  cause,  any  chattel^ 
money,  or  valuable  security ;  or  accusing  or  threatening  to  accuse,  \3t 
sending  or  delivering  any  letter  or  writing  accusing  or  threatening  to 
accuse,  any  person  of  any  crime  punishable  by  law  with  death,  trans- 
portation, or  pillory,  or  of  any  assault  with  intent  to  commit  any  rape, 
or  of  any  infamous  crime  (the  meaning  of  which  term  is  defined),  with 
a  view  or  intent  to  extort  or  gain  from  such  person  any  chattel,  money, 
or  valuable  seciuity,  is  declared  guilty  of  felony ;  the  offence   being 
now  punishable  with  transportation  for  life  or  not  less  than  three 
years,  or  with  imprisonment  not  exceeding  four  years,  with  or  without 
whipping.     Threatening  to  publish  a  libel  is  a  misdemeanor  punishable 
by  imprisonment  with  or  without  hard  labour  not  exceediug  three 
years. 

THREE,  RULE  OF,  the  technical  name  of  the  rule  in  arithmetic 
by  which,  three  quantities  being  given,  the  first  and  second  of  one 
kind,  a  fourth  is  found  such  that  the  four  are  in  proportion,  or  that 
the  first  is  the  same  multiple  part,  or  parte,  of  the  second,  which  the 
third  is  of  the  fourth. 

In  the  earliest  modem  treatises  are  found  the  explanatory  headings 
of  this  process,  from  which  the  denomination  ruU  of  three  has  been 
formed  by  abbreviation.    Almost  all  such  abbreviations  date  from  the 
time  when  systems  of  commercial  arithmetic  began  to  be  ¥nritten — ^tbat 
is,  about  the  beginning  of  the  16th  century.    Before  that  time,  such 
books  as  were  written  always  contained   demonstrations  from  full 
definitions ;  and  it  was  not  judged  necessary  to  provide  the  simple  case 
of  finding  a  fourth  proportional  to  three  given  numbers  with  a  separate 
name,  or  to  divide  the  rule  for  doing  it  from  others.    This,  however, 
was  done  by  traders  in  their  daily  practice,  who  separated  the  rule  of 
three  from  the  other  parts  of  arithmetic,  and  called  it  the  golden  nde, 
an  older  term,  probably,  than  rule  of  three.    Bishop  Tonstal,  (*  Are 
Bupputandi,'  1522)  begins  his  chapter  on  the  "  Regula  de  tribus  noUt 
quaitum  ignotum  oommonstrantibus "  in  this  manner:   "Praicipra 
omnium  regula  est  qua)  de  tribus  notis  quartum  ignotum  in  noticiam 
educentibus  ab  Arithmeticis  traditur.     Vulgus  regulam  awram  vocat ; 
quia  hsec  cseteris  Arithmetics^  regulis  velut  oaeteris  metallis  auruin 
pnestet."    Robert  Recorde  (1540)  calls  it  the  "feate  of  the  rule  of 
proportions,  whiche  for  his  excelleude  is  called  the  golden  rule.^ 
Humphrey  Baker  (1562)  uses  the  phrase  "  rule  of  three,"  and  says  that 
"the  philosophers  did  name  it  the  golden  mie,  ....  butnowein 
these  latter  dales,  by  us  it  is  called  the  rule  of  three." 

The  immense  variety  of  questions  which  are  to  be  solved  by  finding 
a  fourth  proportional  defies  all  ohMsification ;  but  they  may  all  be 
reduced  to  one  form,  though  it  may  in  particular  cases  not  be  easy  tn 
see  the  mode  of  reduction.  That  form  is : — a  produces  b  ;  what  will  c 
produce  ?  It  may  be  that  it  is  money  which  produces  goods,  or  gootis 
which  produce  money,  or  money  which  produces  interest,  or  money  of 
one  country  which  produces  money  of  another,  or  time  which  produces 
distance  travelled,  &c.,  &g.,  &c.  The  difficulty  to  bq^rinners  is  the 
reduction  of  the  question  given  to  the  above  simple  form,  which  must 
be  done  before  what  is  (or  used  to  be)  called  the  »tatement  of  the 
question  can  be  made — namely,  the  writing  down  the  numbers  a,  b,  c, 
in  the  proper  order,  with  the  marks  of  proportion  between  them : 

A  :  B  :  :  c  :  the  answer  required. 

It  is  proper  enough  to  say  that  thi»  is  a  question  of  proportion  when 
numbers  only  are  considered,  but  absurd  when  the  things  represented 
by  the  numbers  are  used  instead  of  the  numbers.  Thus,  if  5  pence 
buy  10  apples,  7  pence  will  buy  14  apples,  and  the  number  5  is  to  7  aa 
10  is  to  14,  or  5  is  the  same  fraction  of  7  as  10  is  of  14.  But  it  id 
absurd  to  say  that  5  pence  bear  the  same  proportion  to  10  apples  that 
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7  pence  bear  to  14  apples :  simply  because  5  pence  are  not  any  dteign- 
able  fniction  of  10  apples.  That  there  is  a  relation  is  true ;  but  that 
relation  is  not  proportion.  Thus,  it  is  not  absurd  to  say,  in  the 
common  language  of  the  rule,  As  5  pence  are  to  10  apples,  so  are 
7  pence  to  14  apples ;  for  the  first  does  stand  to  the  second  in  the 
same  relation  as  me  third  to  the  fourth :  5  pence  must,  at  all  ratsA,  do 
as  much  towards  the  purchase  of  10  apples  as  7  pence  towards  that  of 
1 4  apples.  With  tiiis  imderstanding,  there  is  no  objection  to  the  common 
mode  of  statement,  and  the  proof  of  the  rule  ia  as  follows : — If  A  of  the 
first  produce  B  of  the  second,  then,  at  the  same  rate  of  production,  1  of 

tlie  first  must  produce  ?  of  the  second ;  whence  o  of  the  first  must 

A 

produce  o  x  .,  or  —  of  the  second. 

A  A  .  .  .  >! 

The  importance  of  the  rule  of  three  induced  arithmeticians  to 
attach  two  other  rules  to  it:  the  inverse  rule  of  three  (called  by 
Recorde,  Baker,  &c.,  the  backer  rule) ;  and  the  double  rule  of  three. 
Some  of  the  writers  of  Cocker's  school,  apparently  by  an  abbreviation 
of  his  words,  tells  us  that  the  rule  of  three  inverse  is  used  *'  when  less 
requires  more  and  more  requires  less ; "  meaning  that  the  greater  the 
third  of  the  given  numbers,  the  less  will  be  the  answer,  and  vice  versd. 
Thus,  suppose  that  10/.  has  been  lent  me  for  3  montlis,  and  I  want  to 
know  how  long  I  ought  to  lend  a  given  sum  (other  than  10/.)  in  return  : 
evidently  the  more  I  lend,  the  less  the  time  for  which  I  ought  to  lend 
it.  If  the  sum  be  15/.,  then  3  months  is  to  the  time  required,  not  aa 
10  to  15,  but  in  its  inverse  ratio,  as  15  to  10,  or  15  :  10  :  :  3  :  8  x  lO-j-15, 
or  2 ;  and  2  months  is  the  answer  required. 

The  double  rule  of  three  (at  least  in  the  class  of  questions  which 
are  usually  considered  as  falling  under  it)  is  applied  where  time  is  an 
element  in  the  production  which  the  question  supposes.  For  example : 
supposing  it  known  that  a  men  can  pave  B  square  feet  in  c  days,  it 
may  be  asked  how  many  men  can  pave  6  square  feet  in  c  days,  or  how 
many  square  feet  can  a  men  pave  in  c  days,  or  how  many  days  will  it 
take  a  men  to  pave  b  square  feet.  If  we  write  down  the  data  and 
answer  in  two  lines,  and  in  the  following  order — force  employed — effect 
produced — time  of  production — thus  : 


A 

a 


B 

b 


0 

e 


the  rule  is — Take  such  an  answer  as  will  make  the  extremes  of  each 
line  multiplied  by  the  mean  of  the  other,  the  same  in  both.  That  is, 
let  A&c=aBC,  and  according  as  a,  6,  or  <;,  is  to  be  foimd,  the  mode  of 
\vorking  is  aa  follows  : — 

Abo  ahc  Abo 

^"^  Bc'*  "*  "ac*^  ""  "oB* 

B 

The  proof  is  as  follows: — One  man  in  c  days  could  pave  -  square 

B 

feet,  and  in  <me  day  —  square  feet*    By  similar  reasoning  one  man  in 

b 
one  day  could  pave  —  square  feet.    Hence 

To  -"  ac'*  or  aBc  ^- Abo. 

The  principal  caution  which  a  beginner  requires  is,  Hot  to  suppose 
that  the  rule  of  three  (or  the  rule  of  finding  a  fourth  quantity  which, 
which  three  others,  shall  constitute  a  proportion)  is  to  be  applied  in  all 
cases  in  which  three  quantities  are  given  to  find  a  fourth.  That  such 
a  caution  is  necessary  arises  from  the  defect  of  works  on  arithmetic, 
which  frequently  exhibit  this  rule  without  any  mention  of  proportion, 
and  leave  it  to  be  inferred  that  there  is  but  one  way  of  obtaining  a 
fourth  qiiantity  from  three  others. 

THRESHING.  The  separation  of  the  grain  from  the  ear  in  com 
has  always  been  one  of  the  most  laborious  operations  on  a  farm. 
Where  the  quantity  grown  ia  merely  sufficient  to  supply  food  for  the 
cultivators  of  the  soil,  the  simplest  methods  answer  the  purpose  suffi- 
ciently. The  com,  taken  by  handf  uls,  may  be  beaten  on  a  piece  of 
wood  or  a  table,  and  by  repeatedly  tuming  the  straw  the  whole  of  the 
grain  may  be  readily  beaten  out.  This  mode  of  threshing  may  be  still 
adopted  in  order  to  obtain  the  finest  and  ripest  grains  for  seed ;  but 
then  the  straw  is  afterwards  threshed  over  again  with  the  JlaiL 

Where  the  com  is  threshed  out  immediately  after  harvest,  to  be  put 
into  a  granary,  as  is  the  case  in  those  coimtries  where  extensive  tracts 
of  rich  land  are  sown  with  com  two  or  three  times  without  much 
tillage  or  manuring,  and  then  left  to  be  recruited  by  several  years'  rest 
and  pasture,  the  most  common  practice  is  to  level  a  portion  of  a  field, 
and,  laying  the  com  in  the  straw  in  a  large  circle,  to  drive  oxen  and 
horses  over  it  till  it  is  all  trodden  out.  This  is  the  method  alluded  to 
in  Scripture,  and  can  only  take  place  where  the  climate  is  serene  and 
dry.  Till  ingenuity  had  produced  machines  to  supersede  the  flail,  this 
was  the  only  instrument  in  use.  The  first  idea  of  a  machine  for 
threshing  was  that  of  imitating  the  motion  of  the  fiail ;  but  so  much 
depends  on  the  eye  of  the  thresher,  that  no  mechanism  could  well 
imitate  Uie  motion  of  his  arms.  The  present  improved  threshing- 
machine  is  now  so  common  that  it  will  suffice  to  give  the  general 


principle  of  action.  A  rapid  motion  is  given  to  a  hollow  cylinder 
round  a  horizontal  axis ;  on  the  outer  surface  thei-e  are  projecting  ribs 
parallel  to  the  axis  at  equal  distances  from  each  other ;  the  width  of 
these  is  from  two  to  six  inches.  Around  half  the  cylinder  is  a  case, 
the  inner  surface  of  which  is  lined  with  plates  of  cast-iron  grooved  in 
the  direction  of  the  axis.  The  ribs  or  beaters  come  quite  close  to  these 
grooves,  so  that  an  ear  of  wheat  or  other  com  cannot  well  pass  between 
them  without  being  flattened.  The  sheaves  of  com,  having  been 
imtied,  are  spread  on  a  slanting  table,  and  in  some  machines  are  drawn 
in  between  two  iron  rollers,  of  which  one  is  plain  and  the  other  fluted. 
The  motion  of  these  rollers  is  slow,  while  that  of  the  cylinder  or  drum 
is  rapid.  The  beaters  act  on  the  straw  as  it  comes  through,  and  beat 
out  most  of  the  com ;  but  what  remains  is  carried  in  between  the 
beaten  and  the  fluted  case,  and  when  it  has  made  half  a  revolution  all 
the  grain  has  been  beaten  and  rubbed  out.  It  falls  on  a  shaker  which 
lets  the  grain  through,  but  tosses  off  the  straw.  Moveable  threshing- 
machines  are  very  generally  in  use  in  England.  The  price  of  threshing 
in  this  way  is  about  half  of  what  is  usually  paid  for  threshing  with  the 
flail ;  it  is  more  rapidly  done,  there  is  less  chance  of  pilfering,  and 
fewer  grains  remain  in  the  straw. 

On  very  lai^  farms  it  has  been  found  economical  to  erect  a  steam- 
engine  to  work  the  threshing-machine,  chaff-cutter,  and  other  domestic 
implements.  But  travelling  machines  thresh  out  much  the  largest 
quantity  of  the  com  that  is  grown  in  England.  The  moveable  steam- 
engines  which  are  used  for  working  such  machines  are  now  made  in 
immense  numbers,  and  no  doubt  15,000  to  20,000  horse-power  is  thus 
every  year  added  to  the  forces  used  in  agriculture. 

THROMBUS  is  a  tumour  formed  by  blood  effused  from  a  vein  after 
bleeding,  and  coagulated  in  the  adjacent  cellular  tissue.  It  is  a  kind 
of  intense  ecchymosis  or  bruise,  and  usually  arises  from  the  puncture 
in  the  vein  not  having  been  made  exactly  opposite  that  in  the  skin,  so 
that  some  of  the  blood,  instead  of  flowing  out,  is  infiltrated  between 
the  vein  and  the  surface.  It  is  rarely  of  sufficient  importance  to 
require  treatment,  and  is  usually  removed  like  the  effused  blood 
of  an  ordinary  bruise.  Sometimes,  however,  inflammation  ensues 
around  the  tumour,  which  should  be  treated  by  leeches  and  cold ; 
or,  if  it  proceed  to  suppuration,  should  be  managed  like  a  common 
abscess. 

THRUSH  or  APHTHAE  is  a  disease  to  which  young  children 
BTd  particularly  liable.  It  is  a  disease  of  the  mucous  membrane  of 
the  mouth  and  fauces,  and  manifests  itself  in  the  form  of  small 
points,  rings,  conical  or  hemispherical  elevations.  These  some- 
times increase  in  size,  and  become  large  spots,  which  are 
covered  with  a  membrane  of  milk  or  pearl-white  colour  passing 
into  a  gray  or  yellowish  colour.  This  membranous  matter  is  of  a 
more  or  less  soft  consistence,  and  varies  in  thickness.  It  is  at  fint 
firmly  adherent  to  the  mucous  membrane,  but  eventually  peels  off, 
leaving  the  mucous  membrane  uninjured.  These  spots  are  found  on 
the  inner  edge  of  the  lips,  on  the  cheek,  the  gums  and  the  palate ;  on 
the  upper  and  lower  surface  of  the  tongue,  in  the  throat,  and  in  the 
oesoplu^s  down  to  the  stomach. 

On  placing  this  membranous  secretion  under  the  microscope,  it  is 
foimd  to  consist  of  epithelial  cells,  a  certain  amount  of  exuded  matter, 
and  of  the  JUamente  and  aporea  of  a  fungus  known  by  the  name  of 
Oidium  €Ubiean$.    [Entophtta  ;  Oidium,  in  Nat.  Hist.  Div.] 

The  filaments  of  the  fungus  are  cylindrical,  elongated,  straight,  or 
curved  and  tubular.  The  interior  of  the  tube  is  transparent.  In  the 
midst  of  these  filaments  are  found  minute  bodies  composed  of  two  to 
four  oval  cells.  These  are  the  germinating  spores  from  which  originate 
the  true  spores ;  which  lie  together  frequently  in  masses  and  vary  in 
number  according  to  the  age  of  the  fungus. 

There  is  no  doubt  that  thrush  entirely  depends  on  the  presence  of 
this  fungus.  It  appears,  however,  that  certain  states  of  the  system 
invite  their  attacks.  When  children  are  weakly  or  have  been  subject 
to  derangement  of  the  bowels  from  any  cause,  the  fungus  appears  to 
find  a  fit  nidus  for  its  development.  In  some  cases  the  irritation  pro- 
duced by  the  fungus  engendera  inflammation  which  ends  in  ulceration, 
and  this  may  spread  and  even  produce  destructive  effects. 

Old  people  as  well  as  children  are  subject  to  attacks  of  the  same 
fungus  when  the  conditions  are  present  which  invite  their  attacks. 
Such  being  the  nature  of  thrush,  it  is  very  clear  that  it  is  not  critical 
of  any  general  state  of  the  system. 

Thrush  is  often  confounded  with  various  affections  of  the  mouth, 
such  as  idiopathic  inflammation  with  ulceration,  accumulation  of 
epithelial  cells,  the  fur  of  the  tongue,  and  the  remains  of  food 
especially  milk,  from  all  of  which  it  may  be  easily  distinguished  by  tho 
presence  of  the  filaments  and  spores  of  the  fungus. 

In  the  treatment,  the  object  should  be  to  destroy  the  fungus  by 
external  application,  and  to  rectify  the  diseased  condition  of  the  child. 
A  dilute  solution  of  nitrate  of  silver  painted  over  the  aphthous  spots 
has  been  found  useful  as  an  external  application.  Acidity  of  the 
stomach  and  bowels  may  be  corrected  by  the  carbonates  of  potash, 
magnesia,  or  soda.  The  preparations  of  iron  with  cod-liver  oil  are 
amongst  the  best  remedies  for  the  constitutional  state  in  which  thrush 
occurs. 

(Kiichemeister  On  Animal  and  Vegetable  ParamUs,  translated  by 
Dr.  Lankester.) 

THUG  (from  Hindustanee  t^hag-na,  to  deceive)  means  a  deceiver. 
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THUO. 


THUNDER. 
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and  is  the  special  appellation  of  secret  murderers  in  India.  Of  their 
origin  nothing  can  be  said  with  any  degree  of  certainty.  The  Thugs 
theKVB^lves  refer  it  to  the  remotest  antiquity,  and  there  is  no  doubt 
that  the  ceremonies  with  which  they  carry  on  their  murderous  trade 
can  be  traced  as  far  back  as  the  KAlika  Pur&na,  where  we  find  them 
described  with  the  utmost  accuracy.  Their  gangs,  consisting  of  from 
ten  to  two  or  three  hundred  men  of  all  races,  castes,  sects,  and  religions, 
yet  all  joining  in  the  worship  of  KiUi,  moved  about  all  parts  of  India, 
sacrificing  to  their  tutelary  goddess  every  victim  that  they  could  seize, 
and  sharing  the  plunder  among  themselves.  Still  they  shed  no  blood, 
except  when  forced  by  circumstances ;  murder  being  their  religion,  the 
performance  of  its  duties  required  secrecy,  and  the  instrument  of 
death  was  a  rope  or  a  handkerchief,  which  could  excite  no  suspicion. 
Thev  were  stranglers.  Every  gang  had  its  leader,  the  Jemadar  or 
Siraar;  \\a  teacher,  the  Guru,  whose  duty  it  was  to  initiate  the  novice 
into  the  secret  of  using  the  rocmal,  or  haindkerchief.  Then  came  the 
Bhuttotea,  that  is,  stranglers ;  and  the  SoUuu,  or  entrappers ;  and  at 
last  the  Lughuea,  or  gravediggers.  In  a  country  like  India,  the 
striking  chaxacter  of  whose  inhabitants  is  an  almost  incredible  apathy, 
it  was  easv  for  them  to  commit  the  most  outrageous  murders  without 
exciting  the  interest  of  the  victim's  relations.  The  immense  jun^es 
which  border  the  roads  afforded  the  Lughaees  every  facility  for  effec- 
tually concealing  the  bodies ;  and  the  prevailing  custom  of  travelling 
in  parties  prevented  the  designs  of  the  Sotha  from  being  suspected, 
whenever  he  succeeded  in  offering  the  protection  of  his  Jemadar  to 
travellers  whom  their  wealth  induced  him  to  entrap.  The  Thugs 
generally  assumed  the  appearance  of  merchants,  which  increased  the 
confidence  of  their  victims,  whom  they  despatched  with  the  greatest 
celerity  whenever  they  found  a  convenient  place.  Whilst  the  Bhuttotes 
arranged  themselves  in  a  manner  to  effect  their  purpose  with  facility, 
the  Lughaees  dug  the  hole ;  and  at  a  given  signal  the  noose  was  x>assed 
round  the  neck  of  the  traveller,  and,  being  taken  unawares,  he  was 
strangled  without  being  able  to  make  any  resistance.  He  was  then 
thrown  into  the  hole,  and  large  incisions  were  made  in  the  abdomen  to 
(prevent  the  corpse  from  swelling,  and  the  whole  was  covered  over  with 
la  layer  of  dry  sand,  another  of  thorns  and  bushes,  and  over  all  was 
thrown  the  earth  which  had  been  dug  out,  which  they  smoothed  down 
so  as  not  to  attract  the  notice  of  travellers.  After  every  murder  they 
offered  a  sacrifice  to  K&li,  which  they  called  Tapounee.  It  was  performed 
in  the  following  manner : — A  large  sheet  was  spread  over  the  cleanest 
spot  they  could  select,  and  on  this  was  cast  a  pile  consisting  of  one  rupee 
and  four  anas'  worth  of  coarse  sugar ;  near  this  they  placed  the  conse- 
crated pickaxe  (an  instrument  sacred  to  Siva  and  BhAvanl),  and  a  piece 
of  silver  as  a  iUpa  dartana,  or  silver  offering.  The  leader  then  sat 
down  on  the  sheet,  and  the  best  stranglers  placed  themselves  on  each 
side  of  him  with  their  faces  to  the  west.  They  then  distributed  the 
sugar  and  ate  it  in  solemn  silence.  But  for  this,  as  well  as  other  cere- 
monies, we  must  refer  to  the  works  of  Colonel  Sleeman  and  Captain 
Meadows,  as  well  as  to  an  article  in  the  ISOth  number  of  the '  Edinburgh 
Keview.' 

We  have  already  observed  that  Thugs  were  found  exercising  their 
fearful  trade  in  all  parts  of  India.  In  the  Deccan  they  were  called 
Ph&nslgars  (from  Sanskrit  pdta,  a  noose)  or  noosers,  and  on  them  we 
have  a  very  interesting  paper  in  the  18th  volume  of  the  'Asiatic 
Researches.'  Their  customs  are  the  same  as  those  of  the  northern 
Thugs ;  but,  having  fewer  Mohammedans  among  them,  they  aro  more 
strict  observers  of  the  duties  which  their  religion  imposes ;  they  kill 
neither  women,  nor  old  men,  nor  any  of  the  subjects  which  the  K&lika 
PurAna  (in  the  '  Rudhira  Ady4ya')  declares  to  be  unfit  for  a  sacri6ce  to 
Devi.  In  the  same  volume  of  the '  Asiatic  Researches '  there  is  another 
article  on  them,  by  Mr.  Shakespear :  both  were  written  in  1816. 

The  origin  of  this  atrocious  worship  is  undoubtedly  Hindu.  The 
Thugs  maintain  that  their  occupation  is  represented  in  the  caves  of 
EUora,  as  well  as  all  other  trades.  Moreover,  the  terms  they  use  are 
chiefly  of  Sanskrit  origin  ;  and  the  worship  of  Kdli,  as  described  in  the 
Kdlika  Purdna,  corresponds  so  well  to  the  religious  ceremonies  of  the 
Thugs,  that  there  can  be  little  doubt  as  to  their  identity.  ('  Asiatic 
Researches,'  vol.  v.)  All  the  ceremonies  of  the  Thugs  are  fixed  by 
Pur&na,  the  date  of  which  it  is  diflScult  to  ascertain ;  but  frequent 
allusions  are  made  to  it  in  the  VIra  Charita,  a  drama  of  Bhdvabhdti, 
who  lived  at  the  court  of  King  Bhoja  in  the  beginning  of  the  8th 
century  of  our  era. 

Th^venot,  in  his  'Travels '  (part  iii.,  ch.  22),  is  the  first  to  notice 
the  Thugs :  he  describes  them  as  infesting  the  road  from  Agra  to 
Delhi,  and  using  a  long  rope  furnished  with  a  noose,  which  they  throw 
with  great  dexterity  romid  the  traveller's  neck ;  and  he  relates  that 
their  Sothas  were  frequently  women.  About  ten  years  after  Th^venot, 
Dr.  Fryer  found  them  at  Surat,  where  a  gang  of  them  were  executed. 
He  describes  them  as  Th^venot  does ;  and  it  appears  from  the  descrip- 
tion that  they  belonged  to  the  Mooltaneaa,  a  peculiar  class  of 
Mohammedan  Thugs. 

Although  the  whole  of  the  ceremonial  is  Hindu,  the  Thugs  them- 
selves, whether  Hindu  or  Mohammedan,  maintain  that  they  descend 
from  seven  Mohammedan  dans.  Thugs,  Bhya,  Bursote,  Kachunee, 
Huttar,  Ganoo,  and  Thundee  (' Ramaseeana,"  p.  11);  the  seven  clans 
are  admitted  to  be  the  most  ancient  and  the  original  stock  on  which  all 
the  others  have  been  engrafted.  This  circumstance  may  lead  us  to 
suspect  that  Mohammedans  were  indeed  the  first  to  give  a  sort  of 


political  system  to  the  Thugs ;  and  the  seven  clans  of  Ismailia,  -whose 
occupation  was  murder  as  dreadful  as  that  of  the  Thugs,  may,  whcai 
persecuted  in  the  last  days  of  their  political  existence,  hare  joined 
themselves  to  the  Hindu  Phftnstgars,  and,  adopting  their  ritual,  hare 
given  rise  to  their  present  institution.    This  point  is  investigated  with 
much  ingenuity  in  an  article  on  the  '  Secret  Societies  of  Asia,'  in  the 
49th  vol.  of  'Blackwood's  Magazine.'    Shah  Jehan  and  Aurangzebe 
instituted  criminal  proceedings  against  them.     After  this  we  again 
lose  sight  of  them  until  the  time  of  Hyder  Ali,  who  proceeded  against 
them  in  a  summary  way.    Mysore,  however,  seems  to  have  been  their 
favourite  residence ;  for  in  order  to  suppress  them,  in  the  reign  of 
Tippoo  Sultan,  many  of  them  were  apprehended  and  sentonced  to  hard 
labour,  and  others  suffered  mutilation.     It  was  in  Mysore  also  that  the 
English  government  first  discovered  them  soon  after  1799  ;  but  it  was 
not  before  1810  that  any  measures  were  taken  for  their  extermination ; 
and  a  plan  for  their  suppression,  which  was  successful,  was  adopted  in 
1880  by  the  then  governor-general.  Lord  William  Bentmck. 

(Ramcueeana,  or  Vocabuhry  of  the  Peculiar  Language  used  by  the 
Thugs,  Calcutta,  1886  :  this  work  is  written  by  Col.  Sleeman  ;  The 
Oonfeesunu  of  a  Thug,  by  Captain  Meadows,  1840,  London.) 

THU  JONE.  A  hydrocarbon  produced  by  the  action  of  iodine  upon 
the  essential  oil  of  Arbor  Vit»  {Thuja  oecidentaUs). 

THUNDER  is  an  explosion  accompanied  by  a  loud  noise,  which  is 
heard  after  a  discharge  of  lightning  from  the  clouds.  The  character  of 
the  noise  is  variable  :  it  sometimes  resembles  that  which  is  produced 
when  a  single  piece  of  ordnance  is  fired ;  at  other  times  it  is  a  zx>lling 
Botmd  like  the  successive  discharges  of  several  great  guns ;  and  occa- 
sionally it  may  be  compared  to  a  series  of  sharp  reports  from  a  fire  of 
musketrv. 

The  identity  of  lightning  with  the  electric  fluid  is  now  well  known 
[LiaBTmNo],  but  the  physical  cause  of  the  detonation  which  accom- 
panies the  flash  is  still  the  subject  of  conjecture ;  in  general  it  is  con- 
sidered  that  lightning,  by  its  heat,  creates  a  partial  vacuum  in  the 
atmosphere,  and  that  the  sudden  rushing  of  air  into  the  void  space 
produces  the  sound ;  but  various  reasons  have  been  assigned  for  ite 
prolongation.     It  was  formerly  supposed  that  the  rolling  noise  is 
merely  the  result  of  several  echoes  caused  by  the  sound  being  reflected 
from  mountains,  woods,  buildings,  or  clouds,  or  from  the  latter  alone 
when  a  thunder-storm  takes  place  over  the  ocean :  this  opinion  seems 
to  have  been  founded  upon  the  fact  that  the  report  of  a  fire-arm  dis- 
chaiged  in  a  mountainous  tract  is  prolonged  by  the  echoes  during  at 
least  half  a  minute,  which  is  about  the  time  that  the  rolling  of  thunder 
continues.    But  though  the  reflections  of  sound  are,  very  probably,  in 
part,  or  at  times,  the  causes  of  the  prolongation  of  the  report  arising 
from  the  explosion,  yet  it  must  be  admitted  that  these  will  not  always 
afford  a  satisfactory  explanation  of  the  phenomena.    It  may  happen, 
for  example,  that,  when  the  sky  is  uniformly  covered  with  doudfs,  a 
flash  of  lightning  will  dart  from  the  zenith,  and,  after  a  few  seconds, 
the  crash  of  thunder  will  take  place  accompanied  by  a  rolling  sound  : 
soon,  a  second  flash  may  pieroe  the  clouds  m  the  zenith  and  thunder 
may  follow,  but  now  the  crash,  though  loud,  may  not  be  prolonged. 
It  is  justly  observed  by  M.  Arago  that  this  is  very  different  from  the 
phenomena  of  echoes ;  and  the  explanation  which  was  first  proposed 
by  Dr.  Hooke  (' Posthtmious  Works,'  1706)  is  perhaps  that  which 
possesses  the  highest  degree  of  probability.    The  flashes  of  lightniog, 
Dr.  Hooke  observes,  are  either  simple  or  multiple :  the  first  occupies 
but  one  small  portion  of  space,  and  gives  rise  to  an  instantaneous  re- 
port ;  the  multiple  flash  takes  place  at  different  parts  of  one  long  line : 
if  ^eee  parts  should  be  situated  in  a  circular  are,  and  the  observer 
should  be  in  ite  centre,  all  the  reports  would  arrive  at  his  ear  at  the 
same  time,  and  still  one  loud  crash  only  woiUd  be  heard ;  but  if  the 
parts  were  nearly  in  a  straight  line,  and  the  observer  were  at  one  of  its 
extrenuties,  the  reports,  whether  they  take  place  at  the  same  instant 
or  in  succession,  would  arrive  at  lus  ear  at  different  times,  depeDdiog 
wholly  or  partly  on  the  distances.     It  may  be  considered  therefore 
tiiat  the  rolling  arises  from  the  ciroumstance  that  the  points  of  ex- 
plosion are  at  different  distances  from  the  observer ;  and  it  will  follow 
that  the  duration  of  the  noise  is  equal  to  the  time  in  which  sound 
travels  through  an  interval  equal  to  the  difference  between  the  lengths 
of  two  lines  drawn  from  the  observer  to  the  two  extremities  of  the 
flash.    The  flash  of  lightning  and  the  report  of  the  thunder  take  place 
in  reality  at  the  same  moment ;  but  since  sound  travels  at  the  rate  of 
1100  feet  per  second,  while  the  passage  of  light  from  the  cloud  to  the 
observer  may  be  considered  as  instantaneous,  it  follows  that,  on  count- 
ing the  number  of  seconds  which  elapse  between  the  time  of  seeing 
the  flash  and  hearing  the  report,  the  distance  of  the  thunder-cloud 
from  the  observer  may  be  ascertained  if  1100  feet  be  multiplied  by 
that  number  of  seconds. 

An  opinion  prevaiU  that  thxmder  has  been  heard  when  the  sky  was 
without  a  cloud,  but  the  fact  can  scarcely  be  said  to  be  satisfactorily 
established ;  for  the  sounds  which,  in  countries  subject  to  earthquakes, 
have  been  supposed  to  be  thunder,  proceed  from  under  the  ground, 
and  may  result  from  a  different  cause.  Yolney  however  reUttes  that, 
being  one  day  at  Pontohartrain  near  Versailles,  when  no  cloud  was 
visible,  he  heard  distinctly  four  or  five  claps  of  thunder ;  he  adds,  that 
about  an  hour  afterwards  the  sky  became  overcast,  and  a  violent  hail- 
storm followed.  On  this  relation  M.  Arago  observes,  that  the  sounds 
could  not  have  been  heard  if  they  had  come  from  clouds  at  %  greater 
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distance  than  six  leagues ;  and  if  the  clouds  had  been  at,  or  a  little 
within,  that  distance,  they  must  have  been  visible,  unless  it  be  sup- 
posed that  they  were  not  more  than  a  few  yards  above  the  ground ; 
but  the  hail  which  followed  the  thunder  must  have  proceeded  from 
clouds  having  great  elevation,  though  at  the  time  the  claps  were  heard 
they  were  too  remote  to  allow  anv  sound  from  them  to  reach  the  ear ; 
and  therefore  he  concludes  that  the  sounds  must  have  been  produced 
in  the  air  itself. 

From  the  meteorological  observations  made  by  Dr.  Scoresby,  and 
Captains  Phipps,  Parry,  and  Ross,  it  appears  that  neither  thunder  nor 
Lghtning  is  known  to  take  place  beyond  the  75th  degree  of  north  lati- 
tude ;  even  so  low  as  the  7Uth  degree,  those  phenomena  are  very  rare  : 
and  in  the  tables  of  Captain  Parry  the  occurrence  of  thunder  and 
lightning  is  mentioned  but  once  between  June,  1821,  and  September, 
1823.  Captain  Franklin  also,  in  674°  ^-  ^^>  heard  thunder  on  one 
day  only  between  September,  1825,  and  August,  1826. 
THURSDAY.    [Wkkk.] 

THYMENE  {OJB.^^,  A  hydrocarbon  isomeric  with  oil  of  turpen- 
tine, forming  one  oif  the  constituents  of  the  essential  oil  of  thyme. 

THYMINE.    An  organic  base  found  in  the  thymus  gland  of  the  calf 
(sweetbread).     It  crystallises  in  needles,  and  also  forms  crystalline 
salts.     Its  composition  has  not  been  detennined. 
THYMOIL.    [Thymole.] 

Tfl YMOLE  (C»H.,0,  HO).  Hydrate  of  thymyl.  The  oxidised  por- 
tion of  the  essential  oil  of  thyme,  forming  about  one-half  of  that  essence. 
It  crystallises  in  oblique  rhomboidal  prisms,  which  are  nearlv  insoluble 
in  water,  but  very  soluble  in  alcohol  and  in  ether.  Unaer  the  in- 
fluence of  oxidising  agents  it  yields  a  crystalline  substance  termed 
thy  moil  (Ca^H.gO^),  which  is  homologous  with  quinone. 

THYMYL-SULPHURIC  ACID  ( C„H„0,  HO,  8,0,).  An  unim- 
portant  acid,  obtained  by  the  action  of  concentrated  sulphuric  acid 
upon  thymol. 

THYMYLSULPHUROUS  ACID.  Synonymous  with  ^i((p^ocyiiioZic 
acid  [Cymole]. 

TIA'RA  {ridfta  or  napas),  a  high  kind  of  hat,  which  was  in  ancient 
times  worn  by  the  inhabitants  of  Middle  and  Western  Asia,  especially 
by  the  Assyrians,  Persians,  Parthians,  Armenians,  and  Phrygians. 
There  were  two  kinds  of  tiaras :  the  upright  tiara  was  only  used  by 
kings,  priests,  and  other  persons  of  tiie  highest  rank,  and  the  upper 
part  had  frequently  the  shape  of  a  crown ;  the  tiara  worn  by  other 
people  was  of  a  soft  and  flexible  material,  so  that  it  hung  down  on  one 
side,  as  in  the  case  of  the  so-called  Phrygian  bonnet.  (Hesychius  and 
Suidas,  B.  V,  ridpa.)  The  tiaras  of  persons  of  high  rank  were  of  the 
most  costly  colours,  such  as  purple,  and  adorned  with  gold  and  precious 
stones. 

In  modem  times  the  term  tiara  is  applied  to  the  head-dress  of  the 
popes,  which  is  worn  on  solemn  occasions,  and  consists  of  a  triple 
crown.  The  peculiar  form  of  the  papal  tiara  has  led  some  archoeologists 
to  trace  its  origin  back  to  pagan  antiquity.  Triple  crowns  bearing  a 
marked  resemblance  to  the  papal  tiara  are  worn  by  the  Assyrian  kings 
aa  represented  on  the  slabs  found  at  Nineveh  by  Botta  and  Layard. 

TIDAL  HARBOURS.  The  enclosures  for  the  protection  of  vessels 
which  are  situated  upon  the  sea  shore,  or  the  portions  of  rivers  affected 
by  the  rise  of  the  tides,  are  usually  known  by  the  distinguishing  name 
of  tidal  harbowif  on  account  of  the  pecuhar  arrangements  adopted  in 
them  in  consequence  of  the  variations  of  level  in  the  waters,  and  of 
the  currents  which  may  prevail  in  the  offing.  Tidal  harbours  may  be 
floating  or  dry,  according  to  the  rise  of  the  tide,  or  the  depth  of  water, 
when  no  artificial  basins  are  formed;  or  they  may  be  classified  as 
natural  or  artificial  harbours,  according  to  the  configuration  of  the 
coast,  and  the  mode  of  construction  adopted  in  them. 

A  natural  ,^oatm^  harbour  is  one  wherein  there  is  at  all  times  of  the 
tide  a  sufficient  depth  of  water  to  maintain  a  vessel  afloat ;  a  natural 
dry  harbour  is  one  which  is  left  without  water  at  low  tides,  and  in 
which  the  vessels  are  obliged  "  to  beach,"  or  "  to  take  the  ground," 
that  is  to  say,  are  left  temporarily  high  and  dry.  Artificial  harbours 
present  occasionally  one,  or  both,  of  these  conditions ;  but  as  they  are 
usually  formed  in  positions  where  the  navigation  is  sufficiently  active 
to  require  great  facilities  for  the  commerce  carried  on  in  them,  it  is 
rare  that  artificial  tidal  harbours  are  constructed  without  the  forma- 
tion of  floating  basins  in  which  large  vessels  may  be  kept  constantly 
afloat.  Dry  tidal  harbours  are  only  of  use  for  coasting  traffic,  or  for 
vessels  of  small  burden.  The  outer  harbours  of  ports  of  greater 
importance  are  often  in  fact  nothing  but  tidal  harbours,  dry  at  low 
tides ;  but  in  such  cafles  they  are  accompanied  by  half-tide  batons,  and 
inner  harbours  or  docks,  in  which  the  level  of  the  water  is  constantly 
maintained  at  that  of  the  high  tide  by  means  of  lock  gates,  or  pontoons. 
Graving  docks,  gridirons,  scouring  sluices,  warehouses,  and  other 
appliances  are  added .  in  such  cases  according  to  the  local  physical 
conditions  of  the  situation,  to  the  nature  of  the  trade,  or  to  the  fiscal 
organisation  of  the  country  in  which  the  harbours  may  be  situated. 
These  details  have  already  been  discussed  imder  Docks;  and  they 
evidently  must  be  the  same  in  all  import  harbours,  whether  tidal,  or 
otherwise;  or  whether  the  outer  harbour  be  wet  or  dry. 

Upon  an  open  coast,  like  that  of  the  southern  counties  of  England, 
excepting  between  the  Race  of  Portland  and  Selsea  Point,  the  harbours 
must  all  be  tidal,  and  dry  at  low  water,  unless  they  should  be  placed 
at  the  mouths  of  rivers,  or  at  the  head  of  deep  inlets  from  the  sea. 
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Milford  Haven  and  Plymouth  are  instances  of  this  favourable  natural 
configuration,  and  there  is  little  necessity  for  the  formation  of  closed 
docks  in  either  of  them.  Southampton  and  Portsmouth  present  very 
great  advantages  also,  and  they  are  almost  entirely  devoid  of  the 
inconveniences  usually  attached  to  tidal  harbours,  for  vessels  can  lie  in 
the  inclosed  entrances  to  the  floating  basins  of  either  of  those  ports 
without "  touching,"  unless  when  their  burden  is  very  great  indeed. 
In  the  case  of  ordinary  tidal  harbours,  it  therefore  follows  that,  unless 
there  should  exist  near  them  a  good  sheltered  roadstead,  vessels  cannot 
safely  "  make  "  them,  unless  at  high  water ;  nor  can  they  eyer  become 
really  "  harbours  of  refuge,"  which  should  be  accessible  at  all  times  of 
the  tide.  H&vre  and  Liverpool  are  instances  of  tidal  harbours  pre- 
senting tolerably  favourable  conditions  of  access  in  consequence  of  the 
existence  of  roadsteads.  Cherbourg  is  an  instance  of  a  tidal  harbour 
rendered  safe  by  the  creation  of  an  artificial  roadstead ;  for  though  the 
military  port  of  Cherboui^g  has  a  sufficient  depth  of  water  to  allow  the 
laigest  vessels  to  enter  at  any  time  of  the  tide,  yet  the  commercial 
port  is  left  high  and  dry  twice  a  day.  Ramqgate,  Dieppe,  and  the  little 
harbour  of  rehige  (so  called)  at  Port  en  Bessin  are  instances  of  the  true 
tidal  harbours,  with  all  their  characteristics  and  all  their  inconveniences. 
They  can  only  be  entered  at  high  tide;  their  jetties  are  so  much 
exposed,  that  if  a  vessel  should  happen  to  miss  the  entrance  she 
would  almost  infidlibly  be  wrecked ;  and  th^  are  all  liable  to  be  silted 
up  by  the  alluvial  matters  carried  forward  by  the  flood-tides  on  their 
shores.    [Tidal  Waters  and  Currents.] 

Under  Piers,  the  modes  of  constructing  and  the  principles  of 
designing  the  walls  which  inclose  the  spaces  intended  to  form  harbours 
have  been  already  discussed ;  and  it  may,  under  these  circumstances, 
suffice  to  say  that  the  area  to  be  inclosed  in  a  tidal  harbour  designed 
to  receive  ordinary  coasting  vessels  should  not  be  less  than  six  acres  of 
water  surface ;  and  that  the  area  should  increase  from  this  minimum 
dimension  in  proportion  to  the  depth  of  water  and  to  the  activity  of 
the  commercial  relations  of  the  locality.  In  the  case  of  tidal  harbours 
of  refuge,  the  area  must  be  proportioned  to  the  number  of  vessels 
likely  to  resort  to  them.  Thus  the  tidal  harbour  of  Southampton 
Docks,  in  which  there  is  18  feet  of  water  at  low  tides,  has  an  area  of 
16  acres ;  the  area  of  the  tidal  basin  of  the  new  port  of  St.  Nazaire,  at 
the  mouth  of  the  Loire,  is  about  224  aci^es ;  that  of  the  tidal  harbour 
of  Port  en  Bessin,  is  about  27  acres ;  that  of  the  outer  harbour  of 
Ram^te  is  about  30^  acres.  Even  in  dry  tidal  harbours  it  is 
desirable  that  the  extremities  of  the  jetties  should  be  carried  out  into 
6  feet  water  at  low  neap  tides;  for  the  minimum  depth  of  water  at  the 
entrance  should  never  be  less  than  18  or  20  feet. 

It  may,  perhaps,  be  advisable  to  state  that  tidal  harbours  whose 
entrances  are  exposed  to  be  swept  by  a  strong  flood  current  should, 
generally  speaking,  have  the  jetty  against  which  the  flood  strikes 
carried  beyond  the  jetty  on  the  opposite  side ;  whereas  in  deep-water 
harbours  the  relative  lengths  of  the  jetties  are  regulated  by  their 
positions  with  respect  to  ue  direction  of  the  prevailing  wind.  In  fact 
the  extension  of  the  jetty  on  the  outside  of  the  flood  may  give  rise  to 
a  local  counter-current  which  would  facilitate  the  entry  into  the  har- 
bour ;  and  in  some  respects  it  may  even  cause  the  tide  to  "  stale,"  as 
seamen  say,  or  to  remain  for  a  short  time  at  a  constant  height  in  the 
inclosed  space,  in  consequence  of  the  resistance  offisrcd  by  the  great 
ebb-tide  in  the  offing  to  the  efflux  of  the  small  quantity  of  water  in 
the  port.  The  various  currents  which  prevail  in  the  British  Channel, 
at  the  mouth  of  the  Seine,  and  of  the  Southampton  Water,  may  be 
referred  to  as  illustrations  of  these  peculiar  conditions ;  and  at  H&vre 
they  occur  in  such  a  manner  as  to  render  the  tidal  outer  harbour  of 
nearly  as  great  value  as  an  ordinary  floating  harbour  during  two  hours 
of  each  high  tide,  whilst  at  the  same  time  they  create  a  strong  current 
setting  into  the  tidal  harbour  during  the  flood,  or  precisely  at  the 
period  when  vessels  are  entering.  Sometimes,  however,  these  local 
currents  give  rise  to  bars  or  sand-banks,  either  across  the  mouth  of  the 
harbours  or  on  the  down  side  (to  the  flood)  of  the  midn  channel,  in 
consequence  of  the  interferences  they  produce  with  the  advance  of 
the  alluvions  carried  forward  by  the  flood.    Thus,  at  Dieppe,  Boulogne, 


Newhaven,  Harwich,  Harlingen,  &c.,  ban  exist  at  the  mouths  of  the 
tidal  harbours,  and  they  are  usually  of  a  very  dangerous  character, 
although  occasionally,  as  at  the  last-named  harbour  in  the  Zuyder  Zee, 
the  bars  may  form  natural  breakwaters,  inclosing  shallow  and  imperfect 
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roadsteads.  There  are,  in  fact,  very  few  positions  in  which  tidal  har- 
bours are  free  from  inconvenience,  arising  either  from  ban  or  from  the 
advance  of  alluvial  matters.  The  tidal  harbour  of  refuge  of  Port  en 
Ressin,  in  the  department  of  the  Calvados,  presents  in  this  respect 
some  peculiarities  to  which  it  may  be  desirable  to  caU  attention,  on 
account  of  the  geological  interest,  quite  as  much  as  on  account  of  the 
lessons  in  engineering,  which  they  furnish.  Port  en  Bessin  is  erected  on 
a  coast  entirely  open  to  the  north,  north-east,  and  north-west ;  the  most 
dangerous  storms  blow  from  the  north-east ;  and  the  flood-tide  comes  in 
from  west  by  north.  The  jetty  on  the  west  side  has  been  built  with 
openings,  for  the  avowed  object  of  allowing  the  flood  to  sweep  through 
the  head  of  the  harbour ;  and  an  opening  is  left  in  the  eastern  jetU*  to 
allow  a  fresh-water  river,  which  rises  from  between  the  clay  beds  of 
the  lower  oolitic  formations  on  the  shore,  to  escape.  This  river  would 
appear  to  be  the  continuation  of  the  little  river  Drome,  which  loses 
itself  about  two  miles  in  the  interior,  there  passing  between  the  forma- 
tion known  locally  as  the  "  argile  du  Port  en  Bessin  *'  and  the  lower 
oolite  itself,  until  it  thus  escapes  on  the  sea-shore. 

In  consequence  of  the  frequent  occurrence  of  bars  and  banks  at  the 
mouths  of  tidal  harbours,  it  is  more  than  usually  necessary  that  tidal 
signals,  lighthouses,  and  fog-bells  should  be  established  upon  them, 
and  that  the  navigable  channel  should  be  carefully  buoy^.  These 
precautionary  details  must  not,  of  course,  be  neglected  in  floating  tidal 
harbours,  if  the  latter  should  present  any  local  peculiarities ;  but  they 
are  usually  lees  necessary  than  in  dry  harbours ;  nor  does  there  exist 
in  the  former  the  same  necessity  for  the  existence  of  a  soft  bottom,  of 
mud  or  of  sand,  that  exists  in  harbours  wherein  vessels  are  likely  to 
take  the  ground.  In  floating  or  in  ordinary  tidal  harbours  which  have 
docks  for  the  reception  of  large  vessels,  the  entrances  to  the  docks 
must  be  placed  at  a  position  in  the  outer  basin  removed  from  the 
agitation  of  the  open  sea;  and  it  would  appear  from  the  practical 
working  of  the  docks  at  H&vre,  Liverpool,  &c.,  that  it  is  preferable  to 
make  the  entrance  to  the  floating  dock  from  an  exterior  half-tide  dock, 
rather  than  from  the  outer  harboiu*  itself.  There  is,  in  fact,  a  danger 
of  the  gates  communicating  with  the  outer  harbour  being  occasionally 
forced  open  by  the  agitation  of  the  latter ;  and  at  all  times  the  half- 
tide  basins  facilitate  greatly  the  manoeuvres  of  a  port.  In  some  tidal 
harboui-s,  as  at  H&vre,  Dieppe,  Ostend,  &c.,  pains  are  taken  to  break 
the  waves  which  may  be  driven  in  from  the  open  sea,  by  the  erection 
of  timber  stockades  and  inclined  floors  of  masonry ;  but  in  the  majority 
of  cases  it  is  found  that  the  waves  become  sufficiently  stilled  by  the 
fact  of  their  passing  through  a  narrow  passage  at  the  entrance,  and 
then  widening  out  into  a  large  sheltered  area. 

(Sir  J.  Rennie,  on  Ilarhown;  Sganzin,  Cours  de  Comtruction  ;  Minard, 
TravavLX  ffydrauliques  d  la  Mer ;  the  Parliamentary  Reports  on  the 
Highland  Roads,  &c. ;  Smeaton's  Reports ;  Lift  of  Tdford ;  &c.,  &c. 
The  Report  of  the  Commission  on  Tidal  Harbours,  1845,  may  sdso  be 
consulted.) 

TIDAL  WATERS  AND  CURRENTS.  The  partial  streams  of 
water  set  in  motion  by  the  great  tidal  waves,  which  frequently  flow  in 
directions  diS*erent  from,  or  even  directly  opposed  to,  the  advance  of 
Che  great  tide  waves  themselves,  are  known  techni(^y  by  the  name  of 
tidal  currents  j  and  they  are  of  the  greatest  importance  in  all  nautical, 
or  hydraulic,  engineering  operations,  on  account  of  the  interference 
they  are  able  to  produce  in  uie  conditions  of  access  to  harbours  on  the 
8ea-coast»  or  to  the  embouchmres  of  rivers.  These  currents  are  pro- 
duced either  by  the  projection  of  head-lands,  or  by  the  retarding 
influence  of  the  sea-shore  upon  the  advance  of  a  portion  of  the  tide 
wave,  and  they  are  therefore  subject  to  so  many  modifying  conditions, 
as  to  render  it  more  easy  to  explain  their  nature  by  reference  to  some 
of  the  most  remarkable  currents  known  to  exist.  A  few  illustrations 
of  them  will  therefore  be  given ;  but  before  so  doing,  it  may  be  desir- 
able to  observe  that  the  great  oceanic  currents,  such  as  the  Gulf 
stream,  the  current  through  the  straits  of  Gibraltar  and  at  the  head  of 
the  Mediterranean,  &c.,  have  no  connection  with  the  class  of  phenomena 
in  question ;  for  their  creation  and  propagation  depend  upon  cosmical 
causes  of  a  very  diflerent  and  of  a  much  more  complicated  nature  than 
those  which  produce  the  real  tidal  currents  of  the  sea  shores. 

Now,  the  great  flood  tide,  following  the  impulsion  it  receives  from 
the  attraction  of  the  sun  and  the  moon,  and  from  the  rotation  of  the 
earth,  advances  normally  from  the  west  towards  the  east ;  and  in  mid- 
ocean  the  only  tidal  current  is  precisely  in  this  uniform  direction.  On 
approaching  the  shores  of  a  large  island,  or  of  a  continent,  however,  the 
tide  striking  the  advanced  h^lands  is  diverted  from  its  course  in 
some  cases,  whilst  in  others,  the  great  advancing  stream  may  be  carried 
in  its  former  direction  past  the  portion  of  the  coast  immediately  behind 
the  headland,  and  thus  only  allow  the  flood  tide  to  exhibit  itself  by 
derivation  from  the  main  stream.  On  the  shores  of  the  Atlantic,  for 
instance,  the  flood  wave  striking  the  extremities  of  Ireland,  England, 
and  the  department  of  the  Finisterre  in  France,  changes  its  course  in  a 
remarkable  manner.  A  portion  of  the  flood  continues  to  advance  in 
its  original  direction  through  the  British  Channel;  a  second  portion 
runs  northwards  along  the  western  coast  of  Ireland  and  of  Scotland, 
giving  off  in  its  advance  a  branch,  or  subsidiary,  current  running  up 
through  the  St.  George's  Channel,  and  flowing  in  a  rather  north-easterly 
direction  until  it  meets  a  smaller  derived  current,  flowing  through  the 
Mull  of  Can  tire,  from  the  N.W.  to  the  S.E. ;  a  third  portion  striking 
Cape  Finisterre  turns  towards  the  south,  and  runs  along  the  coast  of 


the  Bay  of  Biscay.  The  flood  tide  running  up  the  British  CIucie: 
passes  through  the  straits  of  Dover,  and  spreads  itself  over  Xhs  >  r^ 
Sea,  meeting  a  portion  of  the  flood  which  had  paaoed  round  tik  .: 
tremity  of  Scotland,  and  down  the  eastern  coast  ot  England,  ncsx  1 
embouchure  of  the  Thames;  so  that  the  united  tides  flow  c:  '1. 
river,  sometimes  synchronously,  Bometimee  at  alight  interraU.  h  t^ 
former  case,  the  tide  in  the  Thiunes  is  a  simple  one ;  in  the  ktt^  : 
mav  present  the  peculiarity  of  a  double  rise  in  the  level  of  the  vite 
ana  the  same  phenomenon  of  the  existence  of  more  than  one  periv. . 
flood  may  be  perceived  in  other  rivers  of  the  east,  and  even  d  i^ 
south,  coasts  of  England,  as  well  as  on  the  northern  coasA  of  Frj^^ 
in  consequence  of  the  creation  of  subsidiary  tidal  currents  by  adra^:::^ 
headlands. 

Thus,  the  Bill  of  Portiand  projects  so  much  into  tlie  line  of  adtn.v 
of  the  flood  tide  that  the  latter  sweeps  along  in  the  offing  at  ao  t^r^. 
tion  above  the  water  in-shore,  until  it  reaches  the   Needles  posst  :: 
course  parting  with  some  of  its  own  body,  by  deiivatioo,  ixii*.  ti- 
sheltered  bay.    At  the  Needles  the  flood  divides,  one  portion  £<.>^i^ 
from  the  W.  by  S.  into  the  Southampton  Water,  the  other  contis.  :: 
up  the  Channel,  but  as  it  passes  the  Spithead  Passage  it  gixcs  cf ; 
branch  current,  which  flows  through  that  channel  firom  S.E.  to  XT 
imtil  it  meets  the  ebbing  tide  from  the  Southampton  Wats  airs,  it 
running  out.    The  Spithead  flood  current  drives  back  the  Soothaci. :  i 
ebb,  and  thus  makes  the  peculiar  donble  tide  of  that  river;  and  i:  -^ 
superposes  itself  in  a  manner  upon  the  ebb  of  the  coast  lying  ves:  j 
Cajshot  Point  so  as  to  create  a  double  tide,  known  locally  by  the  lilt 
of  the  G alder,  which  only  ceases  to  be  felt  at  the  Bill  of  P<.<nl^l 
Very  much  the  same  kind  of  action  may  be  observed  on  the  Frftil 
coast  between  the  rocks  of  the  Calvados  and  the  Cape  Antifer:  f^f  it' 
first  flood  tidal  current  in  the  bays  at  the  mouths  of  the  Onie  ini .: 
the  Seine,  derived  from  the  edges  of  the  great  flood  tide  in  the  o'hj: 
is  maintained  for  a  variable  period,  by  the  return  of  a  snbsidi^  ;.— 
current  deflected  by  the  projection  of  the  cs^pe.     At  Soathamp<to£.  ti:; 
double  tide  keeps  the  water  at  nearly  a  constant  height  for  the  »pv> 
of  two  hours ;  at  Havre  it  remains  in  this  state  for  about  one  L  o 
and  a  quarter ;  whilst  at  the  mouth  of  the  Ome,  the  flood  tide  i^  i-J. 
up  for  about  one  hour.    The  advantage  thus  producsed  to  the  mr.p- 
tion  of  those  localities  by  these  peculiar  tidal  currents  is  enormoi^ 

The  tidal  current  at  Havre  is,  moreover,  accompanied  by  a  rnnk: 
peculiarity.  As  was  before  said,  the  main  flood  tide  in  the  Oszz-i^ 
runs  in  the  offing  with  a  direction  from  W.  to  E.  until  it  strikei  Vaz^ 
Antifer ;  there  it  divides,  one  portion  or  tidal  current  continciLi  t> 
flow  up  the  Channel,  the  other  running  into  the  bay  of  the  Seine  fre^ 
E.  to  W.,  imtil  it  strikes  the  jetty  at  the  entrance  to  the  port,  wb  L 
deflects  it  a  little,  and  causes  the  bulk  of  the  current  to  run  ca  m.-J 
it  meets  the  Cape  du  Hoc.  A  portion  of  the  flood  is  there  defect:. 
and  turns  back  towards  the  mouth  of  the  harbour,  with  a  gHkerai  S.E 
by  S.  direction.  A  ship  making  this  port  at  the  flood  tide,  had  tn^rr  :< 
encounter  no  less  than  three  tidal  currents,  flowing  in  diilerent  dsvc- 
tions ;  and  as  all  the  shores  swept  by  these  currents  are  compiscii  ^i 
rocks  consisting  of  materials  easily  transportable  by  the  water,  there  ^ 
a  constant  formation  of  shifting  banks  at  the  mouths  of  the  Seis: 
taking  place  at  a  short  distance  from  the  shore. 

The  efiect  of  tidal  currents  upon  the  outline  of  a  coast  is  one  of  tlsr 
most  important  forms  of  their  action.  For  instance,  it  will  be  fcc^i 
that  all  the  bays  exposed  to  the  action  of  strongly  defined  floods  c-pa 
towards  their  line  of  advance ;  and  it  also  genenUly  is  the  case  thii  t^ 
most  violent  storms  blow  in  the  same  direction,  that  ia  to  say.  ia  t^^ 
direction  of  the  flood  tide.  In  fact,  the  water  is  driven  with  the  i3>3»*. 
violence  upon  the  shores  by  the  flood  tides;  and  they  are  the  greai 
agents  in  removing  and  transporting  the  materials  detached  fr-s 
the  shores.  In  all  works  for  coast  defences  it  is  important,  ih&tiAi, 
to  calculate  all  the  existing,  and  the  probable  future,  eflTects  of  tb 
tidal  currents,  observing  always  that  they  may  depend  in  many  c2i«3 
on  modifications  of  the  outiine  of  the  coast  lying  far  away  from  ^ 
locality  considered.  The  advance  of  the  flood  tide  on  the  eastern  ih^n 
of  England  from  the  north  to  south  is,  for  instance,  an  eflect  ol  tbf 
same  circumstances  which  cause  the  flood  tide  on  the  west  co&4  >i 
Ireland,  and  of  Scotland,  to  flow  from  south  to  north ;  and  in  ii: 
British  Channel  from  west  to  east.  The  direction  of  the  bars  at  '^ 
mouths  of  rivers  pouring  into  seas  exposed  to -be  crossed  by  L-Jl 
currents,  it  may  be  added,  follow  as  a  general  rule  the  direction  of  s 
resultant  between  the  lines  of  flow  of  ^e  ebb  from  the  river,  ani  -i 
the  advancing  flood. 

The  greatest  amount  of  theoretical  information  on  the  subject  d 
the  laws  of  hydrodynamics  affecting  tidal  currents,  is  to  be  fouzhl  a 
Venturoli,  '  Sur  la  communication  latdrale  du  mouvement  dans  Ves.^^' 
in  Br^montier  and  Emmy, '  Sur  les  Ondes ; '  in  Sganzin  and  Mimnl 
'  Cours  de  Construction ; '  in  the  '  Nautical  Magazine ; '  in  Lubl<>c-^; 
Whewell,  Airy,  &a,  '  On  Tides,'  in  the  '  Philosophical  Tzsnsacti«M2i:' 
in  Renners  '  Investigation  of  Currents ; '  Young  '  On  Tides,'  in  '  £> 
cydopsedia  Britannica,'  &c.,  &c. 

TIDE  MILL.  A  mill  driven  by  the  water  which  is  affected  by  the 
rise  and  fall  of  the  tides  is  called  a  tide  mill,  whether  the  wheei  be 
affixed  to  a  building  on  the  land,  or  to  a  vessel  floating  in  the  rirer. 
In  the  former  case  the  water  sometimes  acts  upon  an  undershot  \vb^{ 
in  escaping  from  a  reservoir,  which  has  been  filled  during  the  £.*x! 
tide ;  but  the  working  of  the  mill  in  this  case  can  only  take  place  vhea 
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there  is  a  lufficient  dififerenca  of  level  above,  and  below,  the  wheel,  to 
produce  the  necessary  head,  and  the  sluiceB  must  be  arranged  in  such 
a  manner  aa  to  regulate  the  dynamical  effort  exerciaed  upon  the  wheel 
during  the  period  of  working,  which  is  uaually  about  four  hours  in 
each  ebb.  At  other  times,  the  motion  ia  given  by  a  species  of  horizontal 
reaction  wheel,  made  to  revolve  horizontally  by  the  advancing  or  receding 
tide ;  in  this  case  also  ike  action  of  the  wheel  cannot  take  plsce  con- 
tinuously, for  at  the  turn  of  the  tide  in  either  direction  Uiere  is  a 
period  during  which  it  neither  advances  nor  recedes;  but  directly  the 
current  assumes  a  marked  velocity,  either  of  ebb  or  flow,  the  wheel 
will  be  set  in  motion,  in  alternate  directions.  As  the  velocity  of  the 
tidal  current  is  always  greatest  about  the  half  tides,  it  is  necessary  to 
provide  some  regulating  madiinery  for  the  working  parts  of  the  mill, 
if  they  should  happen  to  be  of  a  nature  to  require  uniformity  of 
motion ;  this  remark  of  course  applies  to  both  the  undershot,  and  to 
the  horizontal  wheel. 

The  tidal  wheels  attached  to  boats  on  rivers  are,  in  fact,  vertical  float 
wheels  working  in  unlimited  water ;  that  is  to  say,  the  stream  alone 
acts  upon  the  wheel  by  its  horizontal  velocity,  without  being  in  any 
way  confined  or  directed  by  a  race  or  channel  These  wheels  rarely 
exceed  from  12  to  17  feet  in  diameter,  and  the  floats  vary  from  12.  to 
24  in  number ;  the  depth  of  the  floats  never  exceeds  0*25  of  the  radius, 
but  is  usually  only  about  0*20  of  that  dimension,  and  the  whole  of  the 
floats  are  immerged ;  the  width  of  the  face  of  these  wheels  varies  be- 
tween 8  and  18  feet.  In  tidal  rivers,  where  the  current  alternates  in 
its  direction,  the  floats  are  placed  upon  the  radii  of  the  wheel ;  though 
tiie  wheels  working  in  unlimited  water,  flowing  in  one  direction,  are 
found  to  produce  a  greater  useful  effect  when  they  are  made  with  floats 
inclined  to  the  line  of  flow.  Boat  mills  of  this  description,  it  may  be 
added,  should  never  be  tolerated  on  rivers  capable  of  receiving  an  active 
navigation ;  and  under  aU  circumstances  their  action  is  irregular,  and 
of  very  little  practical  value.  Their  working  effect  may  be  represented 
by  the  formula  vw=20  sv^ :  in  which  Pio  =  the  effective  power  trans- 
mitted by  the  working  shaft ;  s  =  the  sectional  area  of  the  float ;  t«> 
the  velocity  of  the  current.  The  working  effect  of  the  other  descrip- 
tions of  tidal  wheels  is  to  be  calculated  upon  the  ordinary  principles 
applied  to  that  cltas  of  madiinery,  when  the  head  of  water  and  the 
velocity  of  the  current  are  known.    [Water  Wheel.] 

(Consult  D'Aubuiason,  Bydratdique ;  FaA>Te,Euai  9ur  la  eonstntetion 
da  BmM  ffydrauUquet;  Navier,  Architecture  Hydraulique;  Bossut, 
jRecher<^ei  exp^rimentala  tur  VEauet  le  VeiU,Ac,;  Gregory,  TreaUfeon 
Mechania,) 

TIDES.     [ACXJBLBBATION  AJSTD  RbTARDATION  OF  TCDEB  ;   WaVE.! 

TILES  AjJD  pavements.  A  tile  is  a  kind  of  thm  brick,  or 
plate  of  baked  clay,  used  chiefly  for  covering  roofs,  but  occasionally 
for  paving  floors,  constructing  drains,  &o.  The  English  name,  and 
those  by  which  tiles  are  known  in  other  European  languages,  are 
derived  from  the  Latin  tegtUa,  which  contains  the  same  element  as 
tego,  to  cover. 

Among  the  Oreeks  and  Romans  roofing-tiles  were  originally  made, 
like  bricks,  of  baked  clay ;  but  later,  tiles  of  marble  were  made  of 
much  larger  dimensions  than  was  practicable  in  clay,  and  consequently 
the  effect  produced  by  their  parallel  joints  might  be  brought  into 
harmony  with  the  rest  of  the  buildiog.  A  still  more  expensive  and 
magnificent  method  of  roofing  occasionally  adopted  consisted  in  the 
use  of  tiles  made  of  bronze  and  gilt.  Tiles  were  originally  made  flat, 
or  with  nothing  more  than  the  hook  or  nozzle  underneath  the 
upper  border,  which  fulfilled  the  purpose  of  fixing  them  upon  the 
rafters.  They  were  subsequently  formed  with  a  raised  border  along 
each  side,  on  the  upper  surfaoe,  and  the  sides  of  the  tile  were  made  to 
conveiige  towards  the  lower  end,  in  order  that  the  raised  aides  or 
ledges  might  not  prevent  the  successive  rows  of  tiles  from  overlapping 
each  other  neatly.  The  lines  of  junction  between  the  flat  tiles  were 
<x>vered  by  small  semi-cylindrical  tiles,  called  imbrices,  the  rows  of 
which,  extending  from  the  ridge  to  the  gutter,  divided  the  surface  of 
the  roof  into  a  series  of  ohann^s,  along  which  water  descended  to  the 
gutter.  Both  the  tcgulm  and  the  imbrices  terminated  at  the  edge  of 
the  roof  in  ornamental  pieces.  Another  kind  of  ancient  tiling,  men- 
tioned by  Pliny  under  the  name  of  pavonaeeum,  consisted  of  tiles  of  a 
semicircular  form  at  their  lower  edges,  which,  when  laid  in  overlapping 
rows,  somewhat  resembled  the  feathers  in  the  train  of  a  peacock. 

The  process  of  making  tiles  is  so  similar  to  that  of  brick-making 
[Brick],  that  it  will  be  sufficient  to  observe  that  only  the  best  qualities 
of  brick-earth  are  fit  for  the  purpose.  Since  the  year  1883  no  excise-duty 
has  been  levied  upon  the  manufacture  of  tiles.  The  roofing-tiles  used  in 
thia  country  are  chiefly  of  two  sorts :  namely,  plane-4iles,  which  are  flat, 
of  a  rectangular  form,  and  usually  about  104  inches  long,  6  inches  wide, 
and  5-8ths  of  an  inch  thick ;  and  pan-tiles,  which  also  have  a  rect- 
angular outline,  but  are  bent  in  such  a  manner  that,  when  laid  on  the 
roof,  the  greater  part  of  their  surface  forms  a  concave  channel  for  the 
descent  of  water,  while  one  side  forms  a  narrow  convex  ridge  which 
overlaps  the  edge  of  the  adjoining  tile.  These  are  usually  134  oi*  I^i 
inches  long,  and  about  9  inches  wide,  measured  in  a  straight  line  from 
side  to  side.  Plane-tiles  are  made  with  a  hole  near  their  upper 
extremity  to  receive  a  wooden  peg,  by  which  they  are  hung  upon  the 
laths  of  the  root  They  are  laid  either  with  or  without  mortar,  in 
such  a  manner  that  the  successive  rows  overlap  each  other  about 
6  inches.    Pan-tiles  have  no  holes,  but  are  hung  upon  the  laths  by 


ledges  formed  at  their  upper  edges ;  they  do  not  require  so  grc.it  an 
over-lap  as  plane-tiles.  Tiles  of  a  semi-cylindrical  form,  laid  in  mortar, 
are  for  covering  ridges  if  the  convex  side  be  uppermost,  and  for 
covering  gutters  if  the  concave. 

Paving-tUes  are  usually  square,  and  of  greater  thickness  than  those 
for  roofing.  Vrain^tHes  are  conunonly  made  in  the  form  of  an  arch, 
and  are  laid  or  bedded  upon  flat  tiles,  called  soUs,  The  substitution 
of  drain-p^es  for  drain-tiies  is  noticed  under  Drainage.  Machinery 
is  now  extensively  employed  in  the  manufacture  of  tiles,  similar  in 
principle  to  the  brick-making  machinery  noticed  under  Briok. 

What  are  called  Encaustic  Tiles,  are  productions  midway  in  constitu< 
tion  between  pottery  and  brick,  and  midway  in  artistic  character  between 
mosaic  and  plane  tiles  [Mosaic  ;  TesbkraI.  Decorative  paving-tiles  of 
baked  pottery  were  much  used  in  the  middle  ages ;  but  their  manufac- 
ture in  England  was  almost  forgotten  Until  the  late  Mr.  Minton  revived 
it  The  Temple  Church,  in  London,  was  one  of  the  first  buildings 
in  which  the  revival  was  exhibited;  and  since  that  period  (about 
twenty  years  ago)  the  use  of  such  tiles,  principally  for  pavements, 
has  extended  liugely.  Pressure  is  brought  to  bear  in  their  making, 
thereby  rendering  them  much  harder  and  less  porous  than  ordinary 
tiles.  One  mode  of  making  them  is  as  foUows  :  Supposing  each  square 
tile  to  exhibit  a  yellow  device  on  a  brown  groimd,  the  brown  portion 
is  formed  of  a  suitable  kind  of  stiff  clay,  pressed  in  a  movld  to  a 
thickness  of  about  one  inch.  The  mould  not  only  gives  the  form,  but 
also  produoes  depressions  about  a  quarter  of  an  inch  deep,  marking 
out  die  device.  Heavy  pressure  is  employed  to  harden  the  clay, 
and  to  give  sharpness  to  the  device.  The  yellow  clay  to  fill  up  the 
depressions  is  mixed  to  the  consistence  of  honey,  and  is  applied  chiefly 
by  means  of  a  kind  of  trowel.  The  clays  are  selected  with  much  care, 
in  order  that  they  may  shrink  equally  in  drying ;  and  they  are  allowed 
a  long  time  to  djy  in  the  open  air,  before  being  baked.  The  surface 
is  well  scraped  and  cleaned  before  firing.  The  tiles  are  either  left 
dead,  or  are  glazed  in  the  same  manner  as  pottery  and  earthenware. 
If  more  than  two  oolouxs  are  exhibited,  the  process  is  necessarily  more 
complicated.  To  form  a  pavement,  the  tiles  are  usually  imbedded  in 
cement^  and  are  roughened  or  in  some  way  hollowed  on  the  under 
surface  to  increase  the  hold. 

Many  other  modes  have  been  partially  adopted  for  the  production  of 
ornamental  paving-tiles.  Mr.  C.  Wyatt  at  one  time  made  pavements  of 
stone  inlaid  m  coloured  cements.  Other  inventors  substituted  pieces  of 
terra-cotta  for  the  stone.  Mr.  Blashfield  has  tried  cements  coloured 
with  metallic  oxides,  and  bitumen  coloured  in  like  manner.  Messrs. 
Singer  and  Pether  have  made  pavements,  by  rolling  out  prepared  clay 
into  sheets,  cutting  it  into  small  cubes,  combining  these  cubes  accord- 
ing to  their  colours,  forming  them  into  a  slab  having  a  defined  pattern, 
and  laying  down  the  slab  as  a  pavement ;  the  cubes  on  this  plan  are 
usually  about  an  inch  square  on  each  side,  and  are  made  into  slabs  about 
half  a  yard  square.  Cubes  or  tesserse  have  since  been  made  of  exceed- 
ing hardness,  by  a  process  due  to  Mr.  Prosser;  he  pulverises  fire-clay 
and  felspar,  or  flint,  and  subjects  them  while  dry  to  intense  pre8< 
sure  between  two  steel  dies;  the  colour  is  introduced  either  by  mixture^ 
with  the  powder,  or  by  being  thrown  into  the  oven  while  baking. 
These  cubes  or  tessereo  produce  a  pavement  of  exceeding  hardness  and 
durability. 

TILLAGE,  applied  to  arable  land,  is  the  stirring  and  preparing  of 
the  surface  of  the  soil,  so  as  to  render  it  fit  for  the  vegetation  of  the 
seeds  committed  to  it :  its  object  also  is  the  destruction  of  noxious 
weeds. 

The  whole  art  of  ctdtivation  consists  in  tillage  and  manuring,  and 
the  profit  of  the  husbandman  depends  on  the  perfection  of  the  tillage 
and  the  economy  of  labour  in  producing  the  effect.  A  defect  in  tillage 
will  cause  a  great  deficiency  in  the  crops  in  ordinary  years.  To  ensure 
good  crops,  &e  soil  should  be  in  such  a  state  that  the  rains  and  dews 
may  readily  be  diffused  through  it,  without  giving  it  a  wet  appearance, 
or  evaporating  too  rapidly.  It  requires  great  knowledge  and  experi- 
ence to  give  any  particular  soil  Ulc  exact  portion  of  tillage  which  is 
suited  to  it.  A  fine  garden-tilth,  as  it  is  called,  is  the  most  perfect 
for  light  soils  which  have  been  long  cultivated  and  manured ;  when 
they  can  be  brought  to  such  a  state  that  after  continued  rains  liie  sur- 
face dries  without  forming  a  crust,  and  crumbles  of  its  own  accord,  the 
tillage  has  been  good ;  and  the  deeper  this  soil  is  stirred,  the  more  it 
will  produce :  but  where  clay  abounds  in  the  soil,  which  in  dry 
weather  can  be  readily  pulverised  by  crushing  the  dry  clods,  and  be 
reduced  to  the  finest  powder,  too  much  tillage  may  do  more  harm  than 
good.  The  fine  clay  is  soon  converted  into  mud  at  the  surface  by  the 
least  rain,  because  ft  is  not  sufficiently  porous  to  let  the  water  through 
it ;  it  dries  into  a  hard  crust,  which  effectually  precludes  the  access  of 
air,  and  oonsequently  stops  the  vegetation  of  the  seed.  It  is  only  by 
abimdant  manuring  with  oiganic  matter,  especially  of  animal  origin, 
that  this  natural  tendency  in  clays  to  cohere  can  be  overcome ;  and 
until  this  is  effected  it  is  best  to  stir  clay  soils  as  deep  as  possible  by 
means  of  subsoil-ploughs,  but  they  should  not  be  pulverised  so  that 
the  water  cannot  run  down  between  the  lumps  and  clods,  and  especi- 
ally the  surface  should  be  left  in  such  a  state  of  roughness  that 
heavy  rains  cannot  cover  it  with  a  coat  of  mud.  The  clods  which  are 
left  on  the  surface  imbibe  the  moisture  more  gradually,  and  in  drying 
fall  to  pieces,  by  which  the  young  plants  are  invigorated,  and,  as  it 
were,  mouldeid  up.   This  is  particularly  the  case  in  winter  after  a  frost. 
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u  all  clAy-land  fanners  are  well  aware.    It  is  yeiy  easily  ascertained 
whether  a  soil  will  bear  much  tillage  or  not.      It  ia  only  neoessaiy 
to  try  some  of  it  in  a  large  pot  or  box ;  make  the  surface  very  fine  by 
breaking  the  clods,  then  water  it  abundantly,  and  let  it  dry  in  the  sun; 
if  a  crust  is  formed  in  drying,  that,  soil  will  not  bear  too  much 
harrowing  and  pulverising,  and  should  be  left  in  a  moderately  rough 
state  after  sowing  or  drilling  the  seed ;  but  if,  after  it  dries,  the  Bur- 
faoe  is  loose  andporous,  then  the  finer  the  tillage  the  better  the  aeed 
will  vegetate.    The  whole  depends  on  the  ready  adminion  of  air  or 
its  exclusion.    When  grass-seeds  sre  sown,  the  sur&tce  should  be  well 
pulverised ;  but  this  cannot  be  safely  done  if  the  soil  is  apt  to  run 
together  when  much  rain  faUs  soon  after  the  seed  is  sown.    Some 
plants,  like  beans,  will  force  their  w&y  through  a  very  hard  surface ; 
but  small  seeds  are  too  weak  to  do  so,  and  their  growth  is  entirely 
stopped  by  the  least  crust  on  the  BvafBce.    Besides  the  preparatory 
tillage  of  the  soil  before  sowing  the  seed,  there  is  a  great  advantage  in 
the  stirring  of  it  as  the  plants  are  growing.    On  this  depends  all  the 
merit  of  the  row-culture  for  every  kind  of  plant,  especially  those 
which  have  esculent  roots  or  extensive  foliage,  and  which  are  chiefly 
cultivated  for  the  sustenance  of  cattle.    The  efibct  of  deep  tillage  is 
here  most  remarkable.    If  rows  of  turnips  or  cabbages  be  sown  at 
such  a  distance  that  a  small  plough  or  other  stixring  implement  can 
be  used  between  them,  and  the  intervals  be  stirred  more  or  less,  and 
at  different  depths,  it  will  be  found  that  the  deeper  and  more  frequent 
the  tillage,  until  the  foliage  covers  the  whole  inter^  or  the  bulbs 
swell  to  a  great  size,  the  heavier  and  more  abundant  the  produce 
will  be.    It  was  this  which  led  Tull,  the  father  of  drill  husbandry,  to 
the  conclusion  that  tillage  was  sll  that  the  soil  required  to  Tn^mfaLin 
perpetual  fertUitv.    As  tillage  can  be  increased  by  mechanical  con- 
trivances where  labourers  are  scarce,  whereas  l^e  supply  of  manure 
must  generally  be  limited,  it  follows  that,  as  a  general  rule,  the  land 
should  be  weU  and  deeply  tilled,  due  attention  being  paid  to  the 
nature    of  the   soil   and  its  property  of  retaining  or  transmitting 
moisture.    Veir  loose  sands  should  not  be  much  stirred  until  they 
are  consolidated  by  the  admixture  of  marl,  clay,  chalk,  or  well-rotten 
dung;  but  in  all  cases  the  manure  should  be  mixed  as  intimately 
as  possible  with  the  soil,  and  as  deep  as  the  tillage  has  gone,  not 
including  the  stirring  of  the  subsoil ;  for  the  roots  will  idways  pene- 
trate thus  far  and  find  the  nourishment  which  tiiey  require.    Those 
plants  which  throw  out  roots  from  the  bottom  of  the  stem,  as  wheat, 
barley,  and  oats,  require  the  surface  to    be   most  pulverised  and 
enriched  to  allow  these  roots  to  spread,   and  Mr.  Smith  of  Lois 
Weedon  has  found  that  where  land  is  clayey  and  contains  the  mineral 
food  of  plants,  sufficient  tillage  between  rows  of  wheat  is  all  that  is 
needed  tor  constant  cropping,  or  taking  wheat  after  wheat  annually 
from  the  same  field.    Under  ordinary  culture,  however,  of  this  crop  a 
spring  tillage  is  highly  advantageous,  which  can  only  be  given  when 
the  seed  has  been  deposited  in  rows  by  drilling  or  in  patches  by 
dibbling.  This  last  method  is  found  to  give  much  finer  crops,  from  the 
circumstance  that  the  hoe  not  only  loosens  the  earth  between  the  rows, 
but  also  between  the  difierent  patches  of  the  growing  com,  by  which 
'  the  coronal  roots  are  strengthened  and  the  tillering  of  tiie  stems  so 
much  encouraged,  that  it  is  not  uncommon  to  see  twenty,  thirty,  or 
more  strong  stems  all  bearing  fine  ears  arising  from  one  tuft  of  plants, 
the  produce  of  one  or  more  seeds,  whose  roots  are  matted  together  and 
send  out  fibres  in  every  direction.    The  crowding  of  several  plants 
does  not  prevent  their  growth,  provided  the  fibres  can  spread  around 
in  a  rich  mellow  soil,  well  pulverised,  and  admitting   the  air  and 
moisture  readily. 

The  old  plough  which  acts  on  the  principle  of  turning  up  a  fresh 
portion  of  the  soil,  burving  that  which  has  for  some  time  been  at  the 
surface,  will  probably  always  continue  to  be  the  chief  implement  of 
tillage ;  but  other  implements  have  been  invented,  whioh  by  means  of 
wheels  can  be  regulated  so  as  to  act  at  a  greater  or  leas  depth.  These 
have  received  the  different  names  of  scarifiers,  grubbers,  or  cultivators, 
according  to  the  fancy  of  the  inventors.  Many  of  these  answer  the 
purpose  well,  and  save  labour.  They  can  be  used  in  all  directions  so 
as  to  pulverise  the  soil  to  any  d^;ree.  Heavy  rollers  are  used  when 
clods  require  breaking. 

It  would  be  endless  to  enumerate^all  the  implements  of  tillage  which 
are  daily  invented :  some  of  the  most  useful  have  been  already  des- 
cribed. [Aqricultubal  Implements  ;  Arable  Land  ;  Plough.]  It 
is  however  right  that  reference  should  be  made  to  the  use  of  steam- 
power  in  their  employment. 

Tillage  hy  Steam-pmoer, — Steam-power  has  long  been  used  in  driving 
threshmg-machines  and  chaff-cutters,  and  other  bam  machinery.  It  is 
now  coming  rapidly  into  field  use  for  .cultivating  the  land.  The 
moveable  st^un-engine  on  wheels  is  the  source  of  power  most  generally 
adopted,  being  avulable  for  any  purpose;  and  the  higher  powers  of 
this  engine,  being  best  adapted  for  the  laborious  work  of  cultivation, 
are  being  made  in  increasing  numbers.  Probably  in  this  way  alone 
10,000  horse-power,  equal  in  its  efficienCT  to  at  least  25,000  horses 
is  being  added  annually  to  the  force  employed  in  agriculture  in  this, 
country. 

Steam-power  is  in  the  beginning  cheaper  than  that  of  horses ;  it  is 
continuous,  while  that  of  horses  is  necessarily  intermittent ;  and  it  is 
more  efficient,  because  a  greater  force  can  be  more  easily  concentrated 
on  a  given  point. 


A  horse,  as  used  in  agriculture,  costs  54.  or  6(2.  per  hour ;  a  steam- 
engine,  under  agricultural  circumstances,  costs  from  3<{.  to  Ad,  per 
horse-power  per  hour.  A  horse  works  in  Scotland  ten  hours  a  d&y^  in 
England  eight  or  nine  hours  a  day,  in  the  field — ^it  is  forced  to  break 
off  work  for  the  maintenance  of  its  strength  :  an  engine  works  aa  many 
hours,  with  unremitting  vigour,  as  the  engineer  may  choose.  It  does, 
in  some  instances,  work  24  hours  per  diem,  and  on  some  farms  it  is 
made  to  work  as  long  as  daylight  lasts.  Again,  horses  lose  time  in  all 
field  operations,  owing  to  the  dilatory  process  of  turning  on  tiie  bead- 
land  :  where  steam-driven  machinery  is  employed  instead,  this  loss  of 
time  is  greatiy  diminished.  But  the  chief  advantage  of  steam-irawta- 
for  cultivation  arises  from  the  ability  by  means  of  it  to  concentrate 
any  quantity  of  force  that  may  be  desired.  At  Buscot  Park,  near 
Faringdon,  ploughing  was  this  spring  (1861)  done  by  steam-power  in 
the  stiff  Oxford  clay  of  that  district,  which  could  not  have  been  done 
by  any  quantity  of  horses,  because  tiie  power  required  demanded  a  team 
which  would  have  trampled  the  ground  into  a  harder  state  than  that 
out  of  which  any  implement  drawn  after  them  could  have  got  it ;  and 
there  is  ample  experience  to  show  that  on  this  ground  slone  steam- 
cultivation  is  more  efficient — resulting  in  better  crops  than  thoee 
affbrded  by  horse-cultivation.  This  is  especially  true  in  the  case  of 
clay  lands,  whose  value  will  no  doubt  be  materially  increased  by  the 
efficient  means  now  at  length  provided  for  working  them. 

There  are  two  systems  in  general  adoption  of  applying  steam-power 
to  the  cultivation  of  the  soiL  In  the  one,  which  has  be^  carried  out 
by  Mr.  Smith,  of  Worlstone,  the  steam-engine  stationed  in  one  comer 
of  a  field  gives  motion  altematelv  to  one  and  the  other  of  two  wind- 
lasses detadied  from  it,  roimd  which  is  coiled  a  portion  of  the  wire- 
rope  which  is  carried  from  one  to  the  other  round  the  piece  of  land 
that  is  being  cultivated,  and  a  grubber  being  fastened  to  this  rope  is 
thus  draggled  backwards  and  forwards  on  the  laigest  straight  side  of 
the  piece  that  is  being  worked :  the  anchors  carrying  puUeys  at  the 
ends  of  the  working  furrow  and  at  all  other  comers  in  the  course  of 
the  rope,  are  shifted  as  the  extension  of  the  work  requires,  snd  the 
grubber  tears  up  or  "  smashes  up "  two  or  three  feet  in  width  at  a 
time,  of  the  land  that  is  being  cultivated.  The  common  7  or  8-horse 
power  moveable  steam-engine  is  well  adapted  to  this  work. 

In  Mr.  Fowler's  system  the  steam-engine  is  furnished  with  a  single 
pulley  lying  horizontally  beneath  the  boiler,  and  it  pulls  itself  along 
the  headland,  while  a  travelling  anchorage,  namely,  a  truck  on  sharp 
discs  for  wheels,  which  cut  into  the  land,  pulls  itself  along  the  other 
headland.  This  anchor  is  provided  with  a  similar  pulley,  and  a  rope 
travels  round  both  pulleys,  being  kept  tight  by  an  arrangement  on  the 
framework  of  the  ploughs,  which  is  drawn  by  it  alternately  to  and  fro 
between  the  two.  The  pulleys  hold  this  rope  by  a  clip-groove,  which 
hinders  it  from  slipping,  so  that  a  single  half-round  holds  it  tight 
enough.  The  tilling  implement  thus  drawn  to  and  fro,  consists  of  two 
sets  of  ploughs  or  grubbers  &cing  one  another ;  the  one  working  when 
going  from  the  engine,  and  the  other  working  when  travelling  to  the 
engine.  The  change  from  one  to  the  other  need  not  waste  more  than 
\\aM  a  minute  on  the  headland ;  and  the  furrow  may  be  400  yards  long, 
or  even  longer.  It  will  be  eadly  seen  what  a  small  loss  of  time  in  the 
day  is  thus  incurred,  when  compared  with  the  usual  experience  of 
horse-culture.  Mr.  Fowler  employs  generally  a  12-horse  engine,  and, 
with  a  four-furrow  plough,  gets  over  eight  or  ten  acres  a  day,  at  a  cost 
generally  of  not  more  than  58.  or  6«.  an  acre ;  whereas  by  the  less 
efficient  horse-cultivation,  the  process  must  cost  at  least  10&  or  12s. 
an  acre. 

There  can  be  little  doubt  that  the  application  of  steam-power  to  the 
cultivation  of  the  land  will  revolutionise  agriculture  on  all  clay  soiU 
It  will  enable  the  farmer  to  dispense  with  probably  nearly  half  his 
draught  animals,  and  it  will  both  cheapen  the  cost  and  increase  the 
efficiency  of  all  tillage  operations. 

TILT-HAMMER,  is  a  Luge  hammer  worked  by  machinery,  impelled 
either  by  a  water-wheel  or  a  steam-engine.  Such  hammers  are  ex- 
tensively used  in  the  manufacture  of  iron  and  steel,  and  the  name  tiU- 
mttf  is  sometimes  applied  to  the  mechanism  of  which  they  form  the 
principid  feature.  The  various  details  given  under  Hammeb;  Iron; 
and  Steel,  will  serve  to  illustrate  the  chief  points  in  the  constructioa 
and  action  of  tilt-hammMS. 

TIMBER,  PRESERVATION  OP.    [Timber.] 

TIMBER  AND  TIMBER-TRADK    It  is  the  purpose  of  this  article 
to  treat  briefly  of  several  matters  relating  to  timber-trees,  wood- working, 
and  the  timber-trade,  and  to  refer  to  such  portions  of  the  subject  as 
liiave  been  noticed  in  other  articles. 

Tmber-Trea;  Wood. — The  botanical  characteristics  of  timber-trees 
are  given  under  the  scientific  names  of  the  several  trees  in  the  Nat. 
Hist.  Diy.  The  economical  uses  of  many  of  them  are  described  in 
the  present  Division,  under  Ash,  Beboh,  Birch,  Elm,  Fir,  Oak,  kc. 
But  the  characteristics  of  timber-trees,  and  of  wood  generally,  may  be 
rapidly  glanced  at  in  this  place. 

Wood  is  that  part  of  a  plant  that  exists  between  the  pith  and  the 
bark.  Amongst  the  various  kinds  of  wood  yielded  by  the  different 
families,  there  are  great  differences  of  character  depending  on  the 
mode  and  rapidity  of  its  growth,  the  sise  of  the  fibres  of  which  it  is 
composed,  and  their  relation  to  the  medullary  rays  which  pass  throqgh 
them,  and  also  on  the  character  of  the  secretions  deposited  in  it. 
Endogens  have  no  bark,  and  are  generally  hollow  in  the  middle,  and 
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"their  wood  does  not  permit  of  being  worked  into  many  shapes ;  but 
its  eylindrioai  form  affords  great  facility  for  coneftructing  a  variety  of 
utensUfl,  and  for  application  to  the  simple  wants  of  man  in  tropical 
climates.  The  stems  of  Exogens  are  solid,  and  the  older  the  tree 
becomes  the  more  solid  is  the  wood. "  Hence  a  distinction  is  made 
between  the  centre  of  the  wood  of.  the  trunk  and  its  circumference, 
the  one  being  called  heart-woodj  the  other  sap-wood.  The  heart- wood 
is  the  seat  of  the  deposition  of  the  pectiliar  secretion  of  the  tree,  and  is 
frequently  separated  from  the  sap-wood  by  a  distinct  line.  It  is  the 
secretion  in  the  heart- wood  that  renders  it  darker,  harder,  and  more 
durable  than  the  sap-wood ;  and  for  practical  purposes  it  is  of  import- 
ance to  distinguish  between  the  one  and  the  other.  There  is  much  differ- 
ence between  the  relative  sizes  of  the  ultimate  woody  fibres  of  which 
"wood  ia  composed ;  and  the  durability  and  tenacity  of  wood  frequently 
depend  on  the  fineness  of  its  fibres.  It  is  to  the  secretions  deposited 
in  the  wood,  probably  more  than  to  the  fibres  themselves,  that  wood  is 
indebted  for  its  varying  degrees  of  density.  Thus,  although  it  has 
been  ascertained  that  woody  fibre  itself  has  a  specific  gravity  of  about 
1  '50,  water  being  1,  yet  there  are  many  woo<k  whose  specific  gravity  is 
lighter  than  water  on  account  of  the  mode  in  which  their  fibres  are 
arranged.  The  conducting  power  of  wood  in  relation  to  heat  is  a 
matter  of  importance  in  the  construction  of  buildings  and  other  piur- 
poses.  In  some  experiments  performed  by  Delarive  and  De  CandoUe 
on  prisms  of  different  kinds  of  wood,  to  ascertain  their  power  of  con- 
ducting heat,  they  foimd  that  the  direction  of  the  fibres  materially 
interfered  with  their  conducting  power.  Thus  it  appeared  that  the 
obstruction  to  the  passage  of  caloric  was  greater  when  the  current  was 
at  right  angles  to  the  woody  fibre  than  when  it  flowed  longitudinally 
in  the  direction  of  the  fibres.  This  difference  also  appeared  to  increase 
in  proportion  as  the  wood  was  a  bad  conductor  of  heat.  The  cooling 
power  of  these  woods  Ib  another  important  point,  and  this  is  not  at  all 
in  relation  to  their  conducting  power :  thus  fir-wood  being  100,  the 
cooling  power  of  oak-wood  is  only  30*38,  whilst  that  of  beech-wood  is 
120*2 ;  whereas,  in  conducting  power,  if  fir-wood  be  taken  at  100,  then 
beech- wood  is  83*19,  and  oak-wood  134*10.  Another  important  point 
of  inquiry  with  regEU'd  to  the  physical  properties  of  wood,  as  to  its 
value  in  building,  &c.,  is  its  relation  to  moisture.  The  less  the  specific 
gravity  of  the  wood  the  greater  is  its  capacity  for  moisture :  fir  absorbs 
more  and  teak  less  than  most  other  kinds  of  timber. 

It  is  the  peculiar  resinous,  gummy,  oily,  or  other  secretions,  that 
give  to  the  various  woods  their  different  colour,  smell,  and  taste.  The 
colouring  matter  is  sometimes  deposited  in  such  abundance  as  to 
render  it  useful  for  dyeing,  as  seen  in  log- wood,  red  sanders-wood,  and 
other  woods  used  as  dyes.  Some  woods  have  volatile  oils  deposited  in 
them,  which,  being  slowly  given  out,  render  them  odoriferous ;  and 
this  is  the  case  with  sandal-wood,  rose- wood,  the  wood  of  cedar,  fir,  and 
other  trees.  Frequently  bitter  and  other  secretions  are  deposited  in 
wood,  giving  it  a  peculiar  taste,  and  rendering  it  useful  in  medicine. 
The  wood  of  the  quassia,  as  well  as  of  the  sassafras,  are  examples  of 
this  kind  of  use.  The  wood  of  trees  frequently  contains  in  small 
quantities  the  secretions  which  are  deposited  in  other  parts  of  the 
plant. 

If  wood  be  submitted  to  destructive  distiUation,  it  is  decomposed, 
and  the  consequence  is  the  production  of  acetic  acid  and  an  oil,  which 
pass  off,  leaving  a  certain  quantity  of  charcoal  Taking  them  one 
with  another,  the  chief  kinds  of  English  timber  yield,  by  the  distilla- 
tion of  1  lb.  weight,  about  7^  ozs.  of  wood  acid,  8}  ozs.  of  charcoal, 
and  1|  ozs.  of  oiL 

The  woods  that  are  used  by  the  cabinet-maker  for  furniture  of  a 
more  delicate  kind  are  called  fancy-woods.  The  use  of  these  has 
become  much  more  general  since  the  introduction  of  the  art  of 
veneering ;  and  now  that  this  ia  done  by  machinery,  instead  of  by  hand, 
many  woods  are  used  for  furniture  and  other  piuposes  which,  on 
account  of  their  scarcity,  could  have  been  formerly  used  only  to  a 
very  limited  extent.  The  most  common  of  the  fancy  woods,  and  that 
which  is  used  most  by  the  cabinet-maker,  is  mahogany.  Next  in  point 
of  importance  and  use  to  mahogany  is  rose-vwod.  King-wood  is  a 
beautiful  wood,  used  only  for  delicate  articles.  Btef-ioood  is  a  very 
heavy  wood,  of  a  pale  red  colour,  and  is  brought  from  Australia  in  logs 
9  feet  long  and  13  or  14  inches  wide.  T^Up-wood  is  brought  into  the 
market  in  very  small  pieces,  not  more  than  4  feet  long  and  5  inches  in 
diameter.  It  is  clouded  with  red  and  yellow  coloura,  and  is  used 
for  bordering  and  making  small  articles,  such  as  caddies  and  work- 
boxes.  Zebra-wood  is  the  production  of  a  large  tree,  and  is  cheap 
enough  to  be  made  into  tables,  piano-fortes,  &c.  It  is  coloured  brown 
on  a  white  ground,  and  clouded  with  black.  Satin-ioood  is  of  a  brilliant 
yellow  colour,  with  delicate  glowing  shades.  It  is  found  in  the  market 
in  logs  2  feet  wide  and  7  or  8  feet  long.  Sandal-wood  is  of  a  light 
brown  colour,  with  golden-coloured  waves.  Ebony  and  iron-wood  are 
the  names  given  to  some  very  hard  woods,  mostly  brought  from  India, 
although  some  of  the  species  are  found  in  Europe  and  America. 
Canary-wood  has  a  deep  yellow  colour.  Purple-wood  has  a  purple 
colour,  without  veins.  Snake-wood  is  of  a  deep  red  colour,  with  black 
shades.  Calawander'wood  is  a  handsome  cheap  wood,  taking  a  hi^ 
polish,  and  is  brought  from  Ceylon.  Other  woods  are  called  from  the 
places  they  come  from,  as  Chromandd  wood,  Amboyna  wood,  &c. 

The  practice  of  staining  wood  ia  sometimes  had  recourse  to  for  the 
purpose  of  making  the  more  common  woods  resemble  in  colour  the 


fancy-woods.  A  method  has  been  proposed  of  doing  this  by  introducing 
into  the  tree  during  its  growth  various  colouring  agents,  so  that  during 
the  course  of  the  ascent  of  the  sap  the  colouring  matter  may  be  taken 
up  and  deposited  in  the  woody  tissue.  Some  of  the  woods  thus  treated 
have  been  made  to  assume  very  remarkable  colours ;  but  as  the  trees 
on  which  it  can  be  practised  are  too  soft  and  coarse  for  fine  work,  it  is 
not  likel  V  that  this  method  will  at  all  supersede  the  use  of  the  naturally 
beautiful  fancy- woods. 

Growing  trees  are  exposed  to  the  attacks  of  animals  and  of  insects, 
in  addition  to  their  own  natural  causes  of  decay ;  and  when  they  are 
used  as  timber  they  are  still  liable  to  the  attacks  of  insects  and  of 
worms  of  a  peculiar  description.  The  mischief  done  by  animals  is  of 
a  comparatively  simple  and  limited  description ;  and  may  briefly  be 
described  as  consisting  in  blows  and  wounds  of  the  trunk,  and  in  the 
violent  disruption  of  the  smaller  boughs,  thus  rendering  the  formation 
of  knots  more  frequent  than  might  otherwise  be  the  case.  Birds  are 
actually  of  service  in  woods,  for  the  carnivorous  birds  do  good  by  keep- 
ing down  insect  Uf  e.  The  woodpecker  and  nuthatch  only  attack  the  bark 
of  trees  when  in  search  of  the  larvsd  boring  in  them ;  rooks  and  crows 
destroy  immense  numbera  of  the  larger  beetles ;  and,  in  fact,  nearly  all 
the  forest-feeding  birds  render  the  same  service.  Squirrels,  bats,  and 
other  insect-devouring  mammalia,  play  the  same  part  in  the  economy 
of  nature ;  so  that  our  attention  may  almost  exclusively  be  devoted  to 
the  consideration  of  the  attacks  of  insects  and  of  the  boring  worms. 

There  are  three  descriptions  of  insects  which  prey  upon  threes, 
which  may  be  classified  according  to  the  parts  they  eepeci^y  attack, 
namely,  those  which  attack  the  leaves,  those  whidi  attack  the  bark  and 
the  alburnum,  and  those  which  attack  the  heart-wood.  The  leaf-eatera 
are  of  countless  varieties,  some  of  them  eating  the  upper,  some  the 
under  surfaces,  and  othera  the  substance  of  tiie  leaves  without  touching 
the  epidermis.  Again,  there  are  insects  which  only  attack  the  flowera, 
some  living  upon  the  farina  of  the  flowers,  othera  on  the  fluids  in 
the  vessels  of  the  flowera,  and  othera  on  their  leaves ;  whilst  there  are 
also  other  insects  which  injuriously  affect  growing  timber  by  giving 
rise  to  galls  or  other  analogous  excrescences.  The  principal  mischief 
caused  by  this  description  of  insects  consists  in  the  interferences  the]^ 
produce  in  the  flow  of  the  sap,  and  in  their  interferences  with  the 
respiratory  f imoUons  of  the  leaves ;  but  fortunately  their  ravages  are 
apparent,  and  their  enemies  are  extremely  numerous,  both  in  the  ani- 
mal and  the  insect  tribes.  There  are  several  varieties  of  the  bark- 
feedera ;  some  of  them  attacking  exclusively  the  outer  bark,  some  the 
inner  bark,  and  some  the  alburnum.  Their  ravages,  however,  in  all 
cases  are  exercised  only  superfidaUy,  so  to  speak,  and  they  do  not  affect 
the  quality  of  the  timber  in  any  serious  manner.  These  insects  may 
kill  a  tree,  but  the  heart-wood  will  remain  soimd,  whatever  be  their 
numban.  Such  insects  as  the  Scolytut  dettructor  will,  nevertheless,  do 
more  injury  to  a  forest  in  a  month  than  all  the  animals  it  may  shade 
could  do  in  a  decade.  The  Hylesimut  fraxini,  the  Tomicus  typographi- 
au,  the  Bostriehua  pincutri,  the  Sphinx  apifortndg,  the  CurcuUo  obreHiSf 
and  the  CurcuUo  fiotatua  are  almost  equally  mischievous ;  whilst  the 
Lymexyhn  attacks  both  the  alburnum  and  the  heart-wood.  Of  the 
heart-wood  devourera  the  most  dangerous  in  our  latitudes  are  the 
Co88U»  ligniperda,  the  Oryptorhynehus  lapathi,  the  Lucanida,  the  Coram- 
bycidce,  the  Sirex  gigat,  the  Sirex  duplex,  and  the  Ztngera  esciUma  ;  and 
of  these,  the  Cowu  and  Sirtx  of  our  ovm  latitudes,  and  the  Prionus 
giganteus  and  the  CalUdium  giganUum  of  tropical  climates,  together 
with  the  Lymexylon,  attack  the  converted  timber  after  it  has  been  long 
removed  from  the  forest 

Of  the  boring-worms  the  only  varieties  hitherto  specially  noticed 
are  the  Teredo  nova  Us  and  the  Limnoria  terebrans;  and  their  ravages 
seem  to  be  the  most  dangerous  when  wood  is  expeeed  to  them  in 
decidedly  salt  water.  The  Limnoriaf  however,  occasionally  attacks 
timber  in  slightly  brackish  water,  and  it  would  seem  that  both  these 
species  of  worms  have  an  antipathy  to  water  containing  sulphuretted 
hydrogen,  or  some  of  the  vegetable  and  mineral  acids ;  for  they  do  not 
attack  timber  driven  into  the  sea-shore  near  the  outlets  of  sewera,  and 
they  avoid  timber  which  either  contains,  naturally,  considerable  pro- 
portions of  pyroligneous  acid,  or  has  been  artificially  impregnated  with 
creasote,  sublimate  of  mercury,  sulphate  of  copper,  icfi.  The  supposed 
immunity  of  the  green-heart  timber  was  long  attributed  to  the  exist- 
ence of  some  such  quality  in  it ;  and  though  it  is  now  known  that  the 
boring-worms  do  attack  that  wood,  they  certainly  do  not  destroy  it 
with  anything  like  the  same  rapidity  that  they  destroy  fir,  beech,  elm, 
or  even  oak.  Notwithstanding  the  fearful  nature  of  the  ravages  caused 
by  the  boring-worms,  the  habits  of  those  creatures  have  not  been  tho- 
roughly studied ;  and  it  ia  difficult  to  trace  the  conditions  which  tend 
the  most  decidedly  to  their  multiplication.  It  would  seem,  however, 
that  both  the  species  are  to  be  found  in  the  greatest  numbera  in  warm 
latitudes;  that  the  Teredo  prefere  the  sea-shores  from  which  it  can 
derive  the  carbonate  of  lime  necessary  for  its  growth ;  that  the  Lim- 
noria, on  the  contrary,  prefere  the  shores  upon  which  the  sands  are 
charged  with  the  decomposition  of  silicic  us  rocks ;  and  that  the  por- 
tions of  the  timber  devoured  by  both  these  worms  occur  a  little  below 
and  a  little  above  the  lines  of  high  and  low  water :  these  worms,  in  fact, 
require  both  air  and  water.  The  works  of  Messra.  Forbes  and  Hanley 
('  History  of  British  MoUusca '),  Oailliaud  ('  M^moire  sur  les  KoUusques 
perforantes '),  '  L'Instruction  sur  les  bois  de  Marine,'  published  by  the 
French  Government,  and  a  Report  by  a  Commission  of  Dutch  engineera 
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and  naturalists  on  the  boring- worm,  published  in  Amsterdam,  1860, 
lihould  be  consulted  by  all  who  are  interested  in  the  durability  of 
hydraulic  works,  or  in  shipbuilding.  Opinions  seem  to  be  divided  as 
to  the  merits  of  the  various  schemes  proposed  for  resisting  the  attacks 
of  the  worms  upon  timber.  Some  engineers  recommend  exclusively 
the  use  of  copper  sheeting,  or  of  copper  nails,  over  the  whole  exposed 
surfaces;  whilst  others  recommend  exclusively  the  use  of  creasote. 
In  practice,  it  is  found  that  the  worms  frequently  make  their  way  into 
timber  in  the  intervals  between  the  nails,  and  then  devour  the  inner 
portions.  Ten  years'  experience  would  also  appear  to  show  that 
when  the  creasote  has  been  thoroughly  injected  into  the  heart  of  a 
piece  of  timber,  the  worms  will  not  attack  the  latter.  The  injection 
of  mineral  salts,  by  Kyan's  patent  (mercury)  or  by  Margery's  patent 
(copper),  does  not  seem  to  produce  any  permanently  good  effect ;  for 
they  are  all  removed  in  course  of  time  by  the  action  of  sea-water 
frequently  renewed  by  the  tide. 

The  system  of  injecting  creasote  seems  also  to  provide  an  efficient 
protection  against  the  ravages  of  the  white  ante,  which  are  so  incal- 
culably numerous,  and  so  destructive  to  timber  in  tropical  latitudes. 
It  also  adds  greatly  to  the  durability  of  timber  in  damp  confined 
positions ;  and  resists  the  tendency  of  the  timber  to  assume  either  the 
wet  or  the  dry  rot.  The  two  last-named  modes  of  decay  are  of  the 
most  serious  importance  to  the  solidity  of  the  buildings  into  whose 
construction  timber  enters  largely.  They  affect  all  kinds  of  timber, 
whether  native  grown  or  foreign ;  and  i^ough  tolerably  well  under- 
stood by  physiologists,  and  by  practical  men,  it  is  too  much  the  case 
that  they  are  unattended  to  in  the  application  of  these  materials. 

Dry  Rot  has  already  been  treated  of.  The  Wet  Hot  proceeds  from 
a  chemical  action  in  the  wood  itself,  which  may  either  arise  from  the 
decomposition  of  the  sap  retained  in  it,  or  from  the  decomposition  of 
the  vegetable  tissue  under  the  influence  of  confined  moisture :  for  the 
albuminous  parts  of  the  sap,  or  of  the  wood,  commence  a  putrefactive 
process  directly  they  meet  with  the  conditions  of  heat  and  moisture 
necessary  for  its  development.  It  is  therefore  important  that  all 
timber  should  be  cut  at  the  season  of  the  year  when  the  trees  contain 
least  sap,  and  that  the  timber  should  be  preserved  in  such  positions  as 
to  allow  the  sap  to  pass  away,  for  some  considerable  time  before  it  is 
used  in  a  building ;  this  precaution  is  technically  called  seaaaning.  It 
is  therefore  the  custom  to  fell  timber  during  the  winter  and  early 
spring  months,  because  at  those  seasons  the  sap  circulates  with  the 
least  activity  ,*  or  the  time  of  the  year  for  carrying  on  this  description 
of  work  may  be  said  to  range  between  October  and  April.  In  addition 
however  to  this  precaution,  and  to  a  careful  seasoning,  it  is  essential 
to  remove  all  the  alburnum  of  a  tree,  if  it  should  be  required  for  use 
in  confined  situations,  for  the  fluids  it  retains  ferment  quite  as 
dangerously  to  the  durability  of  the  timber  as  does  the  sap  itself.  The 
architect  and  the  shipbuilder  cannot  be  too  particular  in  excluding 
sappy  timber  from  positions  where  there  would  not  exist  a  free  circu- 
lation of  air,  and  where  there  is  any  moisture.  Sappy  wood,  moreover, 
is  soft,  and  of  a  feeble  power  of  resistance.  The  decomposition  which 
takes  place  in  timber  affected  by  druxy,  or  by  dead  knots,  is  of  the 
same  character  as  the  ordinary  wet  rot ;  that  is  to  say,  it  proceeds 
from  a  chemical  action  in  the  wood. 

A  mode  of  rendering  timber  less  combustible  has  been  described 
under  Fibs-proofing. 

Working  in  Wood, — The  cutting  up  of  timber  into  beams  and  planks  is 
described  under  Saw,  Saw-Mill  ;  and  into  thin  byers  under  Veneer- 
WiO.  The  use  of  timber  in  building-work  is  illustrated  in  such  articles 
as  Carpentry,  House,  Roof,  &c.  ;  and  the  use  of  fine  woods  in 
Carving  and  Marquetry.  We  proceed  to  a  few  manufacturing 
processes  not  hitherto  described  :  first  noticing,  however,  that  Mr. 
Holtzapffel,  for  practical  piuposes,  classifies  woods  under  eighteen 
groups,  according  as  they  are  used  for  ship-building,  hydraulic  engineer- 
ing, house  carpentry,  machinery  frame-work,  rollera,  teeth  of  wheels, 
foundry  patterns,  common  turnery  toys,  best  Tunbridge  toys,  hard- 
wood turning,  common  furniture,  best  furniture,  ornamental  work, 
elastic  work,  inelastic  work,  carving,  colour  and  dye-woods,  and  scent- 
woods. 

Timber-bending  has  recently  occupied  considerable  attention.  Various 
plans  have  been  introduced  by  Meadows,  Hookey,  and  other  inventors, 
for  this  purpose,  chiefly  by  the  application  of  steam  and  pressure ; 
but  the  most  effective  seems  to  be  that  of  Mr.  Blanchard,  of  Boston. 
He  has  established  a  manufactory  for  bending  timber  of  various 
kinds  and  sizes,  and  rendering  it  applicable  for  the  making  of  chair- 
hacks,  gig-shafts,  sofa-frames,  horsc-hames,  plough-handles,  wheel- 
felloes,  arch-pieces,  staircase-rails,  curved  mouldings,  ship-timbers, 
&c.  Oak- timber  14  feet  long  and  16  inches  square  can  be  bent 
to  a  curve  in  one  hour,  and  timber  of  9  inches  square  in  twenty 
minutes.  A  piece  12  feet  long,  124  inches  wide,  and  7  inches  thick, 
can  be  bent  into  a  perfect  and  permanent  semicircle.  A  trough  is 
prepared,  of  the  proper  size  and  form  for  the  curve ;  one  side  of  which 
is  rendered  moveable.  There  is  a  lever,  turning  on  a  central  axis,  and 
a  travelling  table  under  the  lever.  The  timber,  after  being  steamed 
for  some  hours,  is  laid  on  a  flexible  band  of  metal  placed  on  the  travel- 
ling  table,  and  is  pressed  and  clamped  down  firmly  to  it.  One  end  of 
the  timber  is  next  clamped  to  one  end  of  the  curved  trough ;  the  other 
end  butts  against  a  block,  acted  on  by  a  screw.  The  action  of  the 
lever  then  drives  or  forces  the  timber  into  the  trough ;  the  two  ends 


of  the  timber  are  connected  by  a  tie  or  chord ;  the  fourth  side  of  t^ 
trough  is  then  put  in  its  proper  place ;  and  the  timber,  thus  cla2Zij«d 
and  bound  with  a  combination  of  forces,  is  left  till  cold.  It  u  ol-w 
found  to  have  acquired  a  permanent  set,  without  any  rendinje^,  crip- 
pling, or  loss  of  hardness  and  durability.  The  timber,  in  the  £m^ 
instance,  is  not  put  simply  into  a  vessel  full  of  steam  ,*  it  is  introduced 
into  a  hot  closet,  through  which  steam  at  low  pressure  pasaea  in  » 
continuous  current. 

Labour-saving  expedients  in  the  working  of  wood  have  been  intro- 
duced in  recent  years  nearly  in  as  great  variety  as  in  the  'working  uf 
metals.    The  Americuis,  on  account  partly  of  the  abundant  supply  of 
timber  in  that  country,  have  been  very  successful  in  this  directioc 
Mr.  Molesworth,  in  a  paper  on  this  subject  read  before  the  Institute  of 
Civil  Engineers  in  1857,  said  that  the  Americans  have  now  in  use  no 
less  than  five  different  groups  of  wood-planing  machines,  exhibiting 
many  varieties.     In  one  group  the  plane  has  a  reciprocatiofif  motion ; 
in  another  there  is  a  fixed  cutter ;  in  another  a  rotatory  cutter ;  in  a 
fourth,  the  cutter  is  on  a  vertical  axis ;  and  in  the  fifth  a  socket-pUoe 
is  used.    The  angle  of  the  cutter  is  made  to  vary  with  the  quality  <•£ 
the  wood  operated  on,  the  nature  of  the  work,  and  the  speed  of  move- 
ment.   There  are  also  machines  for  shaping  irreguhur  work ;  for  tenon- 
ing, either  with  circular   saws  or  tenoning-cutters ;   for  copying  or 
carving,  by  means  of  rotatory  cutten  advancing  to  and  receding  from 
an  iron  pattern ;  for  dovetailing,  by  reciprocating  chisels  or  by  dove- 
tailing cutten ;  for  making  boats'  oars ;  for  making  railway  keys ;  and 
for  sawing,  planing,  boring,  shaping,  and  jointing  timber  in  various 
ways.    One  ingenious  machine  shapes  the  arms  and  legs  of  chairs ; 
there  are  two  vertical  cutters  revolving  in  opposite  directiona,  at  1700 
revolutions  per  minute ;  the  pattern  to  which  the  wood  is  temporarily 
fastened  is  so  pressed  against  the  cutters  as  to  guide  the  cut.     As  the 
cutters  revolve  in  opposite  directions,  the  work  may  be  pressed  against 
the  one  or  the  other,  so  as  to  suit  the  cut  to  the  direction  of  the  grain, 
without  the  trouble  of  reversing  the  position.    In  some  districts,  wha« 
wooden  houses  are  made  in  large  numbera  for  emigrants  and  back- 
woodsmen, the  timber  is  cut  up  with  great  rapidity ;  one  saw  of  a  par- 
ticular kind  will  cut  into  shape  10,000  shingle  boards  in  a  day ;  another       | 
will  cut  60,000  or  70,000  laths  in  the  same  time ;  while  another  will        | 
plane  50  feet  of  flooring-boards  per  minute,  tongue  and  groove  them 
at  the  same  time,  and  convey  the  chips  and  shavings  to  a  fuel-house. 

The  inventions  are  little  less  varied,  although  the  operations  are  on 
a  much  smaller  scale,  in  England*    The  Enfield  rifle  stock  is  shaped 
entirely  by  machines,  no  less  than  a  dozen  different  machines  being 
employed  in  succession,  some  of  the  cuttera  of  which  revolve  60u0 
times  per  minute.    A  series  of  machines  at  Woolwich  Arsenal  make 
wooden  scabbard-linings  for  cavalry  swords ;  and  so  efficient  are  these, 
that  by  their  aid  two  boys  can  make  500  scabbard-linings  in  a  day. 
Rifle-bullets  sometimes  have  a  small  box-wood  plug  inserted  in  the 
rear  of  each :  there  are  machines  at  Woolwich  which  will  cut  and 
shape  300,000  of  these  plugs  per  day.    Mr.  Kinder,  of  Worcester,  has 
invented  and  brought  into  use  a  complete  series  of  machines  for  work- 
ing in  wood,  by  the  use  of  which  he  can  plane  scantlings  6  or  7  inches 
square ;  work  the  edges  of  curved  timbers  on  the  square ;  form  both 
regular  and  winding  bevels ;  work  oblique  sections  of  irregular  figures; 
cut  tenons  with  shoulders  of  almost  any  pitch;  make  rebates  and 
grooves  of  various  kinds ;  box  down  or  sink  irregular  surfaces  ia  such 
a  manner  that  the  surface  destroyed  shidl  be  reproduced  at  the  required 
depth  ;  and  produce  ciured  or  straight  beads  and  mouldings — all  by 
making  the  wood  move  while  the  cutting  instrument  remains  sta- 
tionary.   Mr.  Wilson,  of  Banbury,  has  brought  into  use  a  curious 
series  of  machines  for  making  broom  and  mop-handles,  umbrella-sticks, 
brush-backs,  and  railway-pegs.     Mr.  Dickie,  of  Glasgow,  has  a  series  of 
machines  for  producing  irregular  forms  in  wood,  such  as  boot-trees, 
shoe-lasts,  gun-stocks,  and  shovel-handles,  by  a  kind  of  differential 
action  of  several  cutters.      Other  morticing,  moulding,  dovetailing, 
tenoning,   planing,   jointing,    dowelling,    rebating,    and    chamfering- 
machines  have  been  invented  in  gi'eat  variety,  and  introduced  in  various 
ways ;  but  they  need  not  be  separately  described. 

The  application  of  elaborate  machines  to  the  production  of  cheap 
articles  is  curiously  illustrated  in  the  manufacture  of  Jire-vood  and  of 
matches,  Terry's  fire-wood  machinery,  introduced  in  1857,  performg 
all  the  operations  of  sawing,  splitting,  cutting,  and  binding.  Rough 
blocks  of  wood  slide  down  an  inclined  table ;  they  are  pressed  by  a 
drum  against  circular  saws ;  they  are  sawn  into  pieces  of  a  uuiform 
length ;  the  pieces  slide  down  a  shoot  to  the  splitting-mill,  and  fsU 
against  a  series  of  circular  cuttera,  which  cut  them  into  flat  slabs ;  the 
slabs  slide  down  and  are  split  into  sticks,  which  fall  into  a  moveable 
carriage,  and  are  discharged  down  another  shoot;  they  fall  into  s 
horizontal  channel,  where  a  piston,  by  the  action  of  a  lever  and  weight, 
presses  together  enough  sticks  to  form  one  bundle ;  the  piston  drives 
them  half  through  a  circular  opening ;  wire  from  a  reel  is  made  to  pass 
round  the  middle  of  the  bundle,  where  it  is  twisted  and  cut  off;  and 
finally,  an  incoming  bundle  pushes  out  the  completed  one.  Thus  the 
wood  is  not  touched  by  hand  throughout  the  operations.  In  the 
making  of  splints  for  congreves  or  lucifera,  the  wood  is  firat  cut  into 
blocks  by  circular  saws;  and  these  are  either  separated  into  fou^ 
sided  splints,  by  a  series  of  lancet-points  ranged  equidistant,  or  into 
cylindrical  splints  by  being  forced  through  small  perforations  in  a  "letal 
plate.    The  best  pine  plank,  free  from  knots  and  irregularities,  is 
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alone  fit  for  this  purpose;  cheap  wood  would  injure  the  cutting 
apparatus,  and  thus  would  not  be  cheap  in  the  end.  A  plank  12  feet 
long,  11  inches  wide,  and  8  inches  thick,  will  cut  up  into  200,000 
lucifer-match  splints  of  ordinary  size ;  and  some  firms  thus  cut  up 
twenty  of  such  planks  in  a  day.  * 

In  an  article  by  Mr.  Cluu'Ies  Knight,  in  the  '  Companion  to  the 
Almanac,'  for  1861,  an  account  is  given  of  the  curious  wooden-ware 
manufactures  of  Buckinghamshire  and  one  or  two  neighbouring 
counties.  The  beech,  elm,  and  ash  trees  of  those  districts  are  brought 
into  immediate  and  local  manufacturing  use.  At  Chesham  are  made 
bread-trenchers,  butter-prints,  cricket-bats  and  stumps,  money  bowls, 
"Washing  bowls,  malt  shovels,  sand  shovels,  butcher's  trays,  trundling- 
lioops,  toy  garden-rollers  and  garden-rakes,  toy  wheelbarrows,  hat 
blocks,  straw  bonnet  blocks,  and  wig  blocks.  The  taste  exhibited 
in  these  articles  is  of  a  humble  kind,  and  very  little  machinery 
is  employed  in  the  production.  Chair  making  is  the  chief  trade  in 
and  around  High  Wycombe.  The  many  thousand  cheap  but  strong 
chairs  made  within  the  last  few  years  for  use  in  the  Crystal  Palace, 
St.  Paul's,  Westminster  Abbey,  and  other  public  places  came  from 
^e  district  in  question.  One  contract  of  6000  chairs  for  barracks,  and 
another  of  8000  for  the  Crystal  Palace,  are  mentioned.  "  Wycombe," 
says  Mr.  Knight,  "boasts  of  making  a  chair  a  minute  all  the  year 
round:  chairs  which  would  not  be  imsightly  in  the  handsomest 
Bitting-room,  and  which  can  be  sold  at  five  shillings  each.  More 
costly  chairs  are  here  produced,  as  well  as  the  commonest  rush- 
bottom  chair  of  the  old  cottage  pattern.  But  the  light  caned  chair, 
stained  to  imitate  rosewood,  or  of  the  bright  natural  colour  of  the 
beech,  and  highly  polished,  finds  a  demand  throughout  the  kingdom — 
a  demand  which  might  appear  fabulous  to  those  who  have  not  reflected 
upon  the  extent  to  which  a  thriving  industrious  people  create  a 
national  wealth  which  gives  an  impulse  to  every  occupation,  and  fills 
every  dwelling  with  comforts  and  elegancies  of  which  our  forefathers 
never  dreamt.  The  wondrous  cheapness  of  the  Wycombe  chair  is 
produced  by  the  division  of  labour  in  every  manufactory ;  and  by  the 
competition  amongst  the  manufacturers,  in  a  trade  where  a  small 
capital  and  careful  organisation  will  soon  reward  the  humblest  enter- 
prises." Some  of  the  operations  are  conducted  in  factories  of  consider- 
able size ;  while  others  are  undertaken  by  workmen  in  all  the  villages 
round. 

Timber  Trade, — Several  centuries  ago  the  woods  and  forests  of 
England  were  sufficient  to  supply  all  the  timber  required  for  the 
building  of  ships  and  houses,  as  well  as  for  fuel.  In  the  16th  century 
we  begin  to  hear  complaints  of  their  exhaustion.  An  act  was  passed 
in  1531  requiring  coopers  to  sell  their  barrels  at  fixed  prices,  and 
ordering  that  the  exporters  of  beer  should  import  clapboards  sufficient 
to  replace  the  barrels  sent. out  of  the  country.  Another  act,  passed  in 
1541,  was  designed  to  enforce  certain  restrictions  respecting  the  felling 
of  trees,  and  to  prevent  the  conversion  of  woodlands  into  pasture  or 
tillage.  In  1558  an  act  was  passed,  entitled  '  An  Act  that  timber  shall 
not  be  felled  to  make  coles  for  the  making  of  iron,'  which  prohibited 
the  use  of  timber  one  foot  square  in  iron-works  within  fourteen  miles 
of  the  sea,  or  within  the  same  distance  of  eight  of  the  principal  rivers 
of  England,  or  any  navigable  stream  having  an  outlet  on  the  coast : 
but  three  southern  counties,  Kent,  Sussex,  and  Surrey  were  exempt 
from  the  operations  of  the  act.  The  design  seems  to  have  been  to 
encourage  the  trade  in  timber  fit  for  building,  and  to  benefit  those 
parts  of  the  country  which  did  not  possess  a  sufficient  supply.  In 
1592  the  subject  again  attracted  notice,  and  an  act  was  passed,  which, 
amongst  other  things,  prohibited  aliens  exporting  fish,  unless  they 
imported  clapboards;  and  altogether  prohibited  the  exportation  of 
wine-casks.  In  the  following  century  the  scale  of  prices  turned  in 
favour  of  pit-coal. 

During  the  decline  in  the  internal  supply  of  timber,  it  gradually 
became  an  article  of  extensive  demand  from  other  countries.'  In  1830, 
according  to  a  statement  of  Mr.  Huskisson,  the  fir  timber  used  in 
England  for  building  purposes  was  nearly  all  brought  from  abroad. 
The  proportion  of  timber  of  native  production  used  for  similar  objects 
is  not  known  or  even  guessed  at.  The  north  of  Europe,  especially  the 
countries  on  the  Baltic,  and  our  colonies  in  British  North  America,  are 
the  great  sources  of  supply.  The  timber  of  the  north  of  Europe  is 
generally  of  excellent  quality,  and  much  superior  to  that  from  the  colo- 
nies. The  inferior  colonial  timber  was  for  many  years  forced  into  use 
by  enormous  difierential  duties,  which  amounted  to  a  bonus  of  1000  per 
cent,  in  some  cases  :  that  is,  the  one  duty  was  ten  times  as  much  as 
the  other.  In  1787  the  duty  on  foreign  timber  was  only  65.  8d.  the 
load  of  fifty  cubic  feet,  but  it  was  raised  at  different  times,  until,  in 
1804,  it  amounted  to  25s,  In  1810  the  duty  was  raised  to  54«.  Sd.; 
and  from  1814  to  1820  it  was  64«.  llc^.  and  GSs.  the  load.  The  trade 
in  colonial  timber  had  scarcely  any  existence  before  1803,  although 
until  1798  it  had  been  admitted  free  of  duty ;  and  the  duty  imposed 
in  that  year  was  only  3  per  cent,  ad  valorem,  which  was  changed  in 
1803  to  a  specific  duty  of  2d.  the  load.  In  consequence  of  the  war 
there  was  a  great  rise  in  the  price  of  Eiu*opean  timber,  Memel  fir 
advancing  from  78s.  to  320«.  the  load.  In  order  therefore  to  encourage 
the  supply  from  our  own  colonies,  North  American  timber  was  again, 
in  1806,  admitted  dutv  free ;  and  from  that  time  it  was  more  largely 
used  than  Baltic  timber.  The  return  to  a  sounder  principle  of  taxa- 
tion Was  very  slow.    In  1821  the  duty  on  European  timber  was  re- 


duced from  65s,  to  55s.  the  load,  and  a  duty  of  10«.  was  imposed  on 
colonial  timber,  leaving  a  preferential  duty  of  45*.  still  in  operation. 
In  the  tariff  of  1842  the  duty  on  colonial  timber  was  reduced  to  a 
merely  nominal  sum,  namely,  Is.  the  load,  and  to  28.  on  deals,  and  6d» 
on  lathwood ;  while  that  on  foreign  timber  was  to  be  gradually  reduced 
to  3O9.  and  35«.  on  different  kinds.  The  mode  of  charging  the  duty 
was  at  the  same  time  improved  and  rendered  less  complex  than  before. 
The  difference  of  duty  was  from  24*.  to  30«.  in  favour  of  colonial 
timber.  This  difference  was  reduced  in  1847  to  lis.  In  1851  the 
differential  duties  ceased  altogether ;  the  duty  was  established  at  7s.  Qd. 
to  lOs.  per  load,  without  respect  to  country.  In  1860  it  was  reduced 
to  Is.  and  2s,  per  load,  or  Is.  and  2s.  per  ton,  according  to  the  mode  of 
measurement.  It  may  here  be  remarked  that  timber  is  sold  by  the 
load,  the  cubic  foot,  the  square  foot,  the  foot  run,  the  ton,  the  lb.,  or  the 
number  of  pieces ;  but  the  greater  portion  is  by  the  IcKid.  A  load  of 
unhewn  timber  is  40  cubic  feet ;  of  squared  timber,  50  Cubic  feet ;  of 
planks,  150  to  600  square  feet,  for  thicknesses  varying  from  1  to  4 
inches.  Of  a  very  usual  kind  of  plank,  12  feet  long,  11  inches  wide, 
and  3  inches  thick,  18  make  one  load. 

The  imports  of  timber,  in  the  fifteen  years  from  1844  to  1858  in- 
clusive, ranged  from  1,500,000  loads  to  2,500,000  loads  annually.  In 
1860  the  quantities  and  classification  were  as  follow : — 

Loads. 


Foreign,  unhewn  timber        • 

„        hewn  timber 
Colonial,  unhewn  timber       • 

„        hewn  timber      • 


092,768 
768,791 
580,849 
760,356 
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TIMBER  AND  TIMBER-TREES.  Timber-trees  are  those  the 
wood  of  which  is  ujsed  for  building  or  repairing  houses.  Oak,  ash,  and 
elm,  of  the  age  of  twenty  years  and  upwards,  are  the  trees  most 
generally  included  under  that  denomination;  but  there  are  many 
other  kmds  of  trees,  such  as  beech,  cherry,  aspen,  willow,  thorn,  holly, 
horsechesnut,  lime,  yew,  walnut,  &c.,  which  are,  by  the  custom  of 
certain  parts  of  England,  considered  as  timber-trees,  as  being  those 
used  in  building.  (Cruise, '  Dig.*,  t.  3,  c.  2,  ss.  6,  7.)  Most  of  the 
cases  upon  the  question  as  to  what  trees  are  to  be  considered  timber, 
have  arisen  in  reference  to  the  stat.  46  Edw.  III.,  c.  3,  whereby  it  was 
enacted  that  great  or  grosse  wood  of  the  age  of  twenty,  thirty,  or  forty 
years,  or  upwards,  should  not  be  titheable,  but  that  sylva  e(edua,  or 
imderwood,  should  be  titheable.     (2  '  Inst.',  642,  643 ;  3  '  Rep/,  12.) 

The  timber-trees  growing  upon  land  belong  to  the  owner  of  the 
inheritance.  A  tenant  for  life  has  only  a  qualified  interest  in  them, 
in  so  far  as  they  afford  him  shade  and  shelter,  and  a  right  to  take  the 
mast  and  fruit.  If  the  tenant  for  life  fells  timber-trees  on  the  land  to 
any  amount  greater  than  he  is  entitled  to  as  estovers,  that  is  to  say, 
the  allowance  of  wood  necessary  for  the  reparation  of  houses  and 
fences,  he  becomes  liable  to  an  action  of  waste  [Waste]  ;  and  the 
trees,  which  by  these  or  any  other  means,  accidental  or  otherwise,  have 
become  severed  from  the  land,  may  be  seized  by  the  owner  of  the 
inheritance,  or  an  action  may  be  brought  by  him  for  them.  If,  how- 
ever, the  estate  of  the  tenant  for  life  be  without  impeachment  of  waste, 
he  has  the  full  right  to  fell  timber,  and  also  the  property  in  all  timber^ 
trees  felled  and  blown  down  during  his  life. 

In  leases  for  lives,  when  timber  is  included,  if  the  lessor  fells  the 
trees,  the  lessee  may  maintain  an  action  of  trespass  against  him, 
because  the  lessee,  though  he  may  not  cut  down  the  trees  without 
being  subject  to  an  action  of  waste,  has  an  interest  in  them  for  shade 
and  shelter,  and  a  right  to  take  the  mast  and  fruit,  and  may  also  lop 
them  if  they  be  not  thereby  injured.  But  where  the  trees  are  excepted 
in  a  lease,  which  is  usrially  done,  the  lessee  has  no  interest  whatever  in 
them,  and  the  lessor  may  bring  an  action  of  trespass  against  him  if  he 
fells  or  damages  them.  The  lessor  has  also  a  power,  incident  to  the 
exception,  of  entering  on  the  land  in.  order  to  fell  and  take  away  the 
trees ;  though  this  power,  for  the  sake  of  avoiding  questions,  is  often 
expressly  reserved. 

The  timber  growing  on  copyhold  estates  is,  by  the  general  custom 
of  most  manors,  the  property  of  the  lord,  who  may  cut  it  down, 
provided  he  leaves  a  sufficient  quantity  for  the  repairs  of  the  copyhold, 
which  the  copyholder  is  entitled  to  of  common  right.  But  the  general 
right  of  the  copyholder  to  have  timber  for  the  re}>aration  of  houses 
and  for  ploughbote  and  hedgebote  may  be  restrained  by  custom, 
namely,  that  he  shall  not  take  it  without  assignment  from  the  lord  or 
his  bailiff.  A  copyholder  in  fee  may,  by  the  particular  custom  of  the 
manor,  have  a  right  to  out  timber-trees  growing  on  his  copyhold, 
and  sell  them  at  his  pleasure;  and  the  same  right  may  belong  by 
custom  to  a  copyholder  for  life,  who  is  entitled  to  nominate  his 
successor,  as  being  a  quasi  copyholder  in  fee ;  but  a  custom  that  a 
copyholder  for  life  may  cut  down  timber  is  unreasonable  and  void,  aa 
being  a  destruction  of  the  inheritance,  and  contrary  to  the  nature  of  a 
life  estate. 

Ecclesiastical  persons  being  considered  in  most  respects  as  tenants 
for  life  of  the  lands  held  by  them  jure  ecclesice,  are  not  permitted  to 
cut  down  timber  except  for  repairs.  The  Court  of  Chancery  will 
always  interfere  to  prevent  the  owner  of  a  particular  estate  joiniflg 
with  the  person  entitled  to  the  inheritance  for  the  time  being  to  out 
down  the  timber  on  the  estate. 
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TIMBRE.    [Acoustics.] 

TIMBREL,  a  musical  instrument  of  the  highest  antiquity;  the 
tympanum  leve  of  the  Roman  poets,  and,  in  the  opinion  of  all  writers 
of  any  authority,  the  same,  in  an  almost  unaltered  state,  as  that  now 
known  in  every  part  of  Europe  under  the  names  of  tabor,  tambourine, 
tambour  dt  BaaquCf  &c. 

TIME  (in  Music)  is  :— 

I.  The  measure  of  the  duration  of  sound. 

II.  That  which  divides  a  bar  into  two  or  three  equal  parts,  and  sub- 
divides these. 

III.  The  movement — that  is,  the  quickness  or  slowness — of  a 
composition. 

1.  The  degree  of  sound,  or  pitch,  is  shown  by  the  place  on  the  staff 
of  any  one  of  the  characters  cidled  notes ;  but  its  duration  is  known  by 
the  particular  note ;  that  is,  as  minim,  or  crotchet,  &c.  The  longest 
note,  in  relation  to  time,  used  in  mo<lem  music,  is  the  semibreve, 
which  is  oonlidered  the  measure-note,  and  its  average  length  is  about 
four  beats  of  a  healthy  man's  pulse.  The  five  other  notes  are  pro- 
portionate parts  of  this.  Thus  the  minim  is  in  duration  i  of  a  semi- 
breve ;  the  crotchet  is  J,  &c. :  consequently  two  minims,  or  four 
crotchets,  &c.,  are  equal  to  one  semibreve,  as  exhibited  in  the  annexed 
table : — 
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2.  Time  is  either  duple  or  triple.  The  former  divides  every  bar,  or 
measure,  into  2,  or  4,  &c.,  equal  parts ;  the  latter  into  8,  or  6,  ftc. 
Times  are  marked  by  the  letter  C, — ^also  by  this  letter  barred  ($)>  and 
by  figures.  The  C,  whether  barred  or  not,  indicates  Comm^on  Time  ; 
that  is,  duple  time,  having  one  semibreve,  or  its  equivalent  in  notes,  in 
each  bar.  Figures  represent  the  fractions  of  a  semibreve,  the  tipper 
figure  the  numerator,  the  lower  the  denominator.  When  the  nume- 
rator is  2  or  4,  the  time  is  duple ;  when  3.  it  is  triple ;  when  6  or  12, 
it  is  compound-common ;  and  when  9,  it  is  compound-triple.  But  in 
reality,  there  are  only  two  times — binary  and  ternary;  or  duple  and 
triple. 

8.  The  term  Time  has  hitherto  had  a  third  meaning  annexed  to 
it  in  musical  language,  by  its  employment  in  the  sense  of  movement, 
a  practice  which  has  produced  some  confusion.  The  Italian  word 
Tempo,  signifying  the  same,  is  now  growing  into  use.  [Metronome  ; 
Rhythm.] 

TIME.  This  word  may  be  considered  either  with  reference  to  our 
abstract  idea  of  the  thing  signified  by  it,  or  to  the  measures  of  it  which' 
bave  been  contrived  for  use  in  the  business  of  life.  Something  on  the 
first  point  of  view  will  be  found  in  the  article  Space  and  Time,  to 
which  the  following  may  be  added. 

When  we  think  of  time  in  the  usual  manner,  it  is  of  a  real  thing 
external  to  ourselves,  which  we  cannot  help  imagining  to  have  an 
existence  and  a  measure,  both  of  which  woi^d  remain  though  those 
who  now  speculate  upon  the  conception  were  annihilated.  A  little 
more  consideration  shows  that  we  are  indebted  for  the  idea  to  suc- 
cessions of  observed  events,  or  at  least  for  Uie  power  of  applying  the 
idea  to  external  objects.  No  description  can  be  adequate;  if  we  say 
that  change  necessarily  implies  time,  and  that  tiie  perception  of  that 
which  if  being  different  from  that  which  was,  suggests  the  notion  of 
an  interval,  we  see  that  we  have  already  fully  assumed  the  idea  of  time 
in  the  words  ti  and  imu.  But  we  may  say  that  space  and  the  objects 
which  fill  it  exist  independently  of  ourselves,  and  would  imdergo 
changes  though  we  were  not  in  existence  to  perceive  Uiem,  and  that 
therefore  the  times  which  those  changes  require  would  also  exist ;  this 
involves  the  whole  of  the  most  abstruile  part  of  metaphysics,  and  is 
much  beyond  the  scope  of  our  article.  We  shall  therefore  turn  to  the 
mode  of  measuring  time ;  we  have  a  thorough  conviction  that  time  is  a 
magnitude,  that  is,  has  its  more  and  lesi.  We  must  ask  ourselves  in 
the  first  instance  what  we  mean  by  a  greater  or  a  smaller  time. 
^  In  the  perception  of  time  as  a  magnitude,  that  is,  of  intervals  of 
time  as  containing  more  or  less  of  duration,  we  refer  in  tiie  first 
instance  to  a  habit  derived  from  continual  acquaintance  with  those 
great  natural  successions  on  which  the  usual  actions  of  our  lives  depend, 
with  which  we  can  constantly,  though  imconsciously,  compare  the 
duration  of  our  thoughts  and  actions.  There  is  no  more  an  absolutely 
long  or  short  time  than  there  is  aq  absolutely  great  or  little  space ; 
these  words  are  only  comparative.  If,  for  example,  any  one  were  to 
affirm  that  the^  universe  was  continually  growing  less  and  less,  all  its 
parts  altering  in  the  same  proportion,  and  the  dimensions  of  the 
human  race  with  the  rest,  in  such  manner  that  the  whole  solar  system 
would  now  go  into  a  nut-shell,  such  as  nut-sheUs  were  a  thousand 
yean  ago,  it  would  be  impossible  either  for  him  to  prov9  it^  if  true. 


or  for  any  one  else  to  prove  the  contradiction,  if  false.  In  like 
manner  if  any  one  were  to  say  that  the  revolutions  of  all  the 
heavenly  bodies  were  continually  accelerating,  but  that  the  properties 
of  matter  were  also  continually  altering,  and  the  speed  with  which 
ideas  are  formed  and  oommimicated,  and  muscular  efforts  made,  con- 
tinually increasing :  it  would  be  impossible  to  prove  a  contradiction. 
The  oriental  story  is  the  best  illustration  of  this: — A  prince  was 
ridiculing  the  legend  of  Mohammed  being  taken  up  by  an  angel,  and 
holding  many  long  conferences  with  his  Creator,  and  having  many 
views  of  heaven  and  hell  to  the  smallest  details,  in  so  short  a  time, 
speaking  with  reference  to  things  upon  earth,  that  on  his  being  brougbt 
back,  the  water  had  not  quite  flowed  out  of  a  jug  which  he  had  dropped 
from  his  hand  when  the  angel  caught  hiuL  A  magician  at  the  court 
of  this  prince  checked  his  laughter  oy  offering  to  prove  the  possibility 
of  the  story,  if  his  highness  would  only  dip  his  head  into  a  basin  of 
water.  The  prince  consented,  and  the  instant  his  head  was  immersed, 
found  himself  lying  by  the  sea-shore  in  a  strange  country.  Afto-  a 
reasonable  quantity  of  malediction  upon  the  magician,  he  found  him- 
self obliged  by  hunger  to  go  to  a  neighbouring  town,  and  seek  the 
means  of  support.  In  time  he  became  independent,  married,  and 
brought  up  a  family,  but  was  gradually  stripped  of  all  his  substance  by 
losses,  and  buried  ms  wife  and  children.  One  day  he  threw  himself 
into  the  sea  to  bathe,  and  on  lifting  his  head  out  of  the  water,  found 
that  he  had  only  lifteid  it  out  of  the  basin,  the  magician  and  the  other 
courtiers  standing  round.  On  his  bitterly  reproaching  the  magician, 
the  latter  assured  him,  and  was  confirmed  by  all  the  bystanders,  that  he 
had  done  nothing  but  just  dip  his  head  into  the  bamn  and  lift  it  out 
again.  Of  course  the  prince  expressed  no  more  doubts  about  the  story 
of  Mohammed,  and  however  much  any  reader  of  the  two  tales  may 
think  that  neither  is  true,  a  little  reflection  will  show  that  either  might 
be  so.  Perhaps  the  allegory  might  have  been  suggested  by  what  is 
known  to  take  place  in  droams ;  there  is  evidence  enough  that  many  of 
the  longest  of  these  illusions  really  occupy  no  more  than,  if  so  much  as, 
a  second  or  two  by  the  pendulum.    [Dreams.] 

In  the  laws  of  motion  it  seems  as  if ,  so  to  speak,  matter  took  cogni- 
sance of  time ;  a  particle  of  matter  will  continue  to  describe  equal 
spaces  in  equal  times,  until  acted  on  by  force  from  without.  Yet  it 
would  be  possible  to  state  this  law  as  follows,  in  such  a  manner  as  to 
avoid  the  comparison  of  quantities  of  duration.  If  two  particles  acted 
on  by  no  external  forces,  are  at  a  and  a  at  the  same  epoch  of  dura- 
tion, and  at  B  and  b  at  the  same  subsequent  epoch,  then  if  a  c  be  m 
times  A  B,  and  if  a  c  be  m  times  a  b,  the  law  of  motion  is  that  c  and  e 
will  be  respectively  attained  at  the  same  instant.  The  mathematician 
will  readily  see  that  the  equations  of  motion  do  not  depend  upon  the 
absolute  recognition  of  time  as  a  measurable  quantity, but  that  any  moving 
particle,  as  a,  being  acted  on  by  no  force,  the  distance  a  c,  described 
in  the  time  t,  might  be  introduced  into  all  formulae  instead  of  the  time, 
without  any  question  as  to  whether,  time  being  physically  considered^ 
the  space  a  c  varies  as  the  time.  It  is  enough  that  the  uninfluenced 
motion  of  any  other  particle  should  be  connected  with  that  of  the 
standard  particle  by  the  law  abov&described.  But  though  we  can  thus 
avoid  the  idea  of  measurement  of  time,  we  cannot  get  rid  of  its 
existence  or  of  the  notion  of  succession  of  epochs ;  grant  that  we  can 
reduce  dynamics  to  a  theory  of  simuUaneotis  positions  of  particles  of 
matter,  without  reference  to  the  absolute  length  of  time  employed  in 
passing  from  one  position  to  another,  there  is  still  the  notion  of  time 
ih  the  notion  of  simultaneous.  But,  nevertheless,  the  idea  of  succession 
thus  introduced  is  hardly,  if  at  all,  more  physical  than  that  which 
comes  into  most  of  the  branches  of  pure  mathematics,  a  point  on  which 
it  will  be  worth  while  to  dwell  for  a  moment. 

When  Nevrton,  in  his  doctrine  of  fluxions,  or  flowing  quantities, 
imagined  length,  space,  solidity,  and  number  itself,  to  be  generated  by 
a  continual  and  gradual  flow,  as  a  line  by  the  motion  of  a  point,  a 
Buiface  by  that  of  a  line,  and  so  on,  it  was  objected  that  he  introduced 
the  ideas  of  time  and  motion,  both  of  which  were  foreign  to  pure 
mathematics,  and  properly  belonged  to  mechanics.  To  get  rid  of  these 
intruders,  the  theory  of  limits,  which  the  notion  of  fluxions  immediately 
requires,  was  attached,  not  to  flowing  quantities,  but  to  variable 
quantities.  Let  x  be  a  variable  quantity,  is  one  of  the  most  common 
phrases  of  the  systems  which  have  superseded  that  of  Newton.  Now 
variation  means  change ;  it  is  never  pretended  that  a  variable  has  two 
values  at  once.  All  the  difference  is,  that  by  Newton  the  object  of 
consideration  is  supposed  to  grow  larger  or  smaller,  while  the  modems 
pass  in  thought  from  a  larger  quantity  to  a  smaller,  or  vice  versd, 
taking  one  first  and  the  other  afterwards.  If  so  slight  a  difference  as 
this  be  worth  a  contest,  the  distinction  of  pure  and  mixed  science  must 
be  trivial  enough  :  the  £eu^  is,  that  both  systems  consider  successive 
values,  and  succession  is  time.  If  two  computers  were  to  quarrel  which 
was  the  purer  arithmetician,  the  one  who  stood  still  and  counted  the 
caniages  as  they  passed  by  him,  or  the  other  who  walked  from  one  to 
another  and  counted  them  as  they  stood  still,  they  would,  to  us, 
much  resemble  some  of  the  disputants  for  and  against  the  principle  of 
fiuxions. 

The  actual  measure  of  time  depends  upon  our  being  able  to  secure 
successions  of  similar  events  which  shall  furnish  epochs  separated  by 
equal  intervals  of  time.  We  cannot  do  this  by  our  thoughts,  except 
approximately,  and  for  short  periods.  The  memory  of  a  musician, 
aided  by  the  aentimwi  ox  feeUog  of  time  which  is  part  of  a  good  ear 
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for  musio,  wiU  do  remarkably  well  for  a  abort  period  :  a  person  wbo 
could  not  well  preserve  tbe  division  of  a  second  into  eigbt  ports  at  leaat 
would  make  a  poor  figure  in  an  orcbestnL  As  to  tbe  judfi;ment  of  con- 
siderable periods  of  time,  it  is  materially  influenced  by  tEe  manner  in 
wbicb  it  bas  been  spent :  a  time  wbicb  uenu  to  bave  been  long  tbrougb 
weariness  luu  been  long,  and  tbe  oontraiyj  on  grounds  already  alluded 
to.  TbuB  a  year  of  mature  age  is  really,  to  tbe  tbougbts,  of  a  different 
lengtb  from  one  of  cbildbood.  Again,  wboi  we  talk  of  a  long  period 
of  time  baving  passed  quickly  or  dowly,  we  speak  not  of  tbe  time,  but 
of  our  mode  of  remembering  it^  A  person  of  rapid  recapitulation 
always  says  tbat  time  bas  passed  quickly,  anotber  of  a  contrary  babit 
tbe  oontiary ;  and  tbia  wbetber  tbe  rapidity  be  a  consequence  of  quick- 
ness of  ideas,  or  of  baving  little  to  recall. 

In  all  tbe  more  correct  maobines  wbicb  bave  been  invented  to 
measure  time,  tbere  ia  but  one  principle :  a  vibration  is  kept  up  by 
tbe  constant  application  of  forces  only  just  sufficient  to  counteract 
friction  and  otber  resistances,  and  macbinery  is  applied  to  register  tbe 
number  of  vibrations.  Tbe  remarkable  law  noted  under  Isoohbo- 
NI8U  and  Vibration  makes  it  comparatively  immaterial  wbetber  tbe 
▼ibrations  are  of  precisely  tbe  same  extent.  But  tbe  imperfectiotts  of 
flucb  instruments,  or  rather,  our  ignorance  of  tbe  precise  action  of  dis- 
turbing causes,  and  particularly  of  cbanges  of  temperature,  renden 
them  comparatively  useless  for  measuring  long  periods,  so  tbat  if  we 
could  not  nave  recourse  to  tbe  motion  of  tbe  heavenly  bodies,  tbere 
would  be  no  permanent  measure'  of  time.  And  even  in  astronomi- 
cal phenomena  tbere  is  no  absolute  recurrence  at  equal  intervals, 
though  nearly  enough  for  common  purposes.  Tbe  value  of  such  phe- 
nomena for  the  meet  accurate  measures  consists  in  most  of  their 
iiTegularities  bemg  truly  distributed  about  a  uniform  mean,  so  tbat 
tbe  excesses  of  some  periods  are  compensated  by  tbe  defects  of  others, 
giving,  in  tbe  long  run,  power  of  determining  that  mean  with  as  much 
acciutusy  as  our  modes  of  measurement  can  appreciate.  Tbe  determi- 
nation of  time  for  civil  reckoning  may  be  divided  into  two  parts : 
first,  tbe  mode  of  making  tbe  di£brent  periods  derived  from  tbe  sun 
and  moon  agree  with  each  otber  so  aa  to  afford  an  easy  method  of 
reckoning  co-ordinately  by  both  [Pkriods  of  Bstolution]  ;  secondly, 
tbe  mode  of  procuring  true  and  convenient  subdivisions  of  tiie  natural 
imit  consisting  of  a  day  and  night.  To  the  second  of  these  we  now 
turn  our  attention. 

Tbe  actual  revolution  of  the  earth,  aa  measured  by  tbe  time  elapsed 
between  two  transits  of  tbe  same  star  over  the  meridian,  is  called  a 
gidereal  day.  It  is  divided,  as  are  all  otber  days,  into  twenty-four 
hours  of  sixty  minutes  each,  &a  The  time  so  given  is  called  sidereal 
time.  If  the  sun  were  a  fixed  star,  tbia  sidereal  time  would  be  tiie 
common  mode  of  reckoning.  But  tbe  sun  baving  its  own  slow  motion 
in  the  ecliptic,  in  tbe  same  direction  as  the  revolution  of  the  earth, 
tbe  intervid  between  one  meridian  transit  of  that  body  and  tbe  next 
18  [Stnodio]  longer  than  tbe  simple  revolution  of  tbe  earth,  for  just 
tbe  same  reason  tbat  tbe  time  in  which  tbe  minute-band  of  a  watch 
moves  from  coincidence  with  tbe  hour-hand  to  coincidence  again  is 
longer  than  the  hour,  or  simple  revolution  of  tbe  minute-hand.  If  the 
sun  moved  uniformly,  and  in  the  equator,  tbe  real  solar  day,  wbidi 
means  the  interval  between  two  meridian  transits  of  tbe  sun,  would 
always  be  of  the  same  length,  and  a  little  longer  than  tbe  sidereal  day. 
But  the  sun  neither  doea  move  uniformly,  nor  in  the  equator ;  and 
each  of  these  circumstances  causes  a  slight  irregularitv  in  the  absolute 
lengtb  of  tbe  solar  day,  or,  as  it  is  called,  tbe  real  solar  day.  This  is 
tbe  reason  why  the  time  shown  by  a  sundial  does  not  agree  witb  the 
watch.  To  remedy  this  inconvenience,  a  fictitious  sun  is  supposed  to 
move  in  the  ecliptic,  and  uniformly,  while  anotber  fictitious  sun  moves 
in  Uie  equator,  also  uniformly.  Both  the  fictitious  bodies  ba^  the 
average  motion  of  tbe  real  sun,  so  tbat  the  years  of  tbe  three  are  the 
same ;  and  the  fictitious  sun  of  the  ecliptic  is  made  to  coincide  with 
the  real  sun  at  tbe  perigee  and  apogee,  or  nearest  and  farthest  points 
from  tbe  earth ;  while  the  fictitious  body  in  the  equator  is  made  to 
coincide  with  tbe  fictitious  body  of  the  ecliptic  at  tbe  equinoxes  (from 
wbicb  it  arises  that  tbere  is  also  a  coincidence  at  the  solstices).  This 
fictitious  sun  of  the  equator  is  tbat  to  wMcb  docdu  are  adjusted ;  tbe 
interval  between  two  oi  its  transits,  which  is  always  of  tiie  same  lengtb, 
is  called  a  fnean  $ohr  day,  which  is  divided  into  twenty-four  mean 
solar  hours,  fto.  Tbe  difference  between  time  as  shown  by  tbe  real  sun 
and  the  fictitious  sun  in  the  equator,  is  called  the  equation  of  tima 

Tbe  determination  of  tbe  equation  of  time  is  a  mathematical  pro- 
blem of  some  complexity:  what  we  bave  here  to  notice  is,  that 
owing  to  the  joint  action  of  tbe  two  sources  of  difference,  it  presents  a 
very  irregular  series  of  phenomena  in  the  course  of  the  year.  If  tiie 
sun  mov^  regularly,  but  in  the  ecliptic,  tbere  would  be  no  equation 
of  time  at  the  equinoxes  and  solstices :  if  tbe  sun  moved  witb  its 
elliptic  irregularity,  but  in  the  equator  instead  of  the  ecliptic,  there 
would  be  no  equation  of  time  at  the  apogee  and  perigee.  Between  the 
two  tbe  equation  of  time  vamsbes  only  when  the  effect  of  one  cause 
of  irregularity  ia  equal  and  opposite  to  tbat  of  tbe  other;  and  this 
takes  place  four  times  a  year.  In  this  present  year  Q861)  the  state  of 
the  equation  of  time  is  as  follows : — January  1,  the  clock  is  before  tbe 
sundial  S*"  68',  and  continues  to  gain  upon  the  dial  until  February  11, 
when  there  is  14"  32*  of  difference.  This  then  begins  to  diminish,  and 
continues  diminishing  until  April  15,  when  the  two  agree,  and  tbei-e  is 
no  equation.    The  dial  then  is  before  the  dock  until  May  14,  when 
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the  equation  is  8°*  £8',  which  diminishes  until  June  14,  when  tbere  is 
again  no  equation.  The  clock  is  now  before  the  dial,  and  the  equation 
increases  till  July  26,  when  the  equation  is  6"*  12",  which  diminidies 
until  the  1st  of  September,  when  uiere  is  no  equation,  for  the  third 
time.  The  dial  is  now  again  before  the  clock ;  and  by  November  3, 
the  equation  bas  become  16"  18*,  from  which  time  it  falls  off  until 
December  24,  when  it  is  notliing  for  the  fourth  and  lost  time.  The 
clock  then  gets  gradually  before  the  dial  till  the  end  of  the  year.  The 
phenomena  of  the  next  year  present  a  repetition  of  the  same  circum- 
stances, witb  some  trivial  variations  of  magnitude.  There  are  several 
slight  disturbing  causes  to  which  we  bave  not  thought  it  worth  while 
to  advert  in  a  popular  explanation:  in  particular,  the  slow  motion 
of  tbe  solar  iierigee  [Year  ;  Sun],  wbicb  will  in  time  wholly  alter  the 
phenomena.  For  instance,  when  the  perigee  comes  to  coincide  witb 
the  equinox,  there  will  be  only  two  periods  at  which  tbe  equation  of 
time  vanishes,  namely,  when  the  sun  is  at  either  equinox. 

The  sidereal  day  is  23^  56"  4*'09  of  a  mean  solar  day,  and  the  mean 
solar  day  is  24^  3"^  56**55  of  a  sidereal  day.  We  have  in  this  artide 
only  to  do  witb  tbe  mode  of  obtaining  a  uniform  measure  of  time,  or 
of  intervals  of  time ;  this  being  premised,  the  subject  will  be  taken  up 
again  in  tbe  artide  Year. 

TIME  BALL.    [Telegraph,  Elbctbio.] 

TIME  BARGAIN.    [Stocks.] 

TIME  OF  DESCENT,  the  technical  term  for  the  time  employed 
by  a  material  particle  in  falling  down  an  arc  of  a  curve  under  the  action 
of  gravity,  the  mode  of  obtaining  which  is  explained  in  Velocity. 
When  any  number  of  curves  are  drawn  from  a  given  point,  and  another 
curve  is  so  drawn  as  to  cut  off  from  every  one  of  them  an  arc  which  is 
described  by  a  falling  partide  in  one  given  time,  that  curve  is  called 
tatUochronota,  or  a  tautoekron.  But  when  a  curve  is  such  aa  the 
cydoid,  namely,  that  a  partide,  wherever  placed,  will  fall  to  the  lowest 
point  in  the  same  time,  such  a  curve  is  also  (»lled  tauiochronous  by 
various  writers,  and  isochronous  bv  others.  Our  only  object  in  insert- 
ing this  artide  has  been  to  note  una  confusion  of  language. 

TIN  (Sn).  One  of  the  first  known  metals.  Its  early  history  is 
intimately  associated  with  that  of  our  own  coimtry,  for  three  thousand 
years  ago  the  Phoenicians  regularly  visited  the  southern  shores  of  this 
island,  and  carried  on  smelting  operations  for  tin. 

The  aldbiemists  called  tin  Jove,  or  Jupiter,  and  gave  it  tbe  sign  % , 
indicating  tluit  they  thought  it  to  be  one  half  silver  and  the  otber  half 
acrimonv. 

Tbe  chief  ore  of  tin  is  the  binoxide.  [Tin,  in  Nat.  Hist.  Biv.}  It 
is  roasted  to  peroxidise  iron,  and  volatilise  arsenic  and  sulphur; 
washed,  to  remove  sulphate  of  copper  and  the  oxide  of  iron ;  reduced 
to  the  metallic  state  by  charcoal ;  and  refined  by  fractional  fusion. 

The  equivalent  of  tm  is  59. 

Tin  has  a  high  metallic  lustre ;  its  colour  is  silver-white  with  a  tinge 
of  yellow ;  in  tenacity  it  is  exceeded  by  several  of  tbe  metals,  but  is  very 
ductile,  and,  as  tinfoil,  is  met  with  in  plates  varying  fix>m  l-250tb  to 
1-1 000th  of  an  indi  in  thickness.  It  suffers  but  little  change  on  ex- 
posure to  the  atmosphere,  and  is  unaffected  by  moisture.  Tin  is 
mdastic  but  very  flexible,  and  when  bent  produces  a  pecidiar  crackling 
noise,  termed  the  *'  cry  **  of  tin ;  the  latter  effect,  as  well  as  tbe  heat 
rendered  sensible  during  flexion,  is  due  to  the  mechanical  alteration  in 
position,  and  consequent  friction,  of  the  partides  of  the  metaL  When 
rubbed,  tin  imparts  to  the  fingers  a  peculiar  and  somewhat  persistent 
odour.  It  is  a  good  conductor  of  heat  and  electricity ;  has  a  n>ecific 
gravity  of  7*292 ;  mdts  when  heated  to  442**  Fahr.,  and  at  a  higher 
temperature  bums  witb  a  brilliant  white  light  Tin,  like  iron,  remains 
in  a  passive  state  when  plunged  into  very  strong  nitric  acid;  on 
diluting  witb  water,  however,  the  metal  is  violently  acted  on,  much 
nitrous  vapour  is  evolved,  and  hydrated  binoxide  of  tin  is  formed. 
Hydrochloric  add  dissolves  it  with  evolution  of  hydrogen ;  aqua  r^ia 
converts  it  into  bichloride;  cold  sulphuric  add  does  not  affect  it,  but 
when  hot  converts  it  into  sulphate,  sulphurous  acid  escaping.  The 
fused  alkalies  also  oxidise  tin,  hydrogen  being  given  off  At  ordinary 
temperatures  tin  is  not  brittle,  but  when  heated  to  near  the  fusing 
point  it  may  be  powdered  witb  facility :  the  operation  is  most  con- 
venientiy  performed  by  pouring  the  mdted  metal  into  a  wooden  box 
and  wdl  snaking  for  a  few  minutes. 

Oxygen  and  Tin  combine  in  three  proportions,  forming- 


Protoxide  of  tin 
Sesquiozide  of  tin 
Binoxide  of  tin  • 


•  SnO 

•    •  BnsOg 

•  SnO, 


Protoxide  of  Tin  (SnO)  cannot  be  procured  perfectly  pure  by  direct 
action  :  the  best  method  of  preparing  it  is  to  evaporate  a  solution  of 
protochloride  of  tin  carefully  to  dryness,  and  then  triturate  it  in  a 
mortar  with  excess  of  crystallised  carbonate  of  soda,  which  decom- 
poses the  chloride,  and  leaves  tbe  protoxide  of  tin.  When  this  has 
been  washed  and  dried  carefully,  it  is  of  a  fine  bluish-black  colour,  is 
very  soluble  in  hydrochloric  add,  and  when  heated  in  the  air  takes 
fire,  bums,  and  is  converted  into  peroxide.  The  density  of  protozi<le 
of  tin  is  6*66 ;  it  is  soluble  in  solution  of  potash  and  soda,  but  not  in 
ammonia,  nor  do  the  alkaline  carbonates  dissolve  it.  Tbe  alkaline 
solutions  of  this  oxide  gradually  deposit  metallic  tin,  and  peroxide 
remains  in  solution.  Its  salts  very  quickly  absorb  oxygen  from  the 
air,  and  form  compounds  which  readUy  yidd  oxygen ;  and  it  is  on 
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this  account  that  it  conTerts  the  seBquiozide  of  iron  into  protoxide, 
and  precipitates  silver,  mercury,  and  platinum  in  their  metaUio  state. 
With  gold,  a  purple  compound  is  formed,  known  by  the  name  of  the 
piurple  poicder  of  Ccutiui, 

Uydrated  Protoxide  of  Tin  (SnO,  HO)  nreoipitates  aa  a  white  powder 
on  adding  together  solutions  of  protoonloride  of  tin  and  oarbonato 
of  soda. 

Se$quioxid«  of  Tin  (SmO,)  is  formed  by  mixing  fresh  predintated  and 
moist  hydrate  of  peroxide  of  iron  with  a  solution  of  protochloride  of 
tin,  as  free  as  possible  from  hydrochloric  acid.  By  the  mutual  action 
of  these  substances  a  slimy  gray  matter  is  thrown  down,  which  Ib  gene- 
rally slightly  yellow,  from  the  presence  of  a  little  peroxide  of  iron.  It 
is  probably  a  definite  ttannate  of  protoxide  of  tin  (SnO,  SnO, ).  It  is 
soluble  in  hydrochloric  acid,  and  also  in  ammonia,  which  last  property 
distinguishes  it  from  the  protoxide ;  and  it  is  distinguished  m>m  the 
peroxide  by  giving  a  purple  precipitate  with  the  salts  of  gold. 

£inoxide  or  Peroxide  of  2Hn. — One  variety  of  this  results  from  the 
action  of  strong  nitric  acid  upon  tin.  Dried  in  air,  it  contains 
Sn^Ojo,  lOHO ;  at  212*  it  loses  half  its  water  (HO,  Sn^O^o  +  4Aq),  and  by 
Qxposure  to  a  red  heat  becomes  anhydrous  and  of  a  straw-yellow 
colour.  It  is  known  in  commerce  as  puUy  powder,  and  is  used  for 
polishing  plate.  In  the  hydrated  state  it  is  insoluble  in  hydrochloric 
or  nitric  acids,  but  is  freely  dissolved  by  the  alkalies  forming  salts, 
which  do  not  crystaUise,  but  which  may  be  obtained  in  a  granular 
state :  that  of  potash  contains  (KO,  Sn^Ojo  +  4Aq).  It  is  distinguished 
from  the  next  f onn  of  binoxide  of  tin  by  the  name  meUuUmnie  add. 
When  its  hydrate  is  moistened  with  protochloride  of  tin,  a  beautiful 
golden-yellow  metattannate  of  tin  (SnO,  Sn^Ojo-f  4Aq)  is  formed. 

When  carbonate  of  lime  or  baryta  is  added  to  excess  of  bichloride  of 
tin,  a  gelatinous  binoxide  vn  thrown  down.  Unlike  metastannic  acid, 
this  variety  is  readily  soluble  in  nitric  or  hydrochloric  acids.  It  is 
called  itannie  cund^  has  the  formula  HO,SnO„  and  oomUnes  with 
the  alkalies  to  form  crystalline  tlannatet.  The  itannate  of  toda 
(NaO,SnO,  +  4Aq)  is  largely  used  by  the  dyer  and  calico-printer  as  a 
mordanting  agent.  By  a  heat  of  284"*  Fahr.,  stannic  add  is  converted 
into  metastannic  add. 

Binoxide  of  tin  renders  glass  semi-opaque  or  opalescent.  It  is  an 
ingredient  of  most  enamels. 

Chlorine  and  Tin  combine  to  form  the  protochloride  and  the  per- 
chloride.  The  protochloride  (SnCl-f  2Aq)  is  prepared  by  dissolving 
the  metal  in  hot  hydrochloric  acid  till  the  evolution  of  hydrogen  gas 
ceases  :  the  solution  is  colourless,  and  deposits  crystals,  which  some- 
times are  acicular,  and  at  others  prisms  of  considerable  sise.  When 
heated  to  about  212*,  the  water  is  nearly  expelled;  at  a  higher  tempera- 
ture, hydrochloric  add  is  evolved,  and  oxichloride  of  tin  remains.  It 
is  soluble  in  a  small  quantitv  of  water,  but  decomposed  by  a  laige 
quantity,  oxichloride  of  tin  bemg  precipitated. 

The  protochloride  of  tin  is  used  as  a  mordant  in  calico-printing, 
under  the  name  of  aalte  of  tin,  and  in  chemical  investigations  aa  a 
deoxidising  agent,  acting  in  the  mode  already  described. 

Protochloride  of  tin  may  also  be  obtainea  bj  difl^llifig  a  mixture  of 
equal  weights  of  granulated  tin  and  bichloride  of  mercury,  or  by  trans- 
mitting hydrochloric  add  gas  over  tin  heated  in  a  glass  tube ;  in  all 
these  cases  it  is  free  from  water,  and  is  a  gray  solid,  of  a  resinous  lustre, 
which  fuses  below  redness  and  sublimes  at  a  high  temperature.  It  is 
commonly  known  as  butter  of  tin. 

PereMoride  or  Bichloride  of  Tin  (SnCl^)  may  be  prepared  in  several 
modes :  first,  by  heating  the  protochloride  in  chlorine  gas ;  second,  by 
dissolving  the  hydrated  peroxide  in  hydrochloric  add ;  tiiird,  by 
putting  tin  into  the  mixture  of  hydrochloric  and  nitric  add,  called 
aqua  rcffia,  which  yields  nascent  cUorine ;  fourth,  when  a  mixture  of 
1  part  of  tin  with  4  parts  of  bichloride  of  mercury  ii  distilled  with 
a  gentle  heat,  a  colourless  limpid  liquid  is  obtained,  which  fumes 
strongly  in  moist  air;  this  is  the  bichloride  of  tin,  formerly  known  by 
the  name  of  the  fuming  liquor  of  Libavius.  It  boils  at  289*5*  Fahr.,  is 
rendered  solid  by  the  addition  of  one-tiiird  of  its  weight  of  water,  and 
dissolves  in  a  larger  quantity.  By  the  action  of  alkalies  it  is  decom- 
posed, hydrated  peroxide  of  tm  being  predpitated. 
.  A  solution  of  this  salt  under  the  name  of  niirofmuriaU  of  tin,  or 
composition,  is  extensivdy  used  in  dyeing  and  calioo*printing.  It  forms 
double  salts  with  alkaline  chlorides. 

Sulphur  and  Tin  combine  in  three  proportions.  The  protontlphide 
(SnS)  is  prepared  by  adding  to  melted  tin  an  equal  weight  of  sulphur, 
and  stirring  the  mixture  till  combination  is  effected ;  the  product  is  to 
be  powdered  when  cold,  mixed  with  an  eqxial  weight  of  sulphur,  and 
thrown  in  small  portions  into  a  hot  crucible,  and  eventually  neated  to 
redness.  It  is  of  a  bluish-black  colour,  has  a  metallic  lustre,  fuses  at  a 
red  heat,  and  when  cooled  has  a  lamellated  textux«.  When  hydro- 
sulphuric  add  gas  is  passed  into  a  solution  of  protochloride  of  tin,  a 
simUar  compound  is  obtained.  Hydrochloric  add  dissolves  protosul- 
phide  of  tin  with  the  evolution  of  hydrosulphuric  add  gas,  a  solution 
of  the  protochloride  of  tin  being  formed. 

Seaquieulphide  of  Tin  (Sn,S,).— To  prepare  this,  finely-powdered 
protosulphide  of  tin  is  to  be  mixed  with  a  third  of  its  weight  of 
sulphur,  and  the  mixture  is  to  be  heated  to  moderate  redness  until 
sulphur  is  no  longer  volatilised.  It  has  a  deep  grayish-yellow  colour, 
and  when  strongly  heated  is  re-converted  to  the  state  of  protosulphide; 
when  heated  in  hydrochloric  acid,  hydrosulphuric  gas  is  given  out. 


Bindphide  of  Tin  (SnS,)  may  be  prepared  in  different  modesL  When 
hydrosulphuric  add  or  hydrosulphate  of  ammonia  is  added  to  a  aolutioo 
of  bichloride  of  tin,  a  bulkv  predpitate  of  a  dirty  yellow  colour  ii 
obtained ;  this  is  hydrated  bisulphide  of  tin :  in  the  dry  way  it  ij 
procured  by  heating  in  a  retort  12  parts  of  tin  amalganmtad  with 
6  parts  of  mercury,  rubbed  up  with  7  parts  of  sulfur  «nd  6  d 
chloride  of  ammonium ;  the  merouty  facilitates  the  oombinatton  of  the 
tin  and  sulphur,  and  the  ammoniacal  salt,  by  its  evaporatioii,  appears 
to  prevent  the  temperature  becoming  so  high  aa  to  decompose  the 
bisulphide  of  tin  formed.  This  substance,  formerly  known  to  the 
alchemists  by  the  name  of  Aurum  murivum,  or  Moeaie  gold,  is  in  crystal- 
line scales,  and  sometimes  in  six-sided  plates,  of  a  golden-yellow  <xdour 
and  metallic  lustre.  It  is  not  soluble  in  an^  acid,  but  nascent  chlorine, 
in  the  form  of  what  is  called  aqua  regia,  dissolves  it ;  it  is  soluble  alao 
in  solution  of  potash  and  soda,  forming  what  have  been  termed  sulphur 
talti.  It  is  used  in  the  arts  to  give  an  appearance  of  faronae  to  the 
surface  of  metals. 

Phofphide  of  Tin  is  readily  formed  bv  adding  phospharoB  to  the 
mdted  metal ;  it  is  of  a  silvery-white  colour,  and  soft  enough  to  be 
cut  with  the  knife.  After  fusion  it  crystalliaes  on  cooling;  when  thrown 
upon  a  red-hot  coal,  the  phosphorus  bums.  This  compound  does  not 
appear  to  have  been  accuratdy  analysed.  When  phosphuretted  hydro- 
gen is  made  to  act  upon  a  solution  of  protochloride  of  tin,  a  phosphide 
IS  formed,  whidi  is  readily  oxidised  by  the  action  of  the  air. 

Iodides  of  Tin, — ^To  prepare  the  protiodide  (SnI),  2  parts  of  granu- 
lated tin  are  to  be  heated  with  5  parts  of  iodine ;  the  resulting  iodide 
is  a  red  translucent  substance,  very  fudble,  soluble  in  water,  and  volatile 
at  a  high  temperature. 

The  Perioeude  of  Tin  (SnI,)  is  formed  by  diMolving  the  hydrated 
peroxide  of  tin,  predpitated  by  an  alkali  from  the  solution  of  the 
oichloride,  in  hydriodic  add ;  it  forms  crystals  of  a  silky  lustre,  whidi 
are  resolved  by  boiling  water  into  peroxide  of  tin  and  hydriodic  add. 

Selenide  of  Tin. — When  tin  is  fused  with  sdenium,  they  combine 
with  the  evolution  of  light.  The  compound  formed  is  a  spongy  nuuB, 
of  a  gray  colour  and  metallic  lustre ;  when  heatedi  seleniiim  is  ezpeUed 
and  peroxide  of  tin  remains. 

0ZI8ALT8  OF  TOT. 

ProtfmUraii  of  Tin  is  formed  by  dissolving  dther  the  metal  or  the 
protoxide  in  dilute  nitric  add.  A  yellow  uncrystallisable  aolution  is 
obtained :  by  exposure  to  the  air  it  absorbs  oxygen,  and  peroxide  of 
tin  is  precipitated. 

Pemitrate  of  Tin, — When  tin  is  acted  upon  by  strong  nitric  add,  the 
peroxide  formed  remains  entirely  insoluble  in  the  add ;  to  procure  the 
pemitrate  it  is  best  to  cause  the  hydrated  peroxide  to  dissolve  in  dilute 
nitric  add.  The  solution  is  colourless,  and  yields  no  crystab ;  when 
diluted  or  heated,  it  is  rendered  turbid. 

Sulphatet  of  Tin, — By  boiling  excess  of  tin  in  sulphuric  add,  a  solu- 
tion is  obtained  from  which  colourless  acicular  crystals  of  sulphate  of 
tin  (SnO,  SO,)  are  deponted.  When,  on  the  other  hand,  tin  is  boiled 
in  excess  of  sulphuric  add,  or  hvdnted  peroxide  of  tin  is  dissolved  in 
the  acid,  persulphate  of  tin  is  obtained  in'  solution,  but  it  cannot  be 
made  to  crystallise. 

Photphaiee  of  Tin, — ^When  phosphate  of  soda  is  added  to  a  solution 
of  protochloride  of  tin,  an  insoluble  white  predpitate  of  protophosphate 
is  obtained ;  the  perphoaphate,  also  an  insoluble  colourless  predpitate, 
may  be  procured  by  adding  the  phosphate  of  soda  to  a  solution  of 
perohloride  of  tin. 

The  characters  of  the  salts  of  tin  are  aa  follow : — The  protosalts  are 
white,  and  the  solutions  of  them  are  usually  colourless ;  their  taste  is 
astringent  and  metallic,  and  highly  disagreeable;  when  in  solution, 
they  rapidly  absorb  oxygen,  and  are  converted  into  the  corresponding 
persalts. 

When  a  plate  of  lead  or  sine  ia  put  into  a  solution  of  tin,  the  latter 
is  thrown  down  in  the  metallic  state.  Ferrocyanide  of  potassium  occa- 
sions a  white  gelatinous  precipitate  when  dropped  into  these  solutions, 
and  sulphide  of  potasnum  or  sodium  or  sulphuretted  hydrogen  occa- 
sions a  coffee-brown  precipitate  in  the  salts  of  the  protoxide  of  tin ; 
neither  gallic  add  nor  infusion  of  galls  occaaons  any  predpitate. 
When  chloride  of  gold  is  poured  into  solutions  of  protoxide  of  tin,  a 
purple-coloured  predpitate  falls.  A  solution  of  potash  or  soda  throws 
down  a  white  predpitate,  which  dissdves  in  excess  of  the  alkalL  If 
the  solution  be  boiled,  a  black  powder  falls,  which  is  metallie  tin ; 
while  a  compound  of  peroxide  of  tin  and  potash  remains  in  solution. 
Ammonia  throws  down  a  white  predpitate,  not  soluble  in  excess  of  the 
alkali. 

Persalts  of  tin  give  a  white  predpitate  with  caustic  alkalies,  soluble 
in  excess,  the  solution  not  being  decomposed  on  boiling.  Sulphuretted 
hydrogen  and  sulphide  of  ammonium  give  a  dirty  yellow  predpitate, 
soluble  in  excess  of  the  alkaline  sulphide  or  in  caustic  alkalies.  Before 
the  blowpipe  on  charcoal,  salts  of  tin  give,  in  the  reducing  flame,  a 
white  malleable  globule  of  metaL 

Ettimation  of  Tin, — This  is  usually  effected  in  the  state  of  binoxide, 
of  which  78*66  per  cent,  is  metaL 

Allots  or  Tnr. 

Most  of  the  malleable  metals  are  rendered  brittie  by  alloying  with 
tin :  it  combines  readily  with  potassium  and  sodium,  forming  brilliant 
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white  alloys,  which  are  less  fusible  than  tin ;  the  potassium  alloy  burns 
readily  when  it  contains  more  than  one-fifth  of  potassium.  With 
arsenic  it  forms  a  metallic  mass  which  is  whiter,  harder,  and  more 
sonorous  than  pure  tin.  With  antimony  tin  forms  a  white,  hard,  and 
sonorous  alloy.  Bismuth  forms  with  tin  an  alloy  which  is  more  fusible 
than  either  of  the  metals  separately,  a  mixture  of  equal  weights  melt- 
ing at  212^ ;  this  compound  is  hard  and  brittle.  Copper  and  tin  form 
alloys  which  are  well  known  and  highly  useful :  they  are  Bell-Metal 
and  Bronze.  *  [See,  also,  Britannia-Metal  ;  Pewter  ;  Solder  ;  and 
Oun-Metal.]  With  mercury  tin  readily  amalgamates,  and  the  com- 
pound is  used  for  silvering  mirrors.  With  iron,  tin  forms  white  com- 
pounds, which  are  more  or  less  fusible  according  to  the  proportion  of 
iron  they  contain.  Tin-plcUe  is  of  all  the  alloys  of  tin  the  most  useful, 
and  the  preparation  of  this  and  of  pewter  are  the  most  extensive  appli- 
cations  of  this  very  valuable  metal. 

In  making  tin-plate  the  best  iron  is  employed,  and,  after  being  tho- 
roughly cleansed  from  oxide  and  grease,  by  immersion  in  dilute  sul- 
phuric acid  and  scouring,  the  plates  are  dipped  into  a  vessel  containing 
melted  tin,  on  the  sur&ce  of  which  tallow  floats.  These  and  other 
similar  precautions  are  necessary  to  secure  the  uniform  adhesion,  or 
rather  alloying,  of  the  two  metals.  Copper  may  be  tinned  by  a  some- 
what similar  process. 

Moir6  mitaUique  is  tin-plate  to  which  a  beautifully  crystalline 
appearance  has  been  given  bv  moistening  the  warmed  plate  with  a 
mixture  of  equal  parts  of  nitnc  and  hydrochloric  acids  diluted  with  its 
own  bulk  of  water.    [Moir]^.] 

TIN,  BUTTER  OF.    [Tin.] 

TIN  MANUFACTURE  AND  TRADE.  Referring  to  other  articles 
for  notices  of  the  mineralogical,  chemical,  and  medical  characteristics 
of  tin,  we  shall  here  treat  the  metal  in  its  manufacturing  and  com- 
mercial aspects. 

Under  Mining  it  is  explained  in  what  way  the  ores  of  tin  are  ex- 
tracted from  the  mines  of  Cornwall  and  other  places,  and  by  what 
processes  they  are  mechanically  separated  from  some  of  the  impurities, 
and  broken  into  fragments.  We  shall  now  take  up  the  detuls  from 
that  point. 

Smelting  and  Refining, — ^After  being  reduced  to  a  coarse  powder,  the 
ore  is  roasted  or  calcined  in  a  reverberatory  furnace,  imtil  it  ceases  to 
exhale  arsenical  vapours.  By  this,  together  with  some  subsequent 
processes,  it  lb  further  cleansed  from  the  admixture  of  foreign  matter 
and  prepared  for  smelting.  The  ores  of  tin  raised  in  Cornwall  and 
Devonshire  are  always  smelted  within  tiiose  counties.  The  smelting 
works  do  not  generally  belong  to  the  proprietors  of  the  mines,  but  to 
other  parties  who  purchase  the  ore  from  them.  The  value  is  deter- 
mined by  a  kind  of  assay.  When  several  bags  of  ore,  of  nearly 
uniform  quality,  are  conveyed  to  the  smelting  works,  a  snuJl  sample  is 
taken  from  each.  These  samples,  after  being  blended  together,  are 
mixed  with  about  four  per  cent,  of  ground  coal,  placed  in  an  open 
earthen  crucible,  and  heated  in  an  air-furnace  until  the  ore  is  reduced. 
The  melted  metal  is  poured  into  a  mould,  and  the  drossy  substances 
which  remain  in  the  crucible  are  pounded  in  a  mortar,  in  order  to 
separate,  and  to  add  to  the  ingot,  any  minute  granules  of  tin  remain- 
ing among  them.  The  ratio  of  good  tin  to  crude  ore  detenmnes  the 
value. 

The  smelting  of  tin-ores  Iei  effected  by  two  different  methods.  In 
the  first  and  meet  common,  the  ore,  previously  mixed  with  culm,  is 
exposed  to  heat  upon  the  hearth  of  a  reverberators  furnace,  in  which 
pit-coal  is  used  as  fuel ;  while  in  the  second,  which  is  applied  merely 
to  Mtream  tin  (the  tin  procured  from  stream-works),  and  which  is 
followed  in  order  to  obtam  tin  of  the  finest  quality,  tiie  ore  is  fused 
in  a  blast-fumaoe,  in  which  wood-charcoal  is  used  for  fuel 

In  the  former  process  the  prepared  ore,  called  seAZicA,  is  mixed  with 
from  one-fifth  to  one-eighth  of  its  weight  of  powdered  anthracite,  or 
culm,  to  which  a  little  slaked  lime  \b  sometimes  added  as  a  flux.  These 
substances  are  carefully  blended  together,  and  a  little-water  \b  added  to 
the  mixture  to  facilitate  the  operation  of  charging  the  furnace,  and  to 
prevent  the  charge  from  being  blown  away  by  the  draft  at  the  com- 
mencement of  the  smelting  process.  From  twelve  to  twenty-four  cwt. 
of  the  mixture  forms  a  chaige.  The  chai^  is  spread  upon  the 
concave  hearth  of  the  furnace ;  then  the  apertures  by  which  it  is 
inserted  are  closed  and  luted,  and  the  furnace  is  gradually  heated,  and 
kept  hot  for  six  or  eight  hours,  by  which  time  the  reduction  of  the 
ore  is  complete.  When  the  fusion  of  the  ore  is  finished,  one  of  the 
apertures  of  the  furnace  is  opened,  and  the  melted  mass  is  stirred  up 
to  complete  the  separation  of  the  tin  firom  the  scoria;.  These  scorise 
consist  principally  of  masses  of  refuse  matter  from  which  no  more  tin 
can  be  profitably  extracted,  and  which  are  therefore  immediately  tlut>wn 
away;  but  among  them  are  pieces  which  vet  retain  a  considerable 
quantity  of  tin,  and  which  are  separated  and  reserved  for  further  pro- 
cesses. So  sQNon  as  these  refuse  matters  are  removed,  a  channel  is 
opened,  by  which  the  melted  tin  flows  from  the  hearth  into  a  lai^ge 
vessel,  where  it  is  allowed  to  rest  for  some  time,  in  order  that  the 
impurities  may  separate.  When  it  has  settled,  the  tin  is  ladled  into 
moulds,  so  as  to  form  it  into  lai^ge  blocks  or  ingots.  These  ingots 
frequently  contain  portions  of  iron^  copper,  arsenic,  tungsten,  sulphurets 
and  arseniurets,  unreduced  oxide  of  tm,  and  earUiy  matters  which  have 
not  passed  off  with  the  sooriso.  To  remove  these  the  tin  is  exposed  to 
the  process  of  tuning,  which  commences  by  placing  the  blocks  or 


ingots  on  the  hearth  of  a  second  reverberatory  furnace,  and  applying 
a  moderate  heat.  This  causes  the  tin  to  melt  and  to  flow  into  a  basin 
provided  for  it,  leaving  upon  the  hearth  a  residuum  congisting  of  a 
very  ferruginous  alloy.  Fresh  blocks  are  then  placed  in  the  furnace, 
without  removing  the  unmelted  remains  of  the  former,  until  about 
five  tons  of  tin  have  fiowed  into  the  basin.  This  part  of  the  process 
is  termed  a  liquationf  and  is  followed  by  the  actual  refining,  which  is 
usually  effected  by  plunging  billets  of  green  wood  into  the  melted  tin 
in  the  refining  basin,  by  means  of  an  apparatus  erected  near  it.  The 
heat  occasions  the  disengagement  of  considerable  volumes  of  gas  from 
the  wood,  and  thus  a  kind  of  ebullition  is  produced  in  the  tin,  which 
causes  the  lighter  impurities  to  rise  to  the  surface  in  a  frothy  form, 
and  the  heavier  to  £dl  to  the  bottom.  The  scum  is  taken  off  and 
returned  into  the  furnace ;  and  when  the  tin  is  sufficiently  boiled,  the 
green  wood  is  lifted  out,  and  the  whole  is  allowed  to  settle,  in  doing 
which  the  purest  tin  rises  to  the  top,  that  with  a  trifling  admixture  of 
foreign  metals  remains  in  the  middle,  whUe  the  foulest  portion  sinks 
to  the  bottom.  When  the  mass  becomes  so  cool  .that  no  further 
separation  can  take  place,  the  tin  is  again  ladled  into  moulds.  The 
blocks  formed  from  the  lowest  part  of  Uie  tin  are  usually  so  impiu^  as 
to  need  a  repetition  of  the  refining  process.  A  similar  effect  is  some- 
times produced  by  an  operation  called  totting;  in  which,  instead  of  the 
ebullition  produced  by  the  green  wood,  the  mass  of  melted  tin  is 
agitated  by  a  workman  repeatedly  lifting  a  quantity  of  tin  in  a  ladle, 
and  letting  it  fall  into  the  basin  from  a  considerable  height.  After 
continuing  this  agitation  for  some  time,  the  surface  is  skimmed  care- 
fully; and  if  the  upper  part  of  the  tin  be  yet  too  impure  for  the 
market,  the  refining  is  rendered  more  perfect  by  keeping  the  metal  m  a 
fused  state,  without  agitation,  until  the  impurities  separate  spon- 
taneously. After  refining,  the  tin  is  cast  into  blocks  of  about  three 
cwt.  eacL  The  moulds  used  for  this  purpose  are  frequently  made  of 
granite ;  and  the  tin  thus  prepared  is  sold  as  block  tin. 

It  has  been  stated  that  the  richer  portion  of  the  scorin  left  by  the 
process  of  smelting  is  reserved  for  further  operations.  Such  as  contain 
small  grains  of  tin  among  the  slag  or  refuse  are  taken  to  a  stamping- 
mill,  and  broken  and  washed  in  a  similar  manner  to  the  ore  :  whUe 
those  which  contain  much  tin  are  re-smelted  without  any  previous 
preparation.  From  these  scoria),  which  are  called  prillion,  an  inferior 
kind  of  tin  is  produced  by  a  second  smelting. 

Of  the  average  quality  of  tin-ore,  as  prepared  for  the  smelting- 
furnaces,  20  parts  yield  from  12}  to  13  parts  of  metallic  tin,  or  from 
624  to  65  per  cent. ;  and  the  quantity  of  coal  required  for  producing 
one  ton  of  tin  is  about  a  ton  and  three-quarters.  Respecting  the  time 
when  this  economical  fuel  was  substituted  for  wood-charcoal  in  the 
smelting  of  tin-ores,  authorities  are  at  variance;  but  it  is  generally 
supposed  to  have  been  about  the  year  1680.  Whatever  may  have  been 
the  precise  time  or  manner  of  this  improvement,  its  importance  is 
indisputable ;  and  such  is  the  effect  of  the  superior  economy  of  this 
and  other  metallui^o  operations  as  performed  in  England,  that  experi- 
ment has  shown  the  possibility  of  bringing  tin- ore  from  the  Malay 
countries  to  this  island  for  the  piurpose  of  smelting,  and  sending  the 
tin  bade  to  the  East  at  a  lower  price  than  it  can  be  produced  for  on 
the  spot. 

The  smelting  or  reduction  of  tin  by  the  blast-furnace,  with  wood- 
charcoal,  is  practised  on  a  limited  scale  for  the  production  of  tin  of  the 
greatest  possible  purity.  The  finest  ores  supplied  by  stream-works, 
and  the  finer  tin  sands,  are  selected  for  this  operation ;  and  as  these 
are  free  from  many  of  the  impurities  found  in  other  ores,  they  do  not 
require  (uJcination.  The  wons  in  which  blast-fumaoes  are  employed 
are  commonly  called  blowing'kouset.  The  furnaces  used  are  about  six 
feet  high ;  the  long  narrow  chimney,  after  proceeding  for  some  dis- 
tance in  an  oblique  direction,  contains  a  chamber  in  which  the  metallic 
dust  carried  off  by  the  blast  is  deposited.  The  furnace  is  lined  with  a 
▼ertic^  cylinder  of  cast-iron,  coated  internally  with  loam ;  and  it  has 
an  opening  near  the  bottom,  by  which  the  blast  is  introduced,  either 
from  large  bellows  or  from  oyl^ders.  No  substance  is  added  to  the 
ore  and  msoGotl,  unless  it  be  the  residuary  matter  of  a  previous  smelting ; 
and  the  proportion  of  charcoal  consumed  is  about  one  ton  and  six- 
tenths  for  every  ton  of  tin  produced.  The  melted  tin  runs  from  the 
furnace  into  an  open  basin,  whence  it  is  ntn  off  into  a  lax^  vessel  in 
which  it  is  allowed  to  setUe.  The  scorira  which  flow  with  the  metal 
into  the  basin  of  reception  are  skimmed  off,  and  separated  into  two 
portions,  one  oonsLsting  of  such  as  retain  tin  oxide,  and  the  other  of 
such  as  have  no  oxide,  but  contain  tin  in  a  granulated  state.  The  sub- 
sequent operations  are  much  the  same  as  with  block  tin  prepared  in  a 
reverberatory  furnace  with  pit-coaL  In  order  to  convert  the  blocks 
of  tin  produced  by  the  blast-furnace  process  into  the  form  known  as 
grain  tin,  they  are  heated  until  they  become  brittle,  and  made  to  fall 
from  a  considerable  height  in  a  semi-fluid  state,  thus  producing  an 
agglomerated  mass  of  elongated  grains. 

From  a  comparison  of  the  results  of  the  two  methods  of  smelting 
above  described,  it  appears  that  the  reverberatory  furnace  with  pit- 
coal  occasions  less  loss  of  metal  than  the  blast-furnace,  and  is  by  far 
the  most  economical.  The  superior  quality  of  the  tin  produced  by 
the  other  process  is  attributable  partly  to  the  greater  purity  of  the 
fuel,  and  partly  to  the  finer  quality  of  the  ore  selected  for  the  purpose. 

ManufoiCtwe  of  Tin-Wire,^-lt  is  unnecessary  here  to  enumerate  the 
various  purposes  to  which  tin  is  applied  in  the  useful  arts,  either  as  an 
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ingredient  in  many  useful  alloys,  for  which  its  ready  f tisibility,  its 
cleanliness,  and  its  beautiful  appearance,  render  it  especially  valuable, 
or  as  the  basis  of  chemical  compounds  used  in  dyeing,  kc  It  is  rarely 
employed  alone  in  our  metalline  manufactures  owing  to  its  softness, 
but  when  laid  in  a  thin  coat  upon  the  surface  of  sheet-iron  by  the 
process  of  Tinnikq,  it  produces  a  material  of  eztensiye  use  in  the 
manufacture  of  culinary  and  other  articles.  In  this  country  the  greater 
portion  of  the  tin  used  in  the  manufacture  of  articles  composed  ex- 
clusively of  that  metal  is  that  which  is  expanded  by  rolling  or 
hammering,  or  by  a  combination  of  the  two  operations,  into  leaves 
or  sheets  barely  one-thousandth  port  of  an  inch  in  thickness,  under 
the  name  of  tin-foH,    [Foil.] 

The  art  of  tin-plate  working,  or  of  forming  sheets  of  tinned  iron  into 
vessels  and  utensils,  depends  more  on  the  manual  dexterity  of  the 
workman  than  upon  any  peculiarity  in  the  tools  he  requires,  which 
are  few  and  simple,  consisting  of  bench  and  hand-shears,  mallets 
and  hammers,  steel  heads  and  wooden  blocks,  soldering-irons,  and 
swages.  In  the  formation  of  a  vessel  the  first  operation  is  to  cut  the 
plates  to  the  proper  size  and  form  with  shears ;  and  when  the  dimen- 
sions of  the  article  require  it,  to  join  tiiem  together,  which  is  done 
either  by  simply  laying  the  edge  of  one  plate  over  that  of  the  other,  or 
by  folding  the  edges  together  with  laps,  and  then  soldering  them. 
Similar  joints  are  required  when  gores  or  other  pieces  are  to  be  in- 
serted, and  also  at  the  junction  by  which  a  cylinder  is  closed  in.  The 
usual  method  of  forming  laps,  bends,  or  folds  for  this  or  oUier  purposes 
is  to  lay  the  plate  over  the  edge  of  the  bench,  and  to  bend  it  by 
repeated  strokes  with  a  hammer.  After  a  tin  vessel  has  been  rounded 
upon  a  block  or  mandril,  by  striking  it  with  a  wooden  mallet,  and  the 
seams  finished  as  above  described,  all  its  exterior  edges  are  strengthened 
by  bending  a  thick  iron  wire  into  the  proper  form,  applying  it  to  what 
would  otherwise  be  the  raw  edges  of  the  metal,  and  dexterously  folding 
them  over  it  with  a  hammer.  By  this  means  the  appearance  of  the 
articles  is  improved,  and  their  durability  and  strength  are  greatly 
increased.  A  superior  kind  of  tin-ware,  conunonly  known  as  hhek-tin, 
is  carefully  finished  bv  beating  or  planishing  with  a  polished  steel 
jhommer  upon  a  mettu  stake;  by  which  means  the  surface,  which 
otherwise  appears  somewhat  wavy,  is  made  very  smooth  and  silvery, 
especially  after  it  has  been  polished  with  dry  whiting.  It  is  principally 
in  the  production  of  block-tin  wares  that  noaging  is  resorted  to  as  a 
ready  means  of  producing  grooved  or  ridged  borders  or  other  embossed 
ornaments.  This  process  consists  in  striking  Uie  metal  between  two 
steel  dies  or  swages,  the  faces  of  which  bear  the  desired  pattern,  and 
are  made  counterparts  to  each  other.  The  mouldings  round  the  edges 
of  dish-covers  and  other  similar  articles  are  produced  in  this  way ;  the 
swages  embossing  the  pattern  in  short  leng^s,  and  the  article  being 
gradually  turned  round  until  everv  part  of  its  circumference  has  been 
submitted  to  then*  action.  The  lower  die  is  usually  fixed  in  an  appa- 
ratus to  which  moveable  guides  are  attached  to  insure  the  correct 
position  of  the  article  to  be  operated  on,  and  the  upper  is  made  in  the 
form  of  a  hammer,  the  handle  of  which  is  pivoted  so  as  to  insure  its 
descent  in  precisely  the  right  position.  Sometimes  the  requisite  power 
is  applied  by  simply  working  the  upper  swage  or  swage-hiunmer  itsdf ; 
but  in  other  cases  the  head  of  the  swage-hammer  is  struck  with  a 
uiallet^  Very  many  ornamental  articles  are  produced  by  embossing  or 
stamping  tin-plate,  in  the  same  manner  as  other  metallic  sheets,  with  a 
flypress  or  oUier  machinery.  Cheap  coffin-plates  are  manufactured  at 
Birmingham  in  this  way ;  and  these  and  similar  articles  are  sometimes 
lacquered,  painted,  or  japanned.  A  ver^  beautiful  method  of  orna- 
menting tin  wares  by  producing  a  ciystallised  appearance  on  the  surface 
was  much  practised  a  few  years  since,  tmder  the  name  of  moirimiUd- 
ItQue,    It  is  described  under  M01B& 

Tin  forms  the  principal  ingi*edient  in  .various  kinds  of  pewter  and 
other  white  metallic  idloys,  which  are  manufactured  into  domestic 
utensils  by  casting,  stamping,  and  other  processes  in  which  much  in- 
genuity is  displayed.  The  Britannia  metal  manufacture  was  commenced 
on  a  large  scsde  at  Sheffield,  where  it  is  still  carried  on,  about  the  year 
1770 ;  and  the  brilliancy,  lightness,  and  cheapness  of  the  wares,  which, 
when  well  made,  greatly  resemble  silver,  have  seciued  for  them  a  very 
extensive  sale  in  this  and  other  countries.  The  tin  is  first  melted  and 
raised  to  a  red  heat  in  a  cast-iron  pot,  and  then  antimony,  copper,  and 
brass  are  successively  poured  into  it  from  the  cruciblesin  which  they 
have  been  melted;  the  mass  being  stirred  during  the  opoation,  to 
complete  the  mixture.  The  fusion  being  completed  by  the  continued 
application  of  fire  under  the  pot,  ike  metal  is  removed  by  ladles  to 
cast-iron  boxes  or  moulds,  in  which  it  is  cast  into  slabs  fifteen  inches 
long,  six  inches  wide,  and  one  inch  thick ;  or  if  for  casting  small 
articles,  into  smaller  moulds  to  form  it  into  convenient  ingots.  The 
thick  slabs  of  metal  are  then  extended  by  passing  them  between 
polished  steel  rollers  imtil  they  arc  reduced  to  the  required  degree  of 
tenuity.  The  principal  consumption  is  for  candlesticks,  tea-pots,  cofifee- 
bigffins,  and  other  vessels  for  containing  liquids.  The  feet  of  candle- 
sticks, the  bodies  of  tea-pots,  and  other  articles  having  embossed 
work,  are  stamped  between  dies;  and  when  the  shape  of  the  article 
will  not  allow  it  to  be  stamped  in  one  piece,  it  is  stamped  in  halves, 
which  are  subsequently  fitted  and  soldered  together.  Articles  ap- 
proaching the  globular  form  may  in  like  manner  be  stamped  in  three 
or  more  pieces.  Plaster  casts  are  produced  of  the  required  pattern, 
either  from  original  models  or  designs,  or  from  manufactured  articles 


of  silver ;  and  from  these  are  made  moulds  or  dies  of  fine  hard  pig-iron^ 
which,  with  a  very  little  finishing,  form  dies  fit  for  stamping  so  tract- 
able a  metal.  When  very  thin,  it  majjr  even  be  stamped  in  dies  of 
brass  or  of  spoon-metaL  The  great  facility  with  which  this  alloy  may 
be  moulded  to  any  required  form  is  illustrated  by  the  operation  termed 
tpinning,  by  which  the  bodies  of  tea-pots  with  concentric  circular  swells 
are  usually  formed.  ^Spinbino.]  Manv  small  vessels,  spoons,  and 
other  artidies  are  cast  m  an  aUoy  somewhat  harder  than  that  which  is 
roUed  into  sheets.  The  facility  with  which  Britannia  metal  may  be 
run  into  any  shape  and  cut  in  the  lathe,  as  for  turning  measures  and 
small  vessels  previously  formed  by  casting,  is  a  great  recommendation 
to  the  manufacturer.  Articles  of  this  metal  are  cleaned  from  the  oil, 
resin,  md  other  impurities  acquired  during  their  formation,  hy  boiUng 
in  water  oontaimng  soap ;  after  which  they  are  polished,  either  by 
hand,  or  more  commoxdy  by  the  buff  and  brush  set  in  motion  by  a 
steam-engine.  After  buffing  and  brushing,  the  articles  are  boiled  in  a 
solution  of  pearlash,  and  finally  hand-bruuied  and  hand-polished  hyan 
application  of  soft  soap,  a  little  oil,  and  powdered  rotten-stone.  Thia 
operation  u  usually  praformed  by  females ;  as  it  ii  found  that  no  in- 
fitrument  can  supply  an  effectual  substitute  for  a  soft  hand,  which  is 
one  of  the  first  requisites  inquired  for  when  persons  apply  for  work 
in  this  department. 

Pivduce  and  Trade,— The  history  of  the  trade  in  tin  commences 
with  the  very  earliest  records  of  commercial  intercourse  with  the 
British  islands.  We  shall  only  notice  it,  however,  as  it  has  existed  within 
the  last  two  centuries.  Davenant  gives  some  interesting  informatioa 
concerning  it  soon  after  the  middle  of  the  17th  century.  In  1663  our 
exports  of  tin  to  all  foreign  countries  amounted  to  153  tons;  in  1669 
to  240  tons;  in  the  three  years  of  peace,  from  1698  to  1700,  on  an 
average  to  1297  tons;  and  in  the  ten  years  of  war,  from  1700  to  1710, 
on  an  average  to  1094  tons.  In  these  last  ten  years  the  annual  pur* 
chases  of  ike  Dutch  amounted  to  800  tons,  of  the  estimated  value 
of  21,374/.  But  the  produce  of  the  mines  more  than  kept  pace  with 
the  increased  demand ;  and  when  Davenant  wrote.  Queen  Anne  had 
between  4000  and  5000  tons  of  tin  on  hand,  a  quantity  equal  to  four 
or  five  years'  consumption.  The  produce  of  the  mines  went  on  increas- 
ing, and  the  accumulation  to  wmch  Davenant  alludes  is  only  half  a 
year's  produce  of  the  mines  at  present  From  1 750  to  1785  the  produce 
of  the  mines  varied  from  2273  tons  to  8005  tons ;  the  average  price 
being  64«.  6d.  per  cwt  From  1789  to  1816  the  annual  average  quantity 
was  2875  tons  at  79<.  9d,  per  cwt  From  1817  to  1887  inclusive,  the 
annual  average  was  4211  tons,  and  the  average  price  paid  to  the  tinner 
was  78«.  the  cwt  In  1787  Banca  tin  was  imported  into  this  country 
for  the  first  time,  and  the  price  of  Cormsh  tin  soon  fell  to  58«.  the  cwt, 
and  would  have  declined  stUl  further  if  a  new  market  had  not  been 
opened.  The  purser  of  an  Indiunan^  who  took  some  tin  from  the 
Molucca  islands  to  China  in  17879  found  the  speculation  so  profitable 
that  the  East  India  Company  were  induced  to  direct  their  attention 
to  the  trade,  and  the  Company  entered  into  arrangements  with  the 
Cormsh' tinners  for  an  annual  supply.  The  purchasw  of  the  company 
were  made  at  low  prices,  but  the  tinners  were  indemnified  by  the 
artificial  scarcity  which  raised  prices  in  the  home  market  At  first  the 
Company  paid  only  68/.  13«.  4a.  the  ton,  delivered  on  board  in  London ; 
this  graduidly  rose  to  802.  The  connection  finally  ceased  in  1817,  as 
the  supply  of  ike  home  market  had  become  more  profitable. 

On  account  of  the  increasing  consumption  at  home,  the  portion 
exported  gradually  lessened  from  7-lOthB  to  l-5th  of  the  whole.  Most 
of  the  foreign  tin  maported  ii  for  re-exportation ;  for  it  can  be  supplied 
to  the  continent  cheaper  than  English  tin.  A  duty  was  formerly  paid 
upon  all  tin  raised  in  Cornwall,  to  the  duchy ;  but  as  the  mode  of 
stamping  the  blocks,  for  the  estimation  of  duty,  was  very  inconvenient, 
the  duty  was  commuted  in  1838  for  a  perpetual  annuity ;  the  duty 
amounted  to  about  6s.  per  120  lbs.  Under  the  tariff  of  1842,  foreign 
tin-ore  was  rendered  admissible  on  payment  of  a  customs'  duty  of  50i. 
per  ton.  At  present  the  duty  is  very  light— free  if  unmanufactured, 
and  IO0.  per  cent  if  manufactured.  The  produce  of  the  British  tui 
mines  from  1848  to  1855  varied  from  6000  to  7000  tras  a  year.  In 
1857  it  reached  the  Isige  amount  of  10,000  tons.  So  varying  is  the 
quality,  that  the  price  in  the  last-named  year  ranged  from  181.  to  9ZL ; 
the  total  value  was  750,000/.,  giving  an  average  of  about  75/.  per  ton. 
ThiB  was  tiie  value  of  the  ore  itself.  The  metallic  tin,  after  smelting 
and  refining,  nmged  from  108/.  to  146/.  per  ton.  The  English  mines 
which  were  most  productive  in  that  year  were  the  Great  Huel  Vor, 
Dolooath,  Cam  Brea,  Par  Consols,  and  Providence;  the  produce  ranged 
from  54,000/.  down  to  23,000/.,  from  these  five  mines. 

In  the  lost  financial  year  (1860),  there  was  imported  58,000  cwts.  of 
tin,  in  blocks,  ingots,  bars,  and  slabs ;  and  the  exports  in  the  same 
year  amounted  to  55,000  cwts.  of  unwrought  tin,  besides  1,500,000/.  in 
value  of  tin-plates,  in  which  the  greater  put  of- the  weight  is  of  iron. 

TIN,  MEDICAL  PROPERTIES  OF.  It  cannot  be  asserted  that 
tin  in  a  metallic  state  has  no  influence  over  the  human  system,  as 
many  respectable  writers  affirm  that  tin-filings  are  decidedly  anthel- 
mintic, and  that  this  is  not  owing  to  mechanical  irritation  of  the 
worms  causing  them  to  be  detached  from  the  surface  of  the  intes- 
tines ;  it  is  stated  that  water  in  which  tin  has  been  boiled,  and  wine 
digested  in  a  tin  vessel,  are  also  anthelmintic.  Others,  denying  to  tin 
any  inherent  power  over  worms,  have  attributed  these  effects  to  the 
presence  of  a  small  portion  of  arsenic    Be  this  as  ii  may,  it  is  a  veiy 
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crude  method  of  treating  wortna  to  exhibit  such  a  material  as  tin- 
filings.  [Anthxlmimtics.]  Even  oxide  of  tin  is  of  doubtful  efficaoy, 
as  might  be  expected  from  its  extreme  insolubility.  Its  powers  may  be 
heightened  by  occasionally  meeting  with  acids  in  the  stomach,  such  as 
the  hydrochloritiy  and  therewith  forming  a  chloride.  Two  compounds 
of  chlorine  wiUi  tin  are  known,  one  the  protochloride,  the  other  the 
bichloride.  Both  of  these  are  exceedingly  soluble;  the  latter  so 
much  so  that  it  can  with  difficulty  be  kept  in  the  solid  state,  and 
more  frequently  occurs  in  the  liquid  state,  and  is  then  called  the 
spiritiis  fumans  Libayii,  or  butter  of  tin.  The  former  is  much  used 
by  dyers,  among  whom,  when  in  the  solid  state,  it  is  called  8alt  of  tin, 
and  when  liquid,  tpirit  of  tin.  In  the  former  condition,  it  has  some- 
times been  mistaken  for  common  salt :  it  has  thus  been  the  source  of 
poisoning,  though  it  is  not  very  active  when  introduced  into  the 
stomacL  A  few  grains  of  it  injected  into  the  jugular  vein  prove 
rapidly  fatal  to  dogs.  In  case  of  any  of  it  being  swallowed,  emetics  or 
the  stomach-pump,  demulcent  drinks,  such  as  milk,  and,  ii  neceaaary, 
moderate  venesection,  may  be  employed,  followed  after  a  time  by  vital 
stimulants.  A  very  weak  solution  of  protochloride  of  tin  in  diistilled 
water  is  used  as  a  lotion  in  chronic  cutaneous  diseases.  It  has  been 
thought  by  some  to  be  dangerous  to  allow  fluids  containing  acids,  such 
as  the  wciUl  acid  wines,  or  cyder,  or  even  fatty,  saline,  or  albuminous 
substances,  to  remain  long  in  tin-vessels,  as  an  injurious  action  of  these 
on  the  tin  is  supposed  to  occur.  If  any  serious  effects  have  ever 
followed  from  such  a  cause,  it  is  most  likely  that  these  vessels  were 
only  coated  superficially  with  tin,  which  being  rubbed  off,  exposed  the 
more  potent  metal  beneath  to  the  solvent  power  of  these  substances. 
It  is,  therefore,  prudent  to  examine  from  time  to  time  aU  copper  and 
other  vessels  to  see  that  the  tinning  is  entire.  For  small  dishes  the 
German  enamelled  stew-pan  is  to  be  oommended. 

TINCAL.    [BoRACic  Acid.] 

TINCTURES  are  solutions  of  the  active  principles,  mostly  of 
vegetables,  sometimes  of  saline  medicines,  and  more  rarely  of  animal 
matters,  in  certain  solvents.  lYom  possessing  more  or  less  of  colour, 
they  have  obtained  this  name.  They  are  distinguished  according  to 
the  kind  of  solvent  employed.  Whe9  alcohol  is  used,  they  are  termed 
alcoholic  tinctures,  or  more  generally  simply  tinctures;  when  sulphuric 
ether  is  used,  they  are  denominated  ethtrial  tinctures.  When  wine  is 
used,  though  differing  little  from  pure  alcohol,  the  term  medicated 
fptnei  is  applied  to  tiiem;  and  when  the  process  of  distillation  is 
employed  to  aid  the  extraction,  particularly  of  volatile  oils,  the  result 
is  termed  a  tpirii,  such  as  of  rosemary.  Ammonia  is  sometimes  con- 
joined, and  the  proceeds  termed  an  amiMfniated  tinctiune.  In  some 
cases  less  of  the  principal  ingredient  is  taken  up  or  dissolved  when 
ammonia  is  used,  than  when  simple  alcohol  is  employed,  as  in  the 
tinctura  guaiaci  ammoniata.  Formerly  some  tiactures  were  called 
ettencea,  from  the  term  ette,  it  being  thought  that  they  contained  only 
the  purer  or  more  refined  portion,  the  alcohol  leaving  all  the  baser 
principles,  such  as  the  starch,  gum,  woody  fibre,  &c.,  undissolved: 
qui7it€8tence  was  a  still  higher  degree  of  this.  These  terms  are  now 
disused  by  pharmaceutists,  though  retained  in  popular  language.  Elixirs 
differ  only  from  being  of  a  greater  consistence :  they  are  not  unfre- 
quently  turbid  from  the  extractive  matter  suspended  in  them. 
Tinctures  are  further  distinguished  into  simple  and  compound.  They 
are  caUed  timpU  when  one  subq^ce  only  is  submitted  to  the  solvent; 
compound,  when  two  or  more  are.  Another  important  distinction 
among  tinctures  is  founded  upon  the  degree  of  strength  of  the  alcohol 
employed.  Where  the  active  principle  is  nearly  pure  resin,  a  strong 
spirit  is  needed;  when  much  gum  is  associated  with  the  resin,  a 
weaker  lb  required.  Hence  some  tinctures  are  prepared  with  proof 
spirit,  as  the  greater  number ;  a  few  with  spirit  sibovt  proof;  and  some 
with  rectified  spirit. 

A  well  prepared  tincture  should  be  clear,  possessing  the  colour  of 
tlie  article  which  lb  its  base,  and  partaking  in  an  eminent  degree  of  its 
characteristic  odour  and  taste.  As  a  general  rule,  five  or  six  parts  of 
the  liquid  chosen  is  to  be  used  for  one  part  of  the  solid  material,  which 
is  to  be  bruised  or  comminuted  before  being  submitted  to  maceration. 
The  maceration,  which  should  be  conducted  in  well-stopped  glam 
vessels,  is  generally  continued  for  fourteen  days,  during  which  the 
ingredients  are  to  ba  frequently  shaken,  and  at  the  end  strained.  The 
process  of  displacement  by  percolation  Ib  also  good.  The  pure  tincture 
is  then  to  be  preserved  in  a  tightly-stopped  bottle,  whidi  should  be 
opaque,  or  sheltered  from  the  light.  From  several  tinctures  a  deposit 
faUs  down,  either  from  some  slow  chemical  change  taking  place  among 
the  ingredients,  or  from  the  evaporation  of  some  of  the  spirit.  This 
renders  old  tinctures  not  unfrequeutly  turbid,  and  of  variable  strength. 
Thus  tincture  of  opium  when  newly  prepai'ed  contains  one  grain  of 
opium  in  nineteen  minims,  but  after  some  time  one  grain  of  opium  is 
contained  in  only  fourteen  minims.  This  inconvenience  may  be 
avoided  with  all  recent  vegetables,  by  forming  what  are  termed 
"vegetable  juices."  These  are  merely  the  juices  of  the  fresh  plant 
expressed  by  a  powerful  wooden  press,  and  the  juice  allowed  to  stand 
twenty-four  hours,  during  which  a  copious  precipitation  of  feculent 
matter  takes  place,  which  is  further  promoted  by  adding  alcohol  56** 
over  proof,  in  the  proportion  of  four  fluid  ounces  to  every  sixteen 
fluid  ounces  of  the  juice.  After  standing  for  twenty-four  hoiu^,  the 
juice  is  to  be  filtere<l  through  bibulous  paper  (prepared  from  wool), 
\vhen  it  will  keep  unimpaired  for  a  length  of  time. 


These  vegetable  juices  always  rotain  their  purity,  and  are  of  the 
same  d^;ree  of  strength  at  last  as  at  first.  By  this  means  not  only  k 
the  process  simplifi^,  and  the  time  required  for  their  preparation 
greatly  abridged,  beiag  reduced  from  fourteen  days  to  two ;  but  their 
medicinal  efficacy  is  greater  than  that  of  the  ordinary  tinctures,  and, 
from  containing  less  alcohol,  they  can  be  given  in  cases  whero  the 
stimulating  action  of  this  principle  interferes  with  the  effect  of  the 
substance  dissolved  in  it,  or  renders  its  exhibition  improper,  as  in  the 
case  of  young  children. 

In  proparing  the  officinal  spirits,  the  directions  of  tiie  Pharmacopoeia 
are  rarely  complied  with.  Most  chemists  content  themselves  with 
dissolving  some  of  the  essential  oil  of  the  plant  in  aloohol  of  the 
requisite  strength,  by  which  mndi  expense  and  trouble,  as  well  as  Iom 
of  time,  aro  avoided. 

(See  a  pamphlet  on  T%e  Best  Method  of  Obtaining  the  Host 
Powerful  VeffetabU  Preparations  for  MecUcal  Use,  by  Edward  Bentley.) 

TINNING;  TIN-PLATE.  The  art  of  tinning,  or  of  coating  other 
metals  with  a  thin  layer  of  tin,  so  as  to  protect  them  fr^mi  oxidation, 
was  known  to  the  ancients,  although  it  does  not  appear  to  have  been 
very  extensively  practised.  During  many  centuries,  England  procured 
tin-plate  from  Bohemia  and  Saxony,  where  the  manufactorv  vraa  esta- 
blished near  the  tin-mines  of  the  Exzgebiige  mountains,  wbidi  were  the 
most  extensive  in  Europe  after  those  of  Cornwall.  fVom  t^e  time  at 
the  invention  of  tin-plate  down  to  the  close  of  the  17th  oentuzy,  if  not 
later,  both  England  and  the  whole  continent  of  Europe  depended  upon 
the  above-named  countries  for  their  supply  of  tin-plate ;  but  about  the 
year  1665  an  attempt  was  made  to  introduce  the  manufactiure  into 
England.  The  manufacture  was  permanently  established  at  Pontypool 
in  Monmouthshire  about  the  year  1730,  and  soon  aftorwards  in  France. 
About  1740  the  manufacture  was  brought  to  such  perfection  in  England 
that  very  little  was  imported  from  foreign  countries;  the  BriUah 
manufacture  was  superior  to  the  foreign  in  glossiness  of  surface,  owing  to 
the  plates  being  drawn  under  a  rolling-mill,  instead  of  being  hammered, 
as  was  common  in  those  made  beyond  sea.  The  difficulty  of  extending 
iron,  in  what  may  be  deemed  the  infancy  of  the  manufacture,  into  thin 
uniform  sheets,  with  a  perfectly  smooth  and  dean  sur&ce,  which  is 
essential  to  the  adhesion  of  the  tin  in  an  equal  film,  was  one  of  tiie 
principal  obstacles  to  the  progress  of  this  department  of  the  art  of 
tinning. 

The  process  of  tinning  depends  xrpon  the  strong  affinity  whidi  exists 
between  tin  and  the  metals  to  which  it  is  applied.  The  tinning  of 
sheet-iron,  as  the  most  important  application  of  the  process,  will  be 
first  noticed.  The  finest  English  or  Welsh  bar-iron,  prepared  with 
charcoal  instead  of  mineral  coke,  and  known  to  the  trade  as  tin-iron,  is 
used  for  making  tin-plates.  This  material  is  first  made  into  flat  bsirs, 
or  slabs,  about  80  inches  long,  6  inches  wide,  and  weighing  eighty 
pounds.  These  bare  are  mads  red-hot,  and  extended  by  passing  them 
repeatedly  between  rdlers,  until  they  are  reduced  to  about  S*8tlis  of  an 
inch  in  thickness.  When  cooled,  the  pieces  are  cut  by  shears,  worked 
by  machinery,  into  plates  about  10  inches  by  6,  which  are  repeatedly 
re-heated  and  roUed,  until  they  are  reduced  to  as  thin  a  state  as  the 
process  will  conveniently  allow.  The  sheet  is  then  doubled  and  again 
rolled  imtil  reduced  in  thickness  one-half,  after  which  it  is  doubled 
again,  and  rolled  until  still  further  diminished  in  thickness.  When 
thus  brought  to  the  required  tenuity,  the  thin  sheet  is  cut  into  plates 
of  the  sizes  required  to  suit  the  market  (most  commonly  about  18 
inches  by  10),  and  then  the  several  thicknesses  or  laminoe  are  separated. 
After  shearing,  the  plates  are  piled  in  heaps,  one  being  laid  cross- wise 
at  intervals,  to  separate  the  number  required  to  form  a  box.  This 
name  is  technically  applied  to  225  plates  in  all  the  subsequent  pro- 
cesses, although  it  is  not  until  they  are  completed  that  the  plates 
are  actually  placed  in  boxes. 

The  next  operation  to  be  performed  is  the  removal  of  eveiy  particle 
of  oxide  or  other  impiurity  from  the  surface  of  t^e  plates.  For  this 
piurpose  each  is  steeped  for  a  few  minutes  in  a  leaden  trough  con- 
taining a  weak  solution  of  muriatic  acid.  The  plates  are  taken  out, 
arranged  on  the  floor  in  rows,  and  then  removed,  by  means  of  an  iron 
rod,  to  a  reverberatory  furnace  or  oven,  in  which  they  are  submitted 
to  a  red  heat,  The  heat  to  which  the  plates  are  exposed,  oomlxmed 
with  their  previous  washing  in  the  acid,  causes  them  to  throw  off  a 
scale  of  rust  or  oxide.  The  plates  are  then  flattened  by  beating  them 
upon  a  cast-iron  block,  and  are  submitted  to  a  second  or  cold  rolling, 
which  removes  any  warping  acqtured  in  the  previous  prooesses,  g^ves  a 
high  degree  of  smoothness  to  ^eir  surfaces,  and  imparts  elastidty  to 
the  iron.  After  the  cold  rolling  the  plates  are  immersed  singly,  in  a 
vertical  position,  in  an  addulous  preparation  consisting  of  water  in 
which  bran  has  been  steeped  for  nine  or  ten  days,  imtil  it  has  fermented 
and  become  slightly  acid.  In  this  the  plates  are  kept  for  ten  or  twelve 
hours,  and  occasionally  turned,  to  insure  an  equal  exposure  of  every 
part  of  their  sur&ce;  and  from  the  lye-trough  they  are  transferred  to 
a  leaden  vessd  containing  diluted  sulphuric  add.  This  trough  and  the 
lye-trough  are  slightly  heated  by  flues,  to  assist  the  action  ci  the  acid 
menstrua.  The  plates  are  usually  agitated  in  the  weak  sulphuric  add 
for  about  an  hour,  until  they  become  bright  and  free  from  black  spots 
They  are  then  removed  into  pure  water,  in  which  they  are  scourec 
with  hemp  and  sand,  to  remove  any  remaining  oxide ;  and  in  this  bath 
of  pure  water  the  plates  remain  until  wanted  for  tinning ;  because, 
even  if  left  for  months,  they  will  remain  perfectly  free  from  rust^ 
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As  the  sole  object  of  these  operations  is  to  cleanse  the  iron  plates 
from  rust  and  dirt,  it  is  evident  that  the  details  may  be  varied  con* 
siderably ;  but  it  is  not  necessary  to  notice  particularly  any  deviations 
from  the  usual  process.  The  tinning  of  the  plates  is  effected  in  a 
range  of  cast-iron  pots  heated  by  flues,  and  forming  together  an 
apparatus  called  the  stow.  The  plates  are  removed  one  by  one  from 
the  bath  of  piire  water,  and  dried  bv  rubbing  with  bran,  after  which 
they  are  immersed  singly  in  a  pot  filled  with  melted  tallow  or  grease, 
in  which  they  are  left  for  about  an  hour.  The  grease  preserves  the  surface 
from  oxidation,  and  appears  also  to  increase  the  affinity  of  the  iron  for 
tin.  From  the  grease-pot  the  plates  are  removed  into  the  metallic 
bath,  which  contains  a  mixture  of  block  and  grain  tin,  covered  with  a 
quantity  of  grease  sufficient  to  form  a  layer  four  inches  deep.  The 
mixture  of  block  and  grain  tin  usually  contains  about  equal  quantities 
of  each.  The  tin-bath  or  pot  is  heated  to  such  a  degree  as  almost  to 
inflame  the  fatty  mixture  upon  the  surface  of  the  tin ;  and  its  dimen- 
sions are  such  that  it  will  receive  two  or  three  hundred  plates  standing 
upright  on  their  edges.  When  the  plates  have  remained  in  the  tin- 
bath  about  an  hour  and  a  half,  they  are  lifted  out  with  tongs,  and 
placed  upon  an  iron  grating,  to  allow  the  superfluous  tin  to  drain  off; 
but  as  there  still  remains  upon  them  much  more  than  the  proper 
quantity  of  tin,  they  are  afterwards  subjected  to  a  process  called 
vxuhing.  This  consists  in  dipping  them  into  a  pot  containing  a 
quantity  of  pure  grain-tin  in  a  melted  state,  then  rubbing  them  with  a 
peculiar  kind  of  brush  made  of  hemp,  plunging  them  again  for  a 
moment  into  the  melted  tin,  and  then  into  a  pot  filled  with  clean 
melted  tallow.  The  heat  of  this  second  tin-bath  melts  and  detaches 
the  superfluous  and  coarser  portions  of  the  tin  from  the  plates,  and  the 
drossy  impurities  rise  to  the  surface;  while  the  other  portions  unite 
with  the  grain-tin.  The  last  dip  serves  to  eradicate  the  marks  of  the 
brush,  and  to  replenish  the  coat  of  tin  wherever  it  may  have  been 
rubbed  too  thin ;  and  the  subsequent  immersion  of  the  plates  in  the 
grease-pot  causes  any  superfluous  metal  to  run  offi  Thick  plates 
require  the  tallow  to  be  cooler  than  for  thin  ones,  because  they  refcain 
more  heat  in  themselves.  So  soon  as  the  workman  emploved  in 
washing  has  placed  five  plates  in  the  grease-pot,  a  boy  lifts  the  first 
from  it  into  a  draining-pan  with  a  grated  bottom;  and  when  the  man 
has  placed  the  sixth  in  the  tallow,  the  boy  removes  the  second. 
Notwithstanding  the  apparently  complicated  character  of  the  opera- 
tions just  described,  they  are  performed  so  rapidly,  that  an  expert 
wash-man  will  wash  and  brush  twenty-five  boxes,  or  five  thousand  six 
hundred  and  twenty-five  plates,  in  twelve  hours. 

Owing  to  the  vertical  position  of  the  plates  during  the  preceding 
operations,  a  selvage  of  tin  accumulates  along  their  lower  edge,  which 
is  removed  by  the  process  called  titling.  This  is  performed  by  taking 
the  plates  one  by  one,  as  soon  as  they  are  cool  enough  to  handle,  and 
dipping  their  lower  edges  into  a  pot  called  the  list-pot,  or  liiting-pot, 
which  contains  enough  melted  tin  to  form  a  layer  a  quarter  of  an  inch 
thick.  The  selvage  of  tin  being  thus  melted,  is  shaken  off  by  a  smart 
blow  with  a  stick,  leaving  only  a  faint  stripe,  which  may  be  discerned 
upon  all  finished  tin-plates.  After  listing,  the  plates  are  cleaned  from 
grease  by  rubbing  them,  while  yet  warm,  with  dry  bran ;  after  which 
they  are  packed  in  boxes  of  wood  or  sheet-iron. 
'  The  tinning  of  the  inner  surfaces  of  cooking  utensils  and  other 
vessels  is  performed  by  scouring  the  surface  imtil  it  is  perfectly  bright 
and  clean ;  then  heating  the  vessel,  pouring  in  some  melted  tin  and 
rolling  it  about,  and  rubbing  the  tin  all  over  the  surface  with  a  piece 
of  cloth  or  a  hondfid  of  tow  :  powdered  resin  is  used,  as  in  soldering, 
to  prevent  the  formation  of  oxide,  which  would  impair  the  mutual 
affinity  of  the  metals.  Pure  grain-tin  should  be  used  for  this  puipose, 
but  it  is  frequently  adulterated  with  lead.  By  this  means  vesselB  of 
copper,  brass,  and  cast-iron  are  tinned  internally,  and  thereby  rendered 
fit  for  the  most  delicate  culinary  operations ;  and  in  a  similar  way  any 
small  portions  of  iron-plate  may  be  coated  with  tin.  Bridle-bits, 
stirrujNi,  and  manv  other  small  articles,  are  tinned  by  immersing  them 
in  fluid  tin.    So  also  are  pins,  as  described  in  Pnr  Manufacture. 

Analogous  in  many  respects  to  tinning  are  several  processes  which 
Lave  been  introduced  or  described  within  the  last  few  years.  All  of 
these  relate  to  the  application  of  a  thin  layer  of  one  metal  to  a  thicker 
portion  of  another.  So  far  as  they  are  examples  of  electrobrmng,  they 
will  be  found  described  under  EIlbctro-Metallurot  and  Flatino; 
but  most  of  them  occupy  a  medium  place  between  electrotyping  and 
tinning.  Messrs.  Morewood  and  Rogers  have  obtained  patents  for 
coating  lead  with  zinc,  depending  on  the  difference  of  melting-points 
between  the  two  metals.  Lead  may  also  be  coated  with  tin  or  solder 
by  sprinkling  it  with  sal  ammoniac,  neating  it,  and  rubbing  a  stick  of 
tin  or  solder  upon  it.  Tinned  lead  may  even  be  added  to  tinned  iron, 
by  sprinkling  the  surfaces  with  sal-ammoniac,  heating  them,  placing 
them  in  contact,  and  pressing  them  between  heated  rollers.  Methods 
have  been  devised  for  coating  iron  with  copper ;  bearing  some 
analogy  to  that  for  making  tm-plate ;  and  the  resulting  product  has 
been  reconomended  for  use  as  a  cheap  substitute  for  copper  in  roofing, 
sheathing,  &c  Messrs.  Qrissell  and  Redwood  have  devised  a  mode  in 
which  thu  coating  of  one  metal  with  another  has  been  applied  widely. 
Iron  may  be,  coated  with  zinc,  silver,  or  copper ;  and  zinc  with  such 
metals  and  alloys  as  melt  at  a  lower  temperature.  The  softer  material 
is  fused ;  the  surface  is  sprinkled  with  any  one  among  several  chlorides 
or  sulphates;  and  the  harder  plate  is  dipped  into  the  molten  metal. 


Certain  metals  may  be  coated  with  silver  by  dipping  them  into  a  bath 
of  mercury  before  that  of  silver.  At  Woolwich  Arsenal^  a  method  has 
been  tried  of  coating  iron  nails  with  copper.  Some  schemes  have  been 
brought  forward,  in  which  an  electric  shock,  instead  of  a  steady 
galvanic  current,  is  used  to  induce  deposition  of  one  metal  on  another. 

The  trade  or  commerce  in  tin-plates  is  noticed  under  Tin  Manufac- 
ture AND  Trade. 

TINNITUS  AURIUM,  ringing  in  the  ears,  may  ariae  from  many 
different  conditions.  It  is  sometimes  due  to  an  unnatural  state  of  the 
circydation  in  some  part  of  the  ear,  the  movement  of  the  blood  pro- 
ducing a  vibration  of  the  nerve  which  the  mind  does  not  distinguish 
from  that  produced  by  sonorous  vibrations  of  the  air.  But  most 
frequently  the  sensation  is  due  to  some  disordered  state  of  the  auditory 
nerve,  and  is  entirely  subjective.  It  is  thus  perceived  in  some  diseases 
of  the  brain,  in  nervous  persons,  and  in  those  who  are  much  debili- 
tated; and  is  a  common  sign  of  oi^ganic  disease  of  the  auditory  nerve 
itself.  It  is  analogous,  in  these  cases,  to  the  subjective  sensation  of 
spu-ks  and  flashes  of  light  which  is  perceived  in  cases  of  disease  of  the 
retina  or  optic  nerve.  It  may  therefore  be  a  sign  of  a  dangerous 
condition,  or  a  prelude  to  complete  deafness;  but  in  the  great 
majority  of  cases  it  is  unimportant,  depending  on  some  local  temporary 
affection  of  the  ear,  or  on  some  disturbance  of  the  digestiye  oi^gans  with 
which  part  of  the  brain  sympathises. 

TISRI,  the  first  Jewish  month  in  civil  reckoning,  is  written  in 
Hebrew  ^^^Q^JH.    The  name  is  not  mentioned  in  the  Bible,  but  it  is 
found  on  the  monuments  of  Palmyra.    Tiari  has  thirty  days,  and  it 
corresponds  with  our  September  or  October:   in  the  present  year, 
1 861,  it  will  begin  on  the  5th  September  and  end  on  the  4th  October. 
The  first  day  of  the  month  must  not  be  either  Sunday,  or  Wednesday, 
or  Friday ;  and  to  prevent  this  from  ocouiring,  the  months  of  Chisleu 
and  Marohesvan  may  have  a  day  added  or  subtracted.     The  great  fast 
of  Kippur  fexpiation],  or  day  of  atonement  for  the  expiation  of  sins,  is 
commanded  for  the  10th  day  of  this  month  in  Lev.  xvL  29,  and  again 
at  xxiii.  27 ;  and  so  great  is  the  sanctity  of  this  fast,  that  it  is  held  on 
the  Sabbath,  when  the  case  occurs,  whereas  all  fasts  but  this  are 
observed  on  another  day  in  such  cases.    Another  fast  is  kept  on  the 
third  of  the  month  for  the  murder  of  Gedaliah,  who  was  made  governor 
of  the  Jews  by  the  Babylonians  after  the  capture  of  JerusaleoL  ( Jerem. 
xl.,  xlL)    The  feast  of  Tabernacles  is  celebrated  from  the  15th  to  the 
21st  of  the  month,  as  directed  in  the  23rd  chapter  of  Leviticus,  as  a 
rejoicing  at  the  dose  of  the  harvest.    A  feast  for  the  delivery  of  the 
law,  and  for  the  dedication  of  the  Temple  by  Solomon,  is  held  on  the 
22ud  day :  in  the  8th  chapter,  2nd  verse,  of  the  Ist  book  of  Kin^ 
where  this  is  related,  the  month  is  called  Kthanim.  [BUL ;  ETHAifUCj 

TITANIC  ACID.    [Titanium.] 

TITANIUM  (Ti).  This  metal  does  not  occur  in  the  free  state  in 
nature,  but  as  a  binoxide  (titanic  acid)  it  is  not  uncommon.  In  the 
latter  condition,  associated  with  protoxide  of  iron,  it  forms  titaniferous 
iron-ore,  deposits  of  which  are  found  in  various  parts  of  the  world. 
[Titanium,  in  Nat.  Hist.  Div.]  The  variety  known  as  ilmenite  » 
met  with  in  lai^ge  quantity  in  Canada.  At  Bay  St.  Paul,  on  the  St 
Lawrence,  ilmenite  is  found  in  large  beds  from  one  to  three  hundred 
feet  long,  and  ninety  feet  thick.  It  is  massive,  of  sp.  gr.  4'6^  and  con- 
tains, according  to  an  analysis  by  Mr.  S.  Hunt : — 

Titanic  acid         .••...  48*60 
Frotozldo  of  iron    ••••••  S7-06 

Peroxide  of  iron  •        •        •        •        t  10*4S 

Magnesia       •••••.•    S*60 

90*68 

^  Another  kind  of  titaniferous  iron-ore  is  met  with  in  enormous  quan* 
tity  in  New  Zealand,  forming,  in  the  state  of  fine  sand,  a  beach  at  New 
Plymouth  several  miles  in  extent  The  following  analyses  of  specimens 
taken  from  different  parts  of  the  deposit^  will  at  once  indicate  the 
nature  of  this  deposit : — 

Oxide  of  iron      ••••••  88*45 

Titanic  add   •«•••••  11*48 

99*88 

Oxides  of  iron  .  •  •  •  •  .61*14 
Titanic  oxide  •  •  •  •  •  t  •  29*73 
Sand  .•••••••    5*18 


96*00 


A  combination  of  cvanide  and  nitride  of  titanium  (TiCy,  STi^N)  in 
the  form  of  reddish-brown  metallic-looking  cubes,  is  nearlji  always 
found  among  the  slags  and  cinders  that  occur  in  the  bottom  of  iron 
furnaces.  These  crystals  are  hard  enough  to  scratch  agate,  and  are 
attacked  only  by  a  mixture  of  nitric  and  hydrofluoric  acid,  or  by  fusion 
with  nitre. 

Titanium  may  be  isolated  by  heating  sodium  in  the  vapour  of  bichlo- 
ride of  titanium.  The  small  prisms  thus  obtained  are  soluble  in  hydro- 
chloric acid  with  evolution  of  nitrogen. 

The  equivalent  of  titanium  is  25. 

Oxygen  and  titanium  appear  to  form  three  compounds  : — 

Protoxide  of  titanium  (TiO). — When  titanic  acid  is  eiposed  to  4 
strong  heat,  a  portion  of  it  loses  oxygen,  and  a  black  ma&s  is  formed. 


aed 


TITANS. 


TITHEa 


S70 


which  is  probably  the  protoxide.  It  has  an  earthj^  fracture,  is  insoluble 
in  acids,  and  is  difficult  to  reconvert  to  the  titanic  acid.  It  has  been 
already  mentioned  in  the  Natural  History  Division  of  this  Cydopeedia 
that  anataae  is  probably  the  protoxide  of  titanium. 

ScMgyMxide  of  titamum  (Ti,0.=TiO,  TiO,).— When  rutile  or  titanic 
acid  ia  diBSolved  in  hydrochloric  add,  a  piece  of  zmc  immersed  in  the 
soluti«on  occasions  the  formation  and  precipitation  of  a  deep  purple- 
coIou^«d  powder,  which  is  hydrated  sesquioxide  of  titamum.  It 
Tetuxns  to  the  state  of  peroxide  very  rapidly.  It  is  slightly  soluble  in 
hydrochloric  acid,  forming  a  blue  solution. 

Peroxide  of  TUaniim,  Titanic  Add  (TiO,).— Rutile  is  titanic  acid 
nearly  pure ;  when  it  is  reduced  to  fine  powder  and  fused  in  a  platinum 
crucible,  with  three  times  its  weight  of  carbonate  of  potash,  titanate  of 
potash  is  obtained,  mixed  with  some  excess  of  carbonate  of  potash ; 
this  is  to  be  removed  by  washing  with  water,  and  titanic  acid  is  then 
precipitated  by  dilution  and  heat ;  after  washing  with  dilute  hydro- 
chloric acid  it  is  nearly  pure.  It  is  quite  white,  very  infusible,  and 
after  it  has  been  heated  is  soluble  only  in  hydrofluoric  acid.  Its  acid 
powers  are  feeble ;  it  is  insoluble  in  water,  and  does  not  act  on  vege- 
table blues ;  it  combines,  however,  with  alkalies  and  metallic  oxides, 
forming  salts  which  are  termed  Utanatet, 

Titanic  acid  somewhat  resembles  stannic  and  silicic  adds.  It  may  be 
separated  from  the  latter  by  fusion  with  bisulphate  of  potash  and  sub- 
sequent solution  of  the  mass  in  water,  silica  remaining  insoluble. 

BiehUnride  of  TiUinivm  (TiCl,)  is  formed  when  chlorine  gas  is  passed 
over  metallic  titanium  at  a  red  heatk  It  is  a  colourless  transparent 
fluid,  boils  at  277",  and  is  volatilised,  and  condenses  unchanged.  When 
exix)8ed  to  the  air  it  deliquescee,  and  when  a  few  drops  of  it  are  mixed 
with  an  equal  bulk  of  water,  combination  takes  place  with  considerable 
violence  and  the  evolution  of  intense  heat.  It  absorbs  dry  ammoniacal 
gas,  and  forms  ammonio-chloride  of  titanium  (2NH2,  TiCl). 

TeaU  for  Titanium, — Tincture  of  g^lls  or  f errocyanide  of  potassium 
produce,  when  added  to  a  solution  of  titanic  add,  an  orange-red  pre- 
dpitate. 

The  other  compounds  of  titanium  are  but  little  known.  The  metal 
is  always  estimated  in  the  form  of  titanic  acid. 

TITANS  (TiTovcf,  fem.  TvrwiZ^s)  is  the  name  by  which,  in  the 
mythology  of  andent  Qreece,  a  certdn  class  of  sons  and  daughters  of 
Uranus  and  Oaea  aro  designated.  The  original  name  of  Gaea  was  said 
to  have  been  Titsea,  from  which  Titans  was  derived.  (Diodorus  Sic, 
iii.  56.)  The  beings  generally  comprised  under  the  name  of  Titans 
were  Oceanus,  Cgqus,  Crius,  Hyperion,  lapetus,  Kronos,  Thetys,  Hhea, 
Themis,  Mnemosyne,  Phoebe,  Dione,  and  Theia  (Apollodor.,  'Biblioth.,' 
i.  1,  3 ;  Diodorus  Sic,  v.  66) ;  but  writers,  as  Stephanus  of  Byzantium 
(f.  «•  "ASom),  Pausanias  (viii.  37, 8),  and  others,  difier  both  in  the  names 
and  numbers  of  the  Titans.  Uranus  had  by  Gaea  two  Either  sets  of 
diildren,  namely,  the  Hecatoncheires  (centimani,  or  beings  with  a  hun- 
dred arms),  and  the  Cyclops ;  and  these  two  he  cast  into  Tartarus,  at 
which  Gaea,  their  mother,  was  so  indignant  that  she  induced  Kronos 
and  the  Titans  to  revolt  against  their  &ther,  Uranus,  with  the  result 
already  told  under  Kronos.  When  Zeus,  in  his  turn,  made  war 
against  his  father,  Kronos,  the  latter  again  called  the  Titans  to  his  aid. 
A  struggle  ensued,  which  lasted  for  ten  years,  and  is  celebrated  in 
mythology  as  &e  Titanomachia,  or  war  of  the  Titan&  It  was  termi- 
nated by  Zeus  relieving  the  Cydops  from  Tartarus,  and  by  his  gaining 
with  their  weapons  the  victory  over  the  Titans,  who  were  now  cast 
into  Tartarus,  and  were  guarded  there  by  the  Hecatoncheires,  while 
Zeus  and  his  brothers  divided  the  sovereignty  of  the  world  among 
themselves.    (ApoUodor., '  Biblioth./  i.  1  and  2.) 

The  name  Titan  has  also  been  given  to  those  superhuman  beings 
who  were  descended  firom  the  Titans,  such  as  Prometheus,  Hecate, 
Latona,  Pyrrha,  Helios,  &c.  It  moreover  occurs  as  a  designation  of  a 
veiy  early  race  of  men  in  Crete  and  Egypt. 

(Lobeck,  Aglaophamut ;  Bottiger,  Jdeen  zur  Kunttmythologie ; 
Volcker,  Myihologie  des  Japetischm  Oe$ckleehUi.) 

TITHES  are  the  tenth  part  of  the  increase  yearly  arising  and 
renewing  from  the  profits  of  lands,  the  stock  upon  lands,  and  the 
personal  industry  of  the  inhabitants,  and  are  offerings  payable  to  the 
church,  by  law.  Under  the  Jewish  system,  the  tentn  part  of  the 
yearly  increase  of  their  goods  was  due  to  the  priests.  (Numbers  zviii 
21 ;  Deut  xiv.  22 ;  Levit.  xzvii.  80,  82.) 

In  the  earliest  ages  of  the  Christian  churdi,  offerings  were  made  by 
its  members  at  the  altar,  at  collections,  and  in  other  ways ;  and  such 
payments  were  enjoined  by  decrees  of  the  church,  and  sanctioned  by 
general  usage.  For  many  centuries,  however,  they  were  voluntary. 
But  when  the  church  had  increased  in  power,  and  began  to  number 
amongst  its  members  many  who  adhered  to  it  because  it  was  the  pre- 
vailing religion,  it  was  deemed  necessary  to  enforce  certain  fixed  contri- 
butions for  the  support  of  the  ministers  of  religion.  The  church  relied 
upon  the  example  of  the  Jews,  and  claimed  a  tenth.  Meanwhile,  the 
conversion  of  temporal  princes  to  Christianity,  and  their  zeal  in  &vour 
of  their  new  faith,  enabled  Uie  church  to  obtain  the  enactment  of  laws 
to  compel  the  payment  of  tithes.  In  England,  the  first  insfcanoe  of  a 
law  for  the  offering  of  tithes  was  that  of  Offii,  king  of  Mercia,  towards 
the  end  of  the  8th  century.  He  first  gave  the  church  a  civil  right  in 
tithes,  and  enabled  the  dergy  to  recover  them  as  their  legal  due.  The 
law  of  Offa  was  at  a  later  period  extended  to  the  whole  of  England  by 
King  Ethdwulph.    (Prideaux/ On  Tithes,' 167.) 


At  first,  though  every  man  was  obliged  to  pay  tithes,  the  particular 
church  or  monastery  to  which  they  should  be  paid  appears  to  have 
been  left  to  hia  own  option.  In  the  year  1200,  however.  Pope  Inno- 
cent  III.  directed  a  decretal  epistle  to  the  archbishop  of  Canterbury, 
in  which  he  enjoined  the  payment  of  tithes  to  the  parsons  of  the 
respective  parishes.  This  parochial  appropriation  of  tithes  has  ever 
since  been  the  law  of  England.    (Coke,  2  '  Inst'  641.) 

The  tithes  thus  payable  were  of  three  kinds— j>nr(fiaZ,  mixed,  and 
pertonal.  Prcedial  tithes  are  such  as  arise  immediately  from  the 
ground,  as  grain  of  all  sorts,  fruits,  and  herbo.  Mixed  tithes  arise 
from  things  nourished  by  the  earth,  as  colts,  calves,  pigs,  lambs, 
chickens,  xnilk,  cheese,  and  eggs.  PeraoTud  tithes  are  paid  from  the 
profits  arising  from  the  labour  and  industry  of  men  engaged  in  trades 
or  other  occupations ;  being  the  tenth  part  of  the  clear  gain,  after 
deducting  all  chaiges.  It  is  sometimes  stated  that  personal  tithes 
seem  to  have  been  generally  commuted  for  the  more  moderate  tribute 
of  Easter  Offerings;  unless  in  fishing-towns,  or  other  places  where 
peculiar  drcumstonces  have  caused  a  continuance  of  the  primitive 
usages. 

Tithes  are  further  divided  into  great  and  small.  The  great  tithes 
consist  of  com,  hay,  wood,  ftc. ;  the  small  tithes  consist  of  the  prsedial 
tithes  of  other  kinds,  together  with  mixed  and  personal  tithes.  This 
distinction  is  arbitrary,  and  not  dependent  upon  the  relative  value  of 
the  different  kinds  of  tithe  within  a  particular  parish.  Potatoes,  for 
instance,  grown  in  fields,  have  been  adjudged  to  be  small  tithes,  in 
whatever  quantities  planted ;  while  com  and  hay  in  the  smallest  por- 
tions still  continue  to  be  treated  as  great  tithes.  The  distinction  is  of 
material  consequence,  as  great  tithes  belong,  of  right,  to  the  rector  of 
the  parish,  and  small  tithes  to  the  vicar. 

No  tithes  are  paid  for  quarries  or  mines,  because  their  products  are 
not  the  increase,  but  are  part  of  the  substance  of  the  earth.  There 
may,  however,  be  tithes  of  minerals  by  custom.  Neither  are  houses, 
considered  separately  from  the  soil,  chargeable,  as  having  no  annual 
increase.  By  the  common  law  of  Engliuid  no  tithe  is  due  for  wild 
animals  such  as  fish,  game,  &c. ;  but  there  are  local  customs  by  which 
tithe  has  been  paid  from  such  things  from  time  immemorial,  and  in 
those  places  such  customary  tithes  may  be  exacted.  Tame  animals, 
kept  for  pleasure  or  curiosity,  are  also  exempt  from  tithes. 

Tithes  were  originally  paid  in  kind,  that  is,  the  tenth  wheat-sheaf, 
the  tenth  lamb  or  pig,  as  the  case  might  be,  belonged  to  the  parson  of 
the  parish  as  his  tithe.  The  inconvenience  and  vexation  of  such  a 
mode  of  payment  are  obvious,  but  no  attempt  had  been  made  in  this 
country,  till  very  recently,  to  introduce  a  general  improvement  in  the 
mode  of  collection.  The  inconvenience  of  paying  tithes  in  kind  must 
long  since  have  been  fdt,  and  certain  modes  of  obviating  it  were  occa- 
sionally practised.  Sometimes  the  owner  of  land  would  enter  into  a 
composition  with  the  parson  or  vicar,  with  the  consent  of  the  ordinary 
and  the  patron  of  the  living,  by  which  certain  land  should  be  altogether 
discharged  from  tithes,  on  conveying  other  land  for  the  use  of  the 
church,  or  making  compensation.  In  other  words,  the  owner  of  the 
land  purchased  an  exemption  from  tithes.  Such  arrangements  between 
landowners  and  the  church  were  recognised  by  law;  but  it  was  found 
that  they  were  often  injurious  to  the  diurch  by  reason  of  an  insufficient 
value  being  given  for  the  tithes.  The  acts  1  Elizabeth,  c.  19,  and  13 
Elizabeth,  c.  10,  were  accordingly  passed,  which  disabled  archbishops, 
bishops,  colleges,  deans,  chapters,  hospitaLs,  parsons,  and  vicars,  from 
making  any  alienation  of  their  property  for  a  longer  term  than  twenty- 
one  years  or  three  lives.  In  order  to  establish  an  exemption  from 
tithes  on  the  ground  of  a  real  composition,  it  is  therefore  necessary  to 
show  t£at  such  composition  had  been  entered  into  before  the  statutes 
of  Elizabeth.  Since  that  time  compositions  have  rarely  been  made, 
except  under  the  authority  of  private  acts  of  parliament 

Another  method  of  avoiding  the  payment  of  tithes  in  kind  was  by  a 
modus  dedmandi,  commonly  called  a  modus.  This  consists  of  any 
custom  in  a  particular  place,  by  which  the  ordinary  mode  of  collecting 
tithes  has  been  superseded  by  some  special  manner  of  tithing.  In  some 
parishes  the  custom  has  prevailed,  time  out  of  mind,  of  paying  a  certain 
sum  of  money  annually  for  every  acre  of  land,  in  lieu  of  tithes.  In 
others,  a  smaller  quantity  of  produce  is  given,  and  the  residue  is  made 
up  in  labour,  as  every  twelfth  sheaf  of  wheat  instead  of  the  10th,  but 
to  be  housed  or  threshed  by  the  tithe-payer. 

A  large  portion  of  the  land  of  England  and  Wales  is  tithe-free  from 
various  causes.  Some  has  been  exempted  under  real  composition,  as 
already  explained,  and  some  by  prescription,  which  supposes  a  com- 
position to  have  been  formerly  made.  The  most  frequent  ground  of 
exemption  is  that  the  land  once  belonged  to  a  rdigious  house,  and  was 
therefore  discharged  in  the  following  manner  : — All  abbots,  priors,  and 
other  heads  of  religious  houses,  originally  paid  tithes  from  the  lands 
bdonging  to  them,  until  Pope  Paschal  II.  exemptied  all  spiritual  per- 
sons from  paying  tithes  of  lands  which  were  in  their  own  hands.  This 
general  discharge  continued  till  the  time  of  King  Henry  II.,  when 
Pope  Adrian  IV.  restrained  it  to  the  three  religious  orders  of  Cister- 
cians, Templars,  and  Hospitalers,  to  whom  Pope  Innocent  III.  added 
the  Prsemonstratenses.  These  four  orders,  on  account  of  their  exemp- 
tion, were  commonly  called  the  privileged  orders.  The  Council  of 
Lateran,  in  1215,  further  restrained  this  exemption  to  lands  in  the 
occupation  of  those  religious  orders  of  which  they  were  in  possession 
before  that  counciL     BuUs  were,  however,  obtained  for  discharging 
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poriicular  monasterieB  from  the  payment  of  tithes,  which  would  not 
otherwise  have  been  exempt ;  by  which  means  much  hmd  has  been 
ever  since  tithe-free.  Another  mode  by  which  lands  belonging  to 
religious  houses  became  not  liable  to  the  payment  of  tithes  was  that  of 
unity  qf  po8$esaion  ;  as  where  the  lands  and  the  rectory  belonged  to  the 
same  establishment,  which  would  not,  of  course,  pay  tithes  to  itsell 
Tet  the  lands  were  not  absolutely  discharged  by  this  unity  of  posses- 
flion,  for,  upon  any  disunicm,  the  payment  of  tithes  was  revived ;  so 
that  the  union  only  suspended  the  payment.  The  act  31  Hen.  VIII. 
a  13,  which  dissolved  several  of  the  religious  houses,  continued  the 
discharge  of  their  lands  from  tithes,  though  in  the  possession  of  the 
king  or  any  other  person  by  grant  frY>m  the  crown ;  and,  in  conse- 
quence of  this,  the  lands  of  many  laymen  which  were  gpwated  by  the 
crown  are  tithe-free,  and  the  right  to  tithe  and  the  property  in  many 
rectories  are  vested  in  laymen.  Many  monasteries  had  previously  been 
dissolved  ^  act  of  parliament,  but  as  no  such  clause  as  that  contained 
in  the  31  Hen.  Y III.  had  been  introduced  into  other  acts,  the  lands  of 
the  monasteries  dissolved  by  them  became  chargeable  with  tithes. 

The  payment  of  tithes  in  kind  has  been  a  cause  of  constant  dispute 
between  clergymen  and  their  parishioner&  With  the  best  intentions 
on  both  sides,  the  very  nature  of  tithes  is  such,  that  doubts  and  diffi- 
culties must  arise  between  them :  and  even  where  there  is  no  doubt, 
the  form  and  principle  of  payment  are  odious  and  discouraging.  Com- 
mutation of  the  tithes  has  accordingly  been  attempted  andhas  been 
found  most  successful.  Dr.  Paley,  who  saw  so  clearly  the  evils  of 
tithes,  himself  suggested  this  improvement.  "  No  measure  of  such 
extensive  concern  appears  to  me  so  practicable,  nor  any  single  altera- 
tion so  beneficial,  as  the  conversion  of  tithes  into  eom-rtn($.  This 
commutation,  I  am  convinced,  might  be  so  adjusted  as  to  secure  to 
the  tithe-holder  a  complete  and  perpetual  equivalent  for  his  interest, 
and  to  leave  to  industry  its  full  operation  and  entire  reward."  ('  Moral 
and  Political  Philosophv,'  chap,  xii)  This  princifJe  of  commutation 
was  first  proposed  to  be  applied  by  the  legislature  to  Irehmd.  In 
addition  to  the  common  evils  of  a  tithe  system,  that  country  was 
labouring  under  another.  The  mass  of  the  people,  who  are  Roman 
Catholics,  were  paying  tithes  to  a  Protestant  clergy.  Resistance  to 
the  payment  of  tithes  had  become  so  general  that  a  commutation  was 
deemed  absolutely  necessary  for  the  safety  of  the  church  of  Ireland. 
It  was  recommended  by  committees  of  both  houses  of  parliament  in 
1632,  but  not  finally  carried  into  effect  until  1838. 

The  statutes  for  the  general  commutation  of  tithes  in  England  are 
the  6  &  7  Wm.  IV.  c.  71,  the  7  Wm.  IV.,  and  1  Vict  o.  69,  the  1  *  2 
Vict.  c.  64,  the  2  &  8  Vict.  c.  82,  and  the  5  &  6  Vict.  c.  54.  Theu* 
object  is  to  substitute  a  rent-charge,  payable  in  money,  but  in  amount 
varying  according  to  the  average  price  of  com  for  seven  preceding 
years,  for  all  tithes,  whether  payable  imder  a  modus  or  composition,  or 
not.  A  voluntary  agreement  between  the  owners  of  the  land  and  of 
the  tithes  is  first  promoted,  and  in  case  of  no  such  agreement,  a  com- 
pulsory commutation  is  effected  by  tithe-commissioners;  provision 
being  made  for  the  valuation  and  apportionment  of  tithe  in  every 
parish  of  England  and  Wales.  Land  not  exceeding  20  acres  may  also 
be  given  by  a  parish,  on  account  of  any  spiritual  benefice  or  dignity, 
as  a  commutation  for  tithes  to  ecclesiastical  persons,  but  not  to  lay 
impropriators. 

The  complete  and  final  commutation  of  tithes  must  be  regarded  as  a 
most  valuable  measure.  It  is  perfectly  fair  to  all  parties,  and  is  calcu- 
lated to  add  security  and  permanence  to  the  property  of  the  church, 
and  to  remove  all  grounds  of  discord  and  jealousy  between  the  clergy 
and  their  parishioners.  Nor  must  we  omit  to  mention  an  improve- 
ment in  the  mode  of  recovering  tithes,  consequent  upon  the  commuta- 
tion. There  were  formerly  various  modes  of  recovery,  in  the  ecclesi- 
astical as  well  as  in  the  civil  courts,  and  before  justices  of  the  peace, 
all  more  or  less  leading  to  unseemly  litigation.  The  present  mode  of 
recovering  the  rent-charge,  if  in  arrear,  is  by  distraining  for  it  upon 
the  tenant  or  occupier,  in  the  same  manner  as  a  landlord  leoovets  his 
rent;  and  if  the  rent-charge  shall  have  been  forty  days  in  arroar, 
possession  of  the  land  may  be  given  to  the  owner  of  the  rent-chaige 
until  the  arrears  and  costs  are  satisfied.  Indeed,  the  whole  prmciple 
of  the  Tithe  Commutation  Act  is  to  strip  tithes  of  the  character  of  a 
tax,  and  to  assimilate  them  as  much  as  possiUe  to  a  rent-ohaige  upon 
the  land.    [Tithing  ;  Shirb.] 

TITHING  (Tiihi^,  from  the  Saxon,  Theothmge)  is  an  ancient 
municipal  division  of  land  in  England  under  the  Saxon  kings.  The 
whole  country  was  divided  into  tithings  and  hundreds  by  Alfred  the 
Great.  The  former  was  a  district  containing  ten  heads  of  families ; 
the  latter  comprised  ten  tithings,  or  one  hundred  heads  ol  families. 
Every  tithing  had  its  chief  man  annuallv  appointed  to  preside  ov«r  the 
rest,  who  was  called  the  tithing-man  or  bo»holder,  and  sometimes  the 
headborough  or  borough's  elder.  Each  of  these  little  communities 
was  bound  to  keep  the  peace  within  their  own  jurisdiction,  and  the 
members  were  responsible  for  each  other.  So  important  were  these 
adsociations  deemed  to  be,  that  no  man  was  allowed  to  abide  in  England 
above  forty  davs  without  being  enrolled  in  some  tithing.  Although 
the  institution  has  long  ceased,  the  name  and  division  are  still  retained 
in  many  parts  of  Englimd. 

TITLE.    [Vendobs  and  Pubchabkbs.] 

TITLE-DEEDS.    [Vkiidobs  and  Pubohaseks.] 

TITLES  OF  HONOUR  an  woi^  or  phrases  which  certain  persons 


are  entitled  to  claim  as  their  right,  in  ocmsequence  of  certain  dignities 
being  inherent  in  them.  They  vaiy  in  a  manner  corresponding  to  the 
variety  of  the  dignities,  or,  in  o&er  words,  with  the  rank  of  the 
possessor.  Thus  Emperor,  King,  Czar,  Prince,  are  titles  of  honour,  and 
the  possessors  of  the  nigh  dignities  represented  by  these  words  are^  by 
the  common  consent  of  the  civilised  world,  entitled  to  be  so  deDomi- 
nated,  and  to  be  addressed  by  such  terms  as  Tour  Majesty  and  Your 
Koyad  Highness.  These  are  the  terms  used  in  Eogland,  and  tl&e 
phrases  in  use  in  other  countries  of  Europe  do  not  much  differ  from 
them.  In  fiict  one  European  nation  seems  to  have  borrowed  from 
another,  or  ail  to  have  taken  their  titles  of  honour  for  this  exalted 
rank  from,  a  common  original ;  so  that  little  of  the  peculiar  genius  of 
the  European  nations  can  be  traced  in  the  terms  by  which  th^  show 
their  respect  for  the  penons  of  highest  dignity.  But  it  is  different 
when  we  come  to  compare  them  with  the  Mental  nations.  In  those 
seats  of  ancient  civilisation  the  most  extravagant  terms  of  compliment 
are  in  use,  and  a  little  sovereign  of  a  wandering  tribe  rejoices  in  titles 
of  honour  numerous  and  inflated  in  the  highest  degree.  In  the  series 
of  Roman  emperors,  the  word  Ctosar,  originally  the  name  of  a  fiunily, 
became  a  title  of  honour;  Augustus  vnis  another;  and  Pater  Patriae  a 
third. 

The  five  orders  of  nobility  in  England  are  distinguished  by  the  titles 
of  honour,  Duke,  Marquess,  £ku*l.  Viscount,  and  BMv>n ;  and  the  persons 
in  whom  the  dignity  of  the  peerage  inheres  are  entitled  to  be  desig- 
nated by  these  words,  and  in  any  legal  proceedings  are  to  be  thus 
designated ;  that  is,  the  law  or  the  custom  of  the  realm  guarantees  to 
them  the  possession  of  these  terms  of  honour,  as  it  does  of  the  dignities 
to  which  they  correspond.  They  are  also  entitled  to  be  addrened  by 
such  phrases  as  My  Lord,  My  Lord  Marquess,  My  Lord  Duke,  and  they 
have  usually  prefixed  to  their  titles,  properly  so  called,  certain  phrases, 
as  High  and  Mighty  Prince,  Most  Noble,  Right  Honourable,  varying 
with  Sbe  kind  and  degree  of  the  dignity  possessed  by  them.  The 
o^er  members  of  the  femilies  of  peers  have  also  their  titles  of  honour. 
Thus  the  lady  of  a  peer  has  rank  and  titles  corresponding  with  those  of 
the  husband.  All  the  sons  and  daughters  of  peers  axe  Honourable, 
but  the  daughters  of  earls  and  peers  of  a  higher  dignity  are  entitled  to 
the  distinction  of  being  called  Lady,  and  the  younger  sons  of  dukes  and 
marquesses  are  by  custom  addressed  as  My  Lord. 

The  orders  of  nobility  in  other  European  countries  differ  little  from 
our  own.  They  have  their  Dukes,  Marquesses,  Counts,  Viscounts,  and 
Barons.  We  cannot  enter  into  the  nice  distinctions  in  the  dignities  of 
foreign  nations,  or  in  the  titles  of  honour  which  correspond  to  them. 

The  Baronet,  which  is  a  new  dignity,  not  having  been  known 
before  the  reign  of  James  I.,  has,  besides  its  name,  which  is  placed 
after  the  name  and  surname  of  the  person  spoken  of,  the  privilege  of 
prefixing  Sir ;  and  their  wives  are  entitled  to  the  prefix  of  Dame,  and 
to  be  addressed  as  My  Lady  and  Tour  Ladyship.  The  title  is,  like 
the  titles  of  peers,  hereditary. 

Another  dignity  which  brings  with  it  the  right  to  a  title  of  honour  is 
that  of  Knighthood,  and  this  is  not  hereditary.  This  dignity  is  of 
ancient  origin,  and,  in  the  form  in  which  we  now  see  it,  may  be 
traced  far  into  the  depths  of  the  middle  ages,  if  it  be  not,  as  some 
suppose,  a  continuation  of  the  Equites  of  Rome.  Penons  on  whom 
thu  honour  is  conferred  take  rank  above  the  gentlemen  and  esquires, 
and  are  entitled  to  the  prefix  Sir  to  their  former  name  and  surname. 
Their  wives  are  also  entitled  to  prefix  the  word  Dame,  and  to  be 
addressed  by  the  compellation  Tour  Ladyship  or  My  Lady*  The 
knights  of  particular  orders,  as  of  the  Garter,  the  Thistle,  St.  Patrick, 
the  Bath,  are  a  kind  of  select  number  of  the  body  of  the  knighthood; 
and  the  name  of  the  order  to  which  they  belong  is  ordinarily  used  by 
and  of  them,  and  thus  becomes  of  the  nature  of  a  title  of  honour.  The 
Bannerets  of  former  ages  were  a  class  of  knights  superior  to  the  ordi- 
nary knight-bachelor,  forming  in  fact  an  order  intermediate  between 
the  knight,  in  its  ordinary  sense,  and  the  baron. 

Besides  these,  there  are  the  ecclesiastical  dignities  of  Bishop  and 
Archbishop,  which  bring  with  them  the  right  to  certain  titles  of 
honoiur  besides  the  phn»es  by  which  the  dignity  itself  is  designated. 
And  custom  seems  to  have  sanctioned  the  claim  of  the  persons  who 
possess  inferior  dignities  in  the  church  to  certain  honourable  titles  or 
compellations ;  and  it  is  usual  to  bestow  on  all  persons  who  are 
admitted  into  the  clerical  order  the  title  of  Reverend. 

There  are  also  academical  distinctions  which  are  of  the  nature  of 
titles  of  honour,  although  they  are  not  usually  considered  to  fall  under 
tiie  denomination.  Municipal  offices  have  also  titles  accompanying 
them ;  and  in  the  law  there  are  very  eminent  offices  the  names  of 
which  become  titles  of  honour  to  the  possessors  of  them,  and  which 
bring  with  them  the  right  to  certain  terms  of  distinction. 

All  titles  of  honour  appear  to  have  been  originally  names  of  office. 
The  earl  in  England  had  in  former  ages  substantial  duties  to  perform 
in  his  county,  as  the  sheriff  (^e  Vice-Comes  or  Vice- Earl)  has  now; 
but  the  name  has  remained  while  the  peculiar  duties  are  gone,  and  so 
it  is  with  respect  to  other  dignities.  The  emperor  or  king,  the  highest 
dignity  known  in  Europe,  still  performs  the  duties  which  originally 
belonged  to  the  office,  or  at  least  the  most  important  of  them,  as  weU 
as  enjoys  the  rank,  dignity,  and  honours ;  and  on  the  Continent  there 
are  dukes  and  earls  who  have  still  an  important  political  character. 

Whoever  wishes  to  study  this  subject  in  all  its  details,  will  do  well 
to  resort  to  two  great  works :  one,  the  late  '  Reports  of  the  Lords' 
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CommitteeB  on  the  dignity  of  the  Peerage;'  the  other,  the  large 
treatise  on  '  Titles  of  Honour/  by  the  learned  Selden.  The  latter  was 
first  printed  in  4to,  1614 ;  again,  with  laige  additions,  folio,  1631. 

TOBACCO  CULTURE  AND  TRADE.  Tobaooo  is  the  oommon 
name  of  the  plants  belonging  to  the  Monopetalous  genus  iVteoltana. 
Tobaooo  was  the  name  used  by  the  Garibbees  for  the  pipe  in  which 
they  smoked ;  but  this  word  was  transferred  by  the  Spaniards  to  the 
herb  itself.  The  genus  Nicotiana  contains  about  forty  species,  most  of 
them  yielding  tobacco  for  smoking,  and  many  of  them  oulttvated  in 
the  gardens  of  Europe.  The  name  NieoHana  was  given  to  these  plants 
after  Jean  Nicot,  of  Nismes,  in  Languedoo,  who  was  an  agent  of  the 
king  of  France  in  Portugal,  and  there  procured  the  seeds  of  the  tobaooo 
from  a  Dutchman  who  had  procured  them  in  Florida.  Nicot  sent 
them  to  France  in  1560. 

The  botanical  characteiisttcs  of  the  tobacco-plant  are  described  under 
Nicotiana  in  the  Nat.  Hist.  Diy.  ;  its  medical  uses  are  discussed 
under  Niootiava  Tabagum  in  the  present  Division ;  and  its  chemical 
properties  under  NiooriKZ.  We  need  scaroelv  revert  to  the  followixijg 
points :  that  the  common  Vixginian  tobacco,  tbe  Nicoiiana  tabtteum,  is 
the  chief  kind ;  and  that  the  Orinoco,  Turkish,  and  Persian  are  the 
kinds  ranking  next  in  extent  of  use. 

CulHvatum, — ^The  cultivation  of  tobacco  is  most  extensively  carried 
on  in  the  United  States  of  America.    The  plant  requires  considerable 
heat  to  come  to  perfection ;  but  with  care  and  attention,  and  by  treat- 
ing it  as  an  exotic,  it  may  be  very  successfully  cvdtivated  in  much 
colder  climates.    The  least  frost  injures  it.    The  seeds  of  the  tobaoco- 
plant  are  sown  in  a  prepared  seed-bed,  and  carefully  protected  from 
frost;  for  which  purpose  straw  and  fern  are  used.     When  once  the 
danger  of  spring  frosts  is  over,  they  may  be  safely  transplanted  into 
ground  which  has  been  laid  in  narrow  beds  with  intervals  between 
them,  dug  out  deep,  and  richly  manured  with  sheeps'  dung.    These 
beds  are  two  feet  wide  at  top,  and  two  feet  six  inches  at  bottom,  with 
sloping  sides  to  keep  the  earth  up ;  the  intervals  are  only  six  or  eight 
indies,  and  serve  not  only  as  drains  to  keep  the  beds  dry,  but  as  paths 
from  which  the  surfeu^  of  the  beds  may  be  stirred  and  weeded.    Two 
rows  of  plants  about  eight  inches  high  are  planted  at  equal  distances 
along  the  beds;  the  rows  are  sixteen  or  ei^teen  inches  apart,  and  the 
plants  at  the  same  distance  from  each  other.    In  warmer  climates  the 
plants  are  placed  three  feet  apart,  as  there  they  grow  to  a  much  greater 
size,  and  cover  more  ground.    A  moist  day  is  chosen  for  transplanting. 
The  plants  are  taken  up  carefully  with  a  smaU  spade  or  trowel  without 
shaking  the  earth  much  from  the  roots ;  they  are  placed  slanting  in  a 
shallow  basket,  and  thus  carried  to  the  prepared  beds ;  they  ^ve  a 
stem  six  or  eight  inches  long.     They  are  inserted  into  holes  made 
by  a  proper  instrument,  so  that  the  fibres  of  the  roots  and  the  ad- 
hering earth  may  be  completely  buried  up  to  the  bottom  of  the  stem. 
Four  or  Mx  leaves  should  be  on  the  pluit ;  if  more,  the  lowest  are 
pinched  ofL     Great  attention  is  paid  to  the  beds  all  the  time  the 
tobacco  is  growing;  weeds  are  carefully  eradicated,  and  the  earth 
repeatedly  atined  between  the  plants  with  hoes  and  narrow  spades  to 
accelerate  the  growth.    When  the  plants  acquire  a  certain  size,  the 
lower  leaves  are  pinched  off,  to  increase  the  bulk  of  the  upper.    A  fine 
tobacco-plant  should  have  from  eight  to  twelve  large  succulent  leaves, 
and  a  stem  from  three  to  six  feet  high ;  the  top  is  pinched  off  to  pre- 
vent its  running  and  drawing  the  sap  from  the  leaves,  and  lateral  shoots 
are  carefully  pinched  off  as  soon  as  they  appear,  to  prevent  Immching. 
A  few  plants  are  left  for  seed,  and  of  these  the  heads  are  aUowed  to 
shoot  the  full  length.    The  seeds  are  so  small  and  so  numerous  on  a 
dbmt,  that  a  few  plants  produce  a  sufficiency  of  seed  for  the  next  crop^ 
The  plantations  are  continually  examined,  and  every  leaf  injund  by 
insects  or  otherwise  is  pulled  oS.    Tobacco  takes  about  four  months 
from  the  time  of  planting  to  come  to  perfection ;  that  is,  from  May  to 
September,  when  the  leaves  are  gathefed  before  Uiere  is  any  danger 
from  frost :  one  single  white  frost  would  spoil  the  whole  crop,  and 
cause  it  to  rot.    As  soon  as  the  colour  of  t^e  leaves  becomes  of  a  paler 
green  inclined  to  yellow,  they  are  fit  to  be  gathered ;  they  then  begin 
to  droop,  and  emit  a  stinger  odour,  and  feel  rough  and  somewhat 
brittle  to  the  touch.    When  the  dew  is  evaporated  am  the  sun  shines, 
the  leaves  may  be  most  advantageously  gathered,  which  is  done  by 
cutting  down  the  plant  close  to  the  ground,  or  even  a  little  under  the 
surface.    They  are  left  on  the  groimd  to  diy  till  the  evening,  taking 
care  to  turn  them  often,  that  they  may  dry  equally  and  more  rapidly. 
They  are  housed  before  the  evening  dew  foils,  which  would  injure 
them,  and  laid  up  under  cover  in  heaps  to  sweat  during  the  night,  and 
some  mats  are  thrown  over  the  heaps  to  keep  in  the  heat.    If  they  are 
very  full  of  juice,  they  are  sometimes  carried  out  again  the  next  day 
to.  dry  in  the  sun ;  but  most  commonly  they  are  left  to  sweat  for  three 
or  four  days,  and  are  then  moved  and  hung  up  to  diy  in  sheds  which 
allow  a  thorough  draught  of  air  but  keep  out  the  rain.    Every  tobacco- 
plantation  has  such  buildings,  proportioned  to  the  extent  of  the  culti- 
vation.   In  some  places  the  leaves  are  now  stripped  off  tlie  stems  and 
strung  on  packthread  to  dry.    In  others  the  whole  plant  is  hung  on 
pegs  placed  in  rows  at  regular  distances,  and  fixed  on  laths  which  run 
across  the  building.    When  the  plants  are  quite  dry  they  are  removed 
in  moist  or  foggy  weather ;  for  if  the  air  is  very  diy  the  leaves  would 
fall  to  dust    They  are  laid  in  heaps  on  hurdles  and  covered  over,  that 
they  may  sweat  again,  which  they  do  but  slowly.    The  heaps  are  care- 
fully examined  from  time  to  tune  to  see  that  they  do  not  heat  too 
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much;  and,  according  to  the  season  and  the  nature  of  the  plants, 
whether  more  or  less  filled  with  sap,  they  remain  so  a  week  or  a 
fortnight.  If  the  leaves  were  not  stripped  off  at  first,  they  are  taken 
off  now,  when  the  proper  fermentation  is  completed.  They  are  sorted; 
thoee  which  ^w  on  the  top  of  the  stem,  in  the  middle,  and  at  the 
bottom,  are  hud  separately,  as  being  of  different  qualities.  They  are 
tied  together  in  bundles  of  ten  or  twelve  leaves,  again  dried  carefully, 
ranged  in  casks  horizontally,  and  pressed  in,  by  means  of  a  round 
boajrd,  by  lever  or  screw,  as  soon  as  a  certain  quantity  has  been  laid  in; 
the  pressure  is  equal  to  that  of  a  weight  of  several  tons.  This  is 
essential  to  the  safe  transportation  of  the  tobacco;  and  it  is  thus  that 
the  great  bulk  of  it  arrives  from  the  places  where  its  cultivation  is 
most  extensive,  as  i^  America. 

The  finest  tobacco,  however,  is  made  into  roUs,  which  from  their 
shape  are  called  earroU.  The  leaves  are  placed  together  by  large 
handfuls,  and  wound  very  tightly  round  by  strips  of  fibrous  wood  or 
strong  grass,  at  a  time  when  &.e  air  is  somewhat  moist ;  they  partially 
ponsoudate,  and  require  only  to  be  rasped  to  make  Uie  finest  and  most 
genuine  snufil 

The  refuse  stems  of  the  tobacco  are  sometimes  burned ;  but  it  is 
best  to  let  them  rot  in  the  ground,  where  they  are  converted  into  good 
manure  for  the  next  crop.  From  the  high  state  of  cultivation  of  the 
land,  it  is  left  very  rich  for  any  other  crop  after  the  tobacco ;  but  as 
this  ii  quite  a  garden  cultivation,  the  tobacco  recurs  very  soon  on  the 
same  ground ;  the  abundant  manuring  and  deep  trenching  prevent  any 
bad  effects  from  this  frequent  recurrence. 

Mtmtrfaeiure, — ^Tobacco  is  packed  in  hogsheads  for  shipment :  it  is 
done  with  the  greatest  care,  each  bundle  being  laid  separately.  They 
are  ranged  side  by  side,  and  the  direction  of  the  points  of  the  leaves  is 
reversed  with  every  alternate  row.  When  the  cask  is  about  one-quarter 
filled,  the  tobacco  is  compressed  by  a  powerful  lever-press,  which 
reduces  the  thickness  of  the  layer  from  about  twelve  inches  to  three ; 
and  the  pressure  is  continued  several  hours,  that  the  tobacco  may 
become  so  consolidated  as  not  to  spring  up  again  when  it  lb  removed. 
In  this  way  the  cask  is  filled,  by  successive  stages,  until  it  contains  a 
mass  of  tobacco-leaves  so  dense  and  compact,  that  a  hogshead  48  inches 
in  length,  and  80  or  82  inches  in  diameter,  will  contain  1000  lbs. 
weight. 

Upon  the  arrival  of  the  tobacco  in  this  country  it  is  conveyed  to 
bonding-warehouses.  Those  of  the  metropolis,  which  are  of  immense 
extent,  are  situated  chiefly  at  the  London  Docks,  where  every  cask  is 
opened  to  examine  its  contents,  and  to  remove  any  tobacco  which  may 
have  been  injured  in  the  passage.  This  arrangement  is  due  to  the 
operation  of  the  high  importduty,  which  renders  it  better  for  the 
owner  to  sacrifice  tobacco  that  may  have  become  impaired  in  value  than 
to  pay  the  duty  upon  it.  For  the  purpose  of  examination,  the  head  of 
the  hogshead  is  knocked  out,  some  of  the  staves  are  loosened,  and  the 
hogshoid  is  taken  completely  off  from  the  tobacco.  If  it  be  found 
that,  from  defective  packing,  from  the  action  of  sea-water,  or  from  any 
other  cause,  part  of  the  sur&ce  has  become  so  injured  as  not  to  m 
worth  preserving,  such  part  is  removed,  with  lai^  powerful  cutting 
instruments,  by  small  quantities  at  a  time.  This  requires  considerable 
power,  owing  to  the  mtense  compression  of  the  tobacco,  especially 
upon  the  cylmdrical  sides  of  the  mass,  where  the  cutters  act  across  the 
duection  of  iiie  stalks  and  leaves.  The  damaged  tobacco  thus  removed 
is  consumed  in  a  furnace  on  the  premises.  The  remainder  of  the  mass 
is  aecuratdy  weighed,  and  then  returned  into  the  hogshead. 

Hie  manufacture  of  the  tobacco-leaves  into  the  numerous  varieties 
of  tobacco  for  smoking  in  pipes — consisting  of  the  leaf  cut  up  into 
shreds  or  filaments,  and  usuUy  divested  of  the  stalk ;  into  cigan,  which 
are  bundles  of  the  tobaoco-leaf  rolled  compactly  together  into  a  con- 
venient form  for  smoking ;  and  into  tnvff,  which  consLBts  partly  of  the 
stalks  of  the  leaves,  and  putly  of  the  leaves  themselves,  cut  and  ground 
into  the  state  of  powder — is  usually  conducted  by  three  distinct  classes 
of  traders. 

The  first  operation  performed  upon  a  hogshead  of  tobacco,  after  it 
has  been  removed  to  the  manufactory  and  opened,  is  the  digging  out 
of  the  soUd  tobacco  with  iron  instruments.  The  pieces  thus  detached 
are  then  sprinkled  with  water,  which  facilitates  the  separation  of  the 
small  bundles  from  each  other,  and  also  of  the  leaves  composing  each 
bundle.  If  the  tobacco  be  of  the  kind  called  hand-work, — that  is  to 
say,  with  the  stidks  remaining  attached  to  the  leaves, — it  must  now  be 
stripped,  unless  indeed  it  be  required  for  the  production  of  a  kind  of 
tobacco  called  hirda-eyt,  which  contains  a  portion  of  stalk  as  well  as 
leaf.  The  removal  of  the  stalks  ii  usually  effected  in  England  by 
women  or  boys,  who  fold  ike  leaf  along  the  middle,  and,  by  means  of  a 
small  instrument,  separate  the  stalks  from  the  leaves,  and  lay  them 
aside  in  different  heaps.  To  prepare  them  for  being  cut  into  shreds  or 
filaments,  the  leaves  are  pressed  together  in  large  numbers  in  the  form 
of  a  cake,  during  which  operation  they  are  occasionally  moistened,  not 
only  to  enable  them  to  cake  together  the  more  readily,  but  also  in 
order  to  improve  the  subsequent  flavour  of  the  tobacco.  The  details 
of  the  machinery  employed  for  compressing  and  cutting  the  tobacco 
vary  in  different  establishments.  Originally  the  cutting  apparatus  con- 
sisted simply  of  a  long  knife  workeid  by  hand.  Hand-engines  were 
then  introduced,  and  such  are  still  partially  used,  in  which  the  knife  is 
moved  by  a  train  of  machinery,  which  also  shifts  the  cake  of  tobacco 
between  each  cut,  so  as  to  make  it  ready  for  the  next.    This  kind  of 
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cuttiDg-eugine  is  turned  by  a  wincli-liandle,  and  the  motion  is  regulated 
by  a  fly-whceL  Horses  nave  been  applied  to  a  similar  machine ;  and, 
lastly,  steam-power  has  been  brought  to  the  aid  of  the  manufacturer, 
leaving  the  attendance  of  men  necessary  only  to  place  the  cake  in  Uie 
engine,  to  attend  to  it  while  at  work,  and  to  remove  the  cut  tobacco. 
Generally  speaking,  all  of  these  maohmes  act  upon  the  same  principle. 
The  cake  of  leaves  is  laid  upon  an  iron  bed,  which  is  susceptible  of  a 
slow  progressive  motion,  and  another  part  of  the  mechanism  gives 
motion  to  the  knife.  The  depth  of  the  cake  is  about  two  inches ;  the 
thickness  of  the  film  taken  off  by  each  stroke*  and  consequently  the 
fineness  or  coarseness  of  the  filaments  of  tobacco,  is  regulated  by 
alterations  in  a  train  of  cog-wheels. 

Many  circumstances  combine  to  account  for  the  different  qualities 
and  appearance  of  the  numerouH  vaiieties  of  tobacco  used  for  smoking. 
Tobaccos  raised  in  various  places  naturally  present  some  points  of 
difference ;  variations  will,  as  already  shown,  appear  in  different  parts 
of  the  same  crop;  and  the  retention  or  rejection  of  the  stalk,  the 
nature  and  extent  of  the  moistening,  and  the  degree  of  fineness  of  the 
fibres,  occasion  still  further  differences.  A  coarse  variety  called  shag, 
which  is  used  both  for  chewing  and  smoking,  is  formed  of  the  darkest- 
ooioured  leaves,  well  liquored,  which  darkens  them  still  more.  Pig-tail 
tobacco  consists  of  a  rope  or  cord,  about  as  large  as  the  thicker  end  of 
a  tobacco-pipe,  and  as  long  as  the  manufacturer  can  conveniently  make 
it.  It  is  produced  by  a  process  similar  to  spinning,  and  requires  the 
simultaneous  aid  of  a  man  and  two  boys. 

The  manufacture  of  cigars  is  described  in  another  article.  [Cjgab 
Manufacture.] 

Snuff  is  made  either  from  stalks  only,  from  leaves  only,  or  from  a 
mixture  of  the  two.  That  known  as  Scotcfi  snuff  is  made  either  wholly 
of  stalks,  or  with  a  very  small  admixture  of  leaves.  Iliyk-dried 
snuffs  owe  their  peculiar  qualities  chiefly  to  a  degree  of  drying  which 
imparts  a  scorched  flavour  to  them;  and  innumerable  varieties  are 
produced  by  the  choice,  mixture,  and  preparation  of  different  tobaccos. 
Most  of  the  snuff  made  near  London  is  ground  in  mills  whose  machi- 
nery  is  impelled  by  the  river  Wandle,  near  Mitcham  in  Surrey.  In 
these  mills  two  kinds  of  grinding-machine  are  employed.  One  consists 
of  two  cylindrical  stones,  several  feet  in  diametcn",  and  one  or  more  in 
thickness,  set  up  on  edge,  side  by  side,  upon  a  circular  slab  or  bed. 
These  stones  have  a  two-fold  motion  imparted  to  them,  resembling 
that  of  a  carriage  wheel  compelled  to  revolve  in  a  small  circle.  The 
effect  of  this  peculiar  motion  is  a  grinding  action  upon  the  bed  where 
the  snuff  is  laid,  peculiarly  adapted  to  the  required  purpose.  Some 
kinds  of  snuff,  however,  are  better  ground  by  the  other  sort  of  machine, 
which  consists  of  a  kind  of  rolling  pestle,  set  in  motion  by  an  ingenious 
train  of  wheels  and  set  of  jointed  arms  or  levers.  Little  is  done  at  the 
snuff-mills  beyond  a  preparatory  drying  of  the  tobacco  and  the  actual 
grinding ;  but  the  snuff  usually  receives  some  fin^lijpg  operations 
from  the  maker  after  it  leaves  the  mill. 

Tchaooo  IVflk2e.— The  diaooverers  of  Uie  New  World  learned  the  habit 
of  smoking  tobacco  from  the  natives ;  and  on  their  return  the  practice 
was  at  first  introduced  into  Spain  uid  Portugal,  and  soon  spread  to 
other  parts  of  the  Continent.  The  settlers  who  accompanied  Raleigh 
on  his  expedition  to  colonise  Viz^ginia,  which  returned  unsuccessful  m 
1686,  introduced  the  habit  into  England.  Before  the  establishment  of 
the  colony  of  Virginia  in  1606,  all  the  tobacco  imported  into  this 
countiy  was  raised  by  the  Spaniards  in  the  West  India  Islands.  EUng 
James's  invectives  a^punst  the  use  of  this  weed  are  now  curious  matters 
of  history.  In  1604  he  took  upon  himself,  without  the  consent  of 
Parliament,  to  raise  the  duty  on  tobacco  from  2d,  to  64.  10(2.  the  lb. 
In  1615  the  colonists  of  Virginia  regularly  betook  themselves  to  the 
cultivation  of  the  tobacco-plant,  abandoning  the  manufacture  of  ashes, 
soap,  glass,  tar,  and  the  planting  of  vineyards,  which  they  had  already 
commenced.  James  felt  that,  without  abating  his  well-known  aversion 
to  tobacco,  in  the  infancy  of  the  colony  this  proceeding  of  the  planters 
must  be  tolerated.  In  the  first  instukce  he  conmianded  Uiat  the  pro- 
duction of  tobacco  should  not  exceed  the  rate  of  a  hundred- weight  for 
each  individual  planter.  The  cultivation  was  forbidden  in  England, 
and  the  plants  already  growing  were  ordered  to  be  uprooted.  At  the 
same  time  he  confined  uie  rignt  of  importing  the  commodity  to  such 
persons  as  he  should  license  for  the  purjx)se.  In  the  last  year  of  his 
reign  the  exclusive  supply  of  the  English  market  was  given  to  the 
English  plantations  in  America. 

Being  regarded  as  a  source  of  revenue,  tobacco  is  not  allowed  to  be 
grown  in  Kn^and«  In  1786  tobacco  paid  an  import  duty  of  10^.  per 
lb. ;  it  was  raised  to  1«.  Zd,  in  1787,  U.  Id,  in  1796,  and  by  gradual 
steps  to  4«.  in  1815,  at  which  it  remained  till  1825.  In  the  last-named 
year  the  duly  was  lowered  to  8<.  if  from  foreign  countries,  and  to 
2«.  9fi{.  if  from  British  possessions.  The  discriminating  duty  was  after- 
wards removed,  the  British  was  raised  to  the  same  rate  as  the  foreign, 
and  the  duties  settled  down  at  these  rates — Zi,  on  unmanufactured 
tobacco,  6«.  on  snuff,  and  9#.  on  cigars,  plus  6  per  cent,  Down  to 
]  825  an  excise  as  well  as  a  customs  duty  was  levied  on  tobacco ;  but  in 
that  year  the  former  was  removed,  except  in  so  far  as  concerned  a 
licenee  for  the  traders  and  a  supervision  of  fiie  trade.  Great  restrictions 
are  j  laced  on  the  importation.  Specified  i)ort8,  about  thirty  in  number, 
are  alone  permitted  to  import  tobacco.  The  importer  is  not  compelled 
to  pay  the  duty  at  once ;  ha  may  idlow  the  tobacco  to  remain  in  oond, 
in  the  queen's  warehouses  at  the  several  ports,  for  any  space  of  time 


not  exceeding  five  years,  paying  a  rent  of  4f .  on  eveiy  hc^gaheod,  caak^ 
chest,  or  case.  Every  soldier  and  sailor  on  British  service  in  foreagin 
parts  may  purchase  duty  free  to  the  extent  of  2  lbs.  of  tobacco  per 
month;  but  all  other  tobacco  must  pay  the  duty  before  being  taken 
out  of  bond.  As  the  price  of  tobacco  in  bond,  after  all  the  expensos  of 
growth  and  frei^t  have  been  paid,  varies  from  8d.  to  lOii.  (pez4iap« 
averaging  6d),  it  follows  that  the  duty  (about  3s.  Zd,)  is  enormously 
heavy,  and  this  leads  both  to  smugg^g  and  adulteration.  It  has  heen 
pertinently  remarked  by  Mr.  Cooley,  that  the  retail  sale  of  genuina 
tobacco  at  Zd.  per  oz.  is  a  commercial  impoesibiUt^.  The  tobaoco 
must  be  adulterated,  in  order  to  pay  the  planter,  importer,  manu- 
facturer, wholesale  dealer,  and  retailer,  and  to  pay  also  the  duty ;  or, 
if  genuine,  then  the  duty  must  be  evaded  by  smuggling.  The  govern- 
ment officers,  as  well  as  chemists  acting  unofficially,  have  detected 
sugar,  treacle,  molasses,  malt,  roasted  grain,  ehicoiy,  lime,  sand,  umber, 
ochre,  sea-weed,  and  leaves  or  herbs  of  varioos  kinds,  in  tobacoo. 
Dye-drugs  are  often  used,  not  to  increase  the  weight,  but  to  import  a 
tobacco-colour  to  adulterants. 

Tobacco,  as  already  stated,  is  not  allowed  to  be  grown  in  England. 
The  acts  prohibiting  its  cultivation  did  not  apply  to  Ireland  till  about 
1840.  Tobacco  is  extensively  cultivated  in  France,  Prussia,  Holland, 
and  Bekium,  also  in  the  southern  provinces  of  Russia,  and  in  Turkey 
and  Syna.  It  has  as  yet  made  little  progress  in  the  Britidh  West 
Indies,  and  still  less  in  Upper  Canada.  The  tobacco  of  Cuba  holds 
the  highest  rank  for  the  excellence  of  its  flavour.  Next  in  favour, 
perhaps,  are  the  cigars  of  Manilla.  Bat  the  cultivation  of  tobacoo  is 
most  extensive  in  the  United  States.  In  1850  the  produce  in  eight 
states  of  the  Union  was  estimated  at  200,000,000  lbs.,  of  which  much 
more  than  half  was  produced  in  Virginia  and  Kentucky.  About 
120,000,000  lbs.  of  this  quantity  were  exported,  and  80,000,000  lbs. 
consumed  at  home,  amounting  to  3^  lbs.  per  head  on  a  popalaticm  of 
23,000,000.  Professor  Wilson,  in  his  Report  on  the  New  York  Indus- 
trial Exhibition,  spoke  of  the  so-called  Cavendiah  toboooo  as  being  now 
in  very  extensive  demand  in  the  United  States.  "It  is  known  as 
chewing  or  plug  tobacco,  and  is  put  up  in  boxes  of  various  aises. 
Those  exhibited  weighed  88  lbs.,  and  were  of  various  qualities  to  which 
different  names  and  prices  were  attached.  'Ladies'  Love*  sold  at 
16  dollars  per  box, '  Ladies'  Twist'  at  18,  and  '  Fair  America'  at  10. 
Tobacco  for  chewing  undergoes  a  process  of  gradual  fermentation,  and 
is  then  sweetened  by  the  addition  of  molasses,  and  either  done  up  into 
rolls  or  pressed  into  cakes ;  the  former  is  known  as  twist,  the  latter  as 
plug.  A  good  chewer,  I  am  informed,  would  dispose  of  4  to  8  ooft 
per  day." 

The  quantity  of  tobacco  imported  into  this  country  in  1786  was 
about  7,000,000  lbs.;  in  1796  it  rose  to  10,000,000  lbs.  During  the 
first  forty  years  of  Uie  present  century  it  rose  gradually  from  11,000,000 
to  18,000,000  lb6.->a  ratio  of  increase  far  less  than  that  in  the  popula- 
tion. A  marked  advance  then  took  place,  and  from  1844  to  1860  the 
import  was  never  less  than  83,000,000  lbs.  In  1860  the  quantity  was 
49,670,893  lbs.,  of  which  85,412,841  lbs.  was  retained  for  home  con- 
sumption and  paid  duty,  the  rest  being  re-exported.  This  quantity  ii 
a  little  more  tlum  1  lb.  per  head  per  annum  for  the  whole  population. 

TOBACCO,  ACTIVE  PRINCIPLE  OV,    [Niootixe.] 

TOBACCO-PIPE  MANUFACTURE.  The  materials  of  whiA 
tobacco-pipes  are  formed  are  veiy  numerous.  White  and  coloured 
earths,  porcelain,  metals,  ivory,  horn,  shell,  costly  woods,  agate,  cor- 
nelian, talc,  and  amber,  are  among  the  substances  which  have  been 
used  for  the  purpose.  The  forms  admit  of  equal  variety;  but  perhaps 
the  most  remarkable  is  the  oriental  hookah,  in  which  the  smoke  is 
purified  by  passing  through  water. 

The  tobacco-pipes  most  commonly  used  in  this  country  are  formed 
of  a  fine-grained  x^lastic  white  dav,  which  is  called,  from  this  appli- 
cation, pipo-clay.  It  is  procured  chiefly  from  Purbeck  in  Dorsetshire, 
and  is  purified  from  all  foreign  substances  by  working  it  with  water 
into  a  thin  paste,  and  then  either  allowing  it  to  settle  In  pits,  or  pass- 
ing it  through  a  sieve,  to  separate  the  siliceous  or  other  stony  matter. 
The  water  is  subsequently  evaporated  until  the  day  becomes  of  a 
doughy  consistence,  when  it  must  be  well  kneaded  to  make  it  oniform. 
It  is  finally  formed  into  cubical  masses  of  about  one  hundred  pounds 
each.  From  one  of  these  the  workman  cuts  off  just  enough  .to  make 
one  pipe.  Each  piece  is  kneaded  thoroughly  upon  a  board,  and  roUed 
out  to  nearly  the  form  and  size  of  a  pipe,  with  a  projecting  bulb  at  one 
end  for  the  formation  of  the  bowL  These  pieces  are  laid  aside  for 
some  time  to  diy,  and  when  the  clay  is  suffiaently  firm,  they  ore  sub- 
jected to  the  curious  process  of  boring.  The  workman  takes  Uie  roll 
of  clay  in  his  left  hand,  and  with  his  right  inserts  the  end  of  an  iron 
needle,  previously  oiled,  in  the  small  end  of  the  roll,  and  by  dexterous 
management  thrusts  the  needle  through  the  whole  length  of  the  roll 
without  penetrating  the  surfitice.  The  bulb  is  then  bent  into  the  proper 
position  to  form  the  bowl,  and  the  piece  of  day,  with  the  needle 
remaining  in  it,  ia  pressed  into  a  mould  to  complete  its  form. 

Tobacco-pipe-moulds  are  formed  either  of  copper,  brass,  or  iron,  and 
each  consists  of  two  precisely  similar  halves,  with  projecting  pins  in 
one  half,  and  corresponding  holes  in  the  other,  which  ensure  their 
exact  union.  On  their  inner  surfaces,  which  are  hollowed  so  as  to 
fit  the  finished  pipe,  may  be  added  any  ornamental  device  or  in- 
scription. One  half  of  the  mould  being  kid  flat,  the  pipe  is  placed 
in  It,  covered  with  the  other  half,  and  then  firmly  pressed.    The 
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bowl  is  partiaUy  hollowed  by  the  finger^  and  completed  by  the  inser- 
tioa  of  an  oiled  stopper  or  mould.  The  wire  is  thrust  backwards  and 
forwards  until  it  becomes  visible  in  the  bowl.  The  wires  are  now 
withdrawn,  and  the  pipes  are  taken  out  of  the  moulds,  slightly 
smoothed  over,  and  laid  aside  to  diy.  After  drying  for  a  day  or  two, 
any  remaining  roughness  is  removed  by  means  of  an  instrument  of 
bone  or  hard  wood;  and  then  the  pipes  are  sometimes  moulded  a 
second  time,  and  polished  with  a  piece  of  flint  bored  with  holes,  through 
which  the  stem  is  passed  repeatedly.  Hitherto  the  pipes  are  straight 
in  the  stem ;  but  oefore  going  to  the  kiln  they  are  slightly  bent.  It 
is  said  that  a  clever  pipe-moulder  will  make  three  thousand  five 
hundred  in  one  day.  They  are  fired  in  a  tobacco-pipe-kiln,  which 
consists  of  a  large  but  very  Hght  cylindrical  crucible  or  sagger,  with  a 
dome-shaped  top,  and  a  circular  opening  in  one  side  for  the  insertion 
of  the  pipes. 

At  the  Cheltenham  Meeting  of  the  British  Association,  in  1856, 
Mr.  Strong  stated  that  tobacco-pipes  are  now  made  more  extensively 
at  Glasgow  than  in  any  other  piu^  of  the  United  Kingdom.  There  are 
600  persons  employed,  who  manufacture,  finish,  and  pack  about  2700 
gross  of  pipes  per  day,  or  about  120  millions  in  a  year. 

A  remarkable  kind  of  pipe  for  smoking  is  described  under 
Mf.erschaitv. 

TOD,  an  old  measure  of  wool,  fixed  at  two  stones,  or  28  pounds  avoir- 
dupois, by  a  statute  of  the  12th  of  Charles  IJ.  As  uBual,  there  are 
several  local  tods. 

TOGA  is  the  name  given  to  the  principal  outer  garment  worn  by 
the  Romans.  The  Romans  generally  wore  the  same  kind  of  dress  as 
the  other  Italian  nations  and  the  Greeks ;  the  toga  alone  is  by  some 
writers  said  to  have  been  derived  from  the  Lydians,  but  this  statement 
probably  arose  from  the  belief  that  the  Etruscans  had  come  from 
Lydia ;  and  that  at  least  a  particular  kind  of  toga  (the  toga  fyraiexta) 
was  introduced  at  Rome  at  a  very  early  time  from  Etruria,  is  expressly 
stated.  (Livy,  i  8 ;  Pliny, '  Hist.  Nat,*  viii.  74.)  In  later  times  the 
toga  was  the  pecuhar  garment  of  the  Romans,  which  in  times  of  peace 
they  wore  both  at  home  and  abroad,  and  whenever  they  appeared  in 
full  dress.  Hence  they  are  called  geru  togata  (Virgil, '  i£n.,*  i.  282) 
and  togati  (Sallust,  '  Jugurth.,'  21),  in  contradistinction  from  other 
nations.  The  name  "  toga"  was,  according  to  Varro  ('  De  Ling.  Lat,* 
iv.  p.  33,  ed.  Bipont),  derived  from  tegertf  **  to  cover,"  because  it  covered 
the  whole  body.  GeUius  (vii.  12)  states  that  in  early  times  it  was  the 
only  article  of  dress  that  was  worn,  but  afterwards  we  know  that  it 
was  worn  over  other  dresses.  The  right  of  wearing  it  was  the  exclu- 
sive privilege  of  Roman  citizens  of  every  age  and  sex.  (Servius,  <  Ad. 
^n.,*  i.  28^)  Slaves,  foreigners,  and  Romans  sent  into  exile  were  not 
allowed  to  wear  it.  (Pliny, '  Epist,'  iv.  11 ;  Herat, '  Carm.,'  iii.  5, 10.) 
The  peculiarity  of  the  toga  as  a  Roman  dress  is  also  indicated  by  the 
circumstance  that  comedies  in  which  Romans  appeared  on  the  stage 
and  were  represented  with  their  native  costume,  were  called  "  togatse," 
to  distinguish  them  from  Greek  comedies.  As  the  toga  covered  the 
whole  body  with  the  exception  of  the  left  arm,  it  could  not  be  worn  by 
a  person  while  at  work  either  at  home  or  in  the  field.  (Juvenal,  iii 
171 ;  Livy,  iiL  26.) 

The  material  of  which  the  toga  was  made  was  woollen  cloth,  which 
difiered  in  thickness  and  fineness  according  to  circumstances  and  the 
peasons.  Under  the  empire,  persons  of  rank  used  to  have  their  togas 
made  of  silk.  The  colour  was  usually  white — ^probably  the  natural 
colour  of  the  wool.  Those  who  appeared  before  the  x)eople  as  candi- 
dates for  a  public  olfice,  wore  a  particularly  white  and  clean  toga 
{Candida),  whence  they  derived  their  name  of  candidates  {candidati). 
On  festive  occasions,  too,  it  was  considered  a  matter  of  importance 
that  the  toga  should  be  perfectly  white.  (Horat.,  '  Sat.,'  ii.  2,  60 ; 
Cicero, '  In  Vatin.,'  13.)  On  melancholy  occasions  Uie  Romans  wore 
the  toga  pulla,  or  "dark-coloured  toga.*  (Cicero,  'In  Vatin.,'  18; 
'  In  Verr./  iv.  24).  Towards  the  end  of  the  republic,  and  under  the 
empire,  the  toga,  especially  that  worn  by  the  emperors,  was  of  a  purple 
colour,  and  was  called  trahea.  This  custom  appears  to  have  been 
introduced  by  Julius  Caesar.  (Cicero,  '  Philip.,'  ii.  84 ;  Servius, '  Ad 
^n.,'  vii.  612.)  As  early  as  the  time  of  Augustus,  many  Romans  had 
left  off  wearing  the  toga,  and  taken  to  a  kind  of  cloak  called  lacema. 
This  induced  the  emperor,  who  was  fond  of  restoring  ancient  customs, 
to  enjoin  the  sediles  to  see  that  no  Roman  should  appear  in  the  forum 
or  circus  without  the  toga.  (Sueton.,  '  Aug.,'  40.)  The  toga  during 
the  empire  continued  to  be  the  honourable  dress  which  was  worn  by 
persons  of  rank,  as  senators,  judges,  priests,  and  by  clients  when  they 
saluted  their  patrons  or  received  the  sx>ortu]a  (Martial,  xiv.  125),  and 
especially  on  all  occasions  where  the  emperor  was  present. 

The  mode  or  fashion  of  wearing  the  toga  appears  to  have  been 
variously  modified  in  the  course  of  time,  alti&ough  the  general  charac- 
ter always  remained  the  same.  A  great  difference  seems  to  have 
existed  in  the  quantity  of  doth  used  for  it,  as  some  statues  present  a 
richer  drapery  than  others.  Its  form  appears  to  have  been  rounded, 
but  respecting  that  and  the  manner  of  putting  it  on,  nothing  can  be 
said  with  certainty,  notwithstanding  the  description  in  Quinctilian 
(xi.  3, 187,  &C.)  and  the  many  statues  with  togas  still  extant.  (Ferra- 
rius  and  Rubenius, '  De  Re  VestiariA ; '  Becker, '  Gallus,'  ii.) 

Besides  the  different  kinds  of  togas  we  have  mentioned  above^  the 
following  must  be  noticed : — 

1.  Toga  fTfxiexta  was  worn  by  the  children  of  the  nobles,  by  girls 


until  they  married,  and  by  boys  until  they  attained  the  ago  of  puberty 
(fourteen),  when  tbey  excnanged  it  for  the  toga  virilis,  also  called  pvra, 
libera,  or  recta,  whicn  was  the  usual  white  toga  described  above.  The 
prsetexta  was  Jilso  the  official  robe  of  the  higher  magistrates  of  the  city 
and  the  municipia,  as  well  as  of  the  colonies.  The  name  prsetexta  was 
derived  from  the  circumstance  of  this  toga  being  adorned  with  a  broad 
purple  border  (fAjius  davus), 

2.  Toga  picta  was  a  toga  ornamented  with  embroidery  and  gold 
according  to  the  Etruscan  fashion.  It  was  worn  by  generals  in  their 
triumph,  whence  it  was  also  called  toga  Capitdina,  During  the 
empire  it  was  also  worn  by  the  consuls  and  praetors  when  they  were 
present  at  the  public  games. 

TOISE,  a  French  meauiure  of  idx  French  feet,  particularly  used 
in  all  the  older  French  measures  of  the  earth.     [Weights  ako 
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TOLEDO,  TABLES  OP.  The  Moors  brought  astronomy  into 
Spain  at  the  beginning  of  the  11th  centiuy,  and  about  the  year  1080 
tables  were  calculated  for  the  meridian  of  Toledo,  by  Arzachel.  Of 
those  tables  there  was  no  specific  account  till  the  time  of  Dclambre, 
and  no  printed  publication  of  them  had  been  made.  It  was  usual  to 
state  that  they  were  intended  as  an  improvement  on  the  tables  of 
Albategnius,  that  their  character  never  was  very  high,  and  that  the 
Alphonsine  Tables  [Alonsine  Tables]  were  intended  as  an  improve- 
ment upon  them.  Delambre  ('Hist.  Astron.  Moyenno/  p.  175)  ex- 
amined two  manuscript  Latin  translations  of  the  tables,  which  he  found 
in  the  Royal  Library  at  Paris;  and  his  report  of  their  contents  is  what 
might  have  been  expected.  The  theory  and  numerical  quantities 
employed  are  in  almost  every  instance  those  of  Ptolemy,  and  there  is 
only  just  enough  of  original  observation  to  establish  the  fact  that  the 
Toledine  observers  were  very  bad  ones. 

TOLENE.    A  hydrocarbon  essence  obtained  from  balsam  of  Tolu. 

TOLL,  from  the  Saxon  "  tobie ; "  in  German, "  eoll "  (called  m  Law 
Latin  "  teloniimi,"  "  theolonium,"  and  "  tolnetum,"  with  many  other 
variations,  which  may  be  seen  in  Ducange,  all  which  Latin  terms  are 
derived  apparently  horn  Tt\^if toy, "  collection  of  tribute  or  revenue  "), 
is  a  payment  in  money  or  in  kind,  fixed  in  amount,  made  either  \mder 
a  royal  grant,  or  under  a  prescriptive  usage  from  which  the  existence 
of  such  a  grant  is  implied,  in  consideration  of  some  service  rendered, 
benefit  conferred,  or  right  forborne  to  be  exercised  by  the  party  who 
is  entitled  to  such  payment. 

The  owner  of  luid  may  in  general  prevent  others  from  crossing  it 
either  personally  or  with  their  cattle  or  goods,  by  bringing  actions 
against  trespassers,  or  distraining  their  cattle  or  gooda  These  remedies 
cannot  be  resorted  to  where  the  owner  of  the  land  has  aoquiesced  in  its 
being  used  as  a  publio  way ;  but  in  such  case  there  may  have  been  a 
royal  grant,  enabling  the  party  to  demand  a  reasonable  compensation 
for  the  accommodation :  Uus  is  toll-<m(V6r«0. 

Where  a  corporation,  or  the  owner  of  particular  lands,  has  imme- 
moriallv  repured  the  streets  or  walls  of  a  town,  or  a  bridge,  Ac,  and, 
in  oonsidenition  of  the  obligation  to  repair,  has  immemoriidly  received 
certain  reasonable  sums  in  respect  of  persons,  cattle,  or  goods  passing 
through  the  town,  such  sums  are  recoverable  at  law  by  Uie  name  of  toll- 
thorough 

An  ancient  toll  may  be  claimed  by  the  owner  of  a  port  in  respect  of 
goods  shipped  or  lanaed  there.  Such  tolls  are  port-tolls,  more  com- 
monly cidled  port^ues.  The  place  at  which  these  tolls  were  set  or 
assessed  was  anciently  called  the  Tolsey,  where,  as  at  the  modem 
Exchange,  the  merchants  usually  assembled,  and  where  commercial 
courts  were  held. 

Another  species  of  toll  is  *  reasonable  fixed  sum  payable  by  royal 
grant  or  prescription  to  the  owner  of  a  fair  or  market,  from  the  buyer 
of  tollable  articles  sold  tiiere.  The  benefit  which  forms  the  considera- 
tion of  this  toll  is  said  to  be  the  security  afforded  by  the  attestation  of 
the  sale  by  the  owner  of  the  fair  or  market,  or  his  officers.  In  some 
eases  by  ancient  custom,  a  payment,  called  turn-toU,  is  demandable  for 
beasts  which  are  driven  to  the  market  and  return  unsold.  The  term 
toll  is  sometimes  extended  to  the  compensation  paid  for  the  use  of  the 
soil  by  those  who  erect  stalls  in  the  fair  or  market,  or  for  the  liberty  of 
picking  holes  for  the  pmrpose  of  temporary  erections ;  but  the  former 
payment  is  more  properly  called  stidlage,  and  the  latter  picage ;  and 
if  the  franchise  of  the  fair  or  market,  and  the  ownership  of  the  soil  on 
which  it  is  held,  come  into  different  hands,  the  stallage  and  picage  go 
to  the  owner  of  the  soil,  while  the  tolls,  properly  so  called,  are  annexed 
to  the  franchise. 

If  toUs  are  wrongftdly  withheld,  the  party  entitled  may  recover  the 
amount  by  action  as  for  debt,  or  upon  an  implied  promise  of  payment ; 
or  he  may  seize  and  detain  the  whole  or  any  part  of  the  property 
in  respect  of  which  the  toll  is  payable,  by  way  of  distress  for  such 
toU.  If  excessive  toll  be  taken  by  the  lord,  or  with  his  knowledge  and 
consent,  the  franchise  shall  be  seized ;  if  without  such  consent,  the 
officers  shall  pay  double  damages  and  suffer  imprisonment.  (Stat.  8 
£dw.  I.  c.  81.) 

Grants  of  tolls  were  formerly  of  very  ordinary  occurrence.  But  it 
seems  to  be  very  probable  that  many  ancient  payments  of  this  descrip- 
tion, though  presumed,  from  their  being  so  long  acquiesced  in,  to  have 
a  lawful  origm  under  a  royal  grant,  were  in  fact  mere  encroachments. 
The  evil  was,  however,  practically  lessened  by  the  exertion  of  the 
royal  prerogative  of  granting  immunities  and  exemptions  from  liability 
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to  the  payment  of  tolls,  either  in  particular  districts  or  throughout  the 
realm;  a  prerogative  exerdsed  also  by  inferior  lords  who  possessed 
jura  regalia. 

The  term  "toll "  is  used  in  modem  acts  of  parliament  to  designate 
the  payment  directed  to  be  made  to  the  proprietors  of  canals  and 
railways,  the  trustees  of  turnpike-roads  or  bridges,  kc,  in  respect  of 
the  pawage  of  passengers  or  the  conreyanoe  of  cattle  or  goods. 

The  term  toll  is  applied  to  the  portion  whidh  an  artificer  is,  by 
custom  or  agreement,  allowed  to  retam  out  of  the  bulk  in  respect  of 
services  performed  by  him  upon  the  article;  as  com  retained  by  a 
miller  in  payment  of  the  mulcture ;  also  to  the  portion  of  mineral 
which  the  owner  of  the  soil  is  entitled,  by  custom  or  by  agreement,  to 
take,  without  payment,  out  of  the  quantity  brought  to  the  surface,  or, 
as  it  is  technically  called,  to  grast,  and  n:iade  merchantable,  by  the 
mining  adventurer.  To  collect  these  dues  the  duke  of  Cornwall,  and 
other  great  landholders  in  the  mining  districts  of  the  west,  have  their 
officers,  called  "  tollers." 

TOLLERS.    [Toll.] 

TOLSEY.    [Toll.] 

TOLU,  ESSENTLAJi  OIL  OP.    [Esskhtial  Oils.] 

TOLU-EUQENYL.    [Cabyophtllic  Acid.] 

TOLUENE,    [ToLUKNio  Group.] 

TOLUENIC  GROUP.  A  cluster  of  chemical  substances,  each  con- 
taining the  hypothetical  radical  tolumyl  (Cj«H,). 

The  chief  members  of  this  collection  are  six  in  number,  namely, — 

1.  Toluene  or  hydride  of  toluenyl  .  Cx  ^H,  =  ^»  *2^  \ 

a.  Hydrate  of  tolaenyl      .        •  ,  Cx^H.O,  «  ^i*^'  |  O, 

S.  ToloenyUolphiuoiu  acid  .        .  .  Cx^H.SjO,  «  ^»*j^»  1 0,,SaO« 

4,  Chloride  of  toluenyl      .       .  .  C^^H^a  «  ^i*^'  | 

a.  Tbluidine         •        •       *        •    .Cx«H,NsN|       H 


6»  Aoetate  of  toluenyl 


Cit^iiO* 
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1.  toluene  (Ci«H„  H).  Toluol,  JUiinaphiha,  Bemotne,  DraeyL 
A  colourless,  limpid  oil,  first  obtained  on  submitting  balsam  of  tola  to 
distillation.  It  has  subsequently  been  found  among  the  products  of 
the  destructive  distillation  of  resm,  tar,  and  wood ;  and  is  also  f orincMl 
when  ToLUio  Aotd  is  heated  with  lime.  It  may  be  obtained  pure  by 
fractional  rectification*  The  specific  gravity  of  toluene  is  0*87 ;  vapour 
density,  8*260 ;  and  boilmg  point,  287"*  Fahr.  Its  odour  resembles  that 
of  benzole.  It  is  insoluble  in  water,  slightly  soluble  in  alcohol,  and  more 
so  in  ether;  with  fuming  sulphuric  acid  it  fomos  toluenyl-sulphurous 
add,  and  nitric  acid  converts  it  into  nUrokHMtne  (Cj^H.,  NO  J.  The 
latter  body,  called  also  nitrobemoent,  is  precipitated  on  adding  water  to 
the  mixture  of  toluene,  and  forming  nitric  acid.  It  is  a  liquid,  has  an 
odour  resemblixig  that  of  oil  of  bitter  almonds ;  boiling  point,  437* 
Fahr.;  and  spec^Bc  gravity,  I'lS;  a  mixture  of  nitric  and  sulphuric 
adds  converts  it  into  adcular  crystak  of  hinitrokllueM  (Cx^Hs,  2  NO  J. 
Several  chlorine  derivatives  of  toluene  are  known. 

2.  ffydnUe  of  Udxunyl  (C^fi^O,  HO).  The  source,  composition,  and 
properties  of  this  substance  have  already  been  referred  to  under  its 
synonyme.  Benzoic  Aloohol. 

8.  Tduanyl'tvl'fh'urom  acid;  tu^hotoluenie  or  ndphobenaoenie  acid 
(CxAS,0e+2  Aq.).  The  lead  salt  of  this  add  is  formed  on  adding 
excess  ol^  carbonate  of  lead  to  the  solution  of  toluene  in  fuming  sul- 
phuric  acid.  The  acid  itself  is  set  free  on  passing  sulphuretted  hydrogen 
through  the  aqueous  solution  of  the  lead  salt.  By  evaporation  of  its 
solution  in  vacuo,  small  deliquescent  penniform  dystals  are  obtained. 

4.  Chloride  of  toluenyl  (C,  H„  Ca).  A  heavy  Uquid  resulting  from 
the  action  of  hydrochloric  acid  gas  upon  hydrate  of  toluenyl  Boiling 
pomt  about  360' Fahr.  o       r     -v  ^  o 

5.  Tolvidine  (N(C,^H,)H,),  or  iduylcmmoMa  is  produced  by  the 
reducing  action  of  sulphuretted  hydrogen  upon  nitrotoluene.  Sulphur 
having  been  separated  and  the  solution  evaporated,  the  residue  is  dis- 
tilled with  potash;  toluidine  then  passes  over  and  condenses  to  a 
liquid,  which  subsequently  solidifies. 

Toluidine  is  veiy  soluble  in  ether,  alcohol,  and  oiL  It  ia  but  little 
dissolved  by  water,  but  may  be  obtained  in  laige  crystals  from  its 
alcoholic  solution.  It  has  an  aromatic  odour,  much  resembling  aniline, 
and  a  burning  taste.  It  slightly  blues  red  litmus  paper ;  is  heavier 
than  water;  is  volatile  at  common  temperatures;  melts  at  104*"  Fahr., 
and  boils  at  888'''4  Fahr.  It  has  the  same  composition  as  methyl- 
aniline,  but  does  not  give  that  beautiful  blue  colour  with  chloride  of 
lime  that  compounds  of  aniline  do. 

Toluidine  gives  stable  and  crystalline  salts  vrith  most  of  the  adds. 
They  tnoetly  are  soluble  m  water.  The  iulphaU  of  tolmdine  contains 
(2Ci,H  N,  S,Oe,  2H0) ;  the  add  oxalate  (C„H^,  0*0.,  2H0).  The 
chloroplatinate  (C^fi^,  HCl,  PtClJ  occurs  as  a  beautiful  oiange  crys- 
talline predpitate. 

NUrotoUidine  forms  in  yellow  needles  when  bmitrotoluene  is  acted 
on  by  an  alcoholic  solution  of  sulphide  of  ammonium. 
Qyanoiolmdine  (2C^^H^,Cy,?)  is  a  body  somewhat  resembling 


<nranilina  It  is  prodooed  on  passing  cyanogen  into  an  alcobolie  solu- 
tion of  toluidine.  Cyanide  of  toluenyl,  or  eyatumitrile,  is  f Qnned  oo 
boiling  chloride  of  toluenyl  with  cyanide  of  potassium. 

Two  equivalents  of  hydrogen  in  toluidine  may,  as  in  the  case  of 
other  oiganic  bases,  be  substituted  by  alcohol  radicals.     Thus 
obtained, — 


Ethyl-toluidiiia 


Diethyl-tolnidine 


(Cx^H, 


Hydrate  of  triethyl-tuluenyUainmonlum     •  N(C«H,),Cx4H,,  O,  HO 

6.  Aeetaie  of  toluenyl  (Cj«H,0,  C.H,0,).  A  colourless,  heavj  o3,  of 
agreeable  aromatic  odour  resemblixig  that  of  certain  pears.  It  is 
formed  on  adding  sulphuric  add  to  solution  of  hydrate  of  toloenjrl  in 
acetic  add. 

TOLUENYL.    [ToLUBfio  Group.] 

TOLUENYL-SULPHUROUS  ACID.    [ToLUiKio  Gboxtf.] 

TOLUIO  ACID  (HO,  C^JELfi^).  A  volatile  solid,  produced  wheo 
cymene  [Ctmolb  or  CAicPHoasir]  Is  heated  with  diluted  nitric  scid. 
It  occurs  in  white  adcular  crystals,  very  soluble  in  boiling  water,  in 
alcohol,  ether,  or  wood  spirit.  It  is  inodorous  and  tastdeas.  With 
strong  nitric  add  it  ^ves  nUrotoluie  acid  (C^eHf  (NO«)OJ. 

Both  toluio  and  mtrotoluic  adds  are  monobaino  and  form  salts,  of 
which  many  are  cxystallina  Toluate  of  baryta  contains  (0,«H.BaO^)^ 
and  nitrotJwUe  (C,.HeBa(NOJOJ.  Toluic  ether  boils  at  442^  Fshr^ 
and  has  the  composition  (CiaU,(C«HJOJ.  NitrokMc  ether  has  tlis 
oomporition  (C^,(C^H  J  (NO  JO  J. 

TOLUIDINE.    [ToLUBfio  Qboitp.] 

TOLUOLK    [ToLUBNic  Group.] 

TOLUONITRYLB.    [Toluenio  Group.] 

TOLUYL-AMMONIA.    [Tolukhio  Group.] 

TOMB  (m  Greek,  r^ftfios;  Latin,  Tumba  ;  Italian,  Tomha  ;  French, 
Tombe  and  Tombeau)  signifies,  in  its  strict  meaning,  a  mass  of  masonry 
or  stone-work  raised  immediatdy  over  a  grave  or  vault  used  for  inter- 
ment; but  it  is  often  applied,  m  a  wi<ur  sense,  to  any  sepulchral 
structure.  Of  primitive  sepulchres  there  are  two  dasses,  one  of  which 
may  be  distinguished  by  the  general  tenn  Hypogaan,  that  is,  subter- 
raneous and  excavated;  the  other,  by  that  of  Hypergaan,  that  ii^ 
ohove-groundt  or  raised  mounds  or  tumuli  heaped  over  Uie  dead. 
Monuments  of  the  first  kind  are  Terr  numerous  in  l^gsrpt*  where  they 
occur  in  every  variety,  from  the  simple  rock-hewn  tomb  to  the  extensiva 
royal  sepulchres  consisting  of  numerous  galleries  and  chambera.  The 
other  dass  presents  itself  in  the  Pyramids,  whidi,  though  far  more  arti- 
ficial in  form  and  oonstruction,  had  no  doubt  a  common  origin  with 
the  tumulus  [Tumulus],  which  occurs  under  various  dftsignatloinB  ia 
every  part  of  the  globe. 

The  extraordinary  labour  bestowed  in  excavating  or  oonatractiDg 
these  ancient  sepulchres  is  perhaps  not  so  surprising  as  the  lavishness 
with  which  the  andents  embelUshed  the  subterraneous  abodes  of  tha 
dead,  not  only  adorning  them  with  polychromy  and  paintings,  but 
depodting  in  them  costiy  and  exquiaitely-wrought  articles.  In  this 
respect  there  was  a  striking  dmHarity  between  the  practice  of  the 
Egyptians  and  that  of  the  Etrurians ;  nor  is  the  coinddence  lesa 
remarkable  from  such  practice  being  contrary  to  that  of  the  compara- 
tively modem  Greeks  and  Romans,  whose  tombs  and  sepulchres  were 
chiefly  architectural  erections  intended  for  external  display.  Of 
Egyptian  arehitecture  and  art,  some  of  the  most  astonishing  memorials 
are  entombed  within  the  earth.  Among  these  are  what  are  called 
the  "  Tombs  of  the  Egyptian  Kings,"  at  Bibftn  el  Molouk,  in  one  of 
which  Belaoni  discovered  the  sarcophagus,  or  tomb,  properly  so  termed, 
which  is  now  in  the  Soane  Museum.  '[Eotptiam  Abohitioturx.] 
Li  tiiese  tombs  the  entrance  passages  are  nanx>w,  and  the  first  cham- 
bers are  smaller  than  those  to  which  they  lead.  The  numerous 
paintings  found  in  these  tombs  describe  with  minuteness  the  social  life 
and  manners  of  the  people,  their  banquets,  their  festivals,  their  amuse- 
ments, their  oostume,  their  furniture,  their  arts,  and  the  various 
utennls  and  implements  employed  in  them.  These  records  inx>ve  not 
only  the  perfection  the  mechanic  arts  had  attainedf  but  also  the 
luxurious  refinement  of  those  remote  ages.  The  same  remark  applies 
to  the  paintings  and  frescoes  in  the  subtarraneous  tombs  and  sepulchral 
chambers  discovered  since  1827  at  Cometo,  on  the  nte  of  the  ancient 
Tarquinii,  at  Vuld,  Toscanella,  Bomarzo,  Cere,  Val  d'Asso,  Orohia,  and 
other  places  in  the  andent  Etruria.  A  brief  description  of  these  will 
be  found  under  Etruscan  Archit£Cturb. 

Many  of  the  tombs  found  in  Lycia  and  other  parts  of  Asia  Minor 
have  columns  and  entablatures  to  their  fagades  wrought  out  of  the 
solid  rock.  Some  of  the  Lycian  tombs,  however,  are  upright  insulat.ed 
structures,  either  plain  or  decorated  with  pilasters  and  other  ornaments, 
with  roo£i  whose  section  is  a  pointed  arch,  after  the  fashion  of  some  of 
the  Indian  monuments,  owing  to  which  they  present  a  striking  combi- 
nation of  Oriental  and  Gredan  forms.  Of  sepulchres  with  temple- 
shaped  &fades  there  are  two  examples  at  Orchia,  one  of  them  a 
tetrastyle,  the  other  a  distyle  in  antii.  Both  partake  of  the  Grecian 
Doric  character,  yet  deviate  from  it  greatly  in  two  particulars :  first, 
in  the  great  height  of  the  pediment ;  secondly,  in  the  great  width  of 
the  interoolumns.    What  now  remains  of  the  columns  themselves )« 
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only  tuffioient  to  show  their  number  and  situation ;  yet  that  they  were 
hewn  out  of  the  rock,  like  the  entablature  and  pediment,  acaroely 
admits  of  question.  Of  the  magnificent  sepulchre  of  Mausolus  erected 
by  Qreek  architects  at  Haliounassus,  an  account  is  given  under 
Mausoleum. 

Vitruvius  says  nothing  on  the  subject  of  sepulchres  and  tombs, 
either  Grecian  or  Roman ;  yet  sepulchral  edifices  are  still  very  nume- 
rous throughout  Latium  and  Magna  Qrsecia,  and  many  ol  them  must 
originally  have  been  very  conspicuous  objects,  and  not  a  little  remark- 
able  on  account  of  the  studied  architectural  decoration  bestowed  on 
them  externally :  for  besides  subterraneous  sepulchral  chambers  or 
vaults  (which  were  usually  very  carefully  finished  internally,  and  not 
unfrequently  ornamented  with  painting  and  stucco-work,  and  wiUi 
marble  or  mosaic  pavements),  there  is  another  and  quite  distinct  chuw, 
consisting  of  structures  raised  above  ground,  insulated,  and  apparently 
Bolid.  These  may  be  described  as  generally  of  nearly  cubical  form, 
though  some  are  of  much  loftier  proportions.  There  are,  besides, 
varieties  of  this  class,  in  which  eitner  a  conical  or  cylindrical  super- 
structure is  raised  upon  the  square  portion,  which  then  becomes  a 
basement;  or  else  the  superstructure  is  also  square,  but  is  distinguished 
from  the  lower  part  by  pilasters,  panels  with  inscriptions,  and  other 
architectural  decorations :  some  of  these  have  an  upper  sepulchral 
chamber,  others  a  subterraneous  one  also,  or  one  below  tne  level  of  the 
ground. 

What  is  called  the  ''  Sepolcro  di  Nerone/'  near  Ponte  Molle,  mav  be 
taken  as  a  spedmea  of  the  usual  character  of  Roman  tombs  partaking 
of  the  cubic  form.  Like  the  generality  of  them,  this  is  somewhat 
more  than  a  perfect  cube,  the  dimensions  bdng  20  feet  by  24  in 
height,  or,  induding  its  covering,  27  feet  At  each  angle  is  a  large 
acroterium  presenting  two  quadrant-shaped  surfaces,  meeting  at  right 
angles  at  the  external  edge  of  two  adjoining  sides — a  species  of  orna- 
ment almost  peculiar  to  andent  altars  and  tombs.  Of  utrger  tombs  of 
this  class,  there  is  one  in  the  Via  Portuensis,  a  double  cube  in  height, 
the  measurements  being  respectively  44  and  80  feet.  In  the  example 
previoudy  mentioned,  the  upper  part  is  rather  less  in  height  than  Uie 
basement,  but  here  it  is  about  a  third  more,  and  is  also  decorated  with 
four  pilasters  on  each  front,  with  a  small  pediment,  not  supporting 
but  placed  between  the  large  acroteria  at  the  angles.  G^  dreular  tombs 
we  have  a  well-known  example  in  that  of  Manutius  Plancus  at  Oaeta, 
— a  low  dreular  tower  (nearly  soHd  within),  about  60  feet  in  diameter, 
and  10  feet  more  in  height ;  therefore,  owing  to  its  size,  it  is  rather  a 
mausoleum  than  a  mere  tomb.  The  same  may  be  said  of  that  of 
Gsedlia  MeteUa  at  Rome;  which  structure,  otherwise  called  II  Capo  di 
Bove,  from  the  ornaments  in  its  Doric  frieze,  exceeds  the  one  just 
mentioned  in  size,  it  being  90  feet  in  diameter,  and  its  entire  height 
about  180  feet.  It  does  not,  however,  partake  so  much  of  the 
character  of  a  mere  tower  as  the  tomb  at  Gaeta,  because  it  consists  of 
two  nearly  equal  masses,  namely,  a  square  one  with  a  cylindrical  super- 
structure, and  is  therefore  an  example  of  that  compound-form  class 
which  we  have  above  pointed  out.  Among  the  tombs  at  Pompeii 
there  is  one  which  is  circular  in  the  upper  part  of  its  exterior,  and 
internally  has  a  dome  of  very  peculiar  shape,  which  does  not  show  itself 
on  the  outside,  but  is  cut  out  of  the  solid  mass.  Other  sepulchral 
structures  at  Pompeii  are  very  numerous,  forming  what  is  called  the 
"  Street  of  Tombs."  Instead  of  cemeteries,  or  public  buiying-grounds, 
it  was  the  custom  in  andent  Italy  to  erect  tombs  on  each  side  of  the 
principal  roads  leading  from  a  city,  as  was  the  case  with  the  Via  Appia 
and  others  in  the  immediate  vicinity  of  Rome. 

The  tombs  of  the  middle  ages  are  within  buildings,  churehea, 
chantries,  cloisters,  &c.,  and  exhibit  almost  every  variety  of  form  and 
enrichment,  from  the  primitive  stone  coffin  or  Christian  sarcophagus, 
to  those  lavishly  decorated  catafaleo  monuments  which  are  so  many 
piles  of  architecture  and  sculpture.  Those  of  the  first-mentioned  kind 
are,  for  the  most  part,  very  little  raised  above  the  floor,  and  their 
upper  surface  is  en  dot  cPdne,  or  forms  a  ridge-shaped  lid.  The  next 
class  consists  of  Altar  or  Table  Tombt,  comparatively  plain,  although 
with  panelling  or  other  architectural  decoration  on  their  ddes.  The  next 
in  order  is  the  Effigy  Tomb,  first  introduced  in  the  ISth  century,  with  a 
recumbent  figure  of  the  deceased  upon  it,  extended,  with  the  hands 
slightly  raisea,  and  joined  as  if  in  the  attitude  of  prayer.  Examples 
of  this  kind  are  very  numerous,  and  highly  interesting,  both  on 
account  of  their  execution  as  works  of  sculpture  and  the  information 
they  afibrd  in  regard  to  the  costume  of  the  period. 

Altar  and  effigy  tombs  were  usually  placed  between  the  piers  of  an 
arch,  or  within  a  recess  in  a  wall ;  and  in  either  case  the  whole  tomb 
was  frequently  covered  by  an  arch  forming  a  sort  of  canopy  over  it,  of 
which  kind  is  that  of  Aymer  de  Valence  in  Westminster  Abbey  (1334). 
In  course  of  time  this  mode  of  architectural  decoration  came  to  be 
greatly  extended.  Instead  of  a  single  arch,  three  or  more  small  arches 
were  introduced,  which,  with  the  columns  either  supporting  or  placed 
between  them,  inclosed  the  figure  on  the  tomb,  giving  the  whole  the 
appearance  of  a  thrine  or  tcreen.  Many  of  the  French  monuments  of 
the  period  of  the  Renaissance  are  in  this  style  of  design,  lai^  and 
lofty  insulated  architectural  masses,  with  a  profiinon  of  highly-enriched 
pilasters  and  arches,  and  numerous  allegorical  figures,  beside  other 
statutes  and  bas-relieCs,  so  that  the  dqaotito,  or  actual  tomb,  is  the  leaet 
portion  of  the  entire  compodtion. 

In  Italy  there  are  many  examples  of  what  may  be  called  Fofode 


monuments,  which  are  extendve  architectural  compodtions,  oonsiBting 
of  two  or  more  orders  of  columns,  with  pediments,  niches,  statues^ 
panels,  and  various  other  architectural  decorations.  Of  such  "macehine 
eotottaU,"  as  Cicognara  terms  them,  the  monument  of  the  doge  Valier 
by  Tirali,  and  that  of  the  doge  Pesaro  by  Longhena,  may  be  quoted  as 
instances.  In  both  of  them  the  figures  are  merdy  accompaniments  to 
the  architecture,  and  that  which  should  be  the  prindpal  is  almost 
the  most  insignificant  among  them.  In  the  Catafalc  tomb,  even  when 
equally  extravagant  in  point  of  accumulated  embellishment,  there  is  at 
least  a  certain  degree  of  character  that  stamps  it  at  first  sight  for  what 
it  is,  whereas  in  those  of  the  kind  just  referred  to  there  is  nothing  to 
indicate  a  sepulchral  monument  This  last  remark  appUee  veiy  forcibly 
to  those  two  celebrated  works  of  Michel  Angelo,  the  tombs  oi  Giuliano 
and  Lorenzo  de'  Medici,  each  of  which  has,  besides  the  figures  of  those 
personages,  two  naked  semi-recumbent  figures,  a  male  and  female, 
intended,  or  supposed  to  be  intended,  to  express  day  and  night  (or 
sleep),  and  morning  and  evening.  More  becoming  in  feeling  and  in  taste 
are  many  other  Itdian  tombs  of  about  the  same  period,  which  consist 
of  little  more  than  a  simple  deposito,  or  sarcophagus,  with  either  a 
recumbent  or  semi-recumbent  figure  of  the  deceived  upon  it ;  such, 
for  instance,  as  those  of  Giov.  Andr.  Boccacdo  in  the  doister  of  Santa 
Maria  ddla  Pace,  and  of  Angelo  Marzi  in  the  church  of  the  Annunziata 
at  Florence.  Although  they  have-  abandoned  the  architectural  cart- 
ccUura  formerly  in  vogue  for  such  purposes,  instead  of  returning  to  the 
dmple  and  natural  expresdon  of  Chnstian  monumental  works,  later 
sculptors  have  frequently  given  us  allegorical  compodtions  and  groups 
of  mythological  figures,  and  the  likeness  of  persons  intended  to  be 
recoraed  is  shown  only  in  a  medallion.  In  this  vidous  taste  are  many 
of  the  monuments  in  St.  Paul's  and  Westminster  Abbey,  while  others 
are  diiefly  remarkable  for  the  fantastic  conceits  into  which  the  artists 
have  fallen,  and  which  render  them  equally  unbefitting  the  purpose 
they  are  desired  for  and  the  place  where  they  are  erected. 

TOMBS,  VAULTS,  TOMBSTONES,  TABLETS.  In  previous 
articles  [Coffin  ;  IntzrmkktJ  the  various  modes  of  disposing  of  the 
dead  have  been  discussed ;  it  is  our  intention  here  to  show  what  rights 
the  subjects  of  this  country  have,  1st,  to  burial,  and  2ndly,  to  a  per- 
manent commemoration  of  themselves  by  means  of  monuments.  It 
must  be  borne  in  mind  that  we  treat  here  only  of  parish  churches  and 
churchyards,  or  of  the  parish  burying-grounds  subsidiary  to  the 
churchyard.  The  cemeteries  which  the  necesdties  of  an  increasing 
population  have  caused  to  be  established  in  the  neighbourhood  of 
many  of  our  densely  inhabited  towns  are  private  property,  regulated  at 
the  pleasure  of  the  proprietors. 

By  the  68th  Canon  of  1603  it  is  ordered  that  no  minister  shall 
refuse  or  delay,  under  pain  of  suspendon  by  the  bishop  for  three 
months,  to  bury  any  corpse  that  is  brought  to  the  church  or  church- 
yard (convenient  warning  being  given  lum  thereof  before),  in  such 
form  as  is  prescribed  by  the  Book  of  Common  Prayer,  unless  the 
deceased  were  excommunicated  majori  excommumicaHonef  and  no  man 
able^  to  testify  of  his  repentance.  The  Rubric  further  exdudes  from 
Christian  burial  those  who  have  not  been  baptised  or  who  have  died 
by  their  own  hands ;  and  this  latter  class  are  defined  to  be  such  as  have 
volimtarily  killed  themsdves,  being  of  sound  mind,  of  which  fact  a 
coroner^s  jury  are  considered  by  ecdesiastical  authorities  to  be  the 
fitting  judges.  Thus  the  ecclesiastical  law  not  only  gives  to  the 
clei^gyman  the  right,  but  imposes  on  him  the  duty  to  bury,  with  only 
three  exceptions,  all  who  shall  be  brought  within  the  preoinots  of  his 
church.  Nevertheless  the  ecclesiastical  courts  have  admonished  a 
minister  and  churchwardens  to  abstain  from  burying  strangers  in  the 
churchyard,  when  the  practice  of  doing  so  threatened  to  interfere  with 
the  rights  of  the  parishioners;  for  the  common  law  gives  to  the 
people  the  right  of  being  buried  within  the  churchyard  of  their  own 
panJahes :  "  Ubi  decimas  persolvebat  vivus,  sepeliatur  mortuus ; "  and 
although  the  freehold  of  the  churchyard,  as  of  the  church,  is  in  the 
parson,  he  holds  it  only  for  the  benefit  of  his  parishioners,  and  subject 
to  their  right  of  interment  in  it. 

This  right  of  sepulture,  however,  applies  only  to  the  body :  the 
Canon  and  the  Rubric  alike  talk  as  though  studiously  of  the  "  corpse  " 
alone^  never  mentioning  the  coffin.  In  former  times  the  use  of  coffins 
was  confined  to  the  richer  classes,  and  these  were  often  of  stone  or  of 
other  durable  materials  [Coffin]  ;  but  the  practice  and  no  doubt  the 
intention  was  that  in  the  great  majority  of  cases  the  process  of  decay, 
and,  therefore,  the  occupation  of  the  earth,  should  not  be  needlessly 

firotracted.  To  use  the  words  of  Lord  Stowell,  *'  A  common  cemetery 
by  which  he  means  a  churchyard  or  parish  burying-ground]  is  not 
re$  uniue  aicUis,  the  property  of  one  generation  now  departed,  but  is 
likewise  the  common  property  of  the  living  and  of  generations  yet 
unborn,  and  is  subject  only  to  temporary  occupations."  On  this 
doctrine  are  based  the  main  points  of  the  law  concerning  buriala    ^ 

The  establishment  of  churchyards  is  attributed  to  Cuthbert,  arch- 
bishop of  Canterbury,  who  in  the  year  750  introduced  into  this  country 
the  custom,  then  existing  at  Rome,  of  devoting  an  endosed  space  round 
the  sacred  edifice  to  the  interment  of  those  who  had  been  entitled  to 
attend  or  had  been  in  the  habit  of  attending  worship  within  its  walls. 
Theretofore,  notwithstanding  a  canon  which  forbade  it  (De  non  tq>e- 
Uendo  in  Bedeme),  the  clergy  interred  persons  of  peculiar  sanctity  or 
importance  within  the  walls  of  the  church,  especially  in  the  dde  aisles 
of  the  nave,  so  as  to  remind  the  faithful  of  their  example  and  of  tho 
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duty  of  praying  for  their  sottls :  and  hence  the  rale  that  a  body  should 
not  be  buried  in  the  church  without  the  consent  of  the  incumbent,  he 
being  supposed  to  be  alone  able  to  judge  whether  the  deceased  pos- 
sessed the  qualities  which  giye  him  a  title  to  that  distinction.  The 
churchyard  was  anciently  held  among  the  res  sacrte,  and  no  fees  were 
taken  for  the  use  of  it :  nevertheless  the  payment  of  fees  to  the  clei^- 
man  dates,  in  this  country  at  least,  from  the  Keformation,  and  the 
Taon-payment  of  those  fees  is  held  by  tlie  ecclesiastical  courts  a  sufficient 
ground  for  the  clergyman  to  withhold  his  offices,  or  at  all  events  to 
prevent  the  erection  of  any  monument  or  tablet  for  which  he  had 
previously  given  his  consent;  that  consent  being  supposed  to  imply 
the  payment  of  the  usual  or  a  stipulated  fee.  The  churchwardens  are 
also  entitled  to  a  fee  for  burials  in  the  church,  since  on  them  falls  the 
expense  of  repairing  the  pavement  It  is  even  maintained  that  an 
incumbent  is  entitled  to  a  fee  upon  the  burial  of  his  parishioner  who 
has  died  in  his  parish  and  is  removed  for  interment  elsewhere.  Sir 
H.  Spelman  preserves  a  vestry  constitution  of  1627  containing  a  table 
of  fees  for  burial  in  the  chancel,  the  nave,  and  the  churchyard ;  the 
interments  in  the  churchyard  being  differently  charged  as  they  were 
"coffined"  or  "uncoffined."  These  fees  are  not  imposed  at  the  dis- 
cretion of  the  parson  or  of  the  parish ;  they  are  matter  of  ecclesiastical 
jurisdiction,  and  if  they  deviate  from  the  amounts  established  by 
custom,  must  be  approved  by  the  ordinary  after  consulting  the  minister 
and  the  parishioners. 

A  vault  cannot  properly  be  made  either  in  the  church  or  churchyard, 
■without  the  consent  of  the  ordinary  signified  by  a  faculty,  that  is,  a 
licence  or  permission,  for  that  purpose ;  and  this  he  does  not  grant 
imtil  he  has  given  the  parson  and  parishioners  an  opportunity  to 
express  their  opinions.  A  vault  may  be  attached  by  prescription  to  a 
mansion ;  or  again,  the  proprietors  of  a  mansion  may  have  a  prescrip- 
tive right  to  be  interred  and  to  erect  a  tablet  or  tombstone  in  tJie 
aisle  or  chapel  appurtenant  to  that  mansion.  But  it  would  seem  that 
the  right  adheres  to  the  mansion,  not  to  the  family ;  who  if  they 
cease  to  be  parishioners  relinquish  their  right  to  the  vault,  the  use  of 
which  may  be  granted  to  others.  The  heir,  however,  in  this  and  in 
all  cases  may  obtain  an  action  of  trespass  at  the  common  law  against 
any  one,  even  the  parson  or  ordinary,  who  disturbs  the  remains,  or 
removes  or  defaces  the  monument  of  his  ancestor,  or  Uie  hatchment, 
pennon,  or  coat  armour  suspended  over  his  grave.  In  some  parishes 
the  parishioners  have  a  prescriptive  right  to  place  a  stone  over  a  grave 
in  Uie  churchyard  upon  payment  of  a  certain  fee  established  by 
custom ;  but  nothing  of  height  can  properly  be  erected  without  the 
consent  of  the  ordinary ;  nor  can  a  tomb  or  tombstone  be  repaired 
without  the  leave  of  the  churchwardens;  although  the  granting  of  that 
leave  is  a  mere  formality  incumbent  on  those  oificers. 

The  phicing  of  a  monument  in  the  church  or  a  tablet  on  its  walls  is 
also  within  the  jurisdiction  of  the  ordinary ;  for  the  fixing  of  it  in  the 
chancel  the  consent  of  the  rector  is  required,  yet  a  lay  rector  has  not 
aright  to  erect  a  monument  or  construct  a  vault  there  without  a 
faculty  from  the  ordinary.  To  remove  without  the  ordinary's  consent 
a  monument  or  tablet  once  erected  is  an  offence  which  subjects  to  pro- 
secution before  the  ecclesiastical  courts  the  party  committing  it,  even 
though  he  should  have  himself  erected  the  monument,  and  ^ould 
have  the  consent  of  the  incumbent  for  its  removal. 

As  the  erection  of  a  tombstone,  so  the  inscription  upon  it  is  a  matter 
of  ecclesiastical  discipline,  and  an  epitaph  is  unquestionably  unlawful 
which  is  contrary  to  the  canons  or  constitutions  of  the  church  in  force 
at  the  time  when  the  inscription  is  made.  Thus  when  in  a  recent  case 
the  inscription  "  Pray  for  the  soul  of  A.  B."  was  objected  to  in  the 
Ecclesiastical  Court  as  recognising  the  doctrine  of  purgatoiy,  the  judge 
(whilst  he  deemed  that  prayers  for  the  dead  are  not  contraiy  to  the 
canons,  and,  therefore,  that  the  epitaph  was  not  unlawful)  distinctly 
affirmed  the  doctrine,  that  any  new  epitaph  opposed  to  the  doctrines  of 
the  Church  of  England  might  be  removed,  and  the  inscription  of  such 
an  epitaph  would  subject  the  party  who  inscribed  it  to  ecclesiastical 
censure. 

(H^gard'a  Caimstcry  ]^orU,l  14,  205;  il  883;  Curiieis's  EccUdas- 
ttcalMeparU,  i.  880;  Bum's  EccUtiastical  law,  article 'Burial:'  and 
Rogers's  ditto.) 

TON,  or  TUN.  In  modern  English  spelling  the  ton  is  a  weight 
(twenty  hundredweight,  or  2240  pounds  avoirdupois)  and  the  tun  is  a 
measure  of  wine  (two  pipes,  or  262  gallons).  Accordingly,  some  have 
supposed  that  the  measure  was  derived  from  the  weight,  and  in  fact  a 
tun  of  water  weighs  about  a  ton.  But  a  very  little  consideration  of  the 
manner  in  which  tonna  and  tunna  were  lised,  is  enough  to  convince 
any  one  that  the  weight  was  derived  from  the  measure.  These  words 
are  not  classical,  but  they  occur  frequently  in  middle  Latin  (see 
Ducange,  in  verb,),  and  always  as  signifying  a  large  cask.  The  hollow 
empty  sound  made  by  striking  a  lai^ge  cask  may  have  given  rise  to  the 
name  :  we  have  often  heard  them  say  ton  as  plain  as  a  ca^  can  speak. 
The  diminutive  is  tonne^ia,  which  was  often  used,  but  not  much  in 
Englmd.  OTie  Commissioners  of  Weights  and  Measures  found  it  only 
m  Cardiganshire,  standmg  for  sixteen  bushels  of  lime.  The  modern 
use  of  the  word  tunnel  is  now  familiar  enough.  The  old  taxes  of  ton- 
najge  and  poundnge  are  enough  to  create  a  suspicion  that  the  ton  was 
originally  a  measure.  This  phrase  would  be  tautology  if  tonnage 
meant  a  tax  upon  weight ;  we  must  understand  tonnage  and  poundage 
to  be  a  tax  on  measure  and  a  tax  on  weight. 


There  are  many  local  tons  of  weight  which  hava  sprung  iq>  in  modem 
timea. 

TONE  (in  Music).  The  technical  use  of  this  word  may  be  seen  in 
Scale,  Tbtrachord,  &c.,  in  which  it  signifies  a  mugieal  interral.  In 
common  language  it  refers  to  the  quaUly  of  a  musical  Bound,  as  wl&en 
we  speak  of  a  fine-toned  instrument. 

In  painting,  the  word  tone  is  used  in  a  somewhat  similar  maimer. 
With  reference  to  a  particular  tint  it  expresses  the  degree,  quality,  or 
intensity  of  a  colour  or  shade,  in  reUtion  to  the  other  ooloius  oi  the 

Eicture,  or  to  the  chiaroscuro.    The  tone  of  a  picture,  on  the  other 
and,  has  relation  to  the  general  scale  of  colouring :  thus  ft  pulntjug  is 
said  to  be  low,  or  gray,  or  warm  in  tone. 

TONICS.    [Analeptics.] 

TONKAGE  is  the  term  for  the  capacity  of  burden  poesesaed  by  a 
ship  or  other  floating  vessel.  The  amount  of  tonnage  possesaed  by  the 
United  Kingdom  is  given  under  Trade  and  Shipping. 

TONNAGE  (or  TONNAGE)  AND  POUNDAGE.    [Subsidt.] 

TONSILS,  DISEASES  OF  THE.    [Quiksy.] 

TONSURE  (from  the  Latin,  tondere,  "  to  clip")  is  the  name  given 
to  a  distinguishing  mark  of  the  clergy  of  the  Koman  Catholic  church, 
formed  by  cutting  off  a  portion  of  the  hair  from  the  head.  Mention  Is 
made  of  polled  or  shaven  crowns  in  connection  with  the  clerical  disr 
racter  in  the  earliest  ages  of  the  church;  but  it  seems  to  be  clear  that 
this  has  nothing  to  do  with  the  modem  tonsure :  the  practice  of  shaving 
the  head  or  wearing  the  hair  too  short  is  in  fact  condenmed  in  priests 
by  Jerome  and  others  of  the  Fathers.  ('  Bingham's '  Originea  EocleiiaB- 
ticss,'  b.  vi.  c.  iv.  s.  Ifi.)  What  is  now  called  the  tonsure  waa  probably 
introduced  not  earlier  than  the  latter  part  of  the  5th  century.  Various 
explanations  of  its  mystical  meaning  have  been  proposed  :  one  theory 
is,  that  it  is  a  sign  of  adoption  by  the  church ;  another,  that  it  is 
intended  to  symbolise  the  clerical  subjection  and  obedience;  another, 
that  it  is  a  memorial  of  the  Saviour's  crown  of  thorns,  ftc  According 
to  the  existing  and  long-established  practice,  the  tonsure  is  formed  by 
clipping  awav  the  hair  trom  a  circular  space  on  the  back  of  the  head. 
The  application  of  the  scissors  by  the  bishop  to  remove  the  first  tuft 
is  the  initiatory  rite  bv  which  persons  are  received  into  Uie  clerical 
order.  Of  course  the  clerical  crown,  as  it  is  called,  must  be  preserved 
by  repeated  trimming  when  necessary;  and  the  practice,  we  believe,  is 
to  enlarge  it  as  the  wearer  rises  in  ecclesiastical  station  and  dignity. 
The  present  however  was  not  the  universal  form  of  tho  tonsure  in 
former  times.  When  the  missionaries  who  had  come  over  to  Britain 
from  Rome  encountered  in  the  7th  century  the  Scottish  and  Irish 
priests,  they  were  horrified  by  observing  that  instead  of  a  circular 
tonsure  on  the  occiput,  they  were  distinguished  by  a  tonsure  in  the 
shape  of  a  crescent  on  the  forehead.  The  Roman  missionaries  asserted 
that  this  was  the  sort  of  tonsure  worn  by  Simon  Magus  and  his  dis- 
ciples. The  true  form  of  the  tonsure  and  the  proper  mode  of  calcu- 
lating Easter  were  the  chief  subjects  of  theological  controversy  in 
this  island  in  the  latter  part  of  the  7th  and  the  beginning  of  the  Sth 
centuries. 

TONTINE,  a  species  of  life  annuity,  so  called  from  Lorenzo  Tonti, 
a  Neapolitan,  with  whom  the  scheme  originated,  and  who  introduced 
it  into  France,  where  the  first  tontine  was  opened  in  1653.  The  sub- 
scribers were  divided  into  ten  classes,  according  to  their  ages,  or  were 
allowed  to  appoint  nominees,  who  were  so  divided,  and  a  proportionate 
annuity  being  assigned  to  each  class,  those  who  lived  longest  had  the 
benefit  of  their  survivorship,  by  the  whole  annuity  being  divided 
amongst  the  diminished  number.  The  terms  of  this  tontine  may  be 
seen  m  the  French  '  Encyclop^e '  ('  B^nanoe '  division,  vol.  iii).  In 
1689  a  second  tontine  was  opened  in  France.  The  last  survivor  was  a 
widow,  who,  at  the  period  of  her  death,  at  the  age  of  96,  enjoyed  an 
income  of  73,500  livres  for  her  ori^nal  subscription  of  300  Hvres.  The 
last  French  tontine  was  opened  m  1759.  They  had  been  found  very 
onerous,  and  in  1763  the  Council  of  State  determined  that  this  sort  of 
financial  operation  should  not  be  again  adopted.  Tontines  have  seldom 
been  resorted  to  in  England  as  a  measure  of  finance,  l^e  last  for 
which  the  government  opened  subscriptions  was  in  1789.  The  terms 
may  be  seen  in  Hamilton's  '  Hist.  Public  Revenue.'  A  few  private 
speculations  have  been  entered  into  in  the  United  Kingdom  on  the 
plan  of  the  tontine. 

TOPOGRAPHY  (from  the  Greek  rowoypa^la,  which  is  from  r^iror, 
"  a  place,"  and  ypdip,§iy, "  describe  ").  Perhaps  the  nearest  oorrespond- 
ing  combination  of  English  words  would  be  "  place-description."  The 
word  topography  is  limited  by  usage  to  the  description  of  cities,  towns, 
villages,  castles,  churches,  and  other  artificial  structures,  including 
notices  of  everything  belonging  to  the  places  or  connected  with  them ; 
for  instance,  not  only  the  site,  construction  of  the  streets,  public  build- 
ings, &c.,  of  cities  and  towns,  but  the  number  of  inhabitants,  trade, 
history,  and  so  forth.  The  word  occurs  in  the  Greek  writers.^  Cicero 
('  ad  Attic.,'  LIS)  uses  Topothesy  (rovodftria)  as  synonymous  with  topo- 
graphy, though  topothesy  should  have  a  different  meaning.  In  the 
Greek  "  topography  "  has  a  wider  meaning  than  it  has  with  ua.  But  a 
description  of  a  given  place,  with  reference  to  its  physical  character, 
hardly  comes  within  our  notion  of  a  topographical  description,  which 
is  generally,  at  least,  limited  as  above  stated. 

TOREUTIC.    [Sculpture.] 

TORMENTIL,  Tormmtilla  oficinalts  (Smith),  ereeta  (Linn.),  a  small 
perennial  plant,  growing  in  the  whole  of  Europe  and  the  north  of  Am, 
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in  forests,  bogs,  and  hssAhs.  fPoTERTiLLA.]  Thie  root,  or  rather  the 
rhizoma,  is  offioinaL  As  the  plant  flowers  in  June  and  July,  the  best 
time  to  collect  the  rfaizomata  is  in  April  and  May.  Those  gathered  in 
autumn,  while  they  remain  moist,  are  phosphorescent.  The  roots  of 
the  TormentiUa  (Potentilla)  reptans  (Linn.)>  of  the  Potentilla  Com- 
marum,  those  of  the  common  skawberry,  of  the  Qeum  lurbanum,  and 
also  of  the  Polygonum  bistorta,  are  frequently  confounded  with  those 
of  the  true  tormentil— errors  of  no  great  importance  as  far  as  their 
medical  employment  is  concerned,  as  they  possess  properties  similar  in 
kind,  but  inferior  in  degree.  In  Italy  the  root  of  the  Qeranium  striatum 
is  Bubstituted  for  it.  «     ^ 

The  rhizomata  of  the  genuine  plant  are  large  in  proportion  to  the 
braiu^es  they  bear.  They  lie  obliquely  in  the  earth;  old  ones  are 
knotty  or  resemble  knobs,  from  I4  to  2  inches  thick;  younger  ones 
are  cylindrical,  irregularly  branched,  the  branches  1  tp  2  inches  long, 
and  from  one-fourth  to  one-half  inch  thick,  curved  and  twisted.  The 
epidermis  and  liber  are  very  thin,  but  firm.  The  central  part  presents 
two  or  more  concentric  aurdes.  The  colour  of  the  interior,  when 
fresh,  is  a  roee-red  or  fleshy  colour;  but  when  dried,  it  inclines  more 
to  a  reddish  or  brownish  yellow ;  in  very  old  specimeps  it  becomes 
white.  It  can  be  easily  powdered :  the  powder  is  of  a  bright  brownish- 
red.  The  rose-odour  of  the  fresh  root  is  lost  by  drying.  Taste  purely 
and  strongly  astringent  Specimens  which  are  dirk  externally,  and 
woody  and  white  within,  are  to  be  rejected. 

Water  distiUed  from  the  fresh  root  has  an  agreeable  rose-like  odour. 
This  plant  contains  more  tannin  than  any  other,  except  catechu  and 
galls.  TormentU  is  the  most  powerful  of  our  indigenous  astringents, 
and  more  easUy  asainnlat,fid  than  oak-bark  or  galls.  Though  improper 
in  active  hsesnorrhagee,  in  passive  discharges  it  is  very  useful,  and  may 
be  given  with  aromatios,  or  opiatea,  or  chalk,  as  in  the  compound 
powder  of  chalk.  Few  medicines  are  more  efficacious  for  dryipg  up 
the  slimy  mucus  in  which  worms  nestle  in  the  intesUnes  of  ciiildren, 
than  the  compound  powder  of  chalk.  Infusion  made  with  cold  water 
is  preferable  to  the  decoction.  The  extract  made  in  the  common  way 
soon  spoils.  But  valuable  as  this  substance  is  in  medicine,  it  is  of  stiU 
greater  utility  in  the  arts  and  in  agriculture.  It  may  be  most  beue- 
ficiaUy  employed  to  tan  leather,  both  where  the  oak  grows  and  where 
it  is  absent,  since  one  pound  and  a  half  of  powdered  tormentil  is  equal 
m  strength  to  seven  pounds  of  tan.  It  is  used  in  Lapland  and  the 
Orkney  Isles,  both  to  tan  and  to  dye  leather,  and  in  the  latter  parts  to 
dye  worsted  yam.  By  long  boiling  the  tannin  is  converted  into  gum, 
and  in  times  of  scarcity  the  poor  may  collect  and  obtain  much  nourish- 
ment from  the  root.  But  the  great  service  this  plant  renders  in 
husbandry  is  its  chief  merit.  Where  it  grows  abundantly  in  wet 
pastures,  the  rot  in  the  sheep  is  unknown.  Where  the  heather  has 
been  burned  on  the  Highland  hiUs,  this  plant  springs  up  spontaneously 
with  the  tender  grassL    [Amthxlm ixtzos.] 

TORNADO.    [Whirlwind.] 

TORRICELLIAN  VACUUM.    [Babometeb.] 

TORRIC£LLI*S  THEOREM.    [Htdbodynamios.] 

TORRID  ZONE.    TZokb.] 

TORSION  is  that  force  with  which  a  thread  or  wire  returns  to  a 
state  of  rest  when  it  has  been  twisted  by  being  turned  round  on  its 
axis :  the  thread  or  wire,  which  is  suspended  vertically,  is  attached  at 
the  upper  extremity  to  some  object,  and  at  the  lower  extremity  is  a 
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weight  with  a  horizontal  index,  or  a  stirrup,  which  is  to  carry  a  needle 
w  bar  in  a  horizontal  position. 

L«t  ZT  be  the  wire,  w  the  weight  or  stirrup,  and  ab  an  index  or 
a«edle,  and  let  bac  be  part  of  a  graduated  ring  on  the  same  level  as 


the  needle;  then,  on  turning  the  object  w  round  till  a  mark  on  the 
extremity  a  of  the  index  is  brought  to  any  point,  6,  on  the  ring,  the 
wire  becomes  twisted ;  and  when  the  power  by  which  w  is  turned  is 
removed,  the  elasticity  of  the  wire  causes  the  point  at  a  to  osdUlate 
within  the  ring  through  an  arc,  as  6  a  c,  which  continually  diminishes 
till  the  index  rests  in  its  original  position. 

Under  ELASTrciTY  is  given  an  investigation  from  which  it  is  proved 
that,  while  the  force  of  torsion  is  moderate,  its  intensity  is  directly 
proportional  to  the  ang^e  or  arc  through  which  the  extremity  a  of  the 
mdex  is  moved  in  twisting  the  wire.  It  is  also  proved  that  T,  the  time 
of  a  complete  oscillation,  is  constant,  or  that  the  vibrations  are  isochro- 
nous, like  those  of  a  pendulum  which  is  acted  upon  by  ^vity ;  and 
further,  that  when  a  body,  as  w,  is  suspended,  the  squares  of  the  times 
of  vibration  vary  directly  as  the  momentum  of  the  body's  inertia,  and 
inversely  as  the  force  of  torsion :  consequently  when  the  forms  and 
weights  of  suspended  bodies  are  the  same,  the  force  of  torsion  varies 
inversely  with  the  square  of  the  time.  With  respect  to  the  effects 
which  a  variation  in  the  length  of  the  wire  will  cause  in  the  force  of 
torsion,  it  may  be  observed  that  in  proportion  as  the  lengths  of  the 
wires  are  increased,  points  at  the  lower  extremities  must  be  turned, 
about  the  axis,  through  greater  arcs,  in  order  to  produce  equal  degrees 
of  torsion  at  equal  distances  from  the  points  of  suspension ;  and  hence, 
if  the  number  of  revolutions  be  equal,  the  force  of  torsion  will  be  in- 
versely proportional  to  the  length  of  the  wire :  it  follows  therefore  that 
the  time  of  a  vibration  varies  directly  with  the  square-root  of  the  length 
of  the  wire. 

These  deductions  from  theory  are  confirmed  by  their  agreement  with 
the  results  of  the  numerous  experiments  made  by  M.  Coulomb  with  an 
apparatus  similar  to  that  which  is  represented  above;  the  times  in 
which  a  certain  number  of  isochronous  vibrations  were  made  with  wires 
of  different  lengths,  and  carrying  at  their  lower  extremities  cylinders 
of  different  weights,  being  observed.  By  comparisons  also  of  experi- 
ments on  wires  of  the  same  length  and  of  different  diameters,  conse- 
quently of  different  weights.  Coulomb  found  that  the  times  of  vibration 
were  inversely  proportional  to  the  weights,  or  to  the  squares  of  the 
diameters  of  the  wires ;  and  since  the  force  of  torsion  varies  inversely 
with  the  squares  of  the  times,  it  follows  that  when  the  wires  are  of  the 
like  material  and  of  equal  len^hs,  the  force  of  torsion  varies  directly 
with  the  fourth  power  of  the  diameter.  M.  Poisson,  in  a  memoir  on  the 
equilibrium  and  movement  of  elastic  bodies  (*  Mdmoires  de  TAcaddmie 
des  Sciences,'  torn.  viiL),  has  deduced  the  same  law  from  purely  theo- 
retical considerations. 

It  may  be  convenient  to  compare  the  force  of  torsion  with  that  of 
gravity,  and  for  this  purpose  it  will  be  necessary  to  observe  merely 
that  the  time  in  which  a  pendidum,  whose  length  is  /,  makes  a 

complete  oscillation  in  a  very  small  arc  is  expressed  by  v  /  J.  ^^ 

[Pendulum],  where  g  represents  the  force  of  gravity  :  then  the  time 
in  which  the  torsion  wire  vibrates  onco  on  its  axis  being  made  equal  to 
the  time  in  which  a  simple  pendulum  vibrates,  wehave  (using  the 

K'M       I 

formula  in  Elasticity), —=  —  ;   therefore,  as  the  momentum  of 

inertia  for  a  torsion  wire  srispendlng  a  body  of  a  given  form  can  be 
computed,  and  as  I  may  be  found  from  the  observed  time  of  a  vibra- 
tion, the  value  of  n  (the  coefficient  of  the  force  of  torsion)  can  be 
ascertained  from  this  equation. 

The  torsion  of  slender  wires  was  first  employed  by  Coulomb  for  the 
purpose  of  determining  the  intensities  of  forces  in  nature  and  the  laws 
of  their  action  in  circumstances  which  render  direct  methods  in- 
applicable: his  experiments  were  performed  with  an  instrument 
which  he  invented,  and  which  he  designated  a  tomon  bcUance.  Under 
Eleotbometeb  is  given  a  description  of  the  instrument  and  of  the 
method  of  employing  it  in  finding  the  laws  of  electric  attractions  and 
repulsions ;  and  it  will,  therefore,  be  sufficient  in  this  place  to  explain 
its  application  in  determining  those  of  magnetic  action.  For  this 
purpose  Coulomb  adapted  to  the  suspending  wire,  which  was  of  copper, 
a  small  stirrup,  as  w,  also  of  copper,  in  which  could  be  placed  a  mag- 
netised needle  of  steeL  Before  this  was  done,  however,  a  copper  needle, 
equal  in  weight  to  the  magnetiaed  needle  which  was  to  be  used  in  the 
experiment,  was  placed  in  the  stirrup,  and  the  plate  d  at  the  top  of  the 
glass  case  was  turned  roimd  till  one  extremity  of  the  copper  needle, 
which  turned  with  the  plate,*  was  brought  to  the  zero  of  the  gradua- 
tions on  the  horizontal  circle  bac  in  we  case,  the  suspending  wire 
being  in  an  untwisted  state :  the  whole  case  was  afterwards  turned 
round  till  the  needle,  still  pointing  to  zero,  was  in  the  direction  of  the 
magnetic  meridian,  which  had  been  previously  determined.  The 
copper  needle  was  then  taken  away,  and  the  magnetised  needle  put  in 
the  stirrup ;  and  as  soon  as  it  was  at  rest  in  the  magnetic  meridian,  the 
suspending  wire  was  twisted  by  turning  the  stem  E,  to  which  it  is 
attached  at  the  upper  extremity  of  the  case,  till  the  index  there  had 
passed  over  some  given  number  of  degrees,  which  in  one  experiment 
was  360^  The  suspended  needle  was  thus  made  to  deviate  fh>m  its 
previous  position  I04  degrees,  in  which  state  the  horizontal  force  of 
terrestrial  magnetism  was  in  equilibrio  with  the  force  of  torsion ;  and 
the  angle  of  torsion  was  then  equal  to  349A°  (  =  860*— 10 J").  On 
turning  Uie  index  at  E  through  two  revolutions,  the  needle  was  observed 
to  rest  between  the  opposing  forces,  at  21^*  from  its  original  place, 
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when  consequenUy  the  angle  of  torsion  wis  698]*  (=720*— 2in* 
Obtaining  in  like  manner  several  other  angles  of  torsion  with  me 
corresponding  deviations  of  the  magnetic  needle,  and  comparing  them 
together,  Coulomb  found  that  the  forces  of  torsion  are  constantly 
proportional  to  the  sines  of  the  deviations  of  the  needle. 

In  order  to  discover  the  law  of  magnetic  action  with  respect  to  the 
distances  between  the  attracting  or  repelling  bodies,  Coulomb  placed  a 
magnetised  needle  in  the  stirrup  of  the  balance,  and  after  twisting  the 
wire  by  turning  the  micrometer  stem  at  s  on  its  axis  through  a  certain 
numbor  of  degrees,  he  observed  where  the  needle  rested  between  the 
opposing  forces  of  torsion  and  the  horiaontal  component  of  terrestrial 
magnetism :  assuming  then  that  the  deviations  of  the  needle  were 
proportional  to  the  forces  of  torsion,  he  f oimd  that,  in  order  to  make 
the  needle  deviate  one  degree,  it  was  necessary  to  employ  a  force  of 
torsion  expressed  by  85*.  The  wire  being  then  untwisted,  and  the 
magnetised  needle  placed  in  the  magnetic  meridian,  Coulomb  intro- 
duced in  the  glass  case,  in  a  vertical  xxMitioUi  and  also  in  the  plane  of 
the  magnetic  meridian,  a  magnetised  needle  of  the  same  dimensions  as 
the  other,  so  that  if  the  two  needles  could  have  approached  each  other 
they  would  have  been  in  contact  at  about  an  inch  from  the  extremity 
of  each ;  but  the  poles  of  the  same  denomination  in  the  two  needles 
being  presented  to  each  other,  a  repulsion  took  place,  and  the  sus- 
pended needle  came  to  a  state  of  rest  between  the  opposing  forces  of 
torsion  and  of  magnetic  repulsion.  When  the  micrometer  at  e  was 
allowed  to  remain  in  its  actual  position,  the  suspended  needle  was 
repelled  24  degrees,  and  consequently  it  was  pi*eventcd  from  returning 
to  the  zero  point  by  a  force  of  torsion  expressed  by  the  sum  of  24  desrees 
and  of  the  horizontal  force  of  terrestrial  attraction  ( =  24  x  35°,  or  840°) ; 
thus  the  whole  force  of  magnetic  repulsion  was  expressed  by  864°.  In 
a  second  experiment,  the  wire  being  twisted  by  making  the  stem  at  E 
perform  thiee  revolutions  (=  1080*)  in  a  direction  contrary  to  that  of 
the  24*  before  mentioned,  the  needle  rested  at  17*  from  zero :  the  force 
of  magnetic  repulsion  was  then  expressed  by  the  sum  of  1097  degrees 
and  the  value  of  terrestrial  attraction  (= 17  x  U5°,  or  595*),  that  is,  in 
all,  1692  degrees.  On  comparing  together  several  experiments  of  the 
same  nature,  and  also  several  similar  experiments  in  vniich  the  poles  of 
a  contrary  denomination  were  presented  to  each  other,  Coloumb  f oimd, 
neglecting  small  differences  which  may  be  supposed  to  have  arisen 
from  the  extent  and  configiuation  of  the  needles,  that  the  forces  of 
magnetic  repulsion  and  attraction  vary  inversely  as  the  squares  of  the 
distances. 

The  "  bifilar  magnetometer"  which  was  invented  by  M.  Qauss,  is  a 
species  of  torsion  balance :  it  is  described  briefly  in  the  article  Tebbbs- 
TRiAL  Maonetibm,,  and  at  length  in  Taylor's  '  Scientific  Memoirs,' 
voL  IL  The  apparatus  with  which,  by  the  oscillations  of  two  balls  of 
lead  at  the  extremities  of  a  lever  suspended  horizontally  by  a  string, 
Mr.  Cavendish  determined  the  average  density  of  the  euih,  was  also  a 
balance  acting  on  the  same  principle.  [Earth,  Mean  Density  or 
THE.]  The  bifilar  suspension  has  also  been  claimed,  apparentiy  with 
justice,  by  Sir  W.  Snow  Harris.  See '  Rudimentary  Magnetism,'  parts 
L  and  iL,  p.  120,  in  which  work,  and  also  in  the  '  Rudimentary  Elec- 
tricity '  of  the  same  author,  the  various  tondon  instruments  used  in 
these  branches  of  science  are  fully  and  satisfsctorily  described  and 
illustrated. 

For  the  strength  of  torsion  in  machinery,  see  Materials,  Strenqth  or. 

TORTOISE-SHELL.  This  beautiful  substance,  or  at  least  the  best 
kind  of  the  material  which  goes  under  the  name,  is  procured  from  a 
marine  tortoise  called  the  Hawk's-bill  turtie,  or  Tettudo  imbricata; 
the  Latin  name  being  derived  from  the  mode  in  which  the  scales 
upon  the  back  are  arranged,  overlapping  one  another  like  the  tiles  upon 
the  roof  of  a  house,  one  kind  ox  which  were  called  by  the  Romans 
tm&rtcec  In  most  other  tortoises  the  several  scsles  of  which  their 
covering  is  composed  adhere  to  one  another  by  their  edges,  like  inlaid 
work.  Each  animal  furnishes  thirteen  principal  plates,  five  along  the 
centre  of  the  back,  %nd  four  on  each  side ;  and  twenty-five  smaller 
scales  or  plates,  which  constitute  the  margin  of  the  shell.  The  size 
and  thickness  of  the  plates  depend  on  the  magnitude  and  age  of  the 
animal,  a  fresh  layer  being  prtKluced  every  year ;  and  at  the  margin  of 
the  large  plates  ma^  be  seen  distinctiy  Ihe  edges  of  the  layers  as  they 
thin  off  in  succession.  The  homy  plates  are  separated  frx>m  the  bony 
foundation  by  the  application  of  heat ;  the  whole  shell  being  commonly 
placed  over  a  fire  until  the  plates  begin  to  start  from  the  bone,  and  the 
reparation  being  completed  by  the  aid  of  a  slender  knife.  The  shell 
varies  much  in  value,  being  frequentiy  injured  by  barnacles,  limpets, 
and  other  shell-fish  adhering  to  the  turtles  while  alive,  and  interfering 
with  the  growth  of  the  sheU  where  they  attach  tiiemselves.  Occasion- 
ally plates  of  a  uniform  yellow  colour  are  met  with ;  and  such  are  in 
great  request  among  the  Spanish  ladies,  who  will  give  at  lesst  twice  as 
much  for  a  comb  of  plain  tortoiseshell  as  for  a  mottled  one.  The 
belly-plates  of  the  tortoise  are  yellow,  and  are  sometimes  found  suffi- 
cientiy  clear  for  use. 

Before  working,  the  sheU  needs  to  be  softened  or  iempertd,  which  is 
usually  done  by  dipping  it  for  three  or  four  minutes,  or  longer  if  it  be 
yeij  thick  and  brittle,  in  boiling  water.  Some  manufacturers  flatten 
and  temper  the  shells  with  hot  flat  irons,  similar  to  those  used  by 
laundresses;  the  tortoise-shell  being,  in  the  course  of  the  operation, 
frequentiy  dipped  in  cold  water  to  prevent  scorching.  Generally, 
however^  the  less  the  shell  is  heated  and  pulled  about  the  better. 


because  from  its  apparent  want  of  grain  or  fibre  it  is  apt  to  become 
very  brittie.  Being  also  less  fusible  than  horn,  tortoise-shell  cannot 
be  made  soft  enough  to  be  moulded  without  some  injury  to  the  colour; 
and  accordingly  the  manufacturers,  at  lesst  in  England,  never  attempt 
to  produce  tortoise-shell  combs  with  ornamental  open  work  by  means 
of  dies.  Such  work  is  produced  by  pasting  a  piece  of  paper  over  the 
tortoise-shell,  drawing  tne  pattern  upon  it,  cutting  it  out  with  drills 
and  fine  saws,  and,  after  the  paper  has  been  removed  by  steeping  in 
cold  water,  finishing  the  ornaments  with  the  graver.  The  cutting  or 
parting  teeth  of  combs  by  machinery  is  described  under  Comb  Maku- 
rAOTURE ;  but  we  may  here  notice  another  mode  which  is  occasionally 
followed,  and  which  illustrates  the  convenience  arising  from  the  flexi- 
bility of  the  material  when  warmed.  A  piece  of  tortoise-shell,  large 
enouc;h  to  make  two  combs,  is  bent  or  bowed  in  the  direction  of  the 
length  of  the  teeth,  to  such  a  degree  of  convexity  that  they  may  be 
cut  with  a  straight  bow-saw  without  cutting  through  either  of  the 
edges  of  the  pieces  of  shell,  which  are  required  to  form  the  top  or 
back  portions  of  tiie  combs.  The  shell  is  then  flattened  and  the  ends 
or  pomts  of  the  teeth  are  separated  with  a  narrow  chisel  or  pricker, 
after  which  the  combs  are  finished  with  files  and  scn^rs,  and  bent  to 
any  required  curvature  upon  wooden  moulds.  The  fnmes  for  tortoise- 
shell  eye-glasses  are  usually  formed  out  of  narrow  dips  of  shell  in 
which  slits  are  cut  with  a  saw,  the  slits  being  subsequently,  while  the 
shell  is  warm,  itrained  or  ptdled  open,  imtil  mey  form  circular  or  oval 
apertures,  bv  the  insertion  of  tapering  triblets  of  the  required  shape. 
The  same  yielding  or  flexible  property  is  made  use  of  in  the  manufac- 
ture of  boxes ;  a  round  flat  disc  of  shell  being  gradually  forced  by 
means  of  moulds  into  the  form  of  a  circular  box  with  upright  sidea 
The  union  of  two  or  more  pieces  of  shell  may  be  effected  by  oarefullj 
scraping  the  parts  that  are  to  overlap,  so  as  to  render  them  perfectly 
free  from  grease,  even  such  as  might  arise  from  being  touched  by  the 
hand,  softening  them  in  hot  water,  pressing  them  together  with  hut 
flat  tongs,  and  then  plunging  the  joint  into  cold  water. 

In  veneering  with  tortoise-shell,  hy  which  veiy  beautiful  woi^  may 
be  produced,  it  is  usual  to  apply  fish-glue,  mixed  with  lamp-black, 
vermilion,  green,  chrome,  white^  or  other  colouring  matter,  at  the  back 
of  the  sh^,  both  to  heighten  its  e£foct  and  to  conceal  the  glue  or 
cement  by  whidi  it  is  secured  to  the  wooden  foundation.  In  making 
knife-handles 'and  some  o^er  ornamental  work,  metallic  foils  are  put 
beneath  the  tortoise-shell  veneer  with  excellent  effect. 

The  qualities  of  tortoise-shell  as  brought  to  market  are  thus  dis- 
tinguished: Manilla,  fine  and  large;  Singapore,  nearly  as  good  as 
Msjailla;  West  India,  large  and  heavy,  but  red;  Honduras,  darker,  but 
with  lai^  dark  red  spots ;  Calcutta,  dark,  heavy,  and  badly  coloured ; 
Bombay,  the  worst  qualify.  Sometimes  plates  are  obtained  as  large  as 
18  indhes  bv  8  inches,  and  a  quarter  of  an  inch  thick  in  the  middle. 
The  price  of  the  best  tortoise-shell  is  generally  about  60f.  per  lb.  A 
small  import  dutv,  formerly  imposed,  was  repealed  in  1846. 

TORTURE,  which  in  a  legal  sense  means  the  application  of  bodily 
pain  in  order  to  force  discoveries  from  witnesses,  or  confessions  from 
persons  accused  of  crimes,  has  been  recognised  b^f^  the  laws  of  most 
civilised  nations  as  an  instrument  for  obtaining  judicial  truth.  A 
learned  civilian  terms  it "  Mos  antiquissimus,  omnium  fer£  bene  insti- 
tutorum  populorum  communis :  ut  non  immeritd  pro  lege  ac  jure 
quodam  gentium  habeatur."  (Wesenbechii,  *Paratit]a  ad  Dig.  de 
Qunstionibus,'  num.  3.)  Torture  was  applied  to  skves  at  Athens 
(Demosthen.,  'Orat.  adv.  Pantamet.');  and  Cicero  states  that  the 
Athenian  and  Rhodian  laws  allowed  it  to  be  applied  even  to  citizens 
and  freemen  ('  Oratories  Partit,'  34) ;  but  there  is  some  doubt  as  to  the 
accuracy  of  this  statement  with  respect  to  Athenian  freemen.  It  has 
been  questioned  whether  torture  was  used  by  the  Romans  during  the 
repubucan  period ;  but  Cicero  frequentiy  speaks  of  it  as  an  anc  e  it 
practice,  and  attributes  it  to  the  customs  and  institutions  of  an  eailtcr 
age  {*'  moribus  majorum ").  ('  Oratio  pro  Rege  Deiotaro,'  o.  1 ;  '  Pro 
Milone,'  c  22 ;  '  Orat.  Partit,'  84)  Tacitus  also  ascribes  a  modification 
of  the  practice  to  an  ancient  Senatus-oonsultum  ('  Ann.,'  lib.  ii,  c.  30). 
However  this  mav  have  been,  it  is  beyond  all  doubt  that  the  use  of 
torture  in  judicial  inquiries  had  become  fully  established  in  the  time 
of  the  early  emperors.  Regularly  the  Roman  law  admitted  the  torture 
only  in  the  case  of  slaves  when  examined  either  as  witnesses  or  offend- 
ers; but  imder  the  emperors — even  under  Augustus,  but  more  fre- 
quentiy imder  Tiberius  and  Caligula— instances  oocuf  in  which  freemen 
and  citizens  were  interrogated  by  torture:  most  of  these  instances, 
however,  are  to  be  consid^ed  as  irregular  acts  of  power,  not  sanctioned 
by  law.  Rules  regulating  the  mode  of  applying  torture,  and  limiting 
the  occasions  of  its  application,  were  early  established  in  the  Roman 
law.  One  of  the  most  important  of  these  is  that  which  Cicero  in  the 
passages  above  cited  refers  to  ancient  usage,  namely,  that  a  slave  should 
not  be  tortured  to  give  evidence  against  his  master,  except  in  the  cases 
of  incest  and  conspiracy.  Tacitus  says  that  in  order  to  evade  the  ope- 
ration of  what  he  calls  an  ancient  decree,  prohibiting  the  **  quastio 
servi  in  caput  domini,"  Tiberius, "  novi  juris  repertor,"  invented  the 
scheme  of  making  over  the  slave  from  the  accused  to  a  public  func- 
tionary, and  then  putting  him  to  the  torture  against  his  former  master. 
This  device  is  however  ascribed  by  other  mstorians  to  Augustus. 
(Dion.,  lib.  Iv.)  In  judicial  inquiries  or  public  trials  for  crimes,  the 
*'  questio  "  was  applied  at  the  instance  of  the  accuser  in  the  presence 
of  the  prsetor  and  judices,  and  the  statements  made  under  torture  were 
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reduced  into  writing  (in  tabulae  relata),  and  signed  by  the  pnetor 
(HeinecoiuB, '  Ant.  Rom./  lib.  iv.,  c.  18,  secU  25) ;  but  private  persons 
also  were  permitted  "  in  foro  domestico  "  to  extract  evidence  from  their 
slaves  by  torture.  (Cicero,  '  Ont.  pro  Cluentio/  co.  63,  66 ;  Quin- 
tilian,  '  Deckm./  328,  338,  353.)  At  a  later  period  of  the  Roman 
empire,  many  new  regulations  appeared,  and  the  earlier  restrictions 
upon  this  practice  were  wholly  removed  or  greatly  modified.  Several 
exceptions  to  the  rule,  which  prohibited  "  quasstiones  in  caput  domini," 
were  introduced,  and  even  freemen  were  subjected  to  torture,  when 
there  was  positive  evidence  of  the  "  corpus  delicti/'  and  probable  or 
presumptive  evidence  that  the  accused  was  the  guilty  person.  More- 
over, when  the  offence  was  of  a  grave  character,  and  idSfected  the  head 
of  the  state  immediately,  personal  exemptions  from  torture  were  not 
admitted.  "Omnes  omnind,"  says  the  'Digest'  (lib.  xlviii.,  tiU  18; 
'  De  Qusestionibus/  sect.  10),  "  in  majestatis  crimine,  quod  ad  personas 
Principum  attinet,  cum  res  exiget,  torquentur.'*  (Wasserschleben, 
'  Historia  Qusestionum  per  Tormenta  apud  Romanes,'  BeroL,  1836.) 

It  is  remarkable,  considering  the  extent  to  which  the  practice  of 
torture  was  eventually  carried  by  the  Inquisition,  that,  according  to 
the  principles  and  early  practice  of  the  Canon  law  all  severities  of 
criminal  justice  were  prohibited ;  and  by  the  ancient  decretals  of  the 
chureh,  every  ecclesiastical  person  who  took  part  in  them  was  liable  to 
censure.  Previous  to  the  13th  century  no  trace  of  the  use  or  per- 
mission of  torture  is  to  be  found  in  the  canon  law,  either  in  the  process 
of  accusation,  which  was  foimded  entirely  oil  the  model  of  the  Roman 
law,  or  in  the  inquiry.  In  the  13th  centuiy  the  severe  rules  of  the 
Roman  law  respecting  the  torture  of  witnesses  and  accused  persons 
**  in  crimine  majestatis/'  began  to  be  applied  by  the  ecclesiastical  law 
in  the  case  of  heresy,  which  was  then  considered  and  termed  "  crimen 
IsDsae  majestatis  divinse/'  Nevertheless,  the  earlier  councils  relating  to 
the  Inquisition,  though  violent  in  their  denunciations  against  heretics, 
are  silent  respecting  the  use  of  torture ;  and  the  first  trace  of  any 
ecclesiastical  sanction  of  this  mode  of  proceeding,  even  in  the  case  of 
heresy  or  apostacy,  is  found  in  a  decree  of  Innocent  IV.  in  1252,  which, 
however,  does  not  authorise  the  inquisitors  to  use  it,  but  calls  upon 
the  civil  magistrates  to  press  offenders  to  confession  against  themselves 
and  others  by  means  of  torture.  At  a  subsequent  period  the  necessity 
for  secrecy  in  the  proceedings  of  the  Inquisition  mduced  the  use  of 
torture  by  the  inquisitors  themselves,  and  the  extent  to  which  it  was 
afterwards  used  is  notorious.  (Biener's '  Geschichte  des  Inquisitiona- 
Processes.')  An  instance  of  the  application  of  torture  under  the  eccle- 
siastical law  occurred  in  England,  under  remarkable  cireumstances, 
about  sixty  years  after  the  first  sanction  of  the  practice  by  the  Chureh 
of  Rome.  In  the  great  contest  between  Clement  Y.  and  the  Templius 
in  1310,  inquisitors  were  appointed  by  the  pope  to  examine  the  prison- 
ers who  were  changed  (among  other  offences)  with  apostacy  and  heresy. 
The  Archbishop  of  York,  who  was  one  of  the  inquisitors,  propounded 
to  certain  monasteries  and  divines  several  difficulties  which  had 
occurred  to  him  respecting  the  mode  of  conducting  the  examinations. 
Among  other  questions  he  asked,  whether  they  might  make  use  of 
torture : — **  Licet  hoc  in  regno  AngUse  nimquam  visum  fuerit  vel 
auditum  ?  Et  si  torquendi  sunt,  utrum  per  dericos  vel  laicos  ?  Et 
dato,  qu<5d  nullus  omnino  tortor  inveniri  valeat  in  Angli&,  utrtim  pro 
tortoribus  mittendum  sit  ad  partes  transmarinas  ?"  (Hemingford,  p. 
256.)  In  consequence  of  the  doubts  of  the  archbishop,  Edward  II. 
refused  to  allow  the  inquisitors  to  torture  the  accused.  Upon  this 
Clement  wrote  a  letter  of  remonstrance  to  the  king,  who  referred  the 
matter  to  the  council ;  and  upon  their  recommendation  it  was  resolved 
that  the  Templars  should  in  the  first  place  be  separately  confined  and 
examined  singly ;  and  if  upon  this  mode  of  proceeding  they  refused  to 
confess  more  than  they  had  previously  done, "  qu5d  extunc  quasHon' 
arentur,  ita  qu<5d  qusestiones  iUse  illatsD  fierent  absque  mutilatione  et 
debilitatione  perpetu&  alicujus  membri,  et  sine  violent^  sanguinis 
effusione."  (liaynouard,  'Monumens  Historiques  relatifs  ik  la  Con- 
damnation  des  Chevaliers  du  Temple.')  In  accordance  with  this 
resolution,  a  special  commission  from  the  king  authorised  the  inquisi- 
tora  "  to  dispose  and  deal  with  the  bodies  of  the  Templars  in  qyuu- 
Honibua  et  aliis  ad  hoc  convenientibua,"  ss  might  seem  fit  to  them  to 
be  done  according  to  ecclesiastical  law ;  and  a  precept  was  issued  to 
the  sheriffs  of  London,  in  whose  custody  the  accused  were,  to  suffer 
the  inquisitors  to  examine  them  and  put  them  to  the  torture.  (Rymer's 
'Fcedera/  tom.  iii.,  pp.  2^8,  232.) 

Judicial  torture  formed  a  part  of  all  the  legal  systems  of  Europe 
which  adopted  the  Roman  law.  In  Germany  it  was  gradu^dly  intro- 
duced as  the  use  of  the  Roman  law  increased,  and  displaced  the  ancient 
Teutonic  and  feudal  proceedings  by  ordeal  and  battie.  Indeed,  while 
these  judicia  dei  continued  in  use,  there  is  no  notice  of  the  existence 
of  torture.  In  most  German  cities  judicial  torture  was  unknown  until 
the  end  of  the  14th  century;  although  it  appears  in  the  statutes  of 
the  Italian  municipalities  at  a  mucn  earlier  period.  (Mittermaier's 
'  Deutsche  Strafverfiihren/  theil  i)  A  species  of  torture  was,  indeed, 
employed  in  Germany  to  a  very  great  extent  during  the  middle  ages, 
of  which  there  are  traces  and  traditions  connected  with  the  torture- 
chambers  and  instruments  still  exhibited  in  Numbeiig,  Salzbuxg, 
Ratisbon,  and  other  ancient  cities  and  casties ;  but  these  were  in  gene- 
ral not  used  for  legal  or  judicial  torture,  but  for  the  proceedings  of 
those  secret  religious  tribunals,  or '  Fehmgerichte/  which  abounded  at 
that  period.    The  regular  torture,  however,  as  derived  from  the  Roman 
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law,  continued  in  many  European  states  until  the  middle  of  the  last 
century,  when  more  enlightened  views  on  the  subject  of  jurisprudence 
led  to  a  prevailing  conviction  of  the  inefficacy  and  injustice  of  this 
mode  of  aacertaininff  truth.     In  France  the  "question  Dr^oaratoire" 


was  discontinued  in  1780  bv  a  remarkable  decree,  which  is  to  be  found 
in  MerUn's  '  Repertoire/  vol.  x. ;  and  torture  in  general  was  abolished 
throughout  the  French  dominions  at  the  revolution  in  1789.  In 
Russia  its  abolition,  though  recommended  by  the  Empress  Catherine 
in  1763,  was  not  effected  until  1801.  In  Austria,  Prussia,  and  Saxony 
it  was  suspended  soon  after  the  middle  of  the  last  century  ;  but 
although  so  seldom  used  as  to  be  practically  extinct,  torture  continued 
to  form  part  of  the  laws  of  Bavaria,  Hanover,  and  some  of  the  smaller 
states  of  Germany  within  the  last  sixty  years.  (Mittermaier^s '  Deutsche 
Strafverfahren/  theil  i.)  In  Scotland,  where  the  law  is  almost  wholly 
founded  upon  the  civil  law,  the  use  of  torture  prevailed  until  the  reign 
of  Queen  Anne,  when  it  was  declared  by  the  act  for  improving  the 
union  of  the  two  kingdoms  (7  Anne,  o.  21,  s.  5),  that  in  future  "  no 
person  accused  of  any  crime  in  Scotiand  shall  be  subject  or  liable  to 
any  torture." 

The  history  of  the  use  of  torture  in  England  is  curious.  From  the 
hesitation  to  apply  it  to  the  Templars  in  the  reign  of  Edward  II.  (1310), 
as  above  mentioned,  as  well  as  from  the  express  statement  of  WaltOT 
de  Hemingford,  it  appears  to  have  been  at  that  time  unknown  in  Eng- 
land, either  as  an  act  of  prerogative,  or  as  an  instrument  of  crimintd 
inquiry  warranted  by  law.  Nevertheless,  Holinshed  relates  that,  in 
1468,  Sir  Thomas  Coke,  the  lord  mayor  of  London,  was  convicted  of 
misprision  of  treason  upon  the  evidence  of  one  Hawkins,  given  under 
torture ;  and  that  Hawkins  himself  was  convicted  of  treason  by  his 
own  confession  on  the  rack,  and  executed.  From  this  period  until  the 
Commonwealth  the  practice  of  torture  was  frequent  and  uninterrupted, 
the  particular  instances  being  recorded  in  the  council-books,  and  the 
torture-warrants  in  many  cases  being  still  in  existence.  The  last 
instance  on  record  occuired  in  1640,  when  one  Archer,  a  glover,  who 
was  supposed  to  have  been  concerned  in  the  riotous  attack  upon  Areh- 
bishop  LAud's  palace  at  Lambeth,  **  was  racked  in  the  Tower,"  as  a 
contemporary  letter  states,  "to  make  him  confess  his  companions." 
A  copy  of  tlie  warrant  imder  the  privy  seal,  authorising  the  torture  in 
this  case,  is  extant  at  the  State-Paper  Office.  With  this  instance  the 
practice  of  torture  in  England  ceased,  no  trace  of  its  continuance  being 
discernible  during  the  Commonwealth  or  after  the  Restoration.  But 
although  the  practice  continued  during  the  two  centuries  immediately 
before  the  Commonwealth  without  intermission,  it  was  condemned  as 
contraiy  to  the  law  of  EngLuid,  and  even  declared  to  be  unknown  in 
this  country  by  judges  and  legal  writers  of  the  highest  character  who 
flourished  within  that  period.  Thus  Fortescue,  who  was  chief-justice 
of  the  court  of  King's  Bench,  and  wrote  his  book, '  De  Laudibus  Legum 
Anglise/  in  the  reign  of  Henrv  YI.,  and  who  notices  a  case  of  false 
accusation  under  torture  (which  was  probably  the  case  of  Sir  Thomas 
Coke  above  mentioned),  condemns  the  practice  in  the  strongest  terms, 
tiiough  he  does  not  expressly  deny  its  existence  in  England.  (Fortescue, 
cap.  22.)  Again,  Sir  Thomas  Smith,  a  very  eminent  lawyer,  statesman, 
and  scholar,  who  wrote  in  the  early  part  of  Elizabeth's  reign,  says  that 
"  torment  or  question,  which  is  used  by  the  order  of  the  civil  law  and 
custom  of  other  countries,  is  not  used  in  England.  It  is  taken  for 
servile."  (Smith's  'Commonwealth  of  England/  book  ii.,  cap.  27.) 
And  Sir  Edward  Coke,  who  wrote  in  the  reign  of  James  I.,  says 
"  there  is  no  law  to  warrant  tortures  in  this  land ;  and  there  is  no  one 
opinion  in  our  books,  or  judicial  record,  for  the  maintenance  of  them." 
(3  'Inst/  35.)  Notwithstanding  tins  explicit  denimciation  of  the 
practice  as  against  law,  both  Smith  and  Coke  repeatedly  acted  as  com- 
missioners for  interrogating  prisonera  by  torture  ( Jardine's  '  Reading  on 
the  use  of  Torture  in  England') ;  and  the  latter,  in  a  passage  which 
occurs  in  the  same  book,  and  only  a  few  pages  before  the  words  just 
cited  (p.  25),  impliedly  admits  that  torture  was  used  at  examinations 
taken  before  trial,  though  it  was  not  applied*at  the  arraignment  or 
before  the  judge.  There  is  also  a  direct  judicial  opinion  against  the 
lawfulness  of  torture  in  England.  In  1628,  the  judges  unanimously 
resolved,  in  answer  to  a  question  propounded  to  them  by  the  king  in 
the  case  of  Felton,  who  had  stabbed  the  Duke  of  Buckingham,  "  that 
he  ought  not  to  be  tortured  by  the  rack,  for  no  such  punishment  is 
known  or  allowed  by  our  law/'  (Rushworth's  '  Collections/  vol.  L,  p. 
638.)  And  yet  several  of  the  judges  who  joined  in  this  resolution  had 
themselves  executed  the  warrants  for  torture  when  they  held  minis- 
terial offices  imder  the  crown.  Possibly  the  explanation  of  this  incon- 
sistency between  the  opinions  of  lawyers  ana  the  practice  may  bo 
found  in  a  distinction  between  prerogative  and  law,  which  was  better 
understood  two  centuries  ago  than  it  is  at  tiie  present  day.  It  was 
true,  as  the  above  authorities  declared,  that  torture  was  not  part  of 
the  common  law ;  it  was  not  used  in  judicature,  as  it  was  by  the  Roman 
law  and  the  legal  systems  derived  from  it  in  Germany,  Italy,  and 
Spain ;  and,  therefore,  in  England  no  judge  could  by  law  direct  thov 
torture  to  be  applied,  and  no  party  or  prosecutor  could  demand  it  as  a 
right.  But  that  which  was  not  lawful  in  the  ordinary  course  of  justice 
was  often  lawful  for  the  prerogative  of  the  crown,  which  authorised 
this  mode  of  enforcing  the  discovery  of  crimes  affecting  the  state,  such 
as  treason  or  sedition,  and  sometimes  of  offences  of  a  grave  character 
not  politiciJ, — ^acting  in  this  respect  independently  of,  and  even  para- 
mount to,  the  common  law,  in  accordance  with  the  doctrine  asserted  so 
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early  m  the  reign  of  Edward  L, "  quod  Rex  pro  oommuni  utilitate  per 
prerogatiYain  suam  in  multis  casibus  est  supiii  leges  et  consuetudinea 
in  rc^o  suo  nsitatas."  (<  RoUb  of  Parliament/  20  Edw.  L,  a.d.  1292, 
vol.  i.)  Thia  view  of  the  aubjeot  ia  confirmed  by  the  circumstance  ttiat 
in  ill  instanoea  of  the  application  of  torture  in  England,  the  warrants 
were  issued  immediately  by  the  king,  or  by  the  privv  council.  Objec- 
tionable  as  the  use  of  torture  was  in  all  countries  ana  under  all  circum- 
stances, it  was  in  no  country  so  unjust  and  dangerous  an  instrument  of 
power  as  in  England.  In  other  countries,  where  it  formed  part  of 
the  law  of  the  land,  it  was  subject  to  specific  rules  and  restrictions, 
fixed  and  determined  by  the  same  law  which  authorised  the  use  of 
such  an  instrument,  and  those  who  transgressed  them  were  liable  to 
severe  punishment.  But  in  England  there  were  no  rules,  no  responsi- 
bility, no  law  beyond  the  will  of  the  king.  "  The  rack,"  says  Selden, 
''  is  nowhere  used  as  in  England.  In  other  countries  it  is  used  in  judi- 
cature when  there  is  iemiplena  probatio — a  half -proof  against  a  man ; 
then,  to  see  if  they  can  make  it  full,  they  rack  him  if  he  will  not  con- 
fess. But  here  in  England  they  take  a  man  and  rack  him — I  do  not 
know  why  nor  when — not  in  time  of  judicature,  but  when  somebody 
Wds."    (•  Table-Talk,'— Trial) 

The  particular  modes  of  applying  torture  were  as  various  as  the 
ingenuity  of  man  is  fertile  in  devising  the  means  of  inflicting  bodily 
pidn.  Cicero  and  other  Roman  writers  spe^  of  the  equ^eut,  or 
teukm,  and  the^ldteuJce,  as  common  instruments  of  torture ;  but  it  is 
extremelv  doubtful  what  they  were.  Much  discussion  respecting  them, 
and  a  reference  to  the  various  authors  who  have  mentioned  them,  will 
be  found  in  a  treatise  entitled  'Hieronymi  Magii  Anglarensis  de 
Equuleo  Liber  Fosthumus,'  Amsterdam,  1664.  The  rack,  which  was 
common  throughout  Europe,  was  a  large  frame,  iu  shape  somewhat 
resembling  a  mangle,  upon  which  the  examinant  was  stretched  and 
bound ;  cords  were  then  attached  to  his  extremities,  and,  by  a  lever, 
gradually  strained,  till,  when  carried  to  its  utmost  severity,  the 
operation  dislocated  the  joints  of  the  wrists  and  ankles.  This  engine 
is  said  to  have  been  brought  into  the  Tower  by  the  Duke  of  Exeter 
^  the  reign  of  Henry  VI.,  and  was  thence  called  the  Duke  of  Exeter's 
daughter.  (8  '  Inst,' 85.)  Besides  the  rack  there  were  endless  varieties 
of  what  were  termed  the  "lesser  tortures,"  such  as  thumb-screws, 
pincers,  and  manades.  In  England,  one  of  the  most  dreaded  engines 
of  this  kind  was  the  scavenger's  daughter,  so  called  by  a  popular 
corruption  from  Skevington's  daughter,  being  invented  by  Sir 
William  Skevington,  a  lieutenant  in  the  Tower  in  the  reign  of  Henry 
YIIL  (Tanner^s  '  Societas  Europoa.')  In  Scotland  the  instruments 
were  the  boots,  called  in  France  "le  brodequin"  (in  which  the  tor- 
ture was  applied  by  driving  in  wedges  with  a  hammer  between  the 
flesh  and  iron  rings  drawn  tightly  upon  the  legs) ;  the  thummikins ; 
the  pinniewinks,  or  pilliewinks ;  the  oaspitaws,  or  caspicaws ;  and  the 
toflots.  (Maclaurin's  *  Introduction  to  Criminal  Trials,*  sect.  9.)  The 
particular  construction  of  these  barbarous  instruments  it  would  be  diffi- 
cult at  the  present  day  to  ascertain,  but  several  of  them  were  in 
practical  use  in  Scotland  within  twenty  years  from  the  final  abolition 
of  torture  in  that  country  in  1708.    (Howell's  *  State  Trials/  vol.  vi.) 

It  is  remarkable  that  although  the  use  of  torture  in  judicature  has 
prevailed  in  most  civilised  countries,  it  has  been  almost  universally 
denounced  by  enlightened  jurists  of  all  ages.  Cicero  repeatedly  con- 
demns it  as  unjust  and  inefficacious;  and  even  the  civil  law,  which 
sanctioned  the  practice  in  Europe  for  many  centuries,  speaks  of  it 
as  "a deceitful  and  dangerous  instrument,  which  very  often  fails  to 
extntct  the  truth."  ('Dig.,'  Ub.  xlviii.,  tit  18.)  The  opinions  of 
eminent  lawyers  in  England  have  been  already  cited ;  and  the  juridical 
writers  of  the  Continent,  in  more  recent  times,  have  unanimously 
taken  the  same  view  of  the  subject.  (Mittermaier's  'Deutsche  Stxaf- 
▼erfahren,  theil  i.)  On  the  other  hand,  a  curious  defence  of  torture 
will  be  found  hi  Wiseman's '  Law  of  Laws,  or  the  Excellence  of  the 
Civil  Law.' 

TORUa    rMouu)nrt»B.] 

TORY.  This  name  has  now,  for  about  two  hundred  years,  served  to 
designate  one  of  two  principal  political  parties  in  this  countiy.  It  is  not  to 
be  expected  that  for  so  long  a  time  the  name  has  been  always  associated 
with  one  uniform  set  of  political  principles,  or  that  any  formula  could 
be  devised  which  would  accurately  describe  Toryism  at  every  period 
©f  its  history.  Extending,  like  the  name  of  the  other  principal 
political  party,  from  the  legislature  through  every  dass  of  the  com- 
munity, it  would  naturally,  where  the  number  of  persons  to  be  brought 
to  concur  in  any  change  is  so  lai^ge,  preserve  any  meaning  which  it  has 
once  acquired  for  a  length  of  time,  and  throughout  perhaps  a  general 
ttonsutency  of  meaning;  but  on  the  other  hand,  engaged  as  the  Whig 
and  Tory  parties  of  the  legislature  have  been  without  mtermission  in 
astruggle  for  power,  which  power  is  attended  by  profit  they  have 
been  always  exposed  to  the  temptation,  from  whose  insensible  work- 
ings even  the  best  disposed  men  are  not  secure,  of  altering  and  adapt- 
fag  opimons  so  as  to  facilitate  the  gaimng  what  they  fight  for,  or  the 
keeping  what  tiiey  have  gained ;  and  the  far  more  numerous  members 
Of  tbe  party  who  are  without  the  legislature  would  generally  f oUow 
tbose  whom  they  look  upon  sa  thehr  leaders,  and  by  whose  success 
evwjr  adherent  of  the  party  has  some  hope  of  being  benefited. 

The  name  Tory,  sa  well  as  the  name  Whig,  and  the  existence 
flftwo  parties  m  the  state  correspondmg  to  those  which  have  now 
Doen  known  for  a  longtime  as  Whig  and  Toiy  parties,  date  from  the 


reign  of  Charles  II.    "It  was  in  the  year  1679,"  says  Mr.  Hallam^ 
"  that  the  words  Whig  and  Tory  were  first  heard  in  their  appUcataon 
to  English  factions ;  and  though  as  senseless  as  any  cant  tenna  that 
could  be  devised,  they  became  instantly  as  f^miliiir  in  use  aa  they 
have  since  continued.    There  were  then  indeed  questions  in  agitation, 
which  rendered  the  distinction  more  broad  and  intelligible  than  it  has 
generally  been  in  later  times.    One  of  these,  and  the  moat  important, 
was  the  Bill  of  Exclusion,  in  which,  as  it  was  usually  debated,  the 
republican  principle,  that  all  positive  institutions  of  society  are    in 
order  to  the  general  good,  came  into  collision  with  that  of  monarchy, 
which  reata  on  the  maintenance  of  a  royal  line,  as  either  the  end  or 
at  least  the  necessary  means  of  lawful  government    But  as  the  exclu* 
sion  was  confessedly  among  those  extraordinary  meaaurea  to  which 
men  of  Tory  principles  are  sometimes  compelled  to  resort  in  great 
emergencies,  and  which  no  rational  Whig  espouses  at  any  other  time, 
we  shall  better  perhaps  discern  the  formation  of  these  grand  political 
sects  in  the  petition  for  the  sitting  of  parliament,  and  in  the  counter 
addresses  of  the  opposite  party."    ('  Constitutional  History  of  England,* 
voL  iL  p.  592.)    The  first  Toriea  opposed  the  Exclusion  Bill  and  sup- 
ported Charles  II.  in  his  endeavour  to  prevent  a  renewal  of  the  attack 
upon  his  brother,  by  successive  prorogations  of  the  parliament    The 
origin  of  the  name  is  referred  by  Roger  North,  a  very  hot  Tory,  in  a 
curious  passage,  to  the  connection  of  the  partv  with  the  Duke  of  York 
and  his  popidh  allies.    "  The  Exdusioners,"  ne  says,  "  observing  that 
the  Duke  favoured  Irishmen,  all  his  friends,  or  those  accoimted  such 
by  appearing  against  the  Exclusion,  were  stnught  become  Irish ;  thenoe 
Bogtrotters,  axid  in  the  eopia  of  the  factious  language  the  word  Tory  was 
entertained,  which  signified  the  most  despicable  savages  among  the  wild 
Irish ;  and  being  a  vood  clear-sounding  word,  readily  pronounced,  it  kept 
its  hold,  and  took  possession  of  the  foul  mouths  of  the  ^tion,  and  every- 
where as  these  men  passed  we  could  observe  them  breathe  little  else  but 
Tory."    ('  Examen,'  p.  821.)    Thus  Dr.  Johnson's  first  interpretation 
of  Twy  in  his  Dictionary  is,  "  A  cant  term,  derived,  I  suppose,  from  an 
Irish  word  signifying  a  savage ; "  and  Mr.  Moore,  in  his '  Memoirs  of 
Captain  Rock,  sarcastically  refers  the  history  of  the  Tory  party  to  a 
general  '  History  of  the  Irish  Rogues  and  Rapparees.'    Dr.  Johnacm 
proceeds  to  give  an  explanation  of  the  word  Tory,  which  is  perhaps  as 
good  a  short  general  deacription  of  the  principles  of  Toryiam  aa  is  to 
be  given : — "  One  who  adherea  to  the  ancient  constitution  of  the  state, 
and  the  apostolical  hienurchy  of  the  Church  of  England."    In  other 
wdrds,  the  maintenance  of  things  aa  they  have  been,  or,  when  some 
great  change  has  taken  place  againat  tiie  will  of  this  party,  things  as 
they  are,  has  from  the  beginning  been  the  prime  characteristic   of 
Toryism.    The  term,  as  indicating  an  existing  party,  ia  now  nearly 
obsolete;  no  party,  and  few  individuals,  wovdd  choose  to  designate 
itself  or  themselves  sa  Tdry. 

The  history  of  the  Tory  party,  rising  and  falling  in  the  state,  may  be 
traced  in  a  series  of  articles  iu  Knight's  '  Companion  to  the  Newspaper ' 
for  1884,  1886,  and  1886,  entitled  '  Changes  of  Administration  and 
Historv  of  Parties;'  or  in  Mr.  G.  W.  Cooke's '  History  of  Party,' 8  vols. 
8vo,  which  is  on  the  whole  a  useful  publication,  though  its  acounoy  is 
not  to  be  implicitly  depended  on. 

TOURBINE.    [TURBIMB.] 

TOURN.    [Lekt.] 

TOURNAMENT,  or  TOURNET,  is  from  the  French  ioumoi, 
formerly  towmcievMnt,  for  which  the  Latin  writere  of  the  middle  ages 
use  tomeamentum,  toi-namerUum,  or  tumeimentum,  and  sometimes  idso 
toma,  tome,  tomatio,  tomerium,  or  tomeia.  The  Byaantine  annalista 
have  transferred  the  word  into  temementum  (TcpycfMrroi^).  There  can 
be  little  doubt,  though  other  etymologiea  have  been  auggested,  that 
toumoiement  meana  merely  a  turning  or  wheeling  about,  from  Ihe 
common  French  verb  tourner,  to  turn.  This  will  agree  with  other 
toums.  We  have  in  England  the  sheriff's  turn  or  toum.  Other  bar- 
barous Latin  words  of  the  same  connection  are  tortiare,  to  turn  about 
in  fight,  and  also  to  call  out  or  challenge  to  combat  (in  which  last  sense 
there  is  also  the  old  French  lui  tourner  (or  torner),  par  gage  de 
bataille);  tomearej  torniare,  tumeare  (in  French  ^ourneicr),  tomio' 
mentart,  and  tcmeUare,  to  take  part  in  a  tournament;  tomitUor,  a 
performer  in  a  tournament  (Du  Cange,  '  Oloasarium  ad  Soriptores 
Med.  et  Inf.  Latinit,'  vi. ;  Carpentier,  '  Qlossarium  Novum,  iii ; 
H.  Spelman, '  Glossarium  Arehaiologicum ; '  Fr.  Junii, '  Etymologicum 
Anglicanum,'  ad  vv.  Toumetfing  and  Toumoy.) 

A  tournament  may  be  defined  to  have  been  a  species  of  combat  in 
which  the  partiea  engaged  for  the  purpose  of  exeroiaing  and  exhibiting 
their  courage,  prowess,  and  akill  in  arma,  and  not  either  out  of  enmity 
(aa  in  ordinary  warfare),  or  even  (aa  in  the  modem  duel)  for  the  mere 
purpose  of  wiping  off  some  dishonourable  imputation  (a  purpose  which 
was  served  rather  by  the  ancient  ordeal  or  wager  of  batUe  than  by  the 
tournament).  It  is  obvious,  however,  that  although  the  primary  and 
professed  design  of  the  tournament  was  nothing  more  than  to  furnish 
an  exciting  show,  and  to  give  valour  and  military  talent  an  opportunity 
of  acquiring  distinction,  other  paasions  would  be  veiy  apt  to  inter- 
mingle in  the  heat  of  contest  with  the  mere  ambition  of  superiority, 
and  sometimes  even  to  diiyiiHe  themselves  under  that  pretext 

The  origin  of  the  tournament  haa  been  carried  back  at  least  to  the 
Roman  timea.  Virgil'a  description  of  the  game  of  Troy  {Udut  TrojiB,  Mn. 
▼.  545-602)  is,  in  some  passages,  not  unHke  what  the  name  would  lead 
us  to  auppose  the  tournament  may  have  originally  besn.    The  touma- 
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ment,  like  the  other  cuBtoms  of  chivahy,  must  be  properly  considered 
to  have  taken  its  rise  after  the  estabUshment  of  the  feudal  systexn. 
Some  writers  attribute  the  invention  of  the  tournament  to  the 
Emperor  Henry,  sumamed  the  Fowler,  who  died  in  936 ;  and  another 
common  account,  given  on  the  authority  of  the  Chronicle  of  Tours, 
and  the  Chronicle  of  St.  Martin  of  Tours,  is  that  its  inventor  was 
Qeofi&^y  of  Preuilly,  ancestor  of  the  counts  of  Anjou,  who  died  in 
1066 ;  but  Du  Cange,  in  his  Dissertations '  De  TOrigine  et  de  TUsage 
des  Toumois/  at  the  end  of  his  edition  of  Joinville,  quotes  various 
notices  of  tournaments  held  before  the  age  of  either  of  these  personages : 
among  others,  one  which  took  place  at  the  celebrated  interview  between 
Louis  of  Germany  and  Charles  the  Bald  of  France,  at  Strasburg,  in 
841,  as  mentioned  by  the  contemporary  chrunicler  Nithard.  Geoffrey 
of  Preuilly  perhaps  introduced  the  tournament  into  Western  France. 
From  the  French  it  appears  to  have  passed  to  the  English  and  the 
Germans,  and,  in  a  later  age,  to  the  Italians  and  the  Greeks.  Tourna- 
ments are  said  to  have  been  first  practised  by  the  English  in  the  time 
of  Stephen ;  but  they  were  forbidden  by  Henry  II.,  as  they  had 
already  beei)  by  the  church ;  and  it  was  not  till  the  reign  of  Richard 
Coeur-de-Lion  that  they  were  properly  established  in  this  country. 
The  flourishing  era  of  the  tournament  here  as  well  as  in  France  and 
elsewhere,  was  in  the  13th  and  14th  centuries;  but  it  continued  in 
frequent  use  down  to  the  middle  of  the  16th,  and  was  not  altogether 
abandoned  till  a  considerably  later  date,  although  the  few  tournaments 
that  were  held  in  the  latter  part  of  that  century  were  rather  such  mere 
shows  or  spectacles  as  have  been  sometimes  exhibited  under  the  same 
name  even  in  our  own  day,  than  the  real  combats  which  were  so  called 
in  an  earlier  age.  The  accident  of  Henry  II.  of  France  meeting  his 
death  at  a  tournament  in  1559  almost  at  once  occasioned  the  cessation 
of  the  practice  everywhere  as  well  as  in  France ;  but  the  spirit  by 
which  it  was  formerly  kept  up  had  long  before  this  been  decaying 
under  the  influence  of  the  various  circuinstances  which,  at  least  trom. 
the  middle  of  the  preceding  century,  had  been  operating  a  general 
change  in  the  social  condition  of  Europe.  Among  me  physical  causes 
in  question  the  chief  may  be  considered  to  have  been  the  introduction 
of  fire-arms  into  war ;  among  the  moral,  the  extension  of  the  com- 
mercial spirit,  and  the  rise  everywhere  of  a  new  literature,  together 
bringing  with  them  other  habits,  other  tastes,  another  civilisation. 
The  Church  of  Rome,  however,  it  may  be  observed,  which  had  set  its 
face  very  stoutly  against  tournaments  from  about  the  middle  of  the 
12th  to  the  midme  of  the  18th  century,  prohibiting  persons  from 
engaging  in  them  by  some  of  its  decrees  on  pain  of  excommunication, 
and  denying  "Christian  biurial  to  such  as  lost  their  lives  in  these  con- 
tests, had  long  been  reconciled  to  them,  and  for  some  ages  had  rather 
cherished  and  encouraged  the  practice  than  otherwise. 

Tournaments  were  usually  held  on  the  invitation  of  some  prince, 
which  was  proclaimed  by  his  heralds  throughout  his  own  dominions, 
and  at  all  the  foreign  courts  or  other  places  whence  it  was  expected  or 
desired  that  parties  might  come  to  take  part  in  the  martial  competition. 
A  detail  of  the  forms  and  ceremonies  that  were  observed  in  fixing  the 
lists  (or  boundaries  within  which  the  fighting  was  to  take  place),  in 
offering  and  accepting  the  challenges,  in  declaring  the  issue  of  each 
encounter,  and  in  assigning  and  bestowing  the  prizes  (which  last  office 
was  often  performed  by  female  hands),  cannot  be  attempted  here.  All 
these  particulars,  together  with  the  usual  laws  or  regulations  of  the 
combat,  and  the  mode  of  fighting  (which  was  commonly  with  lances 
and  swords,  and  in  the  first  instance  always  on  horseback,  although 
parties  who  were  dismounted  frequently  continued  the  contest  on 
foot),  may  be  most  conveniently  learned  from  the  many  accounts  of 
tournaments  in  Froissart  and  other  old  chroniclers,  or  even  from  such 
fictitious  narratives  as  the  '  Knight's  Tale  of  Palamon  and  Arcite,'  in 
Chaucer  (or  Dryden's  paraphrase  of  it),  or  that  of  the  tournament  at 
Ashby  in  Scott's  '  Ivanhoe,'  or  from  Scott  in  his  '  Essay  on  Chivalry ' 
('  Miscellaneous  Prose  Works '). 

The  distinction  between  a  tournament  and  a  joust,  or  just,  is  not 
very  clear.  Du  Cange  makes  the  joust  to  be  properly  a  single  combat 
or  duel,  whereas  in  a  tournament  a  considerable  number  of  combatants 
were  commonly  engaged  on  each  side.  But  this  distinction  is  certainlv 
not  generally  observed  in  the  use  of  the  two  words ;  and  our  English 
archseologist,  Spelman,  who  defines  tomiare, "  gladiis  concutere,  juitat 
facerCf  hastitudium  exercere,**  does  not  appear  to  have  been  aware  of 
it.  The  term  jouste  or  joust  has  been  derived,  improbably  enough, 
from  the  Latin  juxta,  *'  near  to,"  because,  say  the  etymologists,  the 
combatants  here  fought  hand  to  hand.  It  is,  no  doubt,  connected 
with  the  verb  to  justle,  or  jostle  (in  French,  jouiter),  though  possibly 
the  originid  word  may  be  best  preserved  in  the  ItaJian  form  gimtraf 
which  the  Byzantine  writers  have  imitated  in  their  riowrrpa  and 
T^oMrrpia.  There  was  also  the  species  of  single  combat  termed  a  pat 
d^armei,  or  passage  of  arms :  it  was  at  a  pen  dPcarma  that  Henry  II. 
was  killed.  On  this  subject,  besides  the  works  quoted  above,  the 
reader  may  consult  the '  Traits  des  Toumois,  Joustes,  Carrousels,  et 
autres  spectacles  publics '  (par  Claude  Francois  Menestrier),  4to,  Lyon, 
1669 ;  and '  Mdmoires  sur  I'ancienne  Chevalerie,  consid^r^e  comme  un 
Etablissement  politique  et  miUtaire,'  par  J.  B.  de  la  Cume  de  St. 
Palaye,  3  tom.  12mo,  Paris,  1759-1781. 

TOURNIQUET  is  a  peculiar  kind  of  bandage  applied  to  a  limb 
for  the  purpose  of  arresting  the  current  of  blood  through  its  main 
srtery.    It  is  employed  for  this  purpose  in  several  cases,  but  especially 


in  amputations  of  parts  of  the  limbs,  where  large  arteries  have  to  be 
suddenly  cut  across.  Before  the  invention  of  the  tourniquet,  sui^eona 
used  to  constrict  the  limb  with  a  simple  tight  bandage ;  but  although 
this  plan  may  well  be  resorted  to  in  an  emergency,  it  not  only  produces 
excessive  pain,  but,  by  obstructing  the  current  through  the  veins  mors 
than  that  through  tho  arteries,  produces  an  extreme  engoi^ement  of 
the  limb,  and  in  amputation  permits  severe  hsBmorrha^.  A  slight 
improvement  in  this  plan  was  that  of  twisting  pieces  of  wood  under 
the  band,  and  so  gradually  tightening  it;  but  the  first  instrument 
formed  on  the  principles  of  the  tourniquet  was  invented  by  Jean  Louis 
Petit  in  1718.  Since  that  time  various  changes  have  been  introduced, 
but  at  present  the  construction  of  all  tourniquets  is  nearly  similar, 
They  consbt  of  a  very  tough  band,  about  an  inch  and  a  half  wide,  upon 
which  there  is  a  moveable  leather  pad,  to  be  placed  immediately  over 
the  artery  on  which  it  is  desirable  that  the  chief  pressure  should  be 
applied.  For  this  purpose,  also,  the  surface  of  the  pad  must  be 
directed  towards  the  bone  of  the  limb,  that  the  artery  may  be  pressed 
firmly  against  it.  The  rest  of  the  band  is  passed  round  the  limb,  and 
is  fastened  by  a  buckle.  It  is  tightened  and  loosened  by  means  of  a 
bridge  of  brass,  which  is  capable  of  being  elevated  or  let  down  by  a 
screw  passing  through  it,  and  at  the  ends  of  which  there  are  two  small 
rollers,  around  each  of  which  the  band  is  made  to  take  a  half  turn.  In 
use,  the  bridge  and  screw  are  placed  on  the  opposite  side  of  the  limb 
to  the  pad. 

The  tourniquet  is  now  not  so  generally  used  as  formerly.  Many 
sitrgeons  prefer  to  have  the  artery  compressed  during  an  amputation 
by  an  assistant,  because  the  tourniquet  is  not  free  from  the  objection 
of  compressing  the  veins  as  well  as  the  artery,  and  is  liable  to  accidents 
which  cannot  be  instantly  repaired.  An  instrument  of  a  superior 
character  has  also  been  invented  by  Signer  Signoroni,  a  surgeon  at 
Milan*  It  is  composed  of  two  arches  of  steel,  connected  by  a  hinge  at 
one  end,  and  each  bearing  at  the  other  end  a  pad.  By  an  Archimedes 
screw  ingeniously  placed  at  the  hinge,  the  pads  can  be  approximated 
and  separated  like  the  ends  of  the  blades  of  a  pair  of  calippers,  and 
can  be  immoveably  fixed  in  any  position.  In  use,  one  pad  is  put  over 
the  i^artery,  and  the  other  on  the  opposite  part  of  tiie  limb,  and  the 
screw  is  woriied  till,  in  their  tendency  to  i^[>proximate,  the  pads  have 
sufiiciently  compressed  the  artery,  upon  which  alone  the  pressure  is 
thus  made  to  falL 

As  already  said,  in  an  emergency,  such  as  that  of  a  wound  of  any  of 
the  large  arteries  of  a  limb,  when  medical  aid  is  not  near,  the  old- 
fashioned  tourniquet  should  be  instantly  applied.  A  piece  of  strong 
tape  or  cord  should  be  tied  in  a  double  knot  round  the  Umb  above  the 
wound ;  a  piece  of  wood,  or  anything  firm,  should  be  then  passed  imder 
it,  and  twisted,  just  as  packers  tighten  the  cords  round  bales  and  boxes, 
till  the  flow  of  blood  has  ceased.  For  h»morrhage  from  large  veins  or 
small  arteries,  this  tourniquet  should  not  be  employed,  but  simple 
pressure  with  the  finger  or  the  hand. 

TOWN,  in  its  popular  sense,  is  a  large  assemblage  of  adjoining  or 
nearly  adjoining  houses,  to  which  a  market  is  usually  incident. 
Formerly  a  wall  seems  to  have  been  considered  necessary  to  constitute 
a  town;  and  the  derivation  of  the  wotxl,  in  its  Anglo-Saxon  form 
"  tun,"  is  usually  referred  to  the  verb  "  tinan,"  to  shut  or  enclose.  In 
legal  language  *'  town  "  corresponds  with  the  Norman  "  vill,"  by  which 
latter  term  it  is  frequ^tly  spoken  of  in  order  to  distinguish  it  from 
the  word  town  in  its  popular  sense.  A  vill  or  town  Is  a  subdivision  of 
a  county,  as  a  parish  is  part  or  subdivision  of  a  diocese ;  the  vill,  the 
civil  district,  being  usually  co-extensive  with  the  parish,  the  eoole- 
siastical  district,  and,  prmA  fatU,  every  parish  is  a  viU,  and  every  vill 
a  parish.  Many  towns  however,  not  only  in  the  popular,  but  in  the 
legal  sense  of  the  term,  contain  several  parishes,  and  many  parishes^ 
piuiicularly  in  the  nortiii  of  England,  where  the  parishes  are  exceed- 
ingly large,  contain  several  vills,  which  vilk  are  usually  called  tithings 
or  townships.  As  until  the  contrary  is  shown  the  law  presumes  towns 
(or  vills)  and  parishes  to  be  oo-extensive,  Lord  Coke  goes  so  far  as  to 
say  that  it  cannot  be  in  law  a  vill  unless  it  hath,  or  in  times  past  hath 
had,  a  church,  and  celebration  of  divine  service,  sacraments,  and  burials. 
But  this,  for  which  no  authority  is  given,  appears  to  confound  parish 
and  vill,  and  to  be  inconsistent  with  the  cases  in  which  it  has  been 
held  that  a  parish  may  consist  of  several  viUs.  (1  Lord  Raymond,  22.) 
The  test  proposed  by  Lord  Holt  is,  that  a  vill  must  have  a  constable, 
and  that  otherwise  the  place  is  only  a  hamlet,  an  assemblage  of  houses 
having  no  specific  legal  character.  Hence  a  vill  is  sometimes  called  a 
conHablewick.  Towns  are  divided  into  cities,  boroughs,  and  upland 
towns,  or  (aa  we  should  now  call  them)  country  towns.  Towns  be- 
longing to  the  last  of  these  classes  have  been  described  as  places  which, 
though  enclosed,  are  not  governed,  as  cities  and  boroughs  are,  by  their 
own  elected  officers.  The  Anglo-Saxon  "  tun  "  terminates  IJie  names 
of  an  immense  number  of  places  in  England;  ant}  in  the  southern 
counties  the  farm  enclosure  in  which  the  homestead  stands  is  usually 
called  the  barton  (bam-totm),  in  Law  Latin,  bertona. 

TOWNLEY  MARBLES,  the  name  of  an  assemblage  of  Greek  and 
Roman  sculpture  which  now  forms  a  portion  of  the  extensive  collection 
of  antiquities  in  the  British  Museum.  It  received  its  appellation  from 
Charles  Townley,  Esq.,  of  Townley  in  Lancashire,  who  began  forming 
this  collection  whilst  residing  in  Rome  between  1765  and  1772,  a 
period  when  excavations  on  &e  sites  of  ancient  edifices  were  eagerly 
prosecuted.    Mr.  Townley  was  a  Roman  Catholio,  educated  on  the 
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Conlineut,  and,  being  well  coiioecl«il,  wag  in  friendly  relation*  with 
the  papal  authonties,  and  was  at  the  aame  time  in  LatunBte  owociatian 
with  Winckelmami,  Onyia  Hamilton,  and  other  diatinguiihed  artists 
and  archsiologiBta  then  resident  in  Home,  and  who  readily  afforded 
their  advine  and  aasistance  in  hii  purchases.  Thus  aided,  he  micceeded 
whilst  at  Rome  in  bringing  together  a  veiy  chnies  coUectioa  of  ancient 
marbles,  broniee,  t«rTB-cattaB,  S^™^r  ^'  ■  and  aft«r  hia  return  tx> 
England  he  continued  to  add  to  it  by  means  of  a^nts  at  Kome,  who 
kept  him  apprised  of  any  really  valuable  worts  which  wore  brought  to 
light  and  open  to  purchase,  as  well  as  by  the  purchase  of  the  colleotion 
previouBly  formed  by  NoUekens,  the  sculptor,  and  any  deeirablo  speci- 
mens  o9i.>red  for  sale  in  this  country.  After  Mr.  Townley's  deaUi,  in 
January,  1805,  hia  executors,  in  accordance  with  the  terms  of  his  will, 
offered  hia  collection  of  terrs-cottas  and  marbles  to  the  nation.  The 
goTemment  accepted  the  ofTer,  and  a  vote  of  20,I)0(U.  was  obtained  for 
the  purchase.  The  bronzes,  coins,  and  genu  were  subsequently  (ISll) 
purdissed  for  82002.  The  purchase  of  the  Townlej  marbles  rendered 
necessary  the  erection  of  a  suite  of  rooms  to  contain  these  and  the  pre- 
viously acquired  works  of  ancient  art,  and  lad  to  the  creation  of  a  new 
department  under  the  title  of  the  Department  of  Antiquitiea.  The 
collection  was  opened  to  the  public  in  1807,  andwas  called  the  Townley 
Gallery ;  but  since  the  rooms  oripnslly  built  tor  the  collection  hare 
been  swept  away  to  make  room  for  the  present  structure,  the  Townley 
marbles  have  been  incorporated  with  the  general  collection  of  Orieco- 
Romanrenuuns,  or  "works  discovered  in  Italy,  but  owing  their  origin 
and  character,  either  directly  or  mediately,  to  the  llreek  schools  of 
sculpture."  Oi  these  works  which  £11  the  Orteco-Roman  galleries  in 
the  Britiih  Museum,  the  Townley  collection  forms  the  most  important 
portion,  both  as  regards  extent  and  character.  It  would  be  out  ' 
place  to  particularise  here  the  specimens  of  a  collection  which  is  ni 
incorporated  in  the  national  collection,  but  wa  may  mention  tl 
among  (he  statues  belonging  to  it  are  the  aiquisit«  Aphrodite, 
Dione  (given  in  this  work  under  Diohk)  ;  the  Discobolus  (the  finest  of 
its  kind  extant,  engraved  under  DiscOBOtUs};  the  well-known  Drunken 
Faun;  a  fine  bronie  HeraelcB  [HKBiCLIs],  a  Fortune,  and  several 
more  of  a  very  high  charaoter :  that  among  the  rilievi  ore,  Achilles; 
the  Uuses ;  the  singularly  graceful  Bacchante,  and  various  Dionytiao 
groups,  given  under  Diontbia;  and  that  the  busts  include  soma  of  the 
noblest  character,  including  an  early  Heracles ;  the  Hera,  given  under 
that  name ;  others  of  Athene,  Zeus,  Apollo,  and  bther  of  the  Olympian 
deities ;  the  terminal  Pan ;  the  very  beautiful  female  head  rising 
from  the  petals  of  a  water-lily  or  lotus,  known  as  the  Clytae ;  the 
maJBstJc  Homer ;  with  others  of  the  Guest  of  the  Qnaco-Boman 
period,  and  many  of  Roman  date.  There  are  beside*  some  very  Sna 
sculptured  vasea,  sepulchral  urns,  cippi,  altars,  ko.,  in  the  Orteco- 
Roman  rooms,  as  well  as  the  terra-cottas  which  formed  a  part  of  the 
original  Townley  collection.  A, full  account  of  the  Townley  Uarbles 
will  be  found  in  the  two  volumes  published  under  that  title  in  the 
'  Library  of  Entertaining  Knowledge.' 

TOWNSHIP.  This  term  is  sometimes  used  to  denote  the  inha- 
bitants of  a  town  in  their  collective  capacity.  In  legal  signiGcalion  it 
is  a  vill  forming  part  of  a  parish  in  cases  where  a  parish  has  been  divided 
for  secular  purpoaea  into  several  vills  or  townships. 

TRACERY,  in  architecture,  a  term  of  uncertain  origin,  and  almost 
peculiar  to  our  own  architectural  vocabulary,  there  being  no  cor- 
re^wnding  term  in  any  othor  language  to  denote  with  equal  brevi^ 
and  cleamen  that  species  of  pattern-work  formed  or  traced  in  the  bead 
of  a  Gothic  window  by  the  muUions  [Mdllioh]  being  there  continued, 
but  diverging  into  arcbss,  curves,  and  flowing  lines,  enriched  with 
foliations.  The  term  is  aUo  applied  to  ornamental  design  of  the  same 
character,  whether  for  doors,  psiielling,  or  ceilings;  the  only  difference 
being  that  in  windows  the  pattern  or  tracery  is  perforated,  and  in 
other  cases  dosed,  that  is,  is  a  mere  pattam  carved  on  the  surface  of  a 
■olid  part ;  except  in  particular  instance!,  where  the  tracery  on 
parapets,  battlements,  turrets,  spires,  &c,  is  pierced,  and  then  it  is 
described  as  opm-ieort.  The  latter  term  necessuily  implies  tracery  of 
some  kind  or  other,  though  "tracery"  does  not  imply  "openwork," 
the  latter  being  merely  an  exception  from  the  usual  mode. 

Much  both  of  the  beauty  and  character  of  the  Gothic  or  Pointed 
style  depends  upon  windows  and  their  tracery  ;  and  it  is  one  great  and 
peculiar  merit  of  the  style,  that  such  indispensable  apertures  for  the 
admission  of  light  are  made  to  constitute  some  of  its  most  striking 
features,  and  to  exhibit  very  forcibly  the  pervading  principle  of  the 
entire  system.  On  referring  U>  GOTHIC  Akcuitkctche,  coL  UO,  it 
will  be  Been  that  tracery  does  not  occur  in  the  First  Pointed  or  Early 
English  style,  for  there  the  windows  consist  merely  of  so  many  single 
apertures,  placed  side  by  side,  and  united  only  by  their  eitei'nal 
mouldings,  instead  of  being  included  within  a  larger  arch.  The  first 
principle  toUuwed  was  therefore  rather  of  oifi/ifionthanof  combination; 
but  ss  soon  as  the  latter  idea  was  adopted,  it  necessarily  led  to  the 
continuation  of  the  window  by  perforating  the  l^panun,  or  space 
between  the  smaller  arches  and  the  larger  one  over  them.  At  first 
this  was  usually  done  by  filling  up  the  head  of  the  window  with  a 
single  circle  cut  into  foils,  and  with  (he  open  spandrels  or  smaller 
triangular  spaces  so  produced.  Of  such  windows  an  example  frvm 
Westminster  Abbey  is  ahown  in  the  column  above  referred  to,  and  in 
the  following  columns  are  other  inatauces  where  tracery  of  the  same 
(ibkncter  bacouM*  more  dsboiate  and  oompUmted,  either  by  the  circle 
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of  ttaoery  baa  been  veiy  inappropriately  distinguished  by  the  nam 
OeOBKtncal,  while  that  which  succeeded  it  is  termed  Platui-ng  from  ita 
being  composed  throughout  of  curved  lines  interwoven  with  each 
other,  after  the  manner  of  the  example  from  Kirton,  which  is  Hbown 
along  with  the  oUiers  above  mentioned.  In  Third  Pointed  or  Ferpen- 
dicuW  tracery,  on  the  contrary,  the  lines  of  the  muUions  are  continued 
in  the  head  of  the  window,  and  divide  it  into  panels,  which  are  in  turn 
subdivided  into  smaller  ones.  The  annexed  is  a  speciiDan  of  sucfa 
window,  from  8L  Uaiy's  Churcili,  Ozfoid. 


What  is  called  Flaniboyant  tracery  is  ■  species  of  the  tterlitg 
traoeiy  peculiar  to  French  Qothic,  and  is  remarkable  not  only  for 
its  richness  and  intricacy,  but  for  its  irregularity,  the  pattern  of  the 
separate  oompartmants  not  being  perfectly  symmetrical,  although  one 
half  of  the  window  corresponds  with  the  other.  To  the  abave- 
mentioned  varieties  may  be  added  another  peculiar  to  Germany,  but 
not  very  common  there ;  this  has  obtained  the  name  of  Stump  traceary, 
in  consequence  of  some  of  the  mouldings  appearing  to  be  broken  off, 
and  leaving  only  short  ends  or  stumps  where  they  intersect  other 

TRACHEOTOMY  is  the  operation  of  cutting  into  the  trachea.  It 
ii  sometimes  also  called  Bronchotomy ;  and  a  similar  operation  on  the 
lower  part  of  the  larynx  is  named  Laryngotomy.  The  anatomy  of  tbe 
parts  principally  concerned  in  these  operations  will  be  found  in  tbe 
articles  LaBTNi  and  Rebfiratioh,  in  Nat.  Hist.  Div. 

Tracheotomy  may  be  performed  for  several  purposes ;  as,  to  form  an 
aperture  either  for  the  admiasion  of  air  into  the  lungs,  when  the  larynx, 
fauces,  or  upper  parts  of  (be  air-rassages  are  obstructed,  or  for  the 
extraction  of  foreign  bodies  from  the  adjacent  parts  of  the  air-pas£ign, 
or  for  the  facility  of  inSating  the  lungs  in  suspended  animation.  In 
the  first  view  it  may  be  neceasary  in  many  diseases ;  such  as  croup, 
■cute  laryngitis,  ledema  of  the  glottis,  severe  cases  of  quinsy,  tumours, 
and  other  growths  in  the  larynx  or  pressing  on  it,  and  diphtheria ;  in  all 
of  which  the  aperture  thi-ough  the  glottis  is  frequently  closed,  not 
merely  by  the  swelling  of  the  membranes  around  it,  or  the  enlargement 
of  the  adjacent  parts,  but  by  the  spasmodic  and  fixed  contraction  of 
the  muscles  whose  office  it  is  to  approximate  the  vocal  ligaments.  The 
relief  afforded  by  the  operation  is  often  instantaneous,  and,  for  a  time, 
complete  ;  but  its  ultimate  results  are  less  certain,  for  though  it  may  be 
sufficient  to  prevent  the  impending  suffocation,  it  has  no  influence  in 
arresting  the  original  disease.  On  the  contrary,  the  operation  itself  is 
not  witbout  danger ;  and  that,  both  from  the  accidents  that  may  occur 
in  ita  performance,  and  from  its  subsequent  effects ;  and  therefore, 
although  no  general  rule  con  be  kid  down,  its  performance  should  not 
be  undertaken  unadvisedly,  nor  in  any  cases  in  which  it  is  not  abso- 
lutely and  almost  immediately  neceraary  for  the  preservation  of  lite. 

In  ita  performance  a  verticid  incision  is  first  made  in  the  median  line 
of  the  throat,  either  below  the  thyroid  gland,  or  more  or  less  above  it, 
according  to  the  circumatancca  of  the  case  and  the  object  to  be  accom- 
plished. The  dissection  must  then  be  continued  carefully  onwards  in 
the  same  direction,  pushing  aside  the  sterno-hyoid  muscles,  and  what- 
ever veisels  lie  in  or  near  the  middle  line,  till  the  trachea  is  completely 
exposed.  When  (he  hemorrhage  has  ceased,  or  is  but  slight,  the 
trachea  must  be  opened,  first  by  a  vertical  incision,  and  then  by 
removing  portions  of  one  or  more  of  its  rings,  socording  to  (he  size  ctf 
the  aperture  that  is  required.  Through  the  opening  a  short  eilver 
canula  must  be  introduced,  and,  as  often  as  is  rendered  neceaaaTy  by 
mucus  aooumulating  in  it,  must  be  removed,  cleaned,  and  again  intro- 
duoed.    The  means  to  be  subsequently  adt^ted  must  vary  with  the 
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circumstances  of  each  case  :  if  the  obstruction  is  removed,  the  wound 
in  the  trachea  may  be  healed,  but  if  not,  the  canula  must  be  worn  for 
the  rest  of  life.  If  the  operation  were  performed  for  the  removal  of  a 
foreign  body,  or  for  the  inflation  of  the  lungs,  no  canula  need  be  intro- 
duced, but  the  wound  should  be  closed  as  soon  as  the  main  object  is 

TRACTION,  in  Mechanics,  is  the  act  of  drawing  a  body  along  a 
plane,  usually  by  the  power  of  men,  animals,  or  steam ;  as  when  a 
vessel  is  towed  on  the  surface  of  water  or  a  carriage  moved  upon  a 
road.  The  power  exerted  in  order  to  produce  the  effect  is  called  the 
force  of  traction. 

Numerous  experiments  have  been  made  for  the  purpose  of  ascer- 
taining the  value  of  a  force  so  exerted ;  and  when  men  are  employed 
to  draw  laden  boats  on  canals,  it  is  found  that  if  the  work  be  continued 
for  several  days  successively,  of  eight  hours  each,  the  force  of  traction 
is  equivalent  to  a  weight  of  81 4  lbs.,  moved  at  the  rate  of  two  feet  per 
second,  or  IJ  mile  per  hour  (it  being  understood  that  such  weight  is 
imagined  to  be  raised  vertically  by  means  of  a  rope  passing  over  a 
pulley,  and  drawn  in  a  horizontal  direction).  The  force  of  traction 
exerted  when,  without  moving  from  his  place,  a  man  pulls  horizontally 
against  a  weight  so  suspended,  is  estimated  at  70  lbs.  The  action  of  a 
horse  in  drawing  a  vessel  on  a  canal  is  said  to  be  equivalent  to  a 
weight  of  180  lbs.  raised  vertically,  as  above  supposed,  with  a  velocity 
of  3|  feet  per  second,  or  2}  miles  per  hour ;  but  this  estimate  has  been 
considered  too  high ;  and  from  experiments  which  have  been  made  on 
the  power  of  horses  in  waggons,  carts,  and  coaches,  on  level  ground,  it 
is  found  that  the  force  of  traction  exerted  by  a  stout  horse  is  equivalent 
to  80  lbs.  raised  at  the  rate  of  4}  feet  per  second,  or  3  miles  per  hour. 
Mr.  Tredgold  considers  that  ahorse  exerts  a  force  of  traction  expressed 
by  125  lbs.  raised  at  the  rate  of  ^  feet  per  second,  or  2^  miles  per  hour. 
A  man  or  a  horse  can  however  double  his  power  of  traction  for  a  few 
minutes  without  being  injured  by  the  exertion ;  and  when  the  carriage 
is  in  motion,  so  that  the  friction  on  the  ground  is  alone  to  be  over- 
come, a  horse  can  draw,  during  a  short  time,  on  a  level  road,  a  weight 
exceeding  1500  lbs. 

The  force  of  traction  is  found  to  vary  nearly  with  the  term  {w — v)', 
where  to  is  the  greatest  walking  velocity  of  a  man  or  horse  when 
unresisted  (6  feet  per  second,  or  4  miles  per  hour,  for  a  man ;  and  10 
feet  per  second,  or  6}  miles  per  hour,  for  a  horse),  and  v  is  the  velocity 
with  which  the  vessel  or  carriage  is  moved.  From  theoretical  con- 
siderations it  has  been  determined  that  the  greatest  effect  is  produced 
when  the  velocity  of  the  object  moved  is  one-third  of  that  with  which 
the  man  or  animal  can  walk  when  unresisted. 

If  a  wheel-carriage  were  situated  on  a  level  plane  which  opposed  no 
resistance,  it  is  evident  that,  whatever  were  the  diameter  of  the  wheels, 
the  smallest  conceivable  power  of  traction  applied  to  the  axle  would 
suffice  to  put  the  carriage  in  motion.  But  when  a  wheel  in  moving 
meets  with  an  obstacle  on  the  groimd,  that  obstacle  is  pressed  at  the 
point  of  contact  by  a  force  acting  in  the  direction  of  a  line  drawn  to  it 
from  the  centre  of  the  wheel,  and  arising  from  that  part  of  the  weight 
which  is  supported  by  the  wheel,  together  with  the  force  of  traction ; 
therefore  by  the  "  resolution  of  forces,"  the  ratio  between  the  resistance 
which  is  to  be  overcome  by  the  moving-power  and  the  weight  on  the 
wheel  will  become  less  as  the  diameter  of  the  wheel  is  increased :  also 
the  most  advantageous  direction  in  which  the  force  of  traction  can  be 
exerted  is  perpendicular  to  the  line  of  pressmre  drawn  from  the  centre 
of  the  wheel  to  the  obstacle.  But  the  height  of  the  wheels  cannot 
exceed  certain  limits  depending  on  the  use  to  which  the  carriage  is 
applied ;  and  when  the  latter  has  four  wheels,  the  height  of  those 
which  are  in  front  must  be  such  only  as  will  allow  it  to  be  turned 
round  within  a  given  space ;  also,  when  a  horse  is  employed  to  move  a 
carriage,  attention  must  be  paid  to  the  conditions  under  which  his 
power  may  be  advantageously  exerted. 

It  was  first  observed  by  M.  Deparcieux,  and  published  in  the 
'  Mdmoires  de  TAcad^mie  des  Sciences,"  1760,  that  horses  draw  heavy 
loads  rather  by  their  weight  than  by  their  muscular  force.  Dr.  (Sir 
David)  Brewster  has  also  remarked  that  when  the  resistance  is  great  a 
horse  lifts  both  its  fore-feet  from  the  ground ;  then,  using  his  hinder- 
feet  as  a  fulcrum,  he  allows  his  body  to  descend  by  its  weight,  and 
thus  overcomes  the  obstacle :  and  it  may  be  added  that  when  this 
action  takes  place  with  a  two-wheeled  carriage,  if  the  loading  is  dis- 
posed so  that  some  portion  of  it  may  press  on  the  horse's  back,  the 
effect  of  the  animal's  weight  will  thereby  be  increased.  Now  if  the 
traces,  or  the  shafts  of  the  carriage,  were  attached  to  the  horse's  collar 
near  his  centre  of  gravity,  a  line  imagined  to  be  drawn  from  the  latter 
point  to  his  hinder-feet  may  represent  his  weight,  and  a  line  drawn 
perpendicularly  from  his  feet  upon  a  plane  passing  through  the  traces 
or  shafts  may  represent  the  lever  of  resistance :  but  while  the  former 
line  remains  the  same,  this  lever  becomes  less  as  the  plane  of  traction 
(that  of  the  traces  or  shafts)  mclines  more  upwards  from  the  wheel ; 
and  therefore,  in  order  that  the  power  of  the  horse  may  be  advan- 
tageously applied,  the  diameter  of  the  wheel  should  be  aa  small  as  is 
consistent  with  other  circumstances. 

Experiments  have  shown  that  when  the  angle  of  traction,  as  it  is 
called,  that  is,  the  angle  which  the  plane  of  the  traces  makes  with  the 
road  on  which  the  carriage  is  moving,  is  15  or  16  degrees,  a  horse  pulls 
with  good  effect .:  and  the  height  of  the  points  at  which  the  traces  are 
attached  to  a  horse's  collar  being  about  4  feet  6  inches  from  the 


ground,  it  follows  that,  in  order  to  obtain  this  inclination,  the  lower 
extremities  of  the  traces  or  shafts  should  be  2  feet  3  inches  from  the 
ground.  In  general  however,  in  two-wheeled  carriages,  the  height  of 
these  extremities  is  about  3  feet. 

As  an  example  of  the  force  of  traction  exerted  by  steam,  it  may  be 
stated  that  on  a  level  line  of  railway,  an  engine  with  an  11-inch 
cylinder,  and  having  an  effective  pressure  of  50  lbs.  per  square  inch  in 
the  boiler,  drew  50  tons  at  the  rate  of  80  miles  per  hour,  working  10 
hours  daily ;  and  that  the  same  engine,  with  an  equal  pressure  in  the 
boiler,  drew  160  tons  at  the  rate  of  154  miles  per  hour.  (Pambour 
'  On  Locomotive  Engines.')  The  resistances  to  be  overcome,  or,  in 
other  words,  the  efforts  of  traction  required  upon  the  various  systems 
of  intercommunication,  may  be  stated  as  follows : — 

Batio  of  Traction 
to  weight. 
Ordinary  macadamised  roads  in  good  state,  horse  walk-  )    i  «^  ma  ^    •. 
ing  at  useful  velocity        .        .        .        .        .         j    1  to  20,  or  25 
Ordinary  macadamised  roads  in  good  state,  horse  trotting  1  to  14 
Ordinary  macadamised  roads,  pared,  horse  walking    •    •  1  to  50 
Wooden  road  „  *    .  1  to  70 

Tramway,  of  granite  blocks,  horse  walking     •        •        •  1  to  180 
Bailways,  velocity  20  miles  per  hour  .        •        •     •  1  to  200 

„  „       SO  miles  per  hour      ....  1  to  100 

Canal  of  small  section,  small  velocity,  2  miles  per  hour    •  1  to  600 
„  „  M  4  miles      „  .  1  to  150 

„  „  „  8  miles      „  .  1  to  S7 

Canal  of  large  section,  2  miles  per  hour         .       •     •    .  1  to  1000 

4  mUes  per  hour      .        •        •    •  1  to  250 
8  miles  per  hour  .        •        •        .  I  to  62 


>f 
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TRACTRIX,  or  TRACTORT,  the  name  given  to  a  curve  described 
by  a  heavy  point  attached  to  a  string,  the  other  end  of  which  is 
moved  along  a  given  straight  line  or  curve.  For  some  account  of  this 
curve,  which  is  of  no  interest  except  as  a  mathematical  exercise,  see 
Peacock's  Examples,  page  174. 

TRADE,  BOARD  OF.  The  department  of  the  English  government 
popularly  known  under  this  title  is  a  committee  of  the  Privy  Council, 
and  its  proper  designation,  which  correctly  defines  its  principal 
functions,  is — "  The  Lords  of  the  Committee  appointed  for  the  con- 
sideration of  all  matters  relating  to  Trade  and  Foreign  Plantations." 
This  department  is  practically  under  the  direction  of  a  president  and 
vice-president ;  the  other  members  of  the  Board  or  Committee  are, — 
the  Lord  Chancellor,  the  Archbishop  of  Canterbury,  the  First  Lord 
of  the  Treasury,  the  principal  Secretaries  of  State,  the  Chancellor 
of  the  Exchequer,  the  Speaker  of  the  House  of  Commons,  the 
Chancellor  of  the  Duchy  of  Lancaster,  the  Paymaster  of  the  Forces,  the 
-Treasurer  of  the  Navy,  the  Master  of  the  Mint,  and  such  officers  of 
state  in  Ireland  as  are  privy  councillors  in  England;  but  those 
functionaries  do  not  ordinarily  interfere  with  or  assist  at  the  delibera- 
tions of  the  president  and  vice-president  The  clerks  of  the  council 
are,  ex  officio,  secretaries  of  the  Board  of  Trade,  but  that  duty  is 
performed  by  tv^o  joint  assistant-secretaries. 

The  president  and  vice-president  of  the  Board  of  Trade  exercise,  in 
effect,  the  duties  which  in  other  countries  are  performed  by  the 
minister  of  commerce.  Their  office  is  not  indeed  executive,  but  rather 
consultative,  the  orders  rendered  nece&^^ary  by  their  decisions  being 
given  by  the  Lords  of  the  Treasury  or  by  the  secretary  of  state,  as  the 
case  may  require.  The  functions  of  this  board  have  been  of  late  years 
considerably  extended,  its  duties  being  some  of  them  of  a  ministerial, 
and  others  of  a  judicial  character.  It  has  the  general  superintendence  of 
matters  relating  to  merchant  ships  and  seamen,  and  the  carrying  into 
execution  of  the  statutes  in  force  relating  to  them.  For  that  purpose 
it  has  to  require  and  receive  various  kinds  of  returns  as  to  trade  and 
navigation,  and  originate  and  consider  reports  made  to  it  by  its 
inspectors  and  other  officers.  It  has  also  a  partial  control  over  local 
marine  boards,  and  may  lay  down  rules  as  to  the  conduct  of  examina- 
tions, and  as  to  the  qualification  of  applicants  for  the  posts  of  masters 
and  mates  of  foreign-going  as  well  as  of  home-trade  passenger-ships. 
[Ships.]  It  grants  liceixoes  to  persons  to  engage  or  supply  seamen  or 
apprentices  for  merchant  ships  in  the  United  Kingdom,  adjudicates  on 
chiims  for  wages,  and  investigates  cases  of  alleged  incompetency  and 
misconduct  (17  &  18  Vict.  c.  104).  The  Board  also  appoints  officers  to 
report  on  the  condition  of  steam-vessels  and  their  machinery  (14  &  15 
Vict  c.  79). 

The  Board  of  Trade  exercises  a  supervision  over  railways  and  railway 
companies,  not  only  with  respect  to  their  original  formation,  but  also 
as  to  their  subsequent  working.  Railways  were  first  placed  under  this 
control  by  the  statute  8  &  4  Vict  c.  97.  A  few  years  afterwards  the 
powers  of  the  Board  in  this  respect  were  transferred  to  a  Board  of 
Commissioners  of  Railways;  but  in  1851  all  the  powers  of  this  latter 
board  were  transferred  to  the  Board  of  Trade  (14  &  15  Vict  c.  64). 
Notices  of  application  for  Railway  Acts,  accompanied  by  plans,  must 
be  deposited  with  the  Board,  before  any  bill  can  be  introduced  into 
Parliament;  and  before  a  line  can  be  opened  for  traffic,  notice 
must  be  given  to  the  Board,  and  its  permission  obtained,  on  the 
report  of  an  inspector,  appointed  by  the  Board  for  those  and  other 
general  purposea  So,  when  accidents  occur,  notice  must  be  given  to 
the  Bofljd,  and  an  inspector  is  generally  sent  to  inquire  into  the 
circumstanoes,  and  on  his  report  the  Board  may  cause  alterations  to 
be  made  for  the  greater  safety  of  the  public. 
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The  Board  of  Trade,  through  the  medium  of  its  registrar,  is  also 
oharged  Tvith  the  regUtration  of  all  Joint^tock  Companies  (19  &  20 
Vict.  c.  47).  By  the  statute  giving  a  copyright  in  designs,  their 
registration  is  efi'ected  by  the  Registrar  of  the  Board  of  Trade  (5  &  6 
Vict.  0, 100;  6&7  Vict  0.65;  13  &  14  Vict  o.  104;  14  &  16  Vict.  c. 
8 ;  15  ft  16  Vict.  c.  6).  The  Board  also  controls  the  proceedings  of 
the  Commissioners  for  regul&ting  the  employment  of  coaf-whippers  and 
the  discharge  of  coal-laden  vessels  in  the  port  of  London  (6  &  7  Vict  c. 
ci.  (local  and  personal);  9  ft  10  Vict  o.  xxxvL ;  14  ft  15  Vict  o. 
IzxviiL).  A  department  of  the  Board  of  Trade  has  the  immediate  con- 
trol of  the  Government  schools  and  museums  of  science  and  art,  as 
explained  under  Scienob  akd  Art,  Department  of.  lAstly,  another 
department  of  the  Board  of  Trade  is  charged  with  the  collection  and 
publication  of  tables,  containing  information  with  respect  to  the 
revenue,  trade,  commerce,  wealth,  population,  and  other  statistics  of 
the  United  Kingdom  and  its  dependencies,  as  well  as  of  foreign 
countries.  The  officers  of  another  department  collect  and  prepare  the 
tables  of  the  prices  of  corn,  which  formerly,  and  before  the  abolition  of 
the  com-l&WB,  regulated  the  amount  of  duty,  and  still  govern  the  rent- 
charge  in  lieu  of  tithe  under  the  Tithe  Commutation  Act  (Blackst 
*  Comm.,'  Mr.  Kerr's  edit). 

TRADE  AND  SHIPPING.  The  foreign  trade  of  England  is  coeval 
with  its  earliest  history.  It  must  not,  however,  be  supposed  that  the 
commercial  dealings  of  those  early  days  bore  much  resemblance  to 
those  of  more  modem  times.  The  visits  of  foreigners  to  our  shores 
(for  England  was  an  exporting  country  before  its  inhabitants  were 
become  ship-owners  or  navigators)  wete  then  confined  to  procuring  tin 
from  Cornwall.  We  may  be  certain  that  those  by  whom  this  earliest 
Briti^  trade  was  conducted  did  not  obtain  the  metal  without  leaving 
in  exchange  that  which  was  considered  more  valuable  by  the  miners. 
Of  what  those  importations  consisted  we  are  not  precisely  informed. 
'*Salt,  earthenwares,  implements  made  of  copper,  of  ivory,  and  of 
amber,"  are  said  to  have  formed  the  principal  merchandise  at  that  time 
imported  into  Britain ;  but  no  mention  is  made  of  wool,  which  after- 
wards, and  at  a  comparatively  remote  period  of  our  annals,  became  a 
principal  article  of  export  from  this  country.  We  learn  from  Madox's 
^History  of  the  Exchequer'  that  in  the  reign  of  Richard  I.  Gervase 
de  Aldermanbury  accounted,  as  chamberlain  of  London,  for  money 
received  as  fines  from  merchants  for  leave  to  export  wooL  In  1275, 
according  to  Rymer  (tom  ii,  p.  50),  wool  was  allowed  to  be  exported 
upon  payment  to  the  king  of  10a  per  sack.  Within  the  next  twenty 
years  the  custom  of  wool  was  raiBea  to  20«.  the  sack,  and  in  1296  was 
further  raised  at  the  will  of  the  king  to  40<.  the  sack.  This  export 
duty  has  been  justified  on  the  ground  of  its  being  a  tax  upon  the 
foreign  manufacturers  or  consumers,  to  whom  English  wool  was  an 
article  of  necessity ;  but  the  duty  acted  as  a  burden  upon  the  grower, 
not  onlv  in  respect  of  his  surplus  quantity  which  was  necessarily 
exported,  but  alM>  because  the  price  of  the  remainder  was  as  necessarily 
governed  by  the  net  value  that  could  be  obtained  for  that  surplus. 
Accordingly  we  find  that  this  imposition  of  customs  upon  the  export 
of  wool  was  a  frequent  cause  of  ill  feeling  between  the  commons  and 
the  crown. 

In  a  statement  of  the  trade  of  England,  said  to  have  been  found 
upon  record  in  the  Exchequer,  and  quoted  in  a  tract  called  the  '  Circle 
of  Commerce,*  published  in  1623  by  Edward  Misselden,  the  list  of  our 
exports  comprised  only  wool,  coarse  woollen  cloths,  and  a  small 
quantity  of  leather,  amounting  in  value  to  294,1842.,  including  Ube 
export-duty;  while  the  imports  included  fine  woollen  cloths,  wax, 
wine,  linen  cloth,  mercery,  and  grocery  wares,  to  the  amount  of 
88,9 70^  The  shilling  at  that  time  contained  213  grains  of  silver. 
Taking  into  account  the  different  value  of  money  then  and  at  present,, 
these  values  are  equivalent  to  728,606/.  and  96,518^  of  the  present  coin 
respectively.  This  statement  of  imports  and  exports  does  not  appear 
entitled  in  all  respects  to  be  considered  accurate ;  but  it  is  remarkable 
that  this  circumstance  was  brought  forward  and  commented  upon 
as  the  proof  of  "an  extraordinary  bsJanoe  of  trade  in  favour  of 
the  nation,"  a  strange  conclusion  from  such  premises.  It  is  now 
generiilly  acknowledged  that  the  commerce  of  a  country  to  be  successf  id 
must  include  in  the  value  of  its  imports  the  whole  v^due  of  its  exports, 
together  with  the  gain  whic^  forms  the  sole  inducement  of  the 
merchants  by  whom  it  is  prosecuted. 

Still,  however,  the  trade  and  conmierce  increased,  and  from  the 
beginning  of  the  present  century  has  continued  to  increase  till  it  has 
attained  a  most  colossal  importance.  This  has  arisen  in  a  great  degree 
from  a  juster  perception  of  the  true  principles  of  political  economy,  and 
also  from  the  vast  improvement  in  mechanical  contrivances  for  the 
diminution  of  mere  manual  labour,  of  which  the  application  of  the 
powers  of  steam  by  the  invention  of  Watt,  may  be  deemed  the  chief. 
It  is  due  also  to  the  memory  of  Pitt  to  say,  that  he  early  perceived 
the  truth  of  the  principles  propounded  by  Adam  Smith,  and  in  the 
commencement  of  his  career  endeavoured,  though  circumstances 
rendered  his  efforts  ineffective,  to  establish  a  more  liberal,  if  not  an 
entirely  free  trade.  Old  prejudices  and  the  war  with  France  combined 
to  prevent  the  adoption  of  those  principles,  and  the  fii«t  quarter  of  the 
century  showed  little  permanent  increase.  Thus  the  official  value  of 
imports  in  1802  amounted  to  29,826,210^,  and  the  declared  value  of 
exports  to  45,102,8302.;  while,  with  considerable  fluctuations  in  the 
interval,  m  1825  the  imports  only  reached  44,137,4822.,  and  the  exports 


38,877,3882.,  the  latter  year  including  Ireland,  which  the  former  does  noty 
but  the  amount  of  Irish  trade  was  not  great     The  official  valuation  is, 
however,  deceptive,  as  the  price  fixed  does  not  represent  the  real  value. 
This  commerce  was  carried  in  1802  inwards  by  7806  British  ahipa, 
registered  at  1,333,005  tons,  and  3728  foreign  ships  with  a  total  of 
480,251  tons,  and  outwards  in  1802  by  7471  British  ships,  registered 
at  1,177,224  tons,  and  3332  foreign  vessels  with  457,580  tons.      In 
1836,  the  official  value  of  imports  had  increased  to  57,028,8672.,  and 
the  declared  vidue  of  exports  to   53,368,5712.,  and  the  number   of 
British  ships  inwards  to  14,347,  of  an  aggregate  burden  of  2,605,473 
tons,  and  outi^ards  to  14,207,  of  a  burden  of  2,531,577  tons,  and  the 
foreign  ships  inwards  to  7131,  of  a  burden  of  988,899  tons,  and  out- 
wards to  7048  ships,  and  a  burden  of  1,035,120  tons.     In  1846,  the 
tariff  was  materially  reformed,  and  successive  improvements  have  been 
since  introduced ;  and  in  1854,  the  real  value  of  the  total  imports  into 
the  United  Kingdom  was  152,389,0532.;  in  1855  it  was  143,542,850/:, 
and  in  1856  it  was  172,544,1542.    These  values  are  computed  from  the 
average  prices  fixed  for  the  articles,  which  are  chidiy  entered  by 
quantities  at  the  Custom  House.    The  value  of  the  exports  is  obtained 
from  the  declared  value  set  on  the  articles,  except  in  the  case  of  f oreig:n 
and  colonial  produce,  of  which  the  price  is  computed  in  the  same  way 
as  with  the  imports.     In  1854  the  total  value  of  exports  amounted  to 
115,821,0922.,  of  which  97,184,7262.  were  for  the  produce  or  manufac- 
ture of  the   United  Kingdom,  the  remainder  being  for  foreign  or 
colonial  produce.     In  1865  the  total  value  was  116,691,8002..  of  which 
95,688,085/.  were  for  the  produce  or  manu^tures  of  the  United 
Kingdom ;  and  in  1856  the  total  value  amounted  to  189,220,353/.,  of 
which  115,826,9482.  were  for  home  productions;  the  official  values  of 
the  exports  show  a  singular  contrast  to  the  real  values ;  they  are  for 
the  three  years  respectively,  29,808,044/.,  31,494,3912.,  and  33,423,7242: 
The  official  values  of  the  imports  for  the  three  years  show  less  dis- 
crepancy;  they  were  124.136,018/.,  117,284,8812.,  and  131,987,763/. 

The  remissions  or  reductions  of  duties  on  imports  during  the  suc- 
ceeding years  contributed  to  the  continued  increase  of  trade  and  com- 
merce ;  for  the  year  ending  December  31, 1860,  the  amount  of  the 
principal  articles  imported  was  169,131,0632.,  and  this  does  not 
include  a  variety  of  other  importations,  of  which  manv  are  of  large 
amount,  ae,  for  instance,  animals,  living,  of  which  in  the  year  there 
were  imported  77,010  oxen,  bulls,  and  cows,  27,559  calves,  320,219 
sheep,  and  24,452  swine  and  hogs ;  pearl  and  potashes,  of  which  there 
were  imported  141,087  cwts. ;  bark,  418,069  cwts. ;  brimstone, 
1,007,503  cwts.;  bristies,  2,534,217  lbs.;  caoutchouc,  48,089  cwts.; 
clocks  and  watches,  497,386  in  number;  nor  eggs,  in  number 
167,695,200,  with  a  few  other  items. 

The  principal  articles  imported,  in  addition  to  those  above  men- 
tioned, were — ^in  articles  used  for  diet — coffee  to  the  value  of 
2,543,2112.,  of  which  1,813,2132.  was  from  Ceylon;  887,2262.  from 
other  British  possessions,  and  the  remainder  from  foreign  countries. 
Com  to  the  value  of  16,554,0832.,  of  which  4,323,8082.  was  from  the 
United  States;  3,551,9072.  from  Kussia;  3,410,1612.  from  Prussia; 
1,610,7622.  from  France ;  and  the  rest  from  Egypt,  Moldavia,  Walla- 
chia,  and  other  countries.  Barley,  oats,  peas,  beans,  and  Indian  com 
to  the  value  of  10,558,1622.  Wheat-meal  and  flour  to  the  value  of 
4,320,5582^,  of  which  the  United  States  supplied  to  the  value  of 
1,826,5822. ;  France,  1,594,0302.;  and  the  rest  from  the  Hanse  towns  and 
other  countries.  Currants  and  raisins  to  the  value  of  1,253,6702.  Bacon, 
870,2862.  Butter,  4,078,017/.  Cheese,  1,597,5692.  Eggs,  478,6582.  Kice, 
not  in  the  husk,  1,023,1082.  Spirits— rum,  brandy,  and  Geneva,  to 
the  value  of  1,918,8392. ;  and  wine  to  that  of  4,201,4342.,  of  which 
1,734,6132.  was  contributed  by  Spain ;  1,036,620/.  by  France  (almost 
twice  as  much  as  in  1859);  898,3362.  by  Portugal,  and  the  rest  by 
various  countries.  Sugar  of  all  kinds,  including  sugar-candy  and 
molasses,  to  the  value  of  12,106,069/.,  of  which,  of  the  raw  sugar  of  all 
kinds  7,110,2032.  came  from  British  possessions,  and  4,727,6582.  from 
foreign  countries.  Tea,  6,944,0422.,  an  increase  of  1,132,4972.  over 
1859.  Tobacco,  to  an  aggregate  of  1,777,6322.  Of  articles  used  in 
manufactures,  we  imported  cotton  to  Uie  value  'of  35,756,889/.,  the 
United  States  supplying  it  to  the  amount  of  30,069,3192. ;  the  British 
East  Indies,  3,373,6142.;  Egypt,  1,480,8952.;  Brazil,  561,9492.;  and 
only  271,1122.  from  all  other  countries.  The  total  quantity  imported 
was  1,390,938,752  lbs.  Flax  to  the  value  of  3,836,7702.  was  imported, 
three-fourths  being  from  Russia  and  Prussia;  and  hemp  valued  at 
1,199,0182.,  of  which  907,4422.  was  from  Russia,  the  rest  from  various 
ooimtries,  with  jute  and  other  substances  used  as  substitutes  for 
hemp  to  the  value  of  665,7642.  Hides,  di*y,  wet,  and  tanned,  or  dressed, 
to  the  value  of  3,296,5122.  Indigo,  to  the  value  of  2,528,8882.  Of 
metals — copper  to  the  amount  of  2,213,1412.,  Chili  and  Cuba  fur- 
nishing the  laigest  amount,  though  Australia  sent  ore  to  the  amount 
of  173,0612.;  iron,  659,6202.;  lead,  468,4352. ;  spelter,  499,6362.;  tin, 
387,3072.  Oils— train,  spermaceti,  palm,  and  olive — ^to  the  value  of 
3,923,2352.  Saltpetre  and  cubic  nitre  to  the  value  of  1,165,8152.  Silk, 
raw  and  thrown,  to  the  value  of  10,323,8372.,  of  which  raw  silk  to  the 
value  of  6,829,4962.  were  supplied  by  the  British  East  ludies  and 
Egypt,  2,185,7422.  by  China,  while  the  whole  of  the  thrown  silk 
only  amounted  to  336,9912.,  of  which  172,3572.  came  from  France. 
Tallow,  to  the  value  of  4,014,2802.,  of  which  3,040,9972.  was  supplied 
by  Russia,  only  83,8302.  by  Australia,  and  the  rest  by  South  America 
and  other  countries.    Timber,  to  the  aggregate  value  of  9,206,0922., 
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of  which  British  Norih  America  contributed  4^09,235{. ;  Sweden  and 
Norway,  2,169,646^.;  Pruaaia,  1,098,4121. ;  Ruasia,  783,388i. ;  and  the 
remainder  by  various  countries.  Wool,  to  the  value  of  10,704,922/., 
of  which  6,887,0781.  was  furnished  by  Australia;  1,187,748/.,  by 
British  possessions  in  South  Africa;  699,861/.,  by  the  British  East 
Indies ;  and  the  rest  from  various  places,  chiefly  through  the  Hanse 
towns;  together  with  alpaca  and  llama  wool  to  the  value  of  826,557/., 
and  woollen  manufactures  not  made  up,  to  that  of  918,927/.  For 
agricultural  purposes,  we  imported  guano  to  the  value  of  1,563,145/. ; 
oil-seed  cakes  to  that  of  910,840/.,  and  flaxseed  and  linseed  to  the 
amount  of  3,391,988/.  ;^ut  of  this  a  large  portion  was  for  manufacture 
into  oiL  The  total  imports  amounted  to  210,648,643/.  The  customs 
duties  for  the  year  amounted  to  23,032,895/.,  a  decreajse  of  1,862,184/. 
on  those  of  the  preceding  year. 

The  declared  value  of  Britii^  and  Irish  produce  and  manufactures 
exported  during  the  same  year  (1860)  was  135,842,817/.  This  does 
not  include  the  foreign  and  colonial  articles  re-exported,  which 
amounted  in  declared  \^ue  to  5,136,652/.  The  chief  articles  were — 
apparel  and  slops,  to  South  Africa,  Australia,  other  British  possessions, 
and  to  foreign  countries,  2,156,348/.  Beer  and  ale,  of  which  the  East 
Indies,  Australia,  and  the  United  States  were  the  chief  consumers, 
1,863,998/.  Printed  books,  494,915/.  Butter,  633,280/.  Cheese, 
118,859/.  Coals  and  culm.  3,321,539/.,  of  which  France  took  566,109/. 
Cotton  (woven),  40,342,819/.,  of  which  the  Hanse  towns  took 
1,191,703/.;  Turkey,  2,789,954/.;  Egypt,  1,045,988/.;  the  United 
States,  3,848,750/.;  foreign  West  Indies,  1,062,965/.;  Brazil, 
2,300,101/.;  China,  3,157,859/.;  Java,  1,057,617/.;  British  North 
America,  the  West  Indies,  and  South  Africa,  1,528,106/. ;  the  East 
Indies,  10,518,094/.,  no  other  country  reaching  to  a  million ;  while 
other  cotton  manufactures,  such  as  lace,  net,  stockings,  counterpanes, 
and  small  wares,  and  sewing  thread,  were  exported  to  the  value  of 
1,795,593/.,  and  cotton  yam  to  the  amount  of  9,875,073/.  Earthen- 
ware and  porcelain,  1,440,998/.  Qlass — ^flint^  window,  bottles,  and 
plate,  653,224/.  Haberdashery  and  millinery,  4,011,277/.  Hardware 
and  cutlery,  8,772,035/.  Leather,  tanned  and  manufactured, 
2,129,094/.  Linens  (woven),  4,432,823/.,  with  thread  lace,  thread  and 
tapes,  369,880/.,  and  linen  yam,  1,800,927/.  Machinery,  including 
steam-engines,  8,825,361/.  Metals :— iron,  including  pig,  bar,  railway, 
wire,  cast,  wrought  of  all  kinds,  and  steel,  12,158,355/. ;  copper,  of  fdl 
sorts,  including  brass,  8,001,992/, ;  lead,  of  all  sorts,  699,648/. ;  tin  and 
tin  plates,  1,862,150/.,  of  which  the  United  States  took  1,018,056/.  Oils, 
from  seeds,  1,182,324/.  Silk,  manufactured,  1,577,001/. ;  with  thrown 
silk  and  silk  twist  and  yam,  822,291/.  Soap,  249,876/.  Soda,  982,906/. 
Spirits,  British,  286,651/.  Stationery,  720,721/.  Sugar,  refined, 
239,762/.  Telegraphic  wire  and  apparatus,  250,655/.  Wool,  868,781/. 
Woollen  cloths  and  other  manufactures,  12,192,861/.,  for  which  the 
United  States  were  the  largest  customers,  tiiough  the  dispersion  is 
pretty  general ;  and  woollen  and  worsted  yam,  8,848,896/. 

Shipping, — This  enormous  trade  requires  a  corresponding  amount  of 
shipping.  In  1860,  there  were  entered  inwards  with  caigoes  20,104 
British  ships,  of  an  aggregate  burden  of  5,762,464  tons,  an  average  of 
286  tons  each;  and  18,270  foreign  vessels  of  4,292,828  tons,  an  average 
of  235  tons ;  an  increase  of  both  British  and  foreign  over  the  years 
1858  and  1859  :  and  there  were  cleared  outward  with  oai^goes  23,718 
British  ships,  of  an  aggregate  biu^ien  of  6,359,108  tons,  an  average  of 
260  tons  each ;  and  20,777  foreign  ships  of  4,425,488  tons,  an  average  of 
only  205  tons.  The  greatest  number  of  foreign  ships  was  that  of  the 
Danes,  2957  entered  inward,  and  8362  cleared  outwards ;  the  Nor- 
wegians sent  2862  vessels,  and  cleared  out  1746 ;  but  the  shallow 
waters  of  the  Baltic  necessitate  the  use  of  small  ships,  so  that  the 
tonnage  of  the  two  inwards  was  only  929,483,  outwards  677,605  tons, 
an  average  of  only  140  tons  each.  The  largest  amount  of  tonnage  is 
by  the  United  States,  who  entered  1,361,021  tons  in  1417  ships ;  and 
cleared  out  1,367,988  tons,  in  1456  ships,  an  average  of  945  tons  each. 
Inwards  Russia  sent  435  ships  of  125,612  tons ;  Sweden,  1119  ships  of 
181,755  tons;  Prussia,  1795  ships  of  425,436  tons;  Mecklenburg  and 
Oldenburg,  722  ships  of  144,088  tons;  Hanover,  970  ships  of  81,196 
tons,  an  average  of  only  84  tons ;  the  Hanse  Towns,  580  ships  of  212,006 
tons;  Holland,  1501  ships  of  185,098  tons;  Belgium,  257  ships  of 
54,106  tons;  France,  2187  ships  of  186,524  tons;  Spain,  244  ships  of 
67,048  tons ;  Portugal,  147  ahips  of.  83,638  tons;  Sardinia  and  Sicily, 
493  ships  of  118,914  tons;  Austria,  467  ships  of  152,058  tons;  Qreece, 
59  ships  of  16,125  tons;  other  European  countries,  88  ships  of  12,280 
tons;  and  other  countries  in  America,  Asia,  and  AMca,  20  ships  of 
6355  tons.  Outwards  there  were  cleared,  in  addition  to  those  men- 
tioned above,  from  Russia,  896  ships  of  116,991  tons;  Sweden,  1168 
ships  of  185,192  tons;  Prussia,  1595  ships  of  350,088  tons;  Mecklen- 
burg and  Oldenburg,  905  ships  of  100,222  tons;  Hanover,  1666  ships 
of  134,919  tons ;  Hanse  Towns,  867  ships  of  290,788  tons ;  Holland, 
1756  ships  of  260,050  tons ;  Belgium,  262  ships  of  59,102  tons ;  France, 
4068  ships  of  430,440  tons,  a  remarkable  difference  from  those  entered 
inwards;  Spain,  221  ships  of  61,383  tons;  Portugal,  143  ships  of 
81,021  tons;  Sardinia  and  Sicily,  558  ships  of  139,801  tons;  Austria, 
501  ships  of  168,091  tons;  Qreece,  44  diips  of  15,684  tons;  other 
European  countries,  44  ships  of  15,684  tons ;  and  other  countries  in 
America,  Asia,  and  Africa,  19  ships  of  6081  tons. 

The  coasting-trade,  including  that  between  Qreat  Britain  and  Ire- 
land, is  even  larger  in  amount  of  tonnage ;  but  as  the  return  gives  tJie 


repeated  voyages  when  entered  or  cleared  with  cargoes,  the  number  of 
ships  employed  is  not  shown,  but  only  the  number  of  voyages  made. 
These,  in  1830,  were,  inwards,  153,782,  and  the  aggregate  burden 
was  17,008,411  tons,  of  which  onlv  102,228  tons  came  in  666  foreign 
bottoms.  Outwards  there  were  cleared  157,419  ships  of  17,014,899 
tons,  of  which  644  foreign  vessels  carried  100,056  tons. 

The  total  number  of  registered  fdiips  in  1860,  not  including  river 
steamers,  was  20,019,  of  an  aggregate  burden  of  4,251,789  tons ;  of 
these  929  were  steamers  of  899,494  tons  burden.  The  number  of 
men  employed  in  these  vessels  was  171,592,  exclusive  of  masters.  The 
total  number  of  vessels  built  and  registered  in  the  year  was  1016  of 
211,968  tons  burden,  of  which  198  were  steamers  of  58,796  too* 
burden. 

TRADE  WINDS.    [Winds.] 

TRADER    [Bankbupt.] 

TRADITION  (from  the  Latin  traden)  eomprises,  in  the  widest 
sense  of  the  word,  all  that  has  been  handed  down  (quae  tradita  sunt) 
to  us  concerning  the  events  of  the  past,  and  in  thia  sense  all  history  is 
tradition.  In  the  early  ages  of  mankind  and  of  every  nation,  when 
the  art  of  writing  was  unknown  or  little  used,  aU  histoiy  was  handed 
down  by  oral  communication  from  generation  to  generation  without 
written  records.  Afterwards,  when  the  accounts  thus  propagated  were 
written  down  and  assumed  a  definite  shape,  or  many  snapes,  according 
to  the  information,  the  opinions,  or  the  judgment  possessed  by  the 
person  or  persons  who  wrote  them  down,  sudb  accounts  were  found  to 
differ  materially  from  accounts  written  by  eye-witnesses  at  or  soon 
after  the  times  when  events  happened.  Historical  criticiam  distin- 
guishes the  two  kinds  of  history  by  calling  the  former  tradiHtm,  in  a 
narrower  sense  of  the  word,  and  the  latter  kittory.  Those  who  know 
how,  even  in  our  days,  reports  are  changed  and  embellished,  how  some 
features  are  omitted  and  others  added  during  the  prooeaa  of  passing 
from  mouth  to  mouth,  and  how  in  the  end  they  frequently  assume  a 
totally  different  aspect  from  what  Uiey  originally  had,  will  readily 
admit  that  such  traditions  cannot  be  received  with  the  same  faith  as 
contemporary  history.  We  may  add  that  the  more  important  the 
occurrence  handed  down  by  tradition  b,  and  the  more  it  affocti  the 
feelings  and  passions  of  men,  the  greater  will  be  the  changes  and  cor- 
ruptions which  it  experiences  in  its  progress.  The  desire,  moreover, 
of  seeing  things  clear  and  complete  ia  inherent  in  Uie  human  mind ; 
and  hence  we  find  that  in  innumerable  instanees  where  a  tradition  or  a 
series  of  traditions  was  deficient,  unclear,  or  incomplete,  man's  imagi- 
nation and  ingenuity  have  been  at  woric,  to  make  up  an  apparently 
complete  account,  either  by  filling  up  the  gaps  in  the  origin^  account 
with  pure  fictions,  or  by  transferring  and  combining  events  which 
belong  to  different  times  and  countries.  Such  accounts  require  to  be 
examined  with  more  caution  on  the  part  of  the  historian  the  more 
skilfully  they  are  made  up,  and  the  more  their  apparent  consisteney 
resembles  real  history.  It  ia  the  business  of  the  historian  who  feels 
the  want  of  a  positive  conviction,  and  is  not  satisfied  with  diaoovering 
that  a  tradition  ia  obscure,  inconsistent,  or  incredible^  to  find  out  its 
historical  groundwork,  by  oompariDg  the  traditions  about  one  and  the 
same  subject,  by  analogies,  and  by  separating  such  additions  and 
embellishments  which  have  been  made  with  a  view  to  satisfy  man's 
curiosity,  or  his  feelings,  either  religious  or  politicaL  The  historian 
who  imdertakes  this  task  has  to  guard  against  two  dangerous  rocks : 
the  one  is  the  desire  to  construct  out  of  a  tradition  a  history  according 
to  a  preconceived  notion  or  theory,  the  very  thing  whidi  in  many  cases 
was  the  cause  of  the  adulterated  tradition  itself ;  and  the  other  ia  the 
so-called  ntionaUstic  mode  of  dealing  with  tradition,  which  consists  in 
stripping  it  of  everything  poetical  or  marvellous,  and  leaving  nothing 
bnt  a  skeleton,  which  is  considered  as  hiatoiy  merely  because  it  pre- 
sents nothing  that  might  not  happen  every  day  and  within  our  own 
experience. 

In  the  history  of  Christianity  the  term  tradition  has  been  applied  to 
the  so^salled  unwritten  word  of  Qod ;  that  ia,  to  the  doctrines  said  to 
have  been  communicated  by  Christ  to  his  apostles,  which  were  not 
written  down  by  them,  but  were  handed  down  by  their  oral  instruction 
to  their  successors.  This  tradition  ia  preserved  in  the  writings  of  the 
ecclesiastical  fathers ;  and  the  Church  of  Rome  regards  them,  next  to 
the  Bible,  as  a  souroe  of  knowledge  which  ought  to  regulate  the  life  and 
religious  observances  of  Christians.  She  cUims  for  tradition  the  same 
unconditional  faiih  in  regard  to  its  divine  authority  as  for  the  doctrines 
of  the  New  Testament.  The  substance  of  the  tradition  thus  revered 
by  the  Church  of  Rome,  however,  affects  rather  the  forms  of  reUgion 
than  its  easence ;  and  some  of  these  forms,  such  as  the  baptism  of 
infants,  the  celebration  of  certain  festivals,  and  the  like,  are  retained 
and  observed  by  the  majority  of  Protestants,  while  on  the  whole  they 
reject  tradition,  and  do  not  consider  it  binding. 

TRAQACANTH,  familiarly  termed  Oumdraffim,  is  the  produce  of 
several  species  of  the  genus  Attragalm,  [Astbagalub,  in  Nat.  Hist. 
Drv.]  The  A,  vemu  (Olivier,)  a  native  of  the  north  of  Persia, 
Armenia,  and  Asia  Minor,  yields  the  greater  part  of  what  ia  used  in 
Europe.  Persia  supplies  it  likewise  to  India,  Baghdad,  and  Basrah. 
A,  guwrnifer  (LabilL)  yields  some  of  the  wMte  tragacanth.  A.  ere- 
tieiis,  Lamarck  {Tragacantha  OreHea  incana,  Toumefort),  yields  it 
sparingly ;  while,  according  to  Sibthorp  ('  Prod.  Fl.  Ortecse,'  iL  90), 
the  tragacanth.  which  is  used  in  Italy  is  obtained  in  Qreeoe  from 
the  A  ariikUm  (Yillan),  and  which,  aooording  to  Sibthorp,  yields  the 
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tragacanth  of  Dioscorides.  The  A,  tragaearUka  (var.  a.  Linn.),  the  A, 
JiassUiengit  (Lamarck  et  Dec),  long  reputed  to  be  the  source  of  tra- 
gacanth, yields  no  concrete  gum,  but  merely  a  gummy  juice,  which  is 
used  in  confectionary.  The  A.  DieUonii  (a  name  substituted  by  Dr. 
Royle  for  A.  strobUifenu  of  Lindley)  yields  the  reddish'Coloured 
tragacanth.  In  the  hot  months  of  July  and  August,  particularly  after 
a  dewy  or  a  duudy  night,  the  branches  of  A.  venu  are  found  encrusted 
with  tragacanth.  •  It  is  not  procured  by  artificial  incisions,  but  exudes 
spontaneously  from  natural  clefts  in  the  bark,  or  from  punctures  made 
by  insects,  or  more  probably  by  a  subepidermal  fungus,  like  the  nenM' 
9pora  croeea,  as  the  shrubs  from  which  the  juice  exudes  are  always  in 
an  unhealthy  state,  or  ready  to  perish.  (DecandoUe,  'Phys.  Yea.' 
I  p.  174.) 

In  commerce  tragacanth  occurs  in  two  forms,  termed  vermiform, 
and  flake  or  cake  tn^canth.  The  former,  called  also  Morea  tragacanth, 
is  not  frequent  in  thu  country.  It  is  mostly  in  small  twisted  thread* 
like  pieces,  seldom  in  flat  or  bandlike  portions,  of  a  variable  size,  of  a 
whitish  colour.  The  larger  irregular  pieces  often  run  togetiier,  and  are 
of  a  yellow  or  yellowish-brown  colour.  White  worm-like  pieces  are 
selected  and  sold  as  ▼ermioellL  Flake  or  Smyrna  tragacanth  occurs  in 
tolerably  large,  broad,  thin  pieces,  with  concentric  elevations  or  lines, 
seldom  of  a  filiform  shape  :  colour  whitish.  Both  sorts  are  hard,  yet 
somewhat  soft  and  even  flexible  before  breaking ;  fracture  dull  and 
splintery.  It  is  with  difficulty  reduced  to  powder,  except  in  winter, 
or  in  a  heated  mortar.  It  is  devoid  of  taste  and  smelL  It  sweUs  in 
the  mouth,  and  is  lubricous.  Fine  tragacanth  is^not  rendered  blue  by 
iodine,  but  the  Morea  tragaeanth  is  affected  by  it,  as  weU  as  an  artificial 
substance  prepared  by  boiling  starch,  which  last  article,  called  traga- 
cantin,  does  not  swell  in  water.  Kutera  gum,  the  produce  of  a  species 
of  cochlospermum  and  sterculia,  which  is  sometimes  mixed  with  or  sub- 
stituted for  genuine  tragacanth,  is  not  affected  by  tincture  of  iodine.  It 
always  occurs  in  stalaotite-like  pieces,  and  consisting  almost  entirely  of 
bassorin,  is  scarcely  soluble  in  water.    [Gum.] 

Tragacanth  approximates  more  to  starch  than  common  gum,  than 
which  it  is  more  nourishing,  but  less  digestible.  Tragacanth  is  to  be 
preferred  to  gum-arabic  to  form  a  mucilage,  as  one  part  will  inspissate 
fifty  ports  of  water.  It  is  better  to  allow  pieces  of  tragacanth  slowly 
to  disBolve  in  cold  water  than  to  use  the  powder  with  boiling  water. 
Both  the  mucilage  and  powder  are  used  to  suspend  heavy  powders  in 
water ;  also  to  make  locenges  and  pills.  For  electuaries  it  is  improper, 
as  it  renders  them  slimy  on  keeping.  As  a  demulcent,  or  means  of 
sheathing  the  fauces  and  intestines,  it  is  pr^erable  to  gum-arabic,  its 
insolubility  rendering  it  a  more  efficient  protection  to  the  mucous 
membrane  against  eiuier  acrid  poisons  or  unhealthy  secretions.  Thus 
in  India,  tragacanth  boiled  in  rice-water  is  advantageously  administered 
in  dysentery  and  bloody  fluxes.  Externally,  a  thick  mudlage  of  tra- 
gacanth is  a  good  application  to  bums,  to  exclude  the  air. 

TRAJECTORY,  the  technical  name  which  was  formerly  given  to  a 
curve,  that  is,  to  a  curve  required  to  be  found  by  means  of  given  con- 
ditions ;  most  frequently  used  for  the  required  path  of  a  particle  acted 
on  by  given  forces.    The  t«nn  ib  now  seldom  used. 

TRAMMELS,  the  name  of  the  Elliftio  Compasses,  described  in 
that  article,  in  which  a  bar  carrying  a  pencil  is  guided  by  two  pins 
which  move  in  grooves. 

TRAMWAY.  A  track  laid  down  on  the  surface  of  a  common  road, 
for  the  pun)ose  of  diminishing  the  efifort  of  traction  required  in  moving 
wheeled  vehicles ;  and  for  this  purpose  it  is  necessary  that  the  material 
of  the  tramway  should  be  practically  incompressible,  and  as  smooth  as 
posaibla  Iron,  wood,  marble,  and  granite  are  used  in  the  formation  of 
tramways,  as  in  the  cases  of  Train's  Street  Railways,  the  forest  roads 
in  wood  coimtries,  in  the  Italian  cities,  and  in  the  Commercial  Road, 
London  Docks.    See  Railways  ;  Traction. 

TRANSCENDENTAL,  a  mathematical  term  of  description,  the 
meaning  of  which  is  not  very  uniform.  When  any  particular  formula 
is  incaoable  of  being  expressed  by  any  particular  range  of  algebraical 
symbols,  it  is,  with  respect  to  those  symbols,  transcendental— that  is, 
it  transcends  or  climbs  beyond  the  power  of  those  symbols.  The  word 
was  perhaps  first  used  by  Leibnita  (*  Leipzig  Acts/  1686),  who  says, 
"placet  hoc  loco,  ut  mogis  profutura  dicamus,  fontem  aperire  trantcen- 
dentium  quaniUaium,  cur  nimirum  quaxlam  problemata  neque  sint 
plana,  neque  solida,  neque  sursolida,  aut  ullius  certi  gradus,  sed  omnem 
lequationem  algebraicam  tronscendant."  Here,  then,  is  the  first 
meaning  of  the  word ;  a  transcendental  problem  is  one  the  equation 
of  whi(£  is  infinitely  high,  or  contains  an  mfinite  series  of  powers  of  an 
unknown  quantity,  so  that  its  highest  degree  transcends  every  degree. 

To  form  an  idea  of  what  is  now  most  commonly  meant  by  transcen- 
dental, it  will  be  desirable  to  recapitulate  the  steps  by  which  algebra 
has  arrived  at  its  present  state  of  expression, — or,  rather,  mathematical 
analysis,  as  those  would  say  who  do  not  like  to  call  the  difierential 
calculus  by  the  name  of  algebra. 

And  first  we  have  the  state  which  preceded  the  time  .of  Vieta,  in 
which  formula  were  mostly  described  in  words,  and  the  adoption  of 
arbitrary  symbols  of  quantity  was  only  of  casual  occurrence. 

Next,  we  have  the  introduction  of  arbitrary  symbols  of  quantity  by 
Vieta,  but  not  to  the  extent  of  using  arbitrary  numbers  of  multipli- 
cations, or  algebraical  exponents.  Here  what  we  now  call  a"  waa 
transcendental ;  Vieta  could  have  described  a«  by  a  cubo-oubum,  or  a» 
by  a  quadrato-quadrato-cubum,  but  a"  had  neither  name  nor  f«ymboL 


Thirdly,  we  have  the  stage  which  began  with  Harriot  and 
and  which  brought  ordinary  algebra  into  substantially  its  present  form. 
During  these  periods,  however,  geometry  and  arithmetic,  without  help 
from  idgebra,  had  brought  into  use  sines,  cosines,  &c.,  and  logarithms, 
which  were  then  properly  transcendental.  The  words  which  described 
a  particular  mode  of  drawing  lines  in  a  circle,  or  the  result  of  oxao  j 
interpositions  of  geometrical  means  between  two  given  numbers,  did 
not  place  those  lines  or  means  among  the  objects  of  algebra,  and  gaT« 
no  clue  to  any  algebraical  properties. 

Fourthly,  we  have  the  short  but  interesting  period  in  which,  before 
the  formal  invention  of  fluxions  or  the  ditferential  calculus,  infinita 
series  began  to  be  employed,  and  the  transcendentals  last  alluded  to 
ceased  to  be  absolutely  incapable  of  expression.  This  was  the  state  in 
which  Leibnitz  found  the  science  when  he  first  proposed  to  distinguiah 
between  algebraical  and  transcendental  problems. 

Fifthly,  we  have  the  period  succeeding  the  invention  of  the  diffe- 
rential oadculus,  in  whicn  the  areas  and  lengths,  &c.,  of  curves  could  be 
expressed,  whether  they  could  be  reduced  into  older  language  or  not, 
by  the  new  signs  for  fluents  or  integrals. 

Sixthly,  we  have  an  alteration  which  it  might  have  been  sapposed 
should  have  come  long  before,  namely,  the  expression  of  the  old  tran- 
scendentals as  recognised  functions,  and  the  writing  of  them  acoordin^lj, 
as  log  X,  sin  x,  cos  x,  &c.  Strange  as  it  may  appear,  thia  was  never 
done  till  the  time  of  Euler.  And  it  is  only  in  our  own  day  that  the 
system  has  been  completed  by  the  recognition  of  the  number  whose 
logarithm  is  x,  the  angle  whose  sine  is  x,  kc,  as  functions  of  x,  and 
the  adoption  of  the  appropriate  symbols  log"*  x,  uar^  x,  &c. 

Seventhly,  a  most  important  addition  has  been  coming  into  use  in 
the  present  century, — ^namely,  the  employment  of  definite  luteals  aa 
modes  of  expression,  not  merely  of  functions  of  the  variable  of  int^ra- 
tion,  but  of  other  quantities  which  only  enter  as  constants,  or  which, 
if  they  vary,  vary  independently  of  the  variable  used  in  integration. 
So  powerful  is  this  mode  of  expression,  that  it  may  inmost  be  soa- 
pected  to  be  &ial ;  and  the  word  transcendental  is  rapidly  acquiring  a 
new  meaning.  We  predict  that  it  will  settle  into  the  following :  a 
transcendental  result  will  be  one  which  is  incapable  of  expression 
except  by  a  definite  integral,  or  by  an  infinite  series  which  cannot  be 
otherwise  expressed  than  by  a  definite  intograL 

In  the  meanwhile  there  are  two  senses  in  which  the  word  ia  used. 
The  first  is  that  just  explained ;  the  second  has  reference  to  the  old 
distinction  of  algebraical  and  transcendentaL  A  function  of  x  is  alge- 
braical when  it  is  finite  in  form,  and  x  is  never  seen,  nor  any  function 
of  it,  in  an  exponent,  nor  imder  the  symbols  of  a  sine,  cosine,  &c,  or  a 
logarithm.  Iso  operation  then  enters  vdth  x  unless  it  be  one  of  the 
four  great  operations  of  arithmetic,  or  else  involution  or  evolution  with 
a  de&iite  exponent  Thus,  in  this  sense  of  the  word,  log  x  and  sin  x 
are  both  transcendentals.  But  in  the  modem  sense  in  which  transcen- 
dental is  not  opposed  to  algebraical,  but  to  that  which  is  expressible 
by  ordinary  means,  log  x  and  sin  x  are  not  transcendental,  being  among 
the  most  common  of  the  present  modes  of  expression,  and  being,  in  fact, 
connected  with  algebra  in  a  way  which,  had  it  been  understood  when 
these  symbols  were  first  used,  would  probably  have  always  saved  them 
from  the  distinctive  term. 

The  roots  of  equations  of  the  fifth  and  higher  degrees  are,  properly 
speaking,  transcendental :  there  is  no  mode  of  expression  except  by 
infinite  series.  And,  generally  speaking,  and  with  the  exception  of  a 
few  cases  in  which  modes  of  expression  have  been  invented  and  studied, 
iirvERSB  functions  are  transcendental.  And  a  result  of  such  inversions, 
even  though,  from  our  ignorance  of  its  real  properties,  it  may  be 
expressible  by  ordinary  means,  is  transcendental  so  long  as  that  igno- 
rance lasts.  And  it  is  useful  to  observe  that  forms  of  the  most 
diflferent  kind  may  be  connected  together  by  such  a  relation  as  this, 
that  both  are  cases  contained  under  the  some  transcendentaL 

To  exhibit  the  arrival  of  one  of  these  transcendentals  of  inversion,  as 
they  might  be  called,  let  us  take  the  equation  ^ .  ^'x=^^),  where 
4/x  means  the  differential  coefficient  of  ^.  A  lai^ge  class  oif  solutions 
may  be  obtained  as  follows: — The  equation  y logy =o has  an  infinite 
number  of  roots,  two  at  most  being  real,  and  all  tiie  rest  of  the  form 
a+fi^y—l.  Let  a,  b,  c,  &c.,  be  any  of  these  roots,  and  let  ^x  be  a 
function  of  x  formed  as  follows  : — 

^x=Aa*  +b6»  +  . . . . 

where  one,  two,  or  any  number  of  roots  may  be  taken  at  pleasure  :  and 
A,  B,  &c.  are  any  quantities  independent  of  x.  Let  ^^^x  be  the 
inverse  function  of  i^x,  so  that  ^^{y^-^x)  isx;  then  if^(4^*x— 1)  is  a 
solution  of  the  original  equation,  or  ^=4^  (^'^^x— 1)  gives  ipx.  ^'x— 
^  (^).  Now  ^~^xiB,  when  more  tlum  one  root  is  used,  inexpressible 
except  by  infinite  series,:  that  is,  not  merely  inexpressible  in  common 
algebraical  terms,  but  even  with  the  assistance  of  logarithms  and 
trigonometrical  functions.  Nevertheless,  as  particular  coses  of  this 
solution,  both  ax  and  V(^*~^)  ^^^  found. 

As  science  advances,  quantities  which  are  now  called  transcendental 
will  lose  the  name,  and  be  received  among  the  ordinary  modes  of 
expression  of  analysis.  One  of  the  first  of  these  will  be  the  well-known 
function  of  n,  which  is  generally  designated  by  Fn,  and  is  sometimes 
called  the  ^amma-function,  sometimes  the  factorial  function.      Its 

expression  ^J^i~*  a^^dx  taken  from  x=0  to  x=«>  ;  and  when  n  ia 

an  integer  it  is  simply  2x  lx8x....xn.    But  when  » is  a  fraction 
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it  can  only  be  calculated  by  series.  Nevertheless,  as  tables  are  now 
formed  of  its  values,  and  as  many  properties  and  consequences  of  it 
are  known,  it  stands  in  as  favourable  a  position  for  use  as  ordinaxy 
logarithms  at  the  end  of  the  17th  century. 

TRANSCENDENTAL,  a  technical  term  in  philosophy,  derived 
from  the  Liatin  trcuueenderCf  to  go  beyond  a  certain  boundary.  In 
philosophy  transcendental  signiBes  anything  which  lies  beyond  the 
bounds  of  our  experience,  or  which  does  not  come  within  the  reach  of 
our  senses.  It  is  thus  op(««ied  to  empirical,  which  may  be  applied  to 
all  things  which  lie  within  our  experience.  All  philosophy,  therefore, 
which  carries  its  investigations  beyond  the  sphere  of  things  that  fall 
under  our  senses  is  transcendental,  and  the  term  is  thus  synonymous 
with  metaphysicaL  Transcendental  philosophy  may  begin  with  ex- 
perience, and  thence  proceed  beyond  it ;  or  it  may  start  from  ideas 
d  priori  which  are  in  our  mind :  in  the  latter  case  philosophy  is 

f»urcly  transcendental ;  while  in  the  former  it  is  of  a  mixed  character. 
Metaphysics.] 

TRANSFORMATION,  a  general  term  of  mathematics,  indicating  a 
change  made  in  the  object  of  a  problem  or  the  shape  of  a  formula,  in 
such  manner  that  the  orginal  problem  or  formula  is  more  easily  solved, 
calculated,  or  used  after  the  tnuisformation.  Thus  it  frequently 
happens  that  the  solution  of  an  equation  is  facilitated  by  reducing 
it  to  another  equation  having  roots  which  bear  a  simple  relation  to 
the  roots  of  the  former :  as  an  instance,  we  may  refer  to  the  solution 
of  the  cubic  equation  in  the  article  Irreduciblk  Case. 

All  the  process  of  algebra  consists  in  transformation,  from  and  after 
the  point  at  which  the  problem  to  be  solved  is  reduced  to  an  equation : 
so  that  to  write  on  this  subject  in  detail  would  requiro  an  article  on 
algebra.  A  few  remarks  on  the  leading  points  which  present  them- 
selves in  transformations  are  all  we  can  here  undertake  to  give. 

It  frequently  happens  that  transformation  points  out  the  nature  of  a 
consequence  in  a  manner  by  which  the  direct  reasoning  of  algebra  is 
strongly  confirmed  and  illustrated.  For  instance,  when  we  assert  that 
a  quantity  has  two  square  roots,  one  positive  and  one  negative,  our 
assertion  is  easily  verified  in  its  positive  part :  but  it  does  not  follow 
by  the  same  reasoning  that  a  quantity  has  onltf  two  square  roots.  We 
may  say  that  a^=4  is  satisfied  by  x=2,  or  x=  -2,  because  2  x  2  =  4, 
and  —2x  —2=4;  but  how  are  we  to  say  that  there  are  no  other 
values  which  satisfy  this  equation  ?  When  we  transform  the  equation 
a;'  =  4  into  (x— 2)  (a;  +  2)B0,  with  which  it  is  identical,  we  then  see 
that  this  product  can  only  vanish  when  x-2otx+2  vanishes ;  that  is, 
when  X  is  +  2  or  —  2, 

Transformations  frequently  leave  a  point  unsettled  which  can  only 
be  determined  by  a  subsequent  species  of  experimental  test ;  or,  lest 
the  word  experimental  as  applied  to  mathematical  reasoning  should 
give  alarm,  by  a  process  of  detection  which  is  to  choose  between 
alternatives  which  the  process  of  tninsformation  leaves  undecided. 
This  frequently  happens  when  the  nature  of  the  transformation  is 
ascertained  by  means  not  of  the  expression  to  be  transformed,  but  of 
one  of  its  particular  properties.  For  instance,  when  we  expand  a'  into 
a  series  of  powers  of  Xy  supposing  we  proceed  upon  the  property  a'  xaf 
=  a^  +  ',we  find  that  there  is  no  series  fit  to  fulfil  this  condition  except 


9-r'» 


1   +  Aa?   + 


A'a: 


2.8 


but  we  also  find  that  this  series  is  equally  fit  to  fulfil  the  condition, 
whatever  may  be  the  value  of  a.  So  far  then  our  transformation  is 
effected :  we  see  that  one  among  the  series  formed  by  giving  values  to 
A  must  be  the  series  we  want,  if  there  be  any  such  series.  If  we  make 
ars^l,  we  then  immediately  detect  the  condition  which  is  to  give 
the  value  of  a,  namely,  that  a  must  be  so  taken  as  to  make 


A*  A* 

^+*+T  +  2T8 


*r   . •  aO 


This  brings  us  to  the  mention  of  a  defect  of  reasoning  which  has  fre- 
quently vitiated  mathematical  works,  namely,  the  assumption  of  the 
specie  of  a  transformation,  and  the  supposition  that  only  the  character 
of  the  details  remains  to  be  settled,  or  the  individual  of  the  species  to 
be  picked  out.  In  the  preceding  case,  for  example,  it  is  often  stated 
as  follows  :  "  Required  the  expansion  of  a'  in  a  series  of  powers  otx" 
The  form  of  the  series  is  then  assumed,  say  p-hqx  +  ra;*+ . . . . ,  and 
by  the  use  of  the  property  above  alluded  to,  it  is  found  that  the  series 
must  be  of  the  form  1  +A;r+  4a';i^+  . .  • .  But  all  that  is  here  proved 
is,  that  if  a  *  be  capable  of  expansion  in  integer  powers  of  x,  the  expan- 
sion must  be  of  the  form  1  +  aj;  + . .  . .  It  is  true  that,  looking  at  what 
we  see  in  algebra,  that  science  might  be  strongly  suspected  to  have  a 
peculiar  power  of  rejecting  false  suppositions,  or  of  indicating  their 
falsehood  by  refusing  to  furnish  rational  results :  thus  it  certainly 
does  generally  happen  that  when  we  attempt  to  select  from  among 
series  of  integer  powers  the  one  belonging  to  an  expression  which 
resJly  has  no  such  series,  we  find  infinite  coefficients,  or  some  other 
warning.  But  it  is  too  much  to  ask  of  a  beginner  that  he  should  take 
it  for  granted  that  algebra  has  so  peculiar  a  property ;  nor,  in  fact,  is 
it  true  that  such  a  property  is  quite  universal.  It  is  necessary, 
therefore,  to  watch  all  transformations  narrowly,  both  in  their  general 
as  well  as  their  specific  form :  first,  because  there  can  be  no  sound 
reasoning  without  such  caution ;  next,  because,  though  it  be  true  that 
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in  many  parts  of  algebra  the  science  will  refuse  to  acknowledge  and 
obey  a  false  assumption  of  form,  yet  it  is  almost  impossible  to  draw 
the  Une  at  which  this  refusal  ends,  and  the  idea  that  such  a  power  is 
universal  in  algebra  will  lead  the  student  into  many  a  serious  difficulty 
in  the  higher  branches  of  mathematics. 

TRANSFORMATION  OF  CO-ORDINATES.  We  intend  tiiis 
article  purely  for  reference ;  that  is,  supposing  the  subject  already 
known,  we  mean  only  to  put  together  the  formuIsB  in  such  a  manner 
that  any  one  can  be  lucd  at  once. 

Rectilinear  co-ordinates  are  the  only  ones  which  are  usually  trans- 
formed ;  such  a  thing  rarely,  if  ever,  happens  with  polar  co-ordinates, 
except  in  investigations  each  of  which  has  its  peculiar  method.  And, 
first,  we  shall  consider  rectilinear  co-ordinates  in  one  plane,  and  after- 
wards in  space.  What  is  usually  wanted  is  to  express  the  co-oidinates 
of  a  first  system  in  terms  of  those  of  a  second,  and  subsequentiy  given, 
system. 

And,  first,  as  to  co-ordinates  in  one  given  plane. 

1.  £otk  systetM  oblique.  Let  x  and  y  be  the  old  co-ordinates  of  a 
point,  x'  and  y'  the  new  ones.  Let  fi  and  r  be  the  old  co-ordinates  of 
the  new  origin ;  e  the  angle  made  by  the  old  co-ordinates ;  ^  the  angle 
made  by  the  axis  of  of  with  x;  ifr  the  angle  made  by  y'  with  x.  Angles 
are  to  be  measured  as  explained  in  the  article  Sign  ;  thus  tiie  angle 
made  by  af  with  x  means  the  amount  of  revolution  which  would  bring 
the  positive  part  of  x  into  the  direction  of  the  positive  part  of  «*,  the 
revolution  being  made  in  the  positive  direction. 


«  -M 


y-r 


sin  (fl  -  ^)  sm  (tf  -  ^)    ^ 

^  +   — zTTTi —  y 


mud 


sin  0 


sin  0  sin  ilr 


sin  tf    *  "^     sin  0 

2.  The  old  syttem  oblique,  ike  new  one  rectangular.    Hei«  ^— f  ia  a 
right  angle,  and 

fdn  (g  ~  »)  oos(g-^) 


sin  B 


sin  9 


y-v 


sin  6       .         cos  0 


sin  B 


sin  B 


8.  The  old  system  rectangular,  the  new  one  obUque,  Here,  in  (1),  9 
must  be  a  right  angle. 

X  ^  flssOOB<p,x'  +  cos^f.y 

y  — •'=sin0.aj'  +  sin^./. 

4.  Both  systems  rectangtdar.  Here  B  and  ^  —  ^  are  both  right 
angles. 

«  —  /i  =:  cos  ^ .  x'—  sin  ^ .  y' 
y  —  w  =  an^,xf  +  oos^.y' 

5.  The  co-ordinates  of  ike  new  system  parallel  to  thou  of  the  M  one. 
Here 

X  -  Ik^x^,  y~^p^^. 

In  any  of  the  preceding  cases,  if  the  new  and  old  origin  coincide,  we 
have  only  to  make  /a  =  0,  v  =  0,  and  use  the  formula  accordingly. 

Next,  when  the  co-ordinates  are  those  of  points  of  space.  The  only 
two  cases  which  are  particularly  useful  are  when  both  systems  are  rec- 
tangular, and  when  the  new  one  only  is  oblique.  Let  x,  y,  s  be  the  old 
co-ordinates,  and  or^,  y^,  z^  the  new  ones.  Let  X,  /i,  y  be  the  old  co- 
ordinates of  the  new  orig^,  and  let  the  angle  made  by  x^  and  y^  be  C» 
that  of  y^  and  z^  be  {,  and  that  of  s^  and  x^  be  17,  which  we  may  thuB 
denote : — 

A.  >v  y\ 

Then  we  hftve  the  following  formulas : — 

a:  -  A  =  aa:j  +  /Jy^  -*-  yz^. 
y-Ai-o'arj  +  ^yj  +  y«^ 
s-y-o••x^.^^-y,+  7^^. 

Where  the  meanings  of  a,  fi,  &c.,  and  the  connection  of  those  mean- 
ings with  the  places  of  the  letters  in  the  formulae,  will  be  easily  caught 
from  the  following : — 

>V  A  A 

a^ooexx^f    fi=:coBxy^,    ymcoBxt^^ 

AAA 

e^=  cos  y  Xj,    0^  ooayy^      */  =  cos  y  ^^ 

AAA 

o"  — cosraTj,    iS^soosxy^       */'=  C09 zzi* 

And  a,  a',  &c.,  are  subject  to  the  following  six  conditions  :•« 
o«  -i-  a'*  -f  o**  =  1  fiy-k-  ffi  -f  ^V'  »  cos  ( 

/5"  +  /5'«  +  ^•••  =  1  7«  +  y«'  +  y«-  «  00S11 1 

7*  +  y*  +  7"*  -  1  0/3  -h  o'/5'  -K^iB"  =  cos  f 

This  case  is  not  much  required.  The  following,  in  which  both  sys- 
tems are  rectangular,  is  of  the  highest  importance.  When  we  speak  of 
the  angle  made  by  two  axes,  we  mean,  sa  before,  tiie  angle  made  by  the 
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positive  Bide  of  one  with  that  of  the  other ;  but,  unce  only  cosiues  are 
used,  the  direction  of  revolution  is  immaterial.  If  both  systems  be 
rectangular,  and  il  they  have  the  same  origin,  we  have  two  sets  of 
equations,  each  of  which  follows  from  the  other,  one  set  being  in  each 
column ;  the  meanings  of  a,  a',  &o.  being  as  before, 


o»  +  o'*  +  a"«  =  1 

ya  +  '/ci  ¥  y  cJ*  =  0 
o3  +  «^iB'+o"/B''=0 


a?!  =  or  +  o'y  +  o"« 
y^  =  ^  +  ^'y  +  ^"« 

fj  «  7*  +  y  y  +  y'l 

a»  +/5«  +7»  -1 
a'«  +/3'«  +y*=l 
a"«+iB"»  +  y'«  =  l 

aV+iB'ir+yy  =  0 

a"a  +  /3-/3+y'7  =0 
aa'  +iBi9'    +7/  =  0 


Besides  which,  each  of  the  quantities  a,  a',  &o.  may  be  expressed  in 
terms  of  the  others,  as  follows  : — 


a 
1^' 


r7-  7"  A 


i9"  «  Td'  -  07        7"  =  o^'  -  iSc^. 


For  the  mode  in  which  these  nine  quantities  ore  made  to  depend 
upon  three,  we  must  refer  to  works  on  mecthanics,  in  which  such  reduc- 
tion is  particularly  usefuL  We  avoid  giving  it  here,  because  trifling 
differences  exist  in  the  manner  of  taking  the  quantities  to  functions  of 
which  ail  the  rest  are  to  be  reduced,  so  that  no  set  of  equations  can  be 
given  which  can  be  called  universal.  So  far  as  we  have  gone,  the 
•aprewions  of  all  writers  are  the  same,  though  the  '^ifeters  used  are  not 
^Iwavs  alike 

TRANSFUSION  OF  BLOOD  is  the  operation  of  transferring  the 
blood  of  one  animal  into  the  blood-vessels  of  another,  and  is  sometimes 
beneficially  employed  for  reviving  those  who  are  nearly  dying  after 
severe  iuemorrhage.  The  operation  had  long  been  used  as  a  means  of 
experiment,  and  in  the  vain  hope  that  by  injecting  the  blood  of  a 
Wealthy  man  or  animal  into  the  vessels  of  a  diseased  one,  the  health  of 
the  latter  would  be  restored ;  but  it  had  rarely  been  employed  for  its 
only  useful  purpose  till  Dr.  Blundell,  after  a  long  series  of  well-oon- 
d«cted  experiments  on  animals,  proved  that  it  might  be  safely  and 
advantageously  employed  in  men.  His  observations  are  published  in 
his '  Physiological  and  Pathological  Researches ; '  and  since  his  revival 
of  the  operation,  the  lives  of  many  persons  have  been  saved  who  were, 
in  aU  probability,  dying  from  the  loss  of  blood  during  or  after  surgical 
operations,  during  gestation,  and  in  other  circumstances.  The  opera- 
tion has,  indeed,  often  failed;  it  has  often  been  imneoessarily  per- 
lormed ;  and  its  performance  is  not  unaccompanied  by  danger  to  the 
patient ;  but  still  there  is  sufficient  evidence  of  its  high  utility  in  cases 
which,  without  it,  would  have  been  quite  or  nearly  hopeless,  to  warrant 
Its  being  resorted  to  under  the  guidance  of  a  sound  judgment. 

The  chief  instruments  employed  in  the  operation  are  a  sjrringe,  with 
double  pipes,  a  basin  of  appropriate  form,  and  a  fine  tube  fixed  on  one 
iof  the  pipes  of  the  syringe.  One  of  the  veins  of  the  arm  of  the  patient 
being  opened  just  sufficiently  to  admit  the  point  of  the  tube,  and  fixed 
by  a  probe,  blood  must  be  drawn  through  a  free  opening  in  the  vein  of 
some  healthy  person,  and  as  it  flows  into  the  basin  must  be  slowly 
'sucked  up,  without  any  mixture  of  air,  by  the  syringe.  When  the 
syringe  is  filled  and  carefully  cleared  from  all  air  by  forcing  blood  up 
to  the  very  point  of  the  tube,  the  latter  must  be  introduc^  into  the 
patient's  vein,  and  the  blood  steadily  and  slowly  injected.  Four  or 
five  ounces  are  often  sufficient  to  revive  a  patient,  and  if  they  produce 
head-ache,  fiushings  of  the  face,  tendency  to  fainting,  and  other  unplea- 
sant i^jrmptoms,  the  transfusion  should  be  arrested ;  but  if  not,  the 
injection  should  be  continued  till  it  produces  some  good  effect,  or  till 
a  pint  of  blood  has  been  transfused.  Beyond  this  it  is  not  safe  to  carry 
the  operation,  nor  is  it  likely  to  be  beneficial  A  second  or  a  third  injec- 
tion may  be  employed  when  the  state  of  the  patient  seems  to  render 
itneoessaiy. 

The  experiments  of  transfusing  the  blood  of  various  animals  into 
the  vessels  of  man  proved  only  mischievous ;  and  those  of  transferring 
the  blood  of  an  animal  of  one  species  to  the  blood  of  another  species 
are  of  too  littie  interest  and  have  produced  too  few  general  results  to 
be  worth  recording  here.  The  injection  of  various  medicinal  substances 
into  the  veins  has  been  tried,  but  its  effects  are  not  sufficiently  differ- 
ent from  those  produced  by  the  ordinary  mode  of  taking  medicine, 
to  render  it  advisable  to  submit  to  an  operation  which  is  itself 
dangerous.  All  the  important  facts  relating  to  the  subject  may  be 
read  in  an  article  on  Transfusion,  by  Dr.  Kav,  in  the  '  Cyclopeedia  of 
Practical  Medicine,'  and  in  the  works  from  which  he  quotes. 

TRANSIT,  or  TRANSIT  INSTRUMENT  {Instrament  d^  Paungea), 
was  invented  by  Romer  about  the  year  1690.  The  description  is  to  be 
found  at  page  47  of  the  *  Basis  Astronomiae,'  by  his  pupil,  Horrebow, 
Havnise,  1735 ;  and  we  recommend  the  perumJ  of  this  book,  which 
contains  an  account  of  Romer's  inventions  and  methods,  to  all  those 
who,  reading  Latin  with  moderate  ease,  feel  a  desire  to  learn  the  origin 
of  modem  practical  astronomy. 


The  object  of  the  present  article  is  to  give  such  an  account  of  the 
transit  as  will  enable  any  one  to  use  it  with  tolerable  success.  Those 
who  wish  for  more  perfect  infonnation  must  consult  the  introductions 
to  the  Greenwidi,  Konigsburg,  Dorpat,  Cambridge,  Edinburgh,  &c., 
'Observations.*  Our  type  will  be  the  ^portable  transit-instrument, 
leaving  the  reader  to  accommodate  what  is  here  said  to  the  powers  of 
his  own  instrument,  or  to  the  practice  of  the  Observatory  which  he 
adopts  for  a  model. 

There  are  three  principal  parts  expressed  in  the  cut.  The  iron 
stand,  carrying  the  t*s  with  their  adjustments ;  the  telescope,  inserted 
at  rigjit  angles  through  an  axis  with  a  small  vertical  circle  for  finding 
or  verifying  stars ;  and  the  cross  leveL  The  stand  is  made  of  cast- 
iron,  and  should  be  of  great  strength,  though  perhaps  that  which  is 
here  figured  would  be  found  inconveniently  heavy  if  the  instrument  is 
often  moved.  The  y's  are  contained  in  brass  pieces,  strongly  united  to 
the  tops  of  the  two  uprights.  The  left  hand  T  has  a  motion  up  and 
down,  which  is  given  by  a  milled  screw  partially  seen  immediately 
under  the  pivot.  The  right  hand  T  is  moved  in  asimuth  by  a  screw, 
the  milled  head  of  which  is  seen  projected  upon  the  lantern.  In  poi-t. 
able  instruments  it  is  VCTy  convenient  to  have  this  lateral  or  aziniuthal 
adjustment  made  by  screwing  against  a  spring,  as  it  is  in  this  instru- 
ment. In  fixed  observatories  the  adjustment  is  made  by  two  antago- 
nist drawing  screws,  one  of  which  is  tightened  and  the  other  loosened ; 
and  indeed  this  is  the  general  construction  of  instruments  of  every 
size,  and  is  tiie  most  solid  fixture.  But  it  is  so  convenient  to  be  able 
to  move  the  instrument  at  pleasure  in  azimuth  while  actually  looking 
through  the  telescope,  that  we  should  strongly  recommend  the  adoption 
of  the  counter-spring  whenever  the  instrument  is  small,  and  is  either 
tu  be  frequently  shifted,  or  is  not  furnished  with  a  meridian  mark. 
The  spring  must  press  pretty  strongly  against  the  screw,  and  then 
should  be  a  clamping  button  in  each  adjustment,  to  keep  all  secure. 

The  axis  is  made  of  two  strong  brass  cones  soldered  on  the  central 
sphere.  The  sphere  is  cast  hollow  with  two  shoulders,  over  which  tiie 
cones  slip.  As  this  is  the  most  important  part  of  the  instrument, 
great  care  should  be  taken  of  the  fitting  before  the  axis  is  finally  put 
together,  and  the  symmetry  of  the  parts  as  to  the  centre  should  be  per- 
fect. If  the  instrument  is  weak  here,  it  is  utterly  worthless.  In  the 
older  English  instruments  the  centre  was  a  cube,  and  that  form  is  fre- 
quentiy  adopted  at  present  by  continental  aHista.  The  transit  at 
BruxeUes,  by  Qambey,  one  of  the  largest  and  finest  instruments  in  the 
world,  is  so  constructed.  The  essential  requisite,  however,  is  syxa- 
metrieal  atrenffth,  and  any  shape  is  good  which  fulfils  this  condition. 
The  pivots  are  soldered  into  the  extremities  of  the  cones,  and  are 
turned  after  the  whole  is  fixed.  One  of  them  is  pierced  to  admit  light 
into  the  axis.  In  large  instruments  the  pivots  have  an  outer  surface 
of  steel,  which  is  less  affected  by  wear.  Greater  care  is  required  to 
guard  steel  pivots  from  rust,*  and  the  turning  must  be  performed  with 
a  diamond  cutter,  as  the  hard  knots  to  which  steel  is  subject  resist  and 
jar  the  ordinary  cutter  out  of  its  place.  The  pivots  should  be  turned 
pretty  nearly  to  the  same  diameter  :^the  marks  of  the  tool  are  ground 
off  afterwards  by  collars  which  are 'made  to  fit  closely  on  the  pivots, 
and  are  changed  and  reversed  from  time  to  time.  When  the  suriaee  is 
perfectly  formed,  the  grinding  should  be  discontinued,  as  a  small 
difference  of  size  in  the  pivots  is  of  litUe  consequence,  while  an  altera- 
tion of  the  cylindrical  form  of  tfie  pivots,  or  of  the  direction  of  their 
axes,  ruins  the  instrument.  The  perforated  or  lUunUnaUd  end  of  the 
axis  is  on  the  right  hand  pier  in  this  figure.  The  light  of  the  lantern 
shines  through  this,  and  lights  up  an  annular  plate  in  the  centre,  which 
makes  an  angle  of  45*  wit£  the  axis  and  with  the  telescope,  and  thus 
light  enough  is  thrown  down  to  the  eye-end  to  illuminate  the  field  very 
vividly,  while  the  opening  allows  the  rays  from  the  object-end  to  pass 
without  impediment.  The  quantity  of  light  may  be  regulated  by  a 
contrivance  for  diminishing  the  aperture  of  the  lantern,  or  by  a  shade 
passing  between  the  lantern  and  the  pivot..  In  some  transits  there  is 
a  contrivance  for  altering  the  angle  of  the  central  refiector  in  the  body 
of  the  instrument ;  but  this,  although  very  handv,  is  objectionable,  as 
affecting  the  sjrmmetry  of  the  instrument.  In  a  thirty-inch  transit  the 
lantern  is  within  reach,  and  may  be  twisted  a  littie,  so  as  to  reduce  the 
light  at  pleasure.  The  setting  circle,  with  its  level  and  damp,  are 
towards  tiie  illuminated  end  of  the  axis.  The  tail-piece,  whidi  ii 
attached  to  the  verniers  and  level,  is  held  between  the  rounded  ends  of 
the  two  screws  at  a.  By  screwing  one  and  loosening  the  other,  the 
bubble  of  the  level  is  brought  to  the  middle,  when  the  vernier  points 
out  the  reading  of  the  circle.  There  is  a  lens  and  reflector,  for  lighting 
and  reading  off  the  circle.  The  instrument  here  figured  has  a  vernier 
which  reads  single  minutes ;  but  the  vernier  is  inoonvenientiy  long  for 
a  fixed  lens,  and  we  should  prefer  reading  to  every  2',  which  is  more 
than  sufflcientiy  near  for  finding  or  identifying  stars.  If  the  small 
circle  is  carefully  looked  at,  two  out  of  three  small  screws  are  seen 
which  fix  the  circle  to  the  axis.  When  these  are  released,  the  circle 
will  turn  freely  round.  This  contrivance  will  save  some  trouble  when 
an  instrument  is  used  for  a  long  time  in  the  same  place  without 
reversing,  but  is  scarcely  worth  being  applied  to  one  which  is  fre* 
quentiy  shifted  or  reversed.    The  clamp  for  fixing  the  telescope  in 

*  Wben  the  instmment  ii  isnsll  and  fkvqnently  ont  of  use.  It  Should  be 
removed  from  the  t'r,  and  the  pivots  protected  by  eaps  whleh  slip  elosely  onr 
them. 
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altitude  and  the  Blow-motion  screw  are  Been  at  h.  There  is  a  caution 
to  be  given  here.  The  tail-piece  should  never  be  tightly  nipped,  unless 
the  instrument  is  used  for  observing  declinations,  and  it  and  the 


screw  for  bisecting  any  object,  such  as  a  mark  or  a  star  at  a  given 
moment.  In  large  transits  there  are  generally  two  small  circles  fixed 
on  each  side  of  the  transit  towards  the  eye-end.    They  are  here  mora 


tangent  screw  must  be  released  when  the  observer  uses  the  azimuth  j  convenient  for  setting,  and  it  is  easy  to  pass  rapidly  from  one  star  to 


Transit  InBtnunent. 


another,  when  both  the  circles  are  previously  set.  There  ia  great 
diversity  m  the  graduation  of  the  setting  circles.  In  large  instruments 
which  are  used  for  some  time  in  the  same  position,  it  is  best  to  make 
the  verniers  read  polar  distance  or  declination,  re-adjusting  the  circles 
whenever  the  transit  is  reversed.    With  a  portable  transit,  which  is  or 


ought  to  be  very  frequently  reversed,  a  graduation  to  altitudes  one  way, 
which  becomes  zenith  distances  when  reversed,  is  perhaps  as  convenient 
as  any,  though  a  ^ght  computation  for  each  star  is  required  to  f orak  a 
working  catalogue.  The  telescope  in  this  instrument  is  not  inserted  in 
the  ordinary  manner.    The  central  portion,  from  c  to  rf,  is  in  one  tub*. 
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pierced  on  the  right  side  to  allow  the  light  to  pass,  and  soldered  at  e 
and  /  to  the  central  sphere.  The  reflecting  plate  is  fixed  in  this  tele- 
scope, and  can  be  turned  to  throw  the  hght  up  or  down.  The  object- 
end  and  eye-end  are  screwed  on  at  e  and  d,  and  are  interchangeable. 
The  telescopes  are  usually  in  two  pieces,  which  are  screwed  into  the 
central  sphere  at  e  and  /.  The  advantage  expected  from  the  present 
construction  is,  that  there  is  firmer  screw-hold  and  lees  leverage  for 
any  blow  or  rough  handling ;  and  that  by  interchanging  the  object  and 
eye-end,  fresh  portions  of  the  pivots  are  brought  into  action,  thus  dimi- 
nishing wear,  and  equalising  minute  errors  of  form  or  flexure.  The 
object-glass  of  the  telescope  should  be  carefully  selected,  and  of  as  large 
an  aperture  as  will  show  a  good  image.  The  superiority  of  a  large 
instrument  over  a  small  one  is  wholly  in  the  increased  optical  power. 
In  all  other  respects  it  is  probably  inferior,  that  is,  if  the  support  of  the 
smaller  instrument  be  as  solid  as  that  of  the  larger.  There  are  seven 
fixed  vertical  wires  at  equal  spaces,  and  two  horizontal  wires,  between 
which  the  star  is  observed.  The  head  of  the  micrometer  is  shown  at  g, 
A  small  prism  for  observing  stars  near  the  zenith  is  slipped  on  the  eye- 
piece when  required,  as  at  A. 

The  level  rides  on  the  pivots  with  its  t's.  There  is  a  pin  at  each 
end,  which  drops  into  a  fork  at  t,  to  hold  the  level  safely  and  upright. 
This  is  completely  seen  at  the  left  pier.  At  this  end  is  the  adjustment 
for  setting  the  level  tube  parallel  with  the  axis.  At  the  other  end  is 
an  adjustment  for  raising  or  depressing  tliat  extremity  of  the  level. 
The  level  should  be  very  sensible  and  of  the  same  curvature  through- 
out. The  graduation  we  have  found  most  convenient  is  to  have  the 
principal  divisions  to  15"  and  the  subdivision  to  1"'5,  numbered  as 
units  and  tenths,  which,  though  erroneously,  is  briefly  described  by 
calling  the  imits  seconds  of  time.  If  this  scale  should  be  too  fine  for 
the  level,  a  principal  division  to  ZQf,  and  subdivisions  to  3",  but  still 
numbered  as  units  and  tenths,  will  be  found  equally  convenient.  The 
riding  level  is  generally  applied  to  the  instruments  which  are  so  large, 
and  consequently  the  piers  so  high,  that  a  man  cannot  apply  the  level 
safely  while  standing  on  the  fioor,  and  also  to  small  instnunents,  of 
necessity,  when  they  are  clamped,  as  this  is,  to  the  pier.  For  a  transit 
between  stone  piers  which  does  not  exceed  five  or  six  feet,  we  prefer  a 
swinging  level,  which  may  be  applied  and  read  while  standing  on  the 
floor. 

When  Troughton  undertook,  much  against  his  will,  to  construct  a 
ten-foot  transit  for  the  Royal  Observatory,  he  adopted  a  very  ingenious 
mode  of  uniting  the  cones  and  the  telescope  with  the  central  sphere. 
The  description  will  be  found  in  the  *  Phil.  Trans.'  for  1826,  p.  423 : 
that  part  which  treats  of  the  construction  of  the  instrument  is  from 
Troughton*8  own  pen.  He  also  added  four  braces,  to  connect  the 
telescope  with  the  axis.  We  are  not  disposed  to  attach  much  value  to 
this  mode  of  connecting  the  axis  and  telescope,  which,  moreover, 
reouires  very  accurate  fittings.  The  braces  are  positively  injurious, 
unless  they  are  exactly  and  at  the  same  moment  exposed  to  the  same 
temperature.  It  is  said,  indeed,  in  the  memoir  just  mentioned,  that 
when  the  antagonist  braces  were  exposed  to  very  diflferent  tempera- 
tures, the  instrument  continued  to  preserve  its  form.  If  so,  the  expe- 
riments simply  show  the  centre-work  to  have  been  so  strong  that  the 
.  braces  could  not  disturb  it,  in  which  case  they  are  merely  useless. 
At  Cambridge  the  braces  were  foimd  to  derange  the  instrument, 
and  were  consequently  removed,  to  the  great  improvement  of  its 
steadiness. 

^  There  is  no  great  difierence  of  construction  between  diflerent  tran- 
sits, except  what  we  have  already  mentioned.  It  is  desirable  even  for 
the  smallest  instruments  that  the  supports  should  be  of  stone  when 
they  are  not  perpetually  shifted  about.  The  t's  then  aro  separate 
pieces  fixed  by  screws  to  plugs  let  into  the  stone.  For  small  transits 
the  stone  may  be  in  one  or  three  pieces,  according  to  the  size.  When 
practicable,  the  piers  should  be  high  enough  and  wide  enough  apart  to 
let  the  observer  stand  or  lie  down  between  them.  This  saves  perpetual 
meddling  with  the  eye-piece,  and  the  eye  is  less  strained.  We  have 
already  remarked  that  the  performance  of  a  well-made  transit  depends 
rather  on  the  permanence  of  its  fixing  than  anything  else.  It  is  to  the 
greater  care  bestowed  on  the  foundations  of  large  instruments  that 
much  of  their  superior  performance  is  to  be  attributed. 

The  principal  use  of  a  transit  instrument  is  that  of  determining  the 
exact  moment  when  a  celestial  body  passes  the  meridian  of  the  place 
of  observation.  Now  the  meridian  is  a  great  circle  which  passes 
through  the  zenith  and  the  pole,  and  the  instrument  is  adjmted  when 
the  line  of  sight*  is  a  portion  of  the  meridian  during  the  whole  rota- 
tion of  tile  telescope. 

As  in  all  other  instruments,  the  telescope  is  first  to  be  adjusted  for 
distinct  vision.  Put  on  a  tolerably  high  power,  and  slide  the  eye-piece 
out  and  in  till  you  see  the  wires  sharply  without  straining  the  eye. 
Then  direct  the  telescope  to  a  bright  star  or  a  double  star ;  and  if  the 
image  of  it  is  distinct,  the  telescope  is  in  focus.  If  not,  release  the 
screws  at  h,  and  draw  the  tube  out  or  push  it  in  until  the  image  is  as 
perfect  as  you  can  make  it.  There  is  another  opposite  screw  to  it,  and 
the  exterior  holes  allow  a  littie  play.  Some  trouble  and  guesswork 
may  be  saved  by  makmg  two  slight  scratches  on  the  eye-piece  where 

♦  We  shall  speak  at  present  ai  if  there  were  only  one  fixed  wire  In  the 
telescope,  namely,  the  middle  vertical  wire.  The  subsequent  modification  will 
caose  no  difficulty. 


the  sight  of  the  wires  and  of  the  star  are  respectively  most  perfect,  and 
drawing  the  principal  tube  out  or  pushing  it  in  this  quantity.  The 
operation  has  succeeded,  if,  in  viewing  a  slow-moving  star,  like  Polaris, 
there  is  no  shifting  between  the  star  and  the  wire  which  bisects  it, 
while  the  observer  moves  his  head  laterally.  This  adjustment  is  gene- 
rally best  made  by  the  instrument-maker,  and  as  it  is  not  liable  to 
alter,  we  should  prefer  to  have  the  telescope  tube  cut  the  proper  length 
upon  his  responsibility,  so  that  the  position  of  the  wire  is  permanent^ 
When  this  adjustment  is  comjileted,  the  telescope  must  be  turned  on 
some  tolerably  distinct  object,  which  is  to  be  bisected  by  the  middle 
wire  near  the  upper  part  of  the  field.  If,  on  raising  the  telescope,  it  ia 
also  bisected  at  the  lower  part  of  the  field,  the  wire  is  perpendicular 
to  the  axis ;  but  if  not,  the  tube  is  to  be  twisted  without  altering  the 
focal  length  until  the  object  comes  half-way  to  bisection.  The  bisection 
is  completed  by  the  azimuth-screw,  when  the  object  ought  to  be  seen 
bisected  at  the  top  of  the  field  when  the  telescope  is  depressed.  One 
or  two  trials  will  suffice  for  this  purpose,  and  then  the  screws  at  k  must 
be  tightened. 

The  first  of  the  principal  adjustments  is  that  of  setting  the  line  of 
sight  at  right  angles  to  the  cross-axis,  when  it  necessarily  describes  a 
great  circle.     A  distinct  object  must  be  selected  not  far  from  the  hori- 
zon, and  bisected  by  the  middle  wire,  using  the  azimuth-screw.     The 
axis  is  then  carefully  lifted  out  of  its  t's,  and  returned  end  for  end,  or 
reversed,  and  the  object  viewed  again.     It  is  now  to  be  bi%cted  as 
before,  half  by  moving  the  azimuth-screw,  and  half  by  the  screw  at  / 
and  its  antagonist,  each  of  which  drava  the  plate  on  which  the  wires 
are  fixed.    The  operation  must  be  repeated  until  no  difierence  can  be 
seen  in  the  bisection,  whichever  be  the  position  of  the  axis.     When 
there  is  a  micrometer,  the  operation  is  somewhat  easier.    The  micro- 
meter wire  is  brought  first  on  one  side  and  then  on  the  other  of  the 
centre  wire,  so  as  just  to  shut  out  the  light  between  them,  and  the 
mean  of  these  two  readings  is  the  reading  of  the  zero  point,  that  which 
corresponds  to  the  exact  superposition  of  the  wires.     The  distinct 
object  is  bisected  by  the  micrometer  wire ;  and  we  will  suppose  that 
the  screw  has  to  be  turned  three  revolutions  for  this  purpose  from  its 
zero  position.    Now  reverse  the  axis,  and  suppose  the  micrometer  has 
only  to  be  moved  two  revolutions  from  its  zero  to  bisection.    The 
half-way,  or  two  revolutions  and  a  half,  is  the  distance  which  should 
be  shown.     Carry  the  micrometer  wire  two  revolutions  and  a  half  back 
from  its  last  position,  and  that  is  the  position  which  the  centre  wire 
should  occupy.    If  the  joint  thicknesses  of  the  two  wires  (previously 
determined)  equal  ten  parts,  carry  the  micrometer  five  parts  still  far- 
ther back,  and  bring  up  the  middle  wire  to  touch  it  by  the  screws  at  I 
sa  before.    The  error  of  collimation  is  now  corrected,  as  will  be  found 
by  repeating  the  observation.     The  collimating  screws  have  generally 
a  capstan-head,  which  is  awkward,  and  indeed  dangerous  so  near  the 
eye ;  and  we  think  the  square  head,  which  is  turned  by  a  key,  is  more 
manageable.    The  screws  should  be  drawn  tight,  but  not  forced.    We 
have  here  followed  the  usual  rule  of  directing  the  observer  to  select  a 
well-defined  object  near  the  horizon.     If  the  pivots  of  the  axis  are 
equal,  the  mark  may  be  considerably  elevated  or  depressed  without 
introducing  any  error ;  and  an  object  which  is  not  very  distant  may  be 
seen  sharply  defined  when  the  aperture  of  the  object-glass  is  diminished. 
In  fixed  observatories  there  is  usually  either  a  meridian  mark  north 
and  south  at  a  considerable  distance,  or  two  near  marks,  which  are 
made  distinct  by  interposing  lenses.    At  Greenwich  and  Cambridge  a 
south  meridian  mark  is  combined  with  a  supplementary  transit  in 
the  north  slit ;  at  Oxford  two  near  marks  are  made  visible  by  lenses 
fixed  in  the  observatory  aUts.    By  using  north  and  south  marks  at  the 
same  time,  you  are  warned  of  any  alteration  in  the  t's  during  the 
reversal,  which,  when  the  instrument  is  heavy,  is  always  to  be  feared 
Such  shifting  would  cause  the  error  of  collimation  to  appear  diflerent 
according  us  it  is  taken  from  one  or  the  other  mark.     In  standard 
observatories  the  error  of  collimation  is  not  actually  corrected  unless 
it  is  lai^e,  but  measured  by  the  micrometer,  as  we  have  described,  and 
the  effect  thus  allowed  for  by  calculation. 

When  the  illuminated  end  is  west,  and  the  telescope  pointing  south, 
let  the  middle  wire  appear  to  be  8*263  Revolutions  to  the  right-hand  of 
the  collimating  mark  :  as  the  telescope  reverses,  this  means  that  the 
transit  points  3*263  R.  to  the  left  of  the  mark,  or  to  the  ea^  Now 
reverse  the  telescope,  the  illuminated  end  is  east,  and  suppose  the 
middle  wire  still  to  appear  to  the  right  of  the  mark,  but  only  3*187  R. 
These  observations  are  best  made  on  a  calm  cloudy  day ;  often,  after 
rain,  the  mark,  if  distant,  is  seen  sharply  and  steadily.  If  there  were 
no  error  of  collimation,  the  micrometer  should  give  the  same  quantity 
at  both  observations,  or  \  (3*263  R.  -f  3*187  R),  that  is,  8*225  VL 
The  error  in  collimation,  therefore,  is  0*038  R.,  and  the  instrument 
points  to  the  east  that  quantity  when  the  illuminated  end  is  west 
The  scale  of  the  micrometer  screw  is  known.  Let  one  revolution  cor- 
respond to  the  space  an  equatorial  stsr  would  move  over  in  3*  of  time ; 
then  0*038  li.  is  the  space  which  an  equatorial  star  would  move  over  in 
0*'114,  which  is  set  down  as  the  error  to  be  employed  in  calculation. 
Now  the  effect  of  an  error  of  collimation  is  to  make  the  instrument 
describe  a  parallel  to  a  great  circle,  and  distant  from  it  by  the  collima- 
tion error.  If  the  instrument  points  to  the  east  of  the  south,  it  also 
points  the  same  quantity  to  the  east  of  the  north,  and  a  star  above 
pole  will  pass  the  apparent  before  the  tnie  meridian.  The  correction, 
therefore,  to  be  applied  to  the  observed  transit  is    -f,  and  when 
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the  instrumenb  is  reversed  will  be  -.     The  time  which  a  star  takes 
to  pass  between  the  two  circles,  or  the  correction,  is  equal  to  the 
grorof  collimation  ^^^  ^  ^^^  supposition  we  have  made,  is— 
COS.  declin.  of  star 

•  +  0"*114  sec.  declin.    111.  end  West. 
—  0**114  sec.  declin.    IlL  end  east. 

The  sign  changes  for  stars  tul)  polo. 

Recently  a  method  has  been  devised  for  recording  transits,  founded 
upon  the  principles  of  electro-magnetism.  The  sidereal  clock  is  made 
to  break  the  electric  circuit  at  regular  intervals  of  one  second,  and  by 
a  process  similar  to  that  employed  in  Morse's  telegraph,  the  effect  is 
impressed  on  a  recording  apparatus  in  connection  with  the  clock.  The 
observer  is  also  enabled  to  break  the  circuit  at  any  instant  between 
two  successive  beats  of  the  clock,  and  to  record  the  fact  in  its  proper 
place  upon  the  registering  paper.  Hence  in  determining  the  transit 
of  a  star,  the  observer  breaks  the  circuit  at  the  instant  of  the  star's 
passing  each  successive  wire,  and  the  results  are  imprinted  in  their 
proper  place  upon  the  recording  apparatus.  The  distance  between  one 
of  such  recorded  results  and  the  nearest  second  as  imprinted  by  the 
regular  break-circuit  apparatus  of  the  clock,  will  indicate  the  fractional 
part  of  a  second  corresponding  to  the  instant  of  the  star's  passage  of 
the  wu*e.  In  this  method  the  eye  and  the  sense  of  touch  are  called 
into  operation  instead  of  the  eye  and  ear,  as  in  the  usual  method.  It 
originated  in  the  United  States  of  America,  where  it  has  been  practised 
since  the  year  1849.  It  has  been  subsequently  adopted  at  the  Royal 
Observatory,  Greenwich,  and  also  at  Altona,  on  the  Continent.  The 
diflerences  depending  on  personal  equation  are  almost  annihilated  by 
this  method,  which  is  well  adapted  for  recording  the  transits  of  a  great 
number  of  stars  within  a  short  compass  of  time. 

The  next  adjustment  is  to  make  the  aids  horizontal.  If  the  poles  of 
motion  are  in  the  horizon,  the  great  circle  which  the  instrument,  freed 
from  collimation,  describes,  must  pass  through  the  zenith.  Put  on  the 
level,  and  bring  the  bubble  into  the  middle.  Now  rock  it  a  little  to 
and  from  the  observer,  and  see  whether  the  bubble  still  remains  in  the 
same  place.  If,  in  pushing  the  level  from  you,  the  bubble  runs  towards 
the  left  hand,  tins  shows  that  the  level  tube  itself  is  set  askew  upon 
its  support,  and  that  the  left  end,  being  nearest  the  observer,  is  elevated 
by  that  motion  above  the  right  end.  Screw  the  small  screw  seen  at  m, 
and  release  ils  antagonist  (these  are  pushing  screws)  until  a  considerable 
rocking  motion  scarcely  moves  the  bubble  at  aU.  There  is  generally  a 
cross  level,  to  show  when, the  principal  level  is  upright;  and  this 
should  be  brought  to  4iave  its  bubble  in  the  middle,  when  the  principal 
level  has  been  adjusted  as  above.  The  fork  in  the  present  example 
serves  the  same  purpose  when  the  level  itself  has  been  carefully 
adjusted.  To  level  the  axis,  bring  the  bubble  of  the  level  to  the  same 
reading  at  each  end  (the  numeration  of  the  division  is  supposed  to 
begin  from  the  centre)  by  the  elevating  screw  at  the  left  hand  T. 
Reverse  the  level  and  bring  the  ends  again  to  the  same  reading,  half  by 
the  elevating  screw  of  the  T,  and  half  b^  the  two  screws  seen  at  n, 
which  raise  or  depress  the  level  tube  in  its  supports.  On  returning 
the  level  to  its  first  position,  the  bubble  should  still  be  in  the  oentre ; 
but  if  not,  it  must  be  brought  there,  half  by  the  y  elevating  screw  and 
half  by  its  peculiar  screws ;  and  the  operation  must  be  repeated  till 
this  is  effected,  that  is,  if  the  observer  cannot  or  will  not  calculate  the 
effect  of  a  small  error,  which  may  easily  be  measured.  If  he  can  (and 
there  are  few  observers  at  present  who  cannot),  the  process  is  pretty 
much  as  follows ;  the  graduation  being  supposed  to  be  units  each  equal 
tol5":— 

Illuminated  end  West.    Telescope  South.    Altitude  46% 

Observer  North. 

Level. 

East  end  of  bubble,  4«76.    West  end,  5>*84. 

The^  level  is  now  reversed  end  for  end,  and  the  two  ends  again  read 
off:—* 

East  end  .  5*'24  West  end    5<"34 


Mean,  East  5-00  West       .    6"-69 

which  is  the  reading  which  the  level  would  show  in  both  positions  if 
it  were  in  adjustment.  Hence  the  west  end  is  higher  than  ihe  east  by 
half  t  the  difference,  or  0"295.  The  level  should  be  applied  in  reversed 
positions  several  times,  and  a  me<m  taken. 

Now  let  the  telescope  itself  be  reversed,  and  suppose  the  following 
entries  of  observations  to  be  made  : — 

Illuminated  end  East.    Telescope  North.    Altitude  45°. 

Observer  North. 
East  4*«93  Weet  5-66 

5  -42  5  -19 


Mean  East  5  -175  Mean  West  5  -425 

*  The  rotation  of  Uie  earth  requires  the  apparent  place  of  a  star  to  be 
increased  by  0*'0206.  cos.  latitude  x  sec.  of  *'R  declination.  This  comes  to  the 
same  tbifig  as  subtracting  0**0206  x  cos.  latitude  Arom  the  collimation  cor. 
reetion.    In  lat.  51°  30'  this=0»-018.    The  corrections  for  collimation  become 

+0>'101  xsec.  dee.  *  III.  end  West. 
—  0«'127  X  sec.  dec.  *  HI.  end  East. 

t  If  the  unit  were  ZO",  the  west  end  would  be  higher  by  the  whole  diflbrenoe. 


The  difference  is  now  0**25,  and  the  west  end  is  consequently  too 
high  by  half  the  difference,  or  by  0**125,  a  result  which  differs  from 
the  former  (Illuminated  end  West)  by  0**17.  If  the  partial  observa- 
tions have  been  pretty  accordant  (we  suppose  0*1 7  to  be  the  mean 
result  of  a  considerable  number  of  observations),  this  difference  between 
the  values  of  the  inclination,  according  to  the  position  of  the  illumi- 
nated end,  must  be  supposed  to  be  owing  to  a  difference  in  the  pivots ; 
and  if  so,  a  little  consideration  will  show  that  to  obtain  the  true  incli- 
nation of  the  axis  in  the  two  positions,  |  of  0**17  must  be  subtracted 
from  the  level  error  111.  end  West,  and  must  be  added  to  the  error  Ilh 
end  Eastb    The  true  level  errors  therefore  are — 

ni.  West,  +0*'295~ 0*042,  or  +0-258; 
111.  East,    +  0**125  +  0**042,  or  +  0**167. 

By  the  mean  of  a  great  many  careful  observations  made  when  the 
temperature  is  steady*  and  the  sky  overcast,  the  difference  of  the 
pivots,  if  it  exists,  is  to  be  ascertained,  and  the  correction  due  to  that 
cause  is  to  be  applied  to  the  indication  of  the  leveL 

The  error  of  inclination  in  the  axis  being  measured,  the  corresponding 
correction  which  is  to  be  applied  to  the  observations  is  thus  computed : 
If  the  west  end  of  the  transit  axis  be  raised,  it  is  dear  that  the  circle 
perpendicular  to  that  axis  will  continue  to  cut  the  horizon  at  the  north 
and  south  points,  but  will  pass  to  the  east  of  the  zenith,  from  which  it 
will  be  removed  by  an  arc  equal  to  the  inclination  of  the  transit  axis. 
All  the  stars  above  the  pole  will  therefore  appear  to  pass  too  early,  and 
those  below  the  pole  will  pass  too  late;  and  if  the  inclination  be  15", 
the  effect  in  time  upon  any  star  will  be 


cos  zenith  distance 
cos  declination 


xK 


Now  the  level  graduated  as  we  have  described  gives  the  inclination 
in  parts  of  which  15*  is  the  unity;  hence  the  corrections  to  be  add^ 
to  the  observed  times  of  passage  of  stars  will  be,  using  the  previous 
example — 

^.       , cos.  zen.  dist. 

m.  end  Wert    +0-258' x   ^^  declin.    ^^'*"g 


BL  end  East     +0-167' x 


cos.  zen.  dist. 
cos.  declin. 


of  star. 


The  above  corrections,  for  errors  of  collimation  and  inclination,  are 
piurely  instrumental,  and,  as  the  reader  will  perceive,  do  not  require 
any  celestial  observation.  Before  proceeding  to  the  third  adjustment, 
that  by  which  the  great  vertical  circle  now  described  by  the  telescope 
is  made  to  pass  through  the  pole,  it  will  be  proper  to  mention  how 
transit  observations  are  actually  made,  and  then  describe  how  this 
error  is  corrected  or  computed.  The  instrument  is  in  or  very  near  the 
meridian ;  a  star  on  entering  the  field  is  placed  between  the  two  hori- 
zontal wir^s.  It  will  then  gradually  travel  through  the  field,  describing 
a  parallel  to  the  horizontal  wires,  and  passing  over  the  vertical  wires  in 
succession.  The  observer  looks  at  his  dock  a  Uttle  before  the  star 
comes  to  the  first  vertical  wire,  and  ooimting  the  beats  steadily  forward 
by  ear,  determines  as  well  as  he  can  the  second  and  decimal  of  a  second 
at  which  the  star  is  immediately  under  the  wire.  He  writes  this  down, 
counting  all  the  time,  and  goes  through  the  same  process  at  each  of  the 
seven  wires  with  which  his  instrument  is  furnished.  When  the  star 
has  passed  all  the  wires,  he  looks  again  at  the  clock  to  see  that  his 
count  is  right,  and  then  sets  down  the  hour  and  minute  corresponding 
to  the  last  wire.  The  habit  of  mentally  counting  on  to  sixty  while 
writing  down  the  observation  is  easily  acquired.  The  estimation  of 
the  decimal  of  a  second  at  which  the  stu*  is  covered  by  the  wire  is  a 
matter  of  more  difficulty,  and,  with  some  persons,  requires  considerable 
practice.t  The  observer  is  to  attempt  to  fix  in  his  mind  the  places  of 
the  star  with  respect  to  the  wire  at  the  preceding  and  succeeding  beat, 
and  to  divide  the  second  in  proportion  to  the  two  spaces.  Thus  if  at 
16*  the  star  is  rather  nearer  the  wire,  before  passing,  than  it  is  at  17', 
after  passing,  he  sets  down  16**4 :  if  he  judges  the  proportion  to  bo 
less  than  one  to  two,  he  sets  down  16"3 ;  and  so  on.  Finally,  the 
mean  of  the  observations  over  the  seven  wires  is  to  be  taken,  which  is 
to  be  used  as  the  actual  time  of  transit.  It  would  be  desirable  that  an 
observer  should  begin  by  learning  to  note  the  observation  with  con- 
siderable exactness,  and  if  it  may  be,  under  the  care  of  a  practised 
guide ;  but  the  observation  is  so  simple,  that  every  one  acquires  the 
power  who  has  the  will  to  try;  and  we  believe  that,  with  a  little 
experience,  one  observer  is  nearly  as  good  as  another. 

*  By  adding  the  two  readings  together,  jovl  hare  the  length  of  the  bubble, 
which,  if  the  temperature  is  steady,  will  continue  to  be  of  the  same  value 
during  the  series,  but  will  grow  shorter  by  heat.  The  level  should  be  exposed 
some  time  before  it  is  used.  The  ccrtierenee  in  the  values  of  the  length  is  a 
proof  of  the  goodness  of  the  observations.  If  the  bubble  continue  to  be  of  the 
same  length  when  the  sero  is  ehanged  it  is  probable  that  the  curvature  is 
uniform.  After  the  level  has  takm  the  temperature  of  the  air,  about  a  minute 
should  be  given  for  it  to  settle  after  each  application,  but  not  more  than  two. 
The  observer  should  learn  to  read  the  level  rapidly  and  boldly,  as  the  aero 
changes  if  a  light  is  held  near  to  it  for  many  seconds. 

t  Success  will  depend  a  good  deal  on  the  definition  and  magnifying  power 
of  the  telescope,  and  also  on  the  sharpness  of  the  wires  and  the  beat  of  the 
clock.  The  adrantago  of  a  distinct  audible  beat  is  very  often  entirely  over- 
looked by  clock-makers  who  are  not  observers. 
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Before  applying  theiraoBit  inBtrament to  actual  obaervation,  the  adjuai- 
ment  of  the  level  of  the  vertical  circle  muat  be  examined,  which  we  will 
suppose  to  read  altitudes  when  the  illuminated  end  is  west,  and  zenith 
distances  when  the  axis  is  reversed.  Havmg  levelled  the  axis  approxi- 
mately, bring  the  bubble  of  the  small  level  to  the  middle  by  the  screws 
at  a  which  hold  the  tailpiece, fix  these  firmly, and  then  direct  the 
telescope  on  some  point,  which  is  to  be  placed  exactly  on  the  horizontal 
wire  if  there  is  but  one,  or  between  the  wires  if  there  are  two.  Read 
off  the  vernier,  which  we  will  suppose  to  give  an  altitude  of  4*. 
Reverse  the  axis  and  repeat  the  former  observation ;  and  now  read  the 
vernier,  which  we  will  suppose  to  give  a  zenith  distance  of  87*.  The 
sum  of  these  readings  is  91%  while  it  ought  to  be  90*,  showing  an 
excess  of  4  a  degree  in  each  reading.  Now  set  the  vernier  at  86'  80 , 
clamp  the  screw  at  6,  and,  by  the  tail-piece  screws  at  a  bring  the 
object  to  its  proper  place  between  the  wires ;  finally  bring  the  bubble 
of  the  small  level  to  the  middle  by  the  antagonist  capstan-headed 
screws,  which  are  seen  towards  the  end  of  the  level  at  o.  The  instru- 
ment will  now  show  true  altitudes  and  zenith  distances  within  1'  if  the 
operation  has  been  nicely  performed.  When  the  vernier  reads  polar 
distances,  the  vernier  must  be  set  to  the  polar  distance  of  a  known 
star,  the  telescope  brought  to  the  star,  and  the  bubble  of  the  smaU 
level  afterwards  brought  to  the  middle.  The  latitude  of  the  place  may 
generally  be  supposed  pretty  well  known  :  if  not,  direct  the  telescope 
to  the  pole  star,  or  6  tlrss  Minoris,  when  near  their  upper  or  lower 
culminations,  or  to  the  sun,  or  to  any  star  which  the  observer  can 
identify  when  it  is  nearly  south  or  north.  The  altitude  or  zenith 
distance  of  a  known  object  will  give  a  latitude  near  enough  for  finding 
a  star  from  its  catalogued  place,  or  for  instrumental  corrections.  ^ 

We  will  now  proceed  to  the  azimuthal  correction.  If  the  time  is 
known  from  any  other  observations,  the  middle  wire  of  the  transit 
may  be  xnade  to  bisect  a  star  at  the  time  when  by  calculation  it  should 
pass ;  and  if  this  star  be  Polaris  or  8  Ursso  Minoris,  the  instrument 
will  be  very  nearly  in  the  meridian ;  but  if  the  observer  has  nothing 
but  a  transit  instrument  and  a  chronometer,  he  must  place  it  as  near 
as  he  can  guess  in  the  meridian,*  and  level  the  axis  pretty  carefully. 
A  moderate  knowledge  of  the  heavens  will  tell  what  known  star  is 
likely  to  pass  soon ;  and  the  instrument  having  been  set  to  the  proper 
altitude  (or  sweeping  for  it),  the  observer  must  wait  patiently  till  it 
enters  the  field.  The  observation  is  then  made  in  the  manner  already 
described.  If  the  star  is  near  the  zenith,  this  alone  will  give  an 
approximate  dock-error.  Now  compute  the  time  a  star  near  tne  pole 
or  horizon  should  pass,  and  bisect  the  star  by  the  middle  wire  at  the 
computed  time.  If  the  error  in  the  position  of  the  instrument  is  too 
large  to  be  corrected  by  the  azimuth  screw,  the  stand  must  be  shifted 
bodily  a  sufficient  angle,  and  the  instrument  levelled  afresh.  In  two 
or  three  trials  it  is  easy  to  get  the  error  within  command  of  the 
azimuth-screw ;  and  the  observer,  if  he  dislike  calculation,  may  con- 
tinue getting  his  dock-error  by  a  star  near  the  zenith,  ^and  then 
bisecting  a  star  near  the  pole  or  horizon  at  the  calculated  time  with 
the  azimuth-screw,  until  all  stars,  high  and  low,  give  the  same  dock- 
error.  The  instrument  is  then  in  the  meridian,  and  the  clock-error  is 
the  true  one.  This  tentative  process  may  however  be  considerably 
abridged  by  a  little  easy  calculation,  which  we  will  proceed  to  explain. 

The  errors  of  collimation  and  inclination  being  supposed  to  be 

annulled,  either  by  adjustment  or  calculation,  the  line  of  sight  describes 

a  great  circle  passing  through  the  zenith  and  not  far  from  the  pole. 

On  drawing  the  figure,  and  supposing  the  deviation  to  be  to  the  east  of 

the  south  and  west  of  the  north,  it  will  be  seen  that  the  effect  of  the 

error  is  to  cause  all  stars  between  the  south  horizon  and  the  zenith  to 

pass  too  early,  as  well  as  all  stars  iub  polo  ;  while  stars  between  the 

zenith  and  pole  pass  too  late.    The  effect  upon  the  passage  of  a  star  is 

sin.  zenith  distance    .  ,.     ,  ,      ,      , 

proportional  to  : — t — r: — r; —  of  star.    If  ;b  be  assumed  to  be  the 

<^    *^  coain.  declination 

amount  of  the  deviation  to  the  east  of  the  south,  measured  in  units  of 

16",  and  the  latitude  of  the  place  and  the  declination  of  the  star  be 

denoted  respectively  by  ^  and  8,  the  correction  to  be  cuided  to  the 

observed  passage  of  each  star  in  respect  of  the  error  of  deviation  is 

sin  (4>  —  o) 

J — •    X  a».t    Now  suppose  two  stars,  $  and  /,  to  be  observed, 

which  differ  a  good  deal  in  declination,  and  let  the  values  of  sin         ^ 

for  these  stars  be  p  and  p' :  then  $  +  px  and  /  +  p*x  are  the  times  at 
which  the  stars  would  have  been  observed  if  the  instrument  had  been 
in  the  meridian.  The  interval  therefore  between  their  transits  thus 
corrected  (and  also  corrected  for  the  rate  of  the  dock,  if  necessaiy) 
vrill  be  equal  to  the  difference  of  their  right  ascensions,  which  may  be 
taken  from  the  '  Nautical  Almanac/  if  the  stars  are  contained  in  its 
list,  or  must  be  computed  from  some  good  catalogue,  if  they  are  not. 

*  If  a  line  be  drawn  from  Polaris  between  the  fifth  and  tixth  stars  of  the 
Great  Bear,  and  a  point  taken  in  this  line  about  1|*  from  rolaris,  the  transit 
directed  to  thU  point  will  waroely  be  l*"  from  the  meridian.  With  a  lltUe 
practice  one  may  eome  nearer  than  this  at  onoe. 

t  Throughout  we  shall  assume  the  latitude  to  be  north :  when  the  declina- 
tion is  south,  the  sign  of  )  is  changed,  and  {P — ))  becomes  (#+>}•  North  of 
the  xenitU  the  numerator  is  negative,  and  the  correction  is  to  be  subtracted 
between  zenith  and  pole.  Below  the  pole  the  oos  )  becomes  negative  (reckoned 
through  the  pole),  and  the  correction  becomes  additlT^  as  at  first. 


Let  the  right  ascensions  of  the  two  stars  be  a  and  a',  and  we  have  the 
following  equation : — 

(•  +  p'x)  -  («  -h  px)  a  fl/  —  •• 

(a^~«)-y-«). 

<^» — v^ — • 

If  the  value  of  a  revolution  of  the  azimuth  screw  is  known^  it  is 
easy  to  correct  for  this  error  at  once  with  considerable  aocuracy.  If  x 
exceed  1*  or  2*,  it  must  be  reduced  to  those  limits.  Should  x  be 
negitive,  the  deviation  is  to  the  west  of  the  soath. 

The  accuracy  of  the  determination  of  x  depends,  eateris  paribus, 
upon  the  stars  which  are  used  for  the  computation,  that  is,  upon  the 
value  of  the  denominator  of  the  above  fraction,  whioh  should  be  as 
large  as  possible.  The  most  favourable  condition  is,  that  both  stars 
^ould  DO  near  the  pole,  one  above  and  the  other  bdow :  S  UrssB 
Minoris  and  Cephd  61  Hevelii  present  this  combination.  It  is  alwava 
desirable  that  one  of  the  stars  snould  be  pretty  near  the  pole — Polaru, 
if  possible.  If  the  instrument  is  nearly  in  the  meridian,  it  is  better 
not  to  touch  the  azimuth  screw,  but  to  determine  the  value  of  x  by 

grouping  the  stars  together,  in  which  ?"^  ^^""  '  is  nearly  of  tiie  same 

cos  8 

magnitude  with  the  same  sign.    The  value  of  ar  may  afterwards  be 

used  to  oorreot  each  star  separately,  and  the  transits  thus  corrected 

will  be  very  nearly  such  as  would  have  been  made  if  the  instrument 

had  been  exactly  placed  in  the  meridian. 

In  fixed  observatories  the  meridiiw  error  is  obtained  when  possible 

from  consecutive  transits  of    Polaris  above  and  below  pole.    The 

observations  are  coxrected  for  collimation  and  inclination,  and  for  the 

rate  of  the  dock.    If  the  times  of  passage  thus  corrected  differ  twelve 

hours,  there  is  no  meridian  error ;  but  if  the  difference  is  greater  or 

less  than  twelve  hours,  the  deviation  may  be  computed  thus :  Let  < 

and  /  be  observed  times  of  upper  and  lower  culmination,  oorrected  for 

collimation,  inclination,  and    rate:    let  a  and  a'  be  the    apparent 

right  ascension  of  Polaris,  taken  from  Uie  '  Nautical  Almanac ;  z*  ttie 

deviation  as  before ;  —p  and  p'  the  values  of  ^^^~  '     for    Polaris 

oosS 

above  and  below  pole,  which  have  (fifferent  signs.    Then,  exactly  as 

before,  i-^ «  and  tf  +  p'x  will  be  the  oorrected  times  of  traoait^  and 

(«'+j)'«)  -  (•  -  p«)  »  a'  -  a. 


When  three  consecutive  transits  are  observed,  there  is  no  need  of 
taking  anv  aooount  of  the  rate  of  the  dock  (which  is  supposed  to  go 
uniformly),  or  the  change  in  right  ascension  of  Polaris  in  the  into^val ; 
only  a  mean  is  taken  of  the  first  and  third  transits,  which  is  compared 
with  the  seoond.  The  difference  between  these,  divided  by  p'  -f  p,  gives 
ittt  value  of  jr.  The  sign  may  be  made  out  by  seeing  whether  the 
passage  from  upper  to  lower  culmination  is  too  sniall,  and  from  lower  to 
upper  oulmination  too  large,  when  the  deviation  is  to  the  west  of  north, 
and  therefore  to  the  east  of  south,  and  the  correction  is  to  be  added, 
or  vend  vice,  when  it  is  to  be  subtraotedt  In  well-regulated  obserra- 
toriee  Pohiris  is  always  observed  when  it  is  convenient,  and  often  when 
it  is  not ;  and  the  right  ascension  of  the  star,  as  well  as  the  position  of 
the  instrument,  is  deduced  from  these  double  transits.  When  the 
right  asoension  is  thus  perfectly  known,  single  transits  of  Polaris  may 
be  safely  used  in  combination  with  other  stars,  to  determine  the 
azimuthal  error  for  those  times  of  the  year  when  the  star  at  one  of  its 
culminations  passes  altogether  unseasonably.  It  is  assumed,  in  this 
method,  that  the  position  of  the  instrument  is  the  same  for  twenty- 
four  hours ;  or  that  it  changes  uniformly. 

If  the  reader  has  fully  understood  what  precedes,  he  will  have  no 
difficulty  in  comprehending  the  mode  of  observing  and  reducing  the 
observations  which  is  followed  at  Greenwich  and  our  prindpal 
observatories ;  but  the  private  observer  cannot  always  command  a  site 
which  is  wholly  to  be  relied  upon,  and  very  seldom  can  afford  the  time 
for  such  an  uninterrupted  series  of  observations  as  is  required  to  give 
fuU  effect  to  the  system  just  described.  The  precautions  to  be  taken 
will  depend  mainly  upon  the  objects  he  has  in  view,  but  generally 
speaking,  the  private  transit  observer  will  do  wisdv  to  take  the  places 
of  the  prindpal  fixed  stars  from  the  lists  furnished  by  Greenwich, 
though  he  may  subsequently  modify  the  values  inter  m  by  his  own 
observations.  Having  done  this,  it  vrill  be  easy  for  him  to  fix  any 
other  object  with  perfect  accuracy,  or  to  determine  his  tune  most 
scrupulously,  although  the  steadiness  of  his  transit  is  not  beyond 
suspidon,  and  his  avocations  or  inclination  should  only  allow  him  to 
observe  by  fits  and  starts.  We  shall  proceed  to  show  how  he  may  pro* 
oeed  under  different  hypotheses. 

If  he  has  a  distant  mark  or  a  coUimating  tdesoope  [see  Collixatob] 

*  Sabstitnting  for  jf  and  p  their  valuesi  the  denominator  of  this  fhictioa 
sin  (♦— y)        sin  (^— J)  ^  sin  (i— r) 

°      eosr      -      cos»       «cos»(tana--tany)or«oesf  ^^^^y> 

This  last  is  tho  usual  form  for  oomputing  the  aaimath  by  a  high  and  low  star. 

t  To  prevent  mistake,  we  shall  always  speak  of  the  quantity  which  is  to  be 
applied  to  the  observation  to  make  it  oorreet. 
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with  a  micrometor  to  liifi  transit,  he  proceeds  eicactly  as  we  have 
described  above  to  measure  the  quantity  and  direction  of  the  ooUima- 
tion,  the  quantity  and  direction  of  the  inclination,  and  then  observes 
away,  only  taking  care  to  note  as  many  standard  stars  as  will  give  him 
a  correct  dock-error,  and  at  least  some  so  far  apart  aa  will  enable  him 
to  detect  his  asimuthal  error.  If  he  observe  one  or  two  stars  near  the 
X>ole,  so  much  the  better.  Now  calling  c  the  correction  for  the  clock 
at  the  mean  of  the  time  of  the  observations  of  standard  stars;  t,^  a", 
&c.,  as  before  the  observed  times  of  transit,  corrected  for  collimation 
and  level  as  aforesaid ;  p,  p',  p",  &c.,  with  their  proper  signs,  the 
correcting  factors  of  the  unluiown  azimuth  x ;  and  a,  a',  a",  &c.,  the 
apparent  right  ascensions  of  the  standard  stars,  he  haa  the  following 
series  of  fldmple  equations : — 

«  +  €  +j)a:  =  a 

»'  +  €'+p^'  =  a^ 

»*  +  €+pa;"  =  a* 

Ac.    &c.    &c. 

Group  together  the  equations  in  which  the  coefficient  of  a;  is  nearly  of 
the  same  magnitude  and  with  the  same  sign,*  and  dividing  each  group 
by  the  number  of  its  component  parts,  so  as  to  have  c  with  unity  as  a 
coefficient,  form  at  least  two  equations  in  which  the  coefficients  of  x 
differ  considerably,  and  subtracting  one  from  the  other,  a  value  of  x 
will  be  found  with  its  proper  sign.  Substituting  this  value  of  a;  in 
each  of  the  equations  c  =  a  —  t—px,  you  will  have  as  many  values  of  c 
as  you  have  equations;  and  taking  the  mean  of  those  which  are 
derived  from  the  quick-moving  stars,  you  have  a  good  clock  correction. 
Now  if  any  other  objects  have  been  determined,  the  right  ascension  of 
which  is  required,  add  (speaking  algebraically)  the  sum  of  all  the 
oorrections  for  collimation,  inclination,  declination,  and  clock-error  to 
the  observed  transit,  and  you  will  have  the  apparent  right  ascension. 

But  it  most  frequently  happens  that  the  observer  has  no  oollimating 
mark  and  no  micrometer  to  his  instrument ;  nay,  he  may  only  have  a 
view  out  of  a  window  t  which  commands  no  distant  or  distinct  object, 
and  not  be  able  to  see  even  the  zenith,  much  less  the  pole.  This  last 
IS  the  greatest  objection ;  for  the  accuracy  of  the  meridian  adjustment 
depends  chiefly  upon  getting  stars  near  the  pole.  To  detect  the  error 
of  collimation  the  observer  must  proceed  thus : — ^After  having  carefully 
determined  the  inclination  of  the  axis,  he  observes  as  many  well-known 
■tan  as  he  can,  especially  getting  them  as  high  and  as  low  as  possible 
for  ascertaining  azimuthal  error.  He  must  then  reverse  the  axis, 
repeating  the  measurement  of  the  inclination,  but  by  no  means 
touching  the  elevating  screw  of  the  instrument^  and  make  a  similar 
set  of  observations.  A  series  of  equations  must  be  formed  for  each 
position  of  the  instrument,  which  will  be  of  the  following  form  : — 
supposing  I,  s'  «",  to  be  the  observed  transits  of  the  stars  corrected  for 
inclination  only;  q,^  q'',U}  be  the  values  of  the  secant  of  declination 
for  each  star  respectively;  e,  the  unknown  value  of  the  collimation 
error  in  the  first  position  (which  becomes— c  when  the  instrument  is 
reversed) ;  x,  the  error  of  deviation ;  and  c  the  clock  correction, — 

$■{■*  +  qc-\-px=:a 
f^+t  +  i'c+p'x^€^ 

and  so  on,  for  the  stars  first  observed,  and 

9"  ■\-t'-q*'e+p"x=^a'' 
i"-^€-^"e-j-p"'x=a"* 

and  so  on,  for  the  stars  of  the  second  set  after  the  instmmentis 
reversed. 

_  The  mode  of  treating  these  equations  will  differ  according  to 
oircunistances.  They  might  be  solved  by  the  method  of  least  squares ; 
but  it  is  scarcely  worth  while  in  ordinary  cases  to  use  any  such  refine- 
ment. Form  four  groups,  two  in  each  set,  those  in  which  x  has  the 
largest,  and  those  in  which  x  has  the  smallest  coefficients,  dividing  each 
group  by  the  number  of  its  component  parts,  so  as  to  leave  c  with 
unity  for  its  coefficient.  Call  these  equations  1,  2,  8,  and  4.  Sub- 
tncting  (4)  from  (1),  we  shall  eliminate  f,  c  will  have  a  +  coefficient 
exceeding  2,  and  x  in  the  most  difficult  case,  that  is,  when  the  observer 
can  only  look  to  the  south,  has  a  small  positive  coefficient.  Again 
subtracting  (8)  from  (2),  we  shall  have  e  with  a  positive  coefficient 
exceeding  2,  and  x  with  probably  a  small  negative  coefficient  From 
these  two  equations  e  can  be  determined  pretty  accurately.  Substitute 
this  value  in  equations  (1)  (2)  (8)  and  (4),  group  (1)  and  (3)  together, 
sod  (2)  and  (4)  together,  and  we  have  a  pair  of  equations  in  which  x 
has  coefficients  considerably  unequal ;  and  by  subtracting  one  from  the 
other,  c  is  eliminated  and  x  determined  with  tolerable  accuracy. 
Finally,  the  Substitution  of  these  values  of  «  and  x  in  the  original 
equations  will  give  a  satisfactory  dock-error  if  the  observations  are 
good  and  pretty  numerous,  even  although  the  observer  has  not  more 
than  50*  of  clear  sky  to  work  upon.  The  times  of  transit  of  other 
objects  must  be  corrected  by  the  quantities  thus  found,  and  in  this 

*  If  two  known  droompolar  stars,  like  >  Ursa  and  Cephei  51  Hevelii,  are 
obeerred,  tuMrBct  one  of  these  equstioni  from  the  other,  and  you  bavo  an 
equation  in  which  «  has  a  large  eoeffieient,  and  therefore  a  good  determination ; 
if  Polaria  i»  well  observed,  use  it  singly,  and  group  the  standard  stars  together 
which  have  not  more  than  SO''  or  40"  declination. 

t  This  was  the  ease  with  BOmer,  and  the  transit  Instnunent  was  Invented 
precisely  for  such  a  situation.    See '  Basis  Astronomifle,'  cap.  8. 


way  apparent  right  ascensions  may  be  deduced  with  considerable 
certainty. 

The  dook  correction  should  evidently  come  out  the  same  in  both 
positions  of  the  instrument,  and  the  differences  from  the  mean  fall 
within  the  ordinary  errors  of  observation.  If  this  is  not  the  case,  and 
there  should  be  resison  to  fear  any  alteration  in  the  position  of  the 
stand  or  the  y's  in  the  process  of  reversing,  the  values  of  x  cannot  be 
assumed  to  be  the  same  in  both  groups.  If  the  time  should  be 
reqidred  with  extreme  accvuracy  from  such  imperfect  observations,  the 
observer  may  alter  the  quantity  of  collimation  in  his  calculation  till  he 
does  get  the  same  dock-error,  although  with  different  deviations,  from 
both  sets.  Tills  may  be  done  by  one  or  two  trials,  but  generally 
speaking  the  mean  of  the  clock-errors  from  both  sets  will  be  near 
enough,  and  not  differ  sensibly  from  the  more  elaborate  calculation. 
It  is  not  however  easy  to  get  the  time  very  tatUfactvrUy  without  bdng 
able  to  see  the  pole,  or  at  least  the  zenith. 

In  what  precedes  we  have  supposed  the  extreme  case,  that  is,  that 
nothing  is  to  be  seen  north  of  t3ie  zenith,  and  that  x  therefore  has 
always  the  same  sign.  The  intelligent  reader  will  be  guided  in 
practice,  not  by  the  directions  here  given,  but  by  the  value  of  the 
ooefficienta  of  hit  unknown  quantitiet,  a  discretion  which  some  astrono- 
mers  cannot  or  will  not  use. 

It  is  always  desirable  that  the  value  of  the  three  transit  corrections 
should  be  small  (indeed  the  formuko  are  not  exact,  when  the  errors  are 
large),  to  save  unnecessary  trouble  in  multiplying.  The  method  of 
measuring  the  inclination  implies  that  you  can  rely  on  the  scale  of  the 
level  for  the  quantity  measured,  which  is  scarcely  true  when  the 
amount  exceeds  a  few  seconds  of  space.  The  collimation  error  is 
easily  brought  within  reasonable  limits,  if  the  observer  has  a  micro- 
meter, or  can  see  any  fixed  object  distinctly  while  he  alters  the  screws. 
The  azimuthal  adjustment  requires  either  an  object  of  reference, 
which  is  always  the  case  in  principal  observatories,  or  adjusting-screws 
of  which  the  thread  and  value  are  known,  but  this  can  only  give 
correct  results  when  the  load  upon  the  t  is  inconsiderable.  Portable 
instruments,  which  are  really  carried  about  and  stuck  at  times  out  of  a 
window,  ought  to  have  the  spring  to  the  azimuth-screw  such  as  has 
been  described. 

It  is  convenient  that  the  clock  should  be  a  little  slow  and  have  a 
small  losing  rate,  the  corrections  for  error  and  rate  are  then  additive  : 
if  the  west  end  of  the  axis  be  the  higher  and  the  deviation  to  the  east 
of  the  south,  the  correction  for  these  errors  will  also  be  additive  to 
the  observed  transits  of  the  greater  part  of  the  stars  observed. 

In  most  cases,  the  determination  of  the  absolute  time  at  the  place  is 
wanted,  and  this  cannot  be  got  without  the  level  or  some  equivalent 
which  tells  how  far  the  instrument  swerves  from  the  zenith.  But 
where  it  is  merely  required  to  observe  in  a  meridian,  as  in  observing 
for  a  catalogue,  it  is  more  expeditious  to  change  the  form  of  the 

corrections.    The  two  factors  ^^^iJlx  indinat.     +  ^  (»-g)  x 

cos  6  cos  8 

deviation  may  be  expressed  by  a  correction  of  this  form  :  m+n  tan  9, 
where  m  and  n  are  two  constants  to  be  determined  by  observation.* 
In  this  case  the  stars  should  be  observed  in  zones,  and  when  the 
sweeps  are  not  near  the  pole,  it  is  easier  to  destroy  the  error  of  colli- 
mation by  adjustment  very  nearly  than  to  allow  for  the  error.  The 
secant  of  declination  varies  very  slowly,  and  may  be  considered  as  a 
constant  for  the  whole  sweep,  within  moderate  limits,  and  for  a  small 
value  of  the  collimation,  which  may  easily  be  reduced  to  0**1  at  once. 
Suppose  an  observer  to  have  this  purpose :  he  observes  a  large  set  of 
stars  nearly  at  the  same  declination,  taking  care  to  have  as  many 
standard  stars  as  possible  above  and  below  the  limits  of  his  sweep,  and 
it  is  proper  to  have  several  with  contrary  declinations.  Now  calling 
the  observed  times  of  transit  i,  9',  &c.,  he  forms  the  following  equations 
with  standard  stars : — 

9-i-m  +  n  tan  8  ^  a 

i(  +  m  +  n  tan  8'  =  a' 

and  so  on.  FW>m  these  he  composed  tWo  equations,  one  formed  of  all 
those  in  which  tan  B  is  positive  and  another  in  which  tan  8  is  negative, 
and  which  therefore  may  be  represented  thus  : 

2  +  m  +  nT  =  As 
S'  +  fii  — nT'=A'. 

from  which  n  is  found  =  .(A-S)-(A^-aO 

T  +  T' 

Substituting  this  value  of  » in  the  mean  of  the  two  equations,  we 

*  If  f  be  the  inclination  as  given  by  the  level  and  m  the  deviation,  then 
expanding  the  numerators,  the  sum  of  the  corrections 

i  (cos  9,  cos  >-|-Bin  f,  sin  >)  +x  (sin  y .  cos  t—cos  f .  sin  >) 

**""~  cos) 

ssi  008  p+x  sin  f+{i  tin  p—x  cos  f)  tan  ) 

whish  agrees  with  the  formula  given  above,  putting 

mrsi-Hi  eca  p-\-x  sin  p 
n=i  tin  p-^xoo9p 

The  formula  is  easily  deduced  by  drawing  a  figure  and  referring  the  transits  to 
the  meridian  which  euls  the  equator  at  the  same  point  as  the  circle  described 
by  the  telescope* 


819 


TRANSIT,  OR  TRANSIT  INSTRUMENT. 


TRANSIT,  OR  TRANSIT  IKSTRUMEKT. 


13d 


have  the  value  of  m,  and  that  with  great  exactness,  il  the  stars  have 
been  well  selected,  are  pretty  numerous,  and  have  been  tolerably 
observed.  To  reduce  the  transita  of  the  other  objects  observed  to 
apparent  R.  a.  nothing  more  is  required  than  to  add  m  +  n  tan  6  to  the 
observed  transit,  which,  besides  being  a  good  deal  shorter  than  the 
method  previously  described,  only  requires  a  table  of  natural  tangents 
for  ciimputing  the  corrections. 

If  the  observations  are  made  on  or  near  the  pole-,  where  the  sec  8 
varies  almost  as  rapidly  as  the  tangent,  a  sensible  error  of  coUimation 
would  mix  itself  up  in  the  value  of  tan  5.  If  the  pivots  of  the  instru- 
ment are  exactly  equal,  two  series  might  be  observed  in  reversed 
positions  of  the  axis,  and  as  m  and  n  would  have  the  same  value  in 
each,  while  the  sign  of  coUimation  changes,  the  determination  of  the 
latter  would  present  no  difficulty.  We  have  used  another  plan,  which 
in  steady  weather,  when  observations  can  be  made  on  consecutive  nights 
and  in  large  masses,  is  perhaps  the  best  for  cataloguing.  On  the  first 
night  observe  forty  or  fifty  stars,  consisting  of  all  the  standards  which 
pass  and  those  stars  the  places  of  which  you  wish  to  determine. 
These  may  now  lie  scattered  all  over  the  heavens,  so  far  as  the  method 
is  concerned.  On  the  following  evening  reverse  the  instrument  and 
observe  the  same  stars.  The  first  night,  ^ach  observed  star  should  be 
increased  by  m  +  n  tan  8  -f  c  sec  8,  while  the  second  night  the  correc- 
tion is  m'  +n*  tan  8  —  c  sec  8,  the  coUimation  being  supposed  (as  is 
found  to  be  the  case)  to  be  invariable  in  a  well-made  instrument,  unless 
violence  is  used.  Now  if  we  add  the  observed  transits  of  each  star  on 
the  two  nights  together,  and  take  a  mean,  the  result  requires  a 


correction  of 


m  +  m'  .  »  -f-  n' 


tan  8;  and  the  coUimation  is  eliminated. 


This  new  correction  for  the  mean  of  the  two  nights  is  exactly  of  the 
same  form  as  the  original  correction,  call  it  m  +  N  tan  8,  and  u  and  n 
are  found  by  comx^ring  the  observed  places  of  the  standard  stars  with 
their  known  computed  places,  just  as  before.  If  the  clock  rate  is 
sensible,  the  values  of  M,  preceding  and  succeeding  the  mean  of  the 
standard  stars,  must  receive  a  proportional  correction,  but  it  is  easy  to 
make  the  rate  of  a  good  clock  so  small  that  in  ordinary  circumstances 
this  may  be  neglected.  The  rate  may  be  determined  near  enough  by 
observing  the  same  high  star  both  nights  in  the  same  position  of  the 
axis,  and  measuring  the  inclination  by  the  level.  From  some  trials  of 
this  method,  we  should  strongly  recommend  it  in  a  steady  climate  and 
where  a  large  catalogue  of  stars  is  to  be  formed.  An  error  of  0''1 
would,  we  are  convinced,  be  very  rarely  foimd  in  the  B.  a.  of  stars  so 
determined  within  40^  of  the  equinoctial ;  the  computations  are  very 
short  and  can  scarcely  be  wrongly  made,  and  there  ia  only  one  com- 
putation of  a  mean  place  for  two  complete  observations  of  an  apparent 
place.  Writing  the  separate  results ''tmder  each  other,  is  an  excel- 
lent check  against  those  provoking  smaU  errors  which,  when  they 
once  get  admittance,  are  so  difficult  of  detection.  It  is  a  drawback 
that  the  computation  does  not  furnish  the  absolute  time  or  clock 
error,  if  that  should  be  required  for  other  purposes,  without  further 
calculation. 

In  this  climate  it  frequently  happens  that  the  star  is  visibl*  during 
only  a  portion  of  its  passage  over  the  wires,  or  the  observer  may  lose 
some  of  the  wires ;  hence  it  is  necessary  to  have  somo  means  of  com- 
pleting the  imperfect  transits,  and  ascertaining  so  far  aa  possible  at 
what  time  the  star  would  have  passed  the  mean  of  the  wires,  if  all 
could  have  been  observed.  For  this  purpose  a  sufficient  number  of 
complete  and  satiafactory  observations  is  selected  (suppose  the  illumi- 
nated end  to  be  west),  and  the  difference  taken  between  each  wire,  and 
the  mean  of  the  wiresL  Multiplying  these  numbers  respectively  by 
the  cosine  of  the  corresponding  star's  declination,  we  have  the  differ- 
ences, such  as  they  would  have  been  if  the  stars  observed  had  been  in 
the  equinoctial.  A  mean  of  these  is  taken  for  each  difference,  and  the 
proper  sign  affixed.  If  a  second  series  be  selected  of  observations 
made  when  the  iUuminated  end  is  east,  and  be  treated  similarly,  nearly 
the  same  values  will  bo  found  as  before,  but  in  reversed  order,  and 
with  different  signs.  A  mean  is  taken  when  the  number  ia  sufficient 
to  give  a  satisfactory  result ;  and  the  logarithms  of  the  intervals  be- 
tween each  wire  and  the  mean,  for  an  equinoctial  star,  are  set  down 
for  future  use,  discriminating  whether  the  instrument  is  Illuminated 
end  E.  or  W.  ^  Now  suppose  a  broken  set  of  wires  is  to  be  made  up : 
take  the  logarithms  with  the  proper  sign  corresponding  to  each  wire, 
add  to  each  logarithm  the  log.  secant  of  the  star's  declination,  and  take 
the  natural  numbers  corresponding  to  the  logarithms  thus  found,  and 
you  have  the  number  of  seconds  and  decimals  of  a  second  which  are  to 
be  added  (algebraically)  to  the  observation  of  each  wire  to  reduce  it  to 
the  mean  wire.  Of  these  partial  results,  a  final  mean  ia  taken.  The 
numbers  for  reducing  each  wire  to  the  mean  wire  are  found  in  the 
introductions  to  all  the  modem  observations. 

The  slow-moving  stars,  such  as  Polaris  and  8  Ursss  Minoris,  are  those 
best  suited  for  determining  the  interval  of  the  wires,  and  this  is  one  of 
the  first  points  to  which  an  observer  should  direct  his  attention,  for  he 
will  observe  a  slow  star  as  well  at  starting  as  afterwards,  and  as  he 
will  probably  make  a  good  many  broken  transits,  the  sooner  he  acquires 
the  means  of  reducing  them  the  better.  The  declination  of  these  stars 
is  perfectly  known  for  every  day  from  the  Nautical  Almanac,  but  there 
is  a  precaution  to  be  taken  here,  which  is  unnecessary  with  quick- 
moving  starsj,  as  the  path  of  the  star  being  sensibly  curved  in  moving 


from  the  outer  to  the  inner  wires,  the  motion  between  the  wires  is  nut 
uniform.    The  exact  formula  is 

sin  distance  of  any  wire  from  mean  =  Bin  time  from  mean 

X  cos.  declin.  star  ; 

and  the  equatorial  interval  may  be  computed  by  taking  the  log  an  of 
the  intervals  -r  log  sm  16",  instead  of  simply  the  log  intervid  in  secondi 
of  time,  as  in  other  stars.  Or  if  the  following  quantitieB  be  fii^ 
subtracted  from  the  intervals  observed,  the  ordinary  role  may  be 
foUowed : — 


Interval 

Interral 

Obserred. 

OorrectloD. 

Observed. 

Ci 

>rrectj 

4» 

o«-o 

21"». 

!»-8 

8     . 

0   1 

22 

2  -0 

IS 

0'3 

•  28     . 

2-8 

IS    . 

0-4 

24 

2  '6 

14 

0-5 

25     . 

2-9 

15     . 

0-6 

20 

s-s 

16 

0*8 

27     . 

8 '7 

17     . 

0  0 

28 

4-3 

18 

1  -l 

29     . 

4-6 

19    • 

I'S 

30          • 

5*1 

30 

1'5 

This  table  may  also  be  used  when  the  broken  wires  of  a  close  or- 
cum  polar  are  to  be  reduced.  Compute  the  correction  for  each  wire  bj 
the  ordinary  formula,  and  add  to  it  the  number  from  this  table  corre- 
sponding to  tiie  interval,  before  applying  the  correction  to  the  obeerra- 
tion  of  ^e  wire. 

As  the  stars  8:ub  polo  pass  the  wires  in  a  oontxary  direction,  the 
numbers  for  reducing  each  star  to  the  mean  wire  must  be  taken  from 
Uie  table  corresponding  to  the  reversed  position  of  the  instrument,  or, 
what  comes  to  the  same  thing,  they  must  be  reckoned  backward  with 
changed  signs  from  the  table  which  belongs  to  the  existing  posltioo. 
When  the  interval  between  the  mean  wire  and  the  other  wires  is  veil 
established,  the  collimation  error  must  be  referred  to  the  mewt  wire 
after  it  has  been  measured  for  the  middle  wire.     There  is  a  way  of 
measuring  the  collimation,  when  the  distance  of  each  wire  from  ibe 
mean  is  well  determined,  which  is  very  useful  in  the  absence  of  a 
meridian  or  collimating  mark.     Polaris  or  8  Ursas  Minoris,  or  an; 
slow-moving  star,  is  observed  over  the  first  four  wires  (the  inciinatioo 
error  having  been  previously  measured) ;  the  instrument  is  then  re* 
versed  and  the  star  is  observed  over  the  remaining  three  wires,  and  the 
inclination  again  measured.    The  first  set  of  observations  is  reduced  to 
the  m^ean  wire  by  the  known  intervals  at  the  horizontal  position  of  the 
axis.     The  second  set  is  similarly  reduced  to  the  mean  wire,  at  the 
horizontal  position.     The  difference  between  the  two  results,  if  tbe 
t's  have  not  been  altered  by  lifting  the  instrument  and  setting  it  dowa 
again,  is  the  sum  of  the  collimation  in  two  positions ;  and  when  this  u 
divided  by  twice  tiie  secant  of  the  star's  declination,  the  result  ia  tbe 
collimation  error  required.      If  the  pivots  are  perfectly  equal,  the 
levelling  may  be  omitted  except  as  a  precaution  against  altering  the  y  a 
When  the  time  is  wanted  with  great  nicety,  it  is  convenient  to  obscrre 
a  series  of  stars  before  reversing  upon  Polaris  or  Z  Umao  Minoris,  and 
a  second  series  after.     If  the  poTe  star  has  been  properly  observed  and 
reduced,  and  the  collimation  rightly  determined,  the  two  series  inll 
give  nearly  the  same  clock-error,  and  be  a  check  on  each  other.    The 
instrument  must  always  be  used  in  reversed  positions,  for  determining 
the  time,  when  this  lb  practicable. 

There  is  a  curious  anomaly  sometimes  found  in  transit  observation!, 
namely,  that  two  practised  observers  will  make  a  notable  and  conatant 
difference  in  observing  the  exact  moment  at  which  a  star  passes  a  wira 
Maskelyne  first  noticed  this  singularity  in  his  assistant  Kinnebrooi^ 
who  observed  a  star  0«7  later  than  the  Astronomer  RoyaL    Bessel  and 
Argelander  have  a  still  larger  difference;   and  we  found,  on  deter- 
mining the  longitude  of  Bruxelles  chronometricaUy,  that  M.  Quetdet, 
the  director  of  that  observatory,  noted  a  transit  about  0**8  earlier  than 
Mr.  Henry,  one  of  the  transit  observers  at  Greenwich  :  so  that  n  vie 
time  at  each  place  liad  been  simply  taken  from  their  observationa 
without  any  allowance,  the  longitude  would  have  been  erroneous  on 
that  accoimt  alone  0«"8,  which  might  have  been  either  way.    ^^ 
shows  how  insecure  all  nice  chronometrical  longitudtfs  are,  unless  toe 
same  observer  determines  the  time  at  both  ends  of  the  arc,  or  ^^^ 
^he  relative  personal  equation  of  the  observers  at  each  end  is  caretuUy 
determined.      [Equation,   Personal.]      It  would  be  advisable  per 
haps,  where  the  result  ia  very  important  and  the  distance  considerable, 
to  reverse  the  observers,  as  it  seems  that  fatigue  will,  in  some  ***** 
leasts  cause  a  variation  in  the  personal  equation,  and  that  two  obaerven 
may  begin  a  night  with  one  difference  and  end  with  another. 

If  it  were  not  for  this  latter  circumstance,  it  would  perhaps  oo 
possible  to  train  observers  to  observe  alike,  by  exhibiting  *^®,*f?^ 
phenomena  of  sound  and  sight  (the  relation  between  which  might 
established  mechanically)  to  a  class,  and  habituating  them,  jj*^. 
orchestra,  to  keep  the  same  time;  and  such  a  piece  of  ^^   ?^ 
would  be  easily  made,  though  there  would  be  a  difficulty  in  g®^*^ 
observers  to  submit  to  the  drill.    We  have  found  the  following  P^ 
tice  a  good  exercise  for  making  the  eye  and  ear  work  together.    A 
pointer  of  a  clock,  with  dead-beat  scapement,  springs  forward  j^'J^l 
taneously  with  the  sound  of  the  beat.    Where  there  is  a  good  deal 


,  JH^I  '  ,?^^— !'gH>l^ig^ 
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noise,  and  the  clock  has  a  low  beat,  it  ia  found  necessary  to  have  a 
second  clock  called  a  joumeynmn,  which  strikes  loudly  and  speaks  as 
it  were  for  the  transit  clock.  The  observer  makes  them  beat  pretty 
nearly  together,  and  then  listening  at  the  principal  clock  and  noting 
the  difference,  he  either  pushes  forward  or  delays  the  pendulum  of  the 
journeyman  to  make  the  coincidence  perfect,  and  this  ought  to  be 
continued  until  he  cannot  distinguish  between  the  two  beats  when 
standing  close  to  the  transit  clock.  Let  a  person  try  to  make  this 
coincidence  by  looking  at  the  transit  clock  and  listening  to  the  joiuney- 
man,  and  if  he  can,  or  can  very  nearly  do  this.  It  is  evident  that  ne 
notes  an  appearance  at  the  time  it  happens.  Perhaps  by  trying  the 
same  thing  when  fatigued,  he  might  detect  a  change  in  his  perceptions, 
for  the  coincidence  of  sounds,  as  judged  of  when  equalised  by  standing 
near  the  weaker  source,  is  one  in  which  a  tolerable  ear  can  scarcely  be 
more  than  0''01  or  0"02  out  at  farthest 

The  position  of  the  horizontal  axis  has  been  all  along  supposed  to  be 
measured  by  the  level,  and  this  is  certainly  the  most  ready  method. 
But  the  level  may  happen  to  be  broken,  or,  unless  it  comes  from  a  very 
careful  maker,  it  may  be  sluggish,  or  unequally  divided.  The  beautif id 
levels  which  accompany  Ertel's  instruments,  which  are  covered  at  the 
ends  with  parchment  and  filled  with  ether,  are  very  liable  to  leak,  as 
we  know  by  experience.  In  such  a  difficulty,  our  celebrated  surveyor 
Captain  W.  F.  Owen  raised  a  tall  pole,  and  having  put  thereupon  a 
distinct  mark,  adjusted  his  instrument  by  moving  the  elevation  screw 
until  the  wire  passed  through  the  mark  seen  directly  and  by  reflexion. 
In  another  instance,  whero  the  level  was  broken,  an  observer  of  some 
name  was  \mable  to  supply  its  place,  and  a  projected  set  of  observa- 
tions failed  in  consequence.  The  simplest  method  is  that  pursued  by 
Captain  Owen,  substituting  the  pole  star  or  other  slow-moving  star  at 
its  culmination  for  the  tall  pole.  When  the  axis  is  thus  nearly  cor- 
rected, which  may  easily  be  done  when  the  star  passes  the  first  wire.  It 
is  better  to  observe  the  star  over  the  rest  of  the  wires  half  directly  and 
half  by  reflexion,  and  to  reduce  each  set  to  the  mean  wire.  On  draw- 
ing the  figure  it  will  be  seen  that  any  error  of  level  wUl  affect  the 
transit  of  a  star  seen  directly  one  way,  just  as  much  as  it  vnll  affect 
the  transit  of  the  same  star,  seen  by  reflexion,  the  other  way,  or  that 
the  difference  of  the  two  transits,  after  each  set  has  been  reduced  to 
the  mfsan  wiro,  is  twice  the  error  due  to  inclination :  that  is,  the  differ- 
ence of  the  transits  in  the  two  positions  is,  when  the  star  is  above  the 

pole  =     coa  yy—  )  ^  ^^  from  which  i  is  determined,  and  may  be  used 

cos  B 
for  all  the  other  observations.  The  observation  will  succeed  very  well 
with  any  slow-moving  star,  if  the  observer  has  time  to  shift  from  one 
position  to  the  other  without  hurry ;  or  he  may  use  two  high  stars, 
each  observed  over  all  the  wires,  if  they  have  the  same  altitude,  or  if 
he  should  happen  to  know  the  other  errors  of  his  instrument.  Indeed, 
if  he  has  no  objection  to  solve  simple  equations  with  four  unknown 
quantities,  he  may  proceed  exactly  as  we  have  shown  in  former 
instances,  introducing  another  term  with  i  and  its  coefficient,  and 
changing  the  sign  for  the  observations  by  reflexion. 

O^ervations  by  reflexion  of  Polaris  are  well  suited  for  another 
purpose,  namely,  for  examining  the  value  of  the  level  scale  by  means 
proper  to  the  instrument  itself.  Raise  the  west  end  tmtil  the  bubble 
is  nearly  at  the  West  end  of  the  scale,  and  by  a  mean  of  half  a  dozen 
readings,  reversing  each  time,  ascertain  the  error  of  inclination.  Now 
observe  Polaris  exactly  as  we  have  before  mentioned,  or,  if  the  observer 
likes  better,  directly  over  the  Ist,  2nd,  6th,  and  7th  wires,  and  by 
reflexion  over  the  3rd,  4th,  and  5th ;  reduce  each  set  to  the  mean  wiro, 
and  calculate  by  the  formula  already  given  the  true  inclination  of  the 
axis.  On  a  following  night  ropeat  the  operation,  the  illuminated  end 
being  on  the  same  pier,  only  lowering  the  west  end  of  the  axis  until 
the  bubble  is  nearly  at  the  east  end  of  the  scale,  and  get  as  before  two 
values  for  the  inclination,  one  from  the  scale,  and  another  by  observa- 
tion. Take  a  mean,  and  you  will  have  the  true  value  of  the  parts  of 
the  scale.  If  the  result  varies  much  in  the  two  experiments,  it  shows 
cither  that  the  curvature  of  the  level  is  unequal,  or  that  one  pivot  is 
thicker  than  the  other.  This  may  be  ascertained  by  the  level  alone, 
as  we  have  shown  above,  or  would  be  indicated  by  a  differonce  between 
the  direct  and  reflected  observations  when  the  axis  is  horizontal  by  the 
level,  or  by  comparing  the  inclination  obtained  from  roflexion  in  the 
manner  last  pointed  out,  in  roversed  positions  of  the  instrument, 
supposing  the  y*b  not  to  change  diuing  the  experiment.  Thus  if  the 
inclination  be  determined  by  observing  Polaris  over  the  first  half  of 
the  wires  directly  and  the  second  half  by  reflexion,  a  value  of  the 
inclination  will  be  found.  Reverse  the  instrument,  and  make  the  same 
observations  upon  another  slow-moving  star,  and  you  will  have  a 
second  vaJue  of  the  inclination,  which  should  agroe  with  the  former  if 
the  pivots  are  equal ;  half  the  difference,  if  it  exists,  \a  the  differonce  in 
the  radii  of  the  pivots.  The  level  however  affords  a  much  easier,  and, 
we  believe,  better  measure  of  inequality ;  but  it  vrill  not  show  if  the 
pivots  be  elliptic,  which  the  observations  by  reflexion  would  do  if 
stars  at  different  altitudes  were  observed.  If  the  two  tests  agree,  it  is 
a  reason  for  believing  that  the  pivots  are  round  within  the  limits  of 
these  very  searching  experiments.  But  as  we  believe  these  observations 
have  never  yet  ^en  made,  it  would  be  useless  to  expatiate  further 
upon  their  possible  advantages.  The  late  astronomer  royal,  Mr.  Pond, 
tested  the  transit  at  Greenwich  by  observing  a  set  of  stars  directly  and 
a  second  set  by  reflexion  after  the  axis  had  been  most  carefully 
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levelled,  and  found  that  on  reversing  his  sets  on  a  subsequent  nights  he 
got  the  same  mean  interval,  as  he  ought.  Professor  Woodhouse 
examined  his  level  scale  by  observing  Polaris  over  half  the  wires  with 
one  end  high,  and  the  other  half  with  the  other  end  high.  This  is  less 
sensitive  than  the  method  we  have  pointed  out,  but  will  do  for  its 
purpose  very  well,  if  the  instrument  is  examined  and  verified  by  a 
meridian  mark  between  the  first  and  second  set  of  observations,  other- 
wise we  should  be  afraid  a  change  in  azimuth  might  be  caused  by 
turning  the  elevating  screw,  in  spite  of  aU  the  core  of  the  artist  to 
prevent  it^ 

An  eve-piece  has  been  introduced  into  use  within  the  last  few  years, 
which,  oy  illuminating  the  wires  in  a  particular  manner,  enables  the 
observer,  looking  downwards  into  a  basin  of  meroury,  to  see  at  the 
same  time  the  wires  and  their  reflected  image  :  if  these  be  made  to 
coincide,  the  telescope  is  vertical,  and  therefore  the  axis  horizontal.  If 
the  micrometer  wire  be  used  to  measure  the  interval,  the  result  will 
be  found  to  be  twice  the  inclination. 

The  transit  may  be  levelled,  as  it  was  in  older  times,  by  a  plumb- 
line,  which,  hanging  from  a  frame  placed  close  to  Uie  instrument  and 
in  front  of  it,  is  made  to  pass  over  two  dots,  placed  at  the  eye  and 
object  end  of  the  telescope.  This  is  an  accurate  but  intolerably  trouble- 
some method.  In  Groombridge's  circle,  Troughton  used  a  plumb-line 
in  a  tube  at  right  angles  to  the  axis  and  to  the  telescope  for  the  same 
object.  The  images  of  the  opposite  dots  at  top  and  bottom  were 
thrown  on  the  line  by  lenses,  and  viewed  through  microscopes,  in  the 
way  in  which  he  always  applied  the  plumb-line.  We  do  not  know 
whether  Mr.  Groombridge  adjusted  the  horizontal  axis  by  means  of 
this  plumb-line  or  no,  but  the  artist  himself  said  that  he  introduced 
the  tube  principally  to  make  the  axis  equsdly  weak  all  round,  finding 
that  it  was  previously  so  much  stronger  in  one  direction  than  another 
as  to  give  him  trouble  in  dividing  it.  Finally,  the  axis  may  be 
adjust^,  or  the  inclination  measured  micrometric^y,  by  means  of  a 
vertical  collimator,  which  is  convenient  enough,  but,  so  far  as  our  own 
experience  goes,  rather  uncertain  in  its  indications,  and  much  inferior 
in  both  respects  to  a  good  level  A  really  good  level  carefully  and 
frequently  applied  will  show  the  position  of  the  transit  axis  to  about 
(f*'2  or  0"'8,  or  the  inclination  correction  to  0''02,  and  this  is  a  smaller 
quantity  than  a  considerable  number  of  careful  observations  will 
show. 

From  what  we  have  already  said,  it  is  evident  that  where  exact  time 
is  wanted,  the  coUimation,  inclination,  and  deviation  factors  are  per- 
petually required.  The  collimation  factor  is  merely  a  table  of  secants 
of  decimation,  and  maybe  taken  from  any  table  of  natural  secants. 
The  inclination  and  deviation  factors  should  be  computed  for  each 
observatory  to  every  W  of  declination,  and  be  tabidated  for  constant 
use.  For  the  stars  often  observed,  we  find  it  most  convenient  to  have 
a  catalogue  in  which  the  log  secants  of  declination,  the  natural  secants 
and  tangents  of  declination,  and  the  factors  for  incUnation  and  deviation, 
are  entered  in  parallel  columns  with  the  proper  signs.  The  astronomer 
royal  employs  a  slidiog-rule  for  these  and  similar  computations.  In 
computing  this  table  for  a  given  latitude,  the  f ormuUo  will  be  advan- 
tageously transf onned  thus : — 

-8) 


006  ^^      _ 

IncliMtiott  faotop  = -3^;pj- =  ooB  ♦+ 8ln  ♦  tan  J; 

Bin(^ — B) 

Deviation  factor  =     ^^,  j. —  =  sin  ^  —  cos  ^  tan  5: 

cos  0  ^  ^ 

so  that  having  the  natural  sine  and  cosine  of  latitude,  and  also  the 
log  sine  and  cosine,  the  computation  reduces  itself  to  adding  the  log 
tan.  declination  to  these  last.  The  necessary  tables  may  be  computed 
in  a  few  hours  as  far  as  is  advisable ;  for  near  the  pole  the  change  of 
declination  has  so  large  an  effect,  that  it  is  necessary  to  use  the  exact 
declination. 

Great  service  would  be  done  to  amateur  practical  astronomers  by  a 
judicious  set  of  printed  forms,  in  which  to  enter  and  reduce  their 
observations;  and  by  a  set  of  tables  sufficient  for  these  small  com- 
putations, and  not  containing  anything  further.  This  can  only  be 
obtained  by  repeated  attempts,  and  after  aU  most  observers  would 
probably  prefer  a  modification  of  some  form,  to  adopting  it  implicitly. 
We  have  tried  to  produce  something  in  this  way  on  which  a  better 
attempt  may  be  founded.  The  astronomer  royal  published  a  por- 
tion of  the  forms  used  at  Greenwich  in  the  volume  of  the  Observa- 
tions for  1840,  and  we  venture  to  recommend  his  practice  to  other 
observers,  in  order  that  their  less  able  brethren  may  profit  by  their 
superior  skill  and  experience. 

While  he  was  employed  in  the  Royal  Observatory  of  Paris,  Romer 
proposed  a  method  of  determining  the  equinox  by  observing  the  azi- 
muth of  the  sun  at  rising  and  setting  near  the  time  of  the  equinox, 
which  method  he  illustrated  by  an  example.  ('  Basis  Astronomiae,'  p. 
107.)  He  thus  got  rid  of  the  effects  of  parallax  and  refraction,  and 
deduced  an  acciuate  declination  of  the  sun  without  an  exact  knowledge 
of  the  latitude.  The  method  is  a  very  good  one,  though  undoubtedly 
inferior  to  thatprojyosed  and 'executed  by  Flamsteed.  Many  years 
after,  Romer,  on  erecting  a  small  observatory  in  his  own  country, 
placcKl  a  transit  east  and  west,  that  is,  in  the  prime  vertical.  Almost 
all  his  papers  were  destroyed  by  a  great  fire  at  Copenhagen,  and  it 
does  not  seem  by  Horrebow's  account  that  any  use  was  made  of  this 
prime  vertical  transit.    He  intended  probably  to  observe  the  sun  in 
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the  prime  vertical  for  the  purpose  abeady  explained ;  butaahehadl 
now  a  meridian  transit  circle,  with  which  he  could  measure  declinations 
with  great  accuracy,  he  seems  not  to  have  followed  up  Uiis  idea, 
Beasel,  in  the  '  Astronomische  Nachrichten/  vol  ii.  p.  9,  showed  that 
the  transits  of  stars  over  the  prime  vertical  near  the  zenith  might  be 
employed  for  determining  differences  of  latitude  with  great  accuracy ; 
and  since  that  time  sevei-al  observatories  abroad  have  had  transits 
erected  in  this  position.  We  shall  here  briefly  show  how  terrestrial 
latifcudes  and  differences  of  latitude  may  be  determined  by  a  transit  in 
the  prime  verfcical. 

Let  F  be  the  pole,  z  the  zenith^  Kzw  the  prime  vertical,  which  is 
also  the  line  described  in  the  heavens  by  the  transit,  and  8  H  b'  part  of 
the  daily  parallel  of  a  star  which  passes  south  of  the  zenith  and  near 
to  it  Then  if  the  time  at  which  the  star  is  on  the  wire  at  s  and  b'  be 
noted,  the  angle  SFs'  is  Uie  difference  of  those  timeSj  and  therefore 
known. 


ascension.    This  difference  is  the  Z  z  Fz,  which  is  oonsequentij  kno' 
Now  from  right-angled  triangle  tzz 


vr 


In  the  right-angled  triangle  zps, 

tan  Fz  =  ton  fs  x  cobbpz; 
or,  cotan  ^  =  cotan  $  x  ooe  4  ^^^  eh^wwd. 

If  then  the  declusation  of  the  star  is  known,  the  latitude  is  found ; 
or  if  the  same  star  be  observed  at  two  places,  the  difference  of 
latitude  may  be  found  with  only  an  approximate  knowledge  of  its 
place. 

Again,  if  the  same  star  be  observed  regularly  at  the  same  place,  as 
tan  declination  =  tan  latitude  x  cos  4  time  elapsed,  and  as  the  time 
elapsed  can  be  observed  with  the  greatest  nicety,  the  variatums  of 
declination  can  also  be  measured  with  great  precision.  Thus  the  con- 
stunts  of  aberration  and  nutation  may  be  determined  by  a  transit 
in  the  prime  vertical  instead  of  a  zenith  sector;  but  the  advan- 
tage appears  to  us  questionable.  The  telescope  in  a  zenith  sector 
may  be  of  almost  any  size,  which  gives  it  an  immense  advantage  over 
the  transit.  The  level  may  be  applied  just  as  well  to  one  instru- 
ment as  the  other  (the  plumb-line  much  better  to  the  zenith  sector;) 
and  though  the  division  by  time  in  the  transit  is  more  perfect  than 
division  by  arc  in  the  sector,  the  telescopes  being  of  the  same  power,  it 
is  certain  that  the  division  is  not  the  foiling  part  of  the  sector.  An 
error  in  the  form  of  the  pivots  would  be  injurious  to  the  transit,, 
and  is  not  readily  to  be  detected :  but  of  little  consequence  in  the 
sector,  and  easily  detected.  It  must,  however,  be  admitted,  in  re- 
turning from  this  digression,  that  the  zenith  sector  has  not  quite 
equalled  the  expectations  which  might  be  formed  of  it;  and  that 
the  modem  transit,  as  it  comes  from  the  best  makers,  is  an  almost 
perfect  instrument. 

In  determining  the  latitude  by  the  portable  transit,  it  is  easy  to 
place  the  instrument  with  sufficient  accinncy,  for  the  error  must  be 
considerable  to  affect  the  result  very  sensibly.  An  object-glass  may  be 
inserted  in  one  pivot,  and  wires  and  an  eye-piece  into  the  other,  and 
the  telescope  be  directed  upon  a  mark  placed  in  the  meridian  by  the 
instrument  used  in  the  ordinary  way.  This  would  possibly  suit  most 
observers  best.  Ertel  of  Munich  (and  many  other  continental  artists) 
makes  an  astronomical  theodolet,  which  is  particularly  adapted  to  this 
observation :  the  divided  horizontal  circle  enables  you  to  set  the 
transit  axis  in  the  prime  vertical ;  and  as  the  telescope  has  a  prism  at 
the  centre  of  the  axis,  to  reflect  the  rays  down  the  transit  ans  itself, 
the  observer  looks  horizontally  wherever  the  stars  may  be.  It  may  be 
necessary  to  warn  the  unpractised  observer  that  in  this  problem  he 
only  gets  the  exciet  latitude  at  once  if  the  telescope  passes  through  the 
-zenith,  or  if  the  axis  is  truly  horizontal.  If  the  north  end  is  high,  for 
instance,  5",  the  circle  described  by  his  instrument  will  pass  5"  to  the 
south  of  the  true  zenith,  and  he  "^1  get  by  the  formula  given  above 
an  apparent  co-latitude  too  great  by  5". 

If  the  axis  is  very  incorrectly  placed  with  respect  to  the  meridian, 
the  co-latitude  will  be  sensibly  too  small.  Let  the  axis  point  to  the 
east  of  the  north ;  then  the  telescope  describes  a  verticid  circle  passing 
through  Efz  Wy  and  fz,  which  bisects  8  s',  will  be  the  co-latitude  which 
results  from  the  formula. 

If  the  true  sidereal  time  be  known  with  moderate  accuracy,  find 
how  much  the  middle  of  the  times  of  the  star's  transit  over  the 
supposed  prime  vertical,  corrected  for  dock-error,  differs  from  the 
time  at  which  it  actually  passes  the  meridian,  that  is,  from  its  right 
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tan  FZ.  006.  2  Pz^tan  Fz=tan  p  s  x  cos.  (  elapsed  time ; 

tan  8  x  cos.  z  fz 
^^'        ^~  COB,  I  time  elapsed  * 

It  would  be  better  to  deduce  the  angle  z  fz,  which  is  the  same  for 
all  stars,  from  a  star  which  does  not  pass  very  near  to  the  zenith,  as 
the  passage  is  more  easily  observed,  but  the  length  of  time  which 
elapses  between  the  two  passages  of  such  a  star  is  inconvenient.  If  the 
time  is  well  known,  one  such  jxussage  will  do. 

If  the  observer  has  any  means  of  determining  the  error  in  azlmitth 
by  a  reference  to  known  objects  in  the  horizon,  the  correct  latitude 
may  be  easily  deduced  from  the  approximate. 

sin  F  z  COS.  approximate  latitude. 

®^^'=  •SS1S'°''^*^^=     CO&  of  azimuthal  error. 

Lastly,  as  almost  all  transits  have  vertical  cirdes,  which  are  or  may 
be  tolerably  adjusted,  the  observer  may  measure  the  apparent  zenith 
distances,  z  s  and  z  a',  pretty  nearly,  and  half  the  difference  gives  zz. 

Then  cos  f  z=coe  fz  x  cob  zz,  or  sin  latitude = sin  a(>proximate  lati- 
tude X  cos  of  half  difference  in  star's  altitude  east  and  west. 

By  reversing  the  instrument,  any  error  of  colHmation  or  inequality 
of  pivots  wiU  produce  exactly  a  contrary-  effect  on  the  latitude. 
Observations,  therefore,  of  two  stars  on  the  same  day  in  reversed 
positions,  or  of  the  same  star  on  following  days  in  reversed  positions, 
will  correct  each  other,  and  the  mean  will  give  the  true  latitude,  that 
is,  as  nearly  as  the  declination  of  the  star  is  known.  We  have  dwelt 
the  longer  and  more  minutely  on  this  problem,  because  where  great 
accuracy  is  required  with  but  moderate  means,  it  would  seem  Uiat  this 
is  the  best  method  of  determining  the  latitude,  and  is,  therefore, 
especially  suited  to  coast  surveying.  It  has  been  extensively  used  in 
the  Russian  navy,  and  by  many  travellers,  German  and  Russian. 
There  is  one  caution  which  the  users  uf  this  method  must  not  dis- 
regard, and  that  is,  that  the  position  of  the  instrument  be  so  stable  that 
no  motion  of  theirs  while  observing  can  affect  the  horizontaUty  of  the 
axis.  With  this  precaution,  and  such  transits  as  are  turned  out  of  the 
best  workshops  here  and  abroad,  a  thirty-inch  instrument  will  give, 
we  conceive,  the  latitude  within  1"  or  2",  without  any  particular  skill 
on  the  part  of  the  observer. 

There  is  one  word  more  to  be  said  on  the  subject  of  pivots  before 
concluding.  By  the  mode  in  which  they  are  turned  and  finished,  they 
ought  to  be  true  cylinders,  having  their  axes  in  the  same  right  line ; 
and  so,  no  doubt,  they  arc,  very  nearly,  when  the  axis  is  strong  and  the 
pivots  are  turned  in  a  good  lathe,  using  a  diamond  for  steel  pivots. 
A  little  inequality  of  radius  we  have  shown  how  to  me«aaure  and 
correct  for.  But  if  the  pivots  ai"e  elliptical,  the  fault  will  not  he 
shown  by  the  level ;  and  its  effect  will  be  to  give  the  instrument  a 
small  variable  error  in  azimuth,  the  period  of  which  is  90*.  There  are 
several  ways  of  trying  whether  the  pivots  have  a  correct  form,  but  the 
error  is  so  small  as  not  to  offer  much  hold  to  any  direct  method ;  and 
yet,  if  it  does  exist,  no  mass  of  observations  will  have  any  tendency  to 
get  rid  of  it.  Reversion  gives  a  chance  of  compensating  the  error  in 
part;  and  we  think  the  plan  of  rendering  the  object  and  eye  end 
interchangeable  is  worth  considering  with  a  view  to  correcting  such  an 
error,  at  least  in  small  instruments. 

The  right  ascension  of  the  standard  fixed  stars,  as  they  are  pub- 
lished by  the  principal  observatories,  do  not  in  all  instances  agree  as 
closely  as  might  be  expected  from  the  mass  of  observations  and  the 
apparent  accuracy  of  each.  Whether  this  can  be  accounted  for  by 
supposing  each  catalogue  to  have  a  small  variable  error  depending  on 
the  flexure  of  the  a:d8  of  the  instrument,  or  an  error  in  the  form  of 
the  pivots,  is  more  than  we  can  undertake  to  say ;  but  it  is  a  matter 
well  worthy  of  investigation  in  the  present  state  of  practical  astro- 
nomy. 

We  have  deferred  our  account  of  the  AsttrmonUeal  ObservaUny  untU 
the  principal  instruments  which  form  its  furniture  were  described. 
We  cannot  attempt  such  a  minute  delineation  as  wouM  suffice  to  guide 
any  one  who  wished  to  erect  such  a  building.  It  will  be  enough  to 
state  some  of  the  properties  which  a  well-contrived  observatory  should 
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possess,  and  this  may  help  an  intelligent  person  to  form  a  judgment 
after  examining  several  of  those  which  exist. 

An  observatory,  as  waa  well  remarked  by  Romer,  is  nothing  more 
than  a  covering  for  the  infitruments  and  a  protection  for  the  observer 
from  the  inclemencies  of  the  weather.  This  should  be  steadily  borne 
in  mind  by  an  architect  who  is  called  upon  to  furnish  a  plan  for  such  a 
building,  especially  if  he  be  limited  in  cost.     The  best  situation  is  a 

fentle  eminence  which  commands  an  iminterrupted  view  of  the  honxon, 
ut  which  should  not  be  abrupt  or  very  high.  The  observatory  at 
Cambridge  is  nearly  perfect  in  this  respect.  The  best  foundation  is 
undoubtedly  rock ;  the  foundation  must  be  solid  enough  not  to  change 
rapidly.  Absolute  immoveability  is  not  to  be  obtained.  The  supports 
of  all  instruments  which  are  carefully  watched  show  slow  movements 
depending  either  on  temperature  or  moisture,  or  some  causes  which 
,  are  more  obscure.  No  rule  can  be  given  as  to  the  depth  at  which  the 
foundations  of  the  piers  supporting  the  instruments  should  be  laid. 
The  deeper,  broader,  and  more  solid  the  better.  The  outer  earth 
should  not  touch  the  base  below  the  surface,  and  the  outer  walls 
should  stand  quite  freely  from  it.  The  floor  should  be  quite  clear  of  a 
pier  or  its  foundations.  With  these  precautions  the  change  of  position 
in  the  instruments  will  be  very  slow,  and  when  it  is  slow  and  uniform 
the  effect  is  easily  taken  into  account.  In  some  of  the  earlier  observa- 
tories, the  instruments  are  placed  high  above  the  ground,  and  in 
several  of  the  Italian  and  some  Continental  observatories  they  are  at 
the  summits  of  lofty  towers.  We  need  not  say  that  any  elevation 
beyond  that  which  is  required  to  command  the  horizon  and  keep  the 
building  dry  and  well  ventilated  is  injurious.  If  distant  meridian 
marks  can  be  erected  to  the  N.  and  S.  it  is  of  advantage,  but  this  con- 
dition is  not  essential. 

The  instruments  which  are  required  for  an  observatory  depend  of 
course  upon  the  class  of  observations  which  are  to  be  pursued  there. 
It  has  been  too  much  the  custom  to  build  observatories  nearly  alike 
and  to  pursue  exactly  the  same  objects.  We  shall  mention  those 
instruments  in  order  which  may  be  considered  important  enough  to 
give  the  name  of  observatory  to  their  enveloping  buildings. 

The  iransit  and  its  clock.  These,  on  some  scale  or  other,  are  re- 
quired by  almost  every  observer,  as  the  time  enters  nearly  into  every 
observation,  and  a  transit  is  the  best  instrument  for  getting  it,  and  a 
good  well-fixed  clock  is  wanted  for  keeping  the  time  when  got.  In 
principal  observatories  the  transit  is  generally  from  five  to  ten  feet 
focal  length.  We  think  the  latter  size  unnecessarily  lai^e  for  the 
objects  usually  observed,  and  faint  objects  which  require  light,  and 
consequently  a  telescope  of  large  aperture,  might  be  turned  over  to 
the  large  equatorial  and  micrometer.  A  5-foot  transit  with  an  object- 
glass  of  the  best  quality  will  show  everything  that  is  usually  observed, 
as  well  as  the  largest  instrument,  and  is  much  more  manageable.  It 
can  be  levelled  by  one  person  with  a  hanging  level  and  reversed  by 
hand.  The  time  can  be  got  to  the  tenth  of  a  second  by  a  45-inch  or 
by  a  SO-inch  transit,  if  they  are  of  the  hfst  kind  and  well  handled,  so 
that  these  are  sufficient  for  the  most  delicate  determination  of  time. 
The  larger  transits  are  necessarily  supported  between  two  stone  pillars, 
and  we  strongly  recommend  that  the  smaller  transits  should  also  be 
BO  mounted,  when  practicable,  and  on  a  sound  and  detached  founda- 
tion. The  dock  is  firmly  fixed  to  its  own  insulated  pier,  or  against  a 
solid  wall  where  there  is  not  room  or  convenience  for  a  separate  pier. 
The  best  situation  is  with  its  face  looking  towards  the  observer  when 
he  is  looking  south,  and  so  that  the  observing  chair  is  not  likely  to 
strike  it.  The  windows  should  be  on  the  north  aide  of  the  transit  and 
circle  rooms. 

The  meridian  arcU,  which,  in  England  at  least,  is  always  a  mural 
circle,  and,  so  far  as  we  know,  there  has  been  hitherto  no  material 
improvement  in  the  plan  first  followed  'by  its  inventor,  Troughton. 
Perhaps  if  the  circle  were  cast  in  one  piece,  the  whole  would  be  firmer. 
The  standard  size  of  the  mural  circle  is  six  feet,  but  it  has  been  made 
of  eight,  of  five,  and  of  four  feet.  The  transit  and  circle  require  two 
observers,  and  consequently  separate  apartments,  as  the  transit  observer 
while  counting  the  clock  would  be  disturbed  by  any  noise.  Where  two 
observers  cannot  be  afforded,  a  transit  cirde  may  be  made  to  answer 
both  purposes,  and  such  are  used,  in  preference  it  wotdd  seem,  in  the 
German,  Russian,  and  Italian  observatories. 

The  transit,  meridian  circle,  and  clock  are  the  instruments  on  which 
exact  astronomy  is  founded,  and  they  differ  from  other  astronomical 
instruments  in  the  observatory  they  require.  This  should  be  for  each 
a  square  or  oblong  room,  from  14  to  20  feet  in  its  smallest  direction, 
namely,  north  to  south,  and  10  or  14  feet  high,  with  a  slit  of  from  18 
to  30  inches  wide,  cut  in  the  direction  of  the  meridian  through  the 
roof  and  side-walls,  to  about  six  inches  below  the  height  of  the  centre 
of  the  telescope.  As  this  must  be  open  during  observation,  it  must  be 
closed  to  exclude  the  weather  by  shutters  easily  removed.  If  the 
building  is  not  very  large,  the  vertical  slits  may  be  secured  by  a 
shutter  in  one  or  two  pieces,  and  the  top  by  one  or  more  shutters 
turning  on  a  hinge,  pretty  much  like  a  box-lid,  in  a  way  that  any  good 
carpenter  will  understand.  A  specimen  of  what  appears  to  us  a  veiy 
good  fundamental  observatory  is  the  working  part  of  that  at  Oxford, 
consisting  of  two  square  rooms  like  those  described,  separated  by  a 
small  waiting-room  between  them  and  by  an  entrance.  The  slits  in 
larger  rooms  may  be  closed  by  shutters  which  slide  back  and  forwards 
by  pulling  the  ropes  attached  to  them.     The  shutterSi  where  the 


opening  is  wide,  are  in  halves,  meeting  in  the  middle.  This  is  the 
Qreenwich  shutter :  at  Brussels  the  shutters  are  in  one  piece.  At 
Cambridge  the  shutters  are  double,  as  at  Greenwich,  and  the  ropes 
connected  with  both  aides  are  drawn  simultaneously  and  either  way  by 
turning  a  winch.  But  whatever  be  the  plan  of  the  shuttoM,  the 
opening  must  be  wide  enough  to  let  the  air  within  and  without  the 
building  come  to  the  same  temperature  very  nearly.  A  telescope 
never  performs  well  optically  which  peeps  through  a  narrow  sUt,  and 
the  refraction  must  always  be  uncertain  where  the  temperature  of  the 
air  varies  rapidly  and  irregularly. 

The  next  instrument  is  the  eqvaUmdl,  which,  when  it  is  used  for 
exact  measturement  depending  upon  the  graduated  circles,  should 
scarcely  have  a  larger  telescope  than  one  of  five  feet,  with  circles  of 
from  two  to  three  feet  diameter.  Such  an  equatorial  is  intended  at 
times  to  supply  the  place  of  the  meridian  instruments  when  the 
phenomenon  observed  is  not  visible  on  the  meridian,  and  yet  where 
the  observations  cannot  be  confined  within  the  limits  of  the  mfcremeter. 
The  equatorial  is  necessarily  an  indifferent  instrument,  except  used 
diflerentially ;  and  in  this  case,  the  immoveability  of  the  foundation  la 
of  less  importance  than  the  extent  of  the  horizon.  It  is  generally 
raised  high  enough  to  overlook  the  circle  and  transit  reoms,  and  has  a 
revolving  roof  with  a  slit  on  one  side,  which  thus  gives  a  command 
over  the  entire  heavens.  If  an  observer  wishes  for  one  instrument 
which  will  make  good  observations  in  any  part  of  the  heavens,  he  must 
confine  himself  to  the  altitude  and  admutk  cirde  under  a  revolving 
dome ;  but  though  everything  may  be  done  with  this  instrument,  it 
must  be  admitted  that  it  is  with  considerable  expense  of  thou^t  and 
calculation. 

To  be  able  to  pursue  some  of  the  most  interesting  departments  of 
modem  astronomy,  an  observer  must  possess  a  telescope  of  large  size, 
equatorially  mounted,  and  carried  by  clock-work.  This  is  especially 
designed  for  making  all  micrometrical  observations,  as  those  of  double 
stars,  diameters  of  planets,  &c,,  and  requires  a  graduated  circle  only  for 
finding  or  identifying  objects.  Such  an  instrument  is  the  superb 
telescope  presented  by  the  Duke  of  Northumberland  to  the  Cambridge 
Observatory,  which  was  mounted  entirely  on  the  plan  of  the  astronomer 
royal.  Instruments  of  this  class  are  almost  necessarily  on  the  ground, 
and  may  be  in  an  isolated  building,  if  a  better  horizon  can  be  thus 
commanded.  It  is  not  a  simple  thing  to  construct  a  rotatory  roof  of 
25  or  30  feet  diameter,  light  enough  to  be  easily  moved,  and  yet  of 
sufficient  strength,  since  it  must  necessarily  have  a  slit  on  one  side 
from  top  to  bottom.  The  astronomer  royal  adopted  at  Cambridge  a 
Chinese-looking  form,  namely,  a  flatter  cone  on  the  frustum  of  a 
sharper  cone.  There  is  a  flattlsh  channel  on  the  top  of  the  cireular 
wall,  in  which  half  a  dozen  cannon-balls  are  laid  at  equal  distances, 
and  the  roof  rests  on  them,  with  another  channel  in  its  curb.  This 
appears  to  be  the  cheapest,  easiest,  and  most  certain  mode  of  getting  a 
rotatory  roof,  but  there  is  a  good  deal  of  rolling.  The  conical  form  is 
of  much  simpler  construction  than  the  spherical,  and  the  shutters  can 
be  better  applied  to  it;  but  in  appearance  the  spherical  form  has 
greatly  the  advantage  of  any  other  form.  For  measuring  objects 
which  do  not  require  a  large  field,  the  astronomer  royal  has  applied  a 
divided  eye-piece,  which  answers  very  well.  Both  that  and  the  usual 
micrometer  are  very  limited  as  to  the  extent  of  angle  they  can 
measure;  and  where  it  is  proposed  to  make  most  accurate  measure- 
ments of  angles,  which  mav  extend  to  1**,  the  proper  instrument  is  Uie 
hdiometer,  or  equatorial  with  a  divided  object-glass.  It  is  with  this 
last-mentioned  instrument  that  Bessel  succeeded  in  establishing  the 
existence  of  parallax,  which  had  baffled  astronomers  ever  since  the 
existence  of  parallax  vras  proposed  as  a  test  of  the  motion  of  the 
earth. 

Lastly,  if  it  is  wished  to  cultivate  that  department  of  astronomy 
which  we  wiU  call  the  HersehetiaTi,  an  observatory  must  be  furnished 
with  gigantic  reflectors,  as  it  seems  hopeless  at  present  to  expect  that 
refractors  can  be  made  lai^e  enough  to  transmit  sufficient  light. 
These  instruments  however  must  almost  of  necessity  be  used  in  the 
open  air. 

A  private  astronomer  would  probably  do  most  to  advance  the 
science  by  confining  himself  chiefly  to  extra-meridian  observations, 
which  may  be  taken  up  and  left  off  at  pleasure.  A  small  transit  for 
time,  and  as  large  an  equatorial  telescope  as  he  can  afford  to  set  up, 
would  be  sufficient  to  employ  his  leisure  very  profitably. 

An  observatory  is  a  veiy  duU  and  uninteresting  sight  to  any  one 
who  is  not  acquainted  with  the  purposes  to  which  it  is  applied ;  and 
^e  c^  scarcely  conceive  how  Lalajide  could  say,  or  others  repeat  after 
him,  that  a  person  would  leam  more  of  astronomy  in  one  night  in  an 
observatory  than  in  six  months  elsewhere.  We  should  say  there  was 
no  worse  school ;  and  that  a  person  would  leam  astronomy  far  better 
from  a  celestial  globe  and  a  fine  sky.  It  is  probable,  however,  that 
Lalande  supposed  his  learner  to  possess  some  elementary  knowledge, 
and  to  be  acquainted  with  the  geometrical  part  of  astronomy;  in 
which  case  he  would,  no  doubt,  leam  that  in  an  observatory  which  is 
not  to  be  learned  or  understood  elsewhere. 

There  is  no  perfect  model  of  an  observatory,  as  respects  the  building, 
to  which  we  can  refer.  Cambridge  is,  perhaps,  the  bes^^  but  on  a 
larger  scale  than  is  necessary.  We  have  already  mentioned  Oxford ; 
Greenwich  has  nothing  to  recommend  it  as  a  building,  but  the  good- 
ness of  Uie  instruments,  and  the  number  and  methodical  arrangement 
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of  the  obsexratioxui  and  oomputations  may  be  judged  of  from  th^ 
printed  ObservatiooB. 

If  an  architect  should  have  to  construct  a  first-rate  observatory,  we 
should  advise  him,  after  learning  what  instruments  are  to  be  accom- 
modated, to  study  each  of  these  observatories,  and  arrange  the  rooms 
in  the  most  convenient  manner.  The  best  appearance  which  the  case 
admits  of  may  be  given  afterwards,  but  he  should  not  be  very  rigorous 
as  to  outside  symmetry.  It  is  scarcely  possible  to  unite  oonvenience 
as  an  observatory  with  a  regular  exterior,  except  at  a  considerable 
exTjense 

TRANSITS  OP  MERCURY  AND  VENUS.  The  inferior  planets 
as  they  are  called,  whose  orbits  are  within  that  of  the  earth,  may  some- 
times appear  to  pass  over  the  body  of  the  sim,  eclipsing,  by  their 
opacity,  successive  parts  of  the  solar  Burlace.  The  transits  of  Mercury 
and  Venus  are  phenomena  of  this  kind.  They  do  not  take  place  very 
often,  as  they  can  only  be  when  the  planet  is  in  or  very  near  to  the 
node  of  its  orbit,  at  the  time  when  a  line  drawn  through  the  sun's 
centre  and  that  node  passes  through  the  earth.  As  the  nodes  of  the 
planets  alter  their  positions  on  the  ecliptic  very  slowly,  it  will  happen 
for  many  centuries  together  that  these  appearances  can  only  take  place 
at  stated  periods  of  the  year  in  which  they  happen.  A  transit  of 
Mercury  is  always  either  in  May  or  November  (according  to  Uie  node 
of  the  orbit  at  which  it  takes  place),  and  one  of  Venus  in  June  or 
December.  The  first  transit  of  Mercury  which  was  observed  took 
place  in  1631,  and  of  Venus  in  1639,  and  the  following  are  the  dates 
of  those  which  have  occurred  since,  or  will  occur  for  a  long  time  to 
come : — 

TiuNSiTS  OF  Hxacuav. 


Nov.  6, 
Not.  8, 
Not.  a, 
May  3, 
Not.  4, 
Hay  6, 
Not.  7, 
Not.  9, 
Nov.  2, 
May  5, 
Not.  6, 
Not.  0, 


1681, 
1644. 
1651. 
1661. 
1664. 
1674. 
1677. 
1690. 
1697. 
1707. 
1710. 
1733. 


Not.  10,  1736. 
Nov.  S,  1740. 
Not.  4,  1748. 
May  5,  1758. 
Not.  6,  1756. 
Not.  9,  1769. 
Not.  2,  1776. 
Not.  12,  1783. 
May  8,  1786. 
Not.  5,  1789. 
May  7,  1799. 
Not.  8,  1802. 


Nov.  11,  1815. 
Nov.  4,  1833. 
May  5,  1833. 
Not.  7,  1835. 
May  8,  1845. 
Not.  9,  1848. 
Nov.  11,  1861. 
Not.  4,  1868. 
liay  6,  1878. 
Not.  7,  1881. 
May  9,  1891. 
Not.  10,  1894. 


Of  these  the  transits  yet  to  come  in  1861, 1868, 1878,  will  be  visible 
(weather  permitting)  in  this  country. 


Dec.  4,  1639. 
June  5,  1761. 
June  3,  1769. 


TaAXsxTS  or  Vsnvs. 

Dec.  8,  1874. 
Dee.  6,  1882. 


Jane  7,  2004. 
June  5,  2013. 


Of  these  the  transits  of  1882  and  200i  may  be  visible  in  this 
country. 

The  use  of  these  transits  is  threefold.  First,  they  may  be  employed 
in  correcting  the  tables  of  the  planet  in  question ;  secondly,  in  com- 
puting the  longitude  of  the  place  of  observation ;  thirty,  in  finding 
the  actual  distances  of  the  planet  and  of  the  sun  from  the  earth.  The 
first  of  the  uses  is  shared  by  the  transits  with  many  other  kinds  of 
observations,  and  as  they  occtur  so  seldom,  it  is  fortunate  that  in  this 
respect  they  are  by  no  means  indispensable ;  and  the  same  may  be  said 
of  the  second  use.  As  to  the  third,  the  transits  of  Mercury,  which 
occur  with  tolerable  frequency,  are  comparatively  useless,  from  the 
difficulty  of  the  observation ;  but  the  transits  of  Venus  are  mora  avail- 
able, and  furnish  our  most  precise  mode  of  ascertaining  the  distance  of 
the  earth  from  the  sun. 

It  cannot  be  shown  prtdady  to  any  but  a  mathematician,  how  it  is 
that  the  observation  of  a  transit  of  Venus  at  several  different  places  on 
the  earth's  surface  is  made  to  answer  the  above  purpose.  The  phe- 
nomenon itself  obviously  resembles  an  ecHpee  of  the  sun,  as  distin- 
guished from  one  of  the  moon ;  and  is  affected  in  its  progress  by  the 
rotation  of  the  earth.  If  a  spectator  were  placed  at  the  earth's  centre, 
he  would  see  Venus  pass  over  a  certun  Une  on  the  sun's  disc,  traced 
out  by  a  moving  line  the  end  of  which  is  in  his  own  eye,  and  which 
passes  through  the  centre  of  Venus.  Whenever  this  line  passes  through 
the  sun's  surface,  Venus  will  appear  to  be  projected  on  tWsurface  as 
a  dark  spot.  At  the  same  time  a  spectator  on  the  surface  of  the  earth 
will  refer  the  spot  to  a  diflTerent  point  of  the  sun's  surface,  and  the 
thing  to  be  noted  is,  that  the  difference  of  the  lines  which  Venus 
appears  to  pass  over  on  the  sun's  surface  depends  jointly  on  the  spec- 
tator's place  and  the  positions  of  Venus  and  the  sun.  The  formula  by 
which  the  time  of  transit  is  connected  with  these  two  things— the  spec- 
tator s  place,  and  the  position  of  Venus  and  the  sun— pomte  out  that 
the  difference  of  the  apparent  beginnings  and  endings  of  the  transit  at 
different  places  on  the  eai:th's  surface  depends  entirely  on  the  difference 
of  the  distances  of  the  sun  and  Venus  from  the  earth  (as  is  sufficiently 
evident  without  the  formula ;  for  if  the  planet  were  at  the  same  dis- 
tance  from  us  as  the  sun,  that  is,  if  it  really  passed  ovft-  the  body  of 
the  sun,  the  phenomena  would  not  be  sensibly  different  at  any  two 
parts  of  the  earth).  The  distances  of  the  sun  and  planet  enter  into 
^e  formula  by  means  of  their  parallaxes  [Parallax];  and  if  the 
Oiflerence  of  the  parallazes  is  once  known,  the  parallaxes  themselves 


are  known,  for  the  proportion  of  the  distances  of  the  earth  and  Venus 
from  the  sun  is  sufficiently  well  ascertained  from  Kepler's  lawa.       At  a 
place  of  known  longitude,  if  only  the  ingress  or  egress  of  the  pUtnet  be 
observed,  either  of  the  two,  and  if  the  phenomenon  can  be  calculated 
as  it  would  be  seen  from  the  centre  of  the  earth,  then  the  difference  of 
the  parallaxes  can  be  found ;  but  this  supposes,  first,  that  the  longitude 
of  the  place  is  very  well  known ;  secondly,  that  the  errors  of  tlie  tables 
of  the  sun  and  Venus  are  insensibly  small.    If  both  the  beginnings  and 
ending  of  the  transit  can  be  observed  at  one  place,  it  is  no  lon^r  of 
any  consequence  that  the  longitude  of  the  place  should  be  so  accu- 
rately known ;  an  approximate  determination  of  it  will  be  sufficient. 
Still  the  errors  of  luie  planetary  tables  remain.    But  if  both  beginniDg 
and  ending  of  the  transit  can  be  observed  at  two  different  places  (and 
the  greater  their  difference  of  longitude  the  better),  then  the  diflerences 
of  the  parallaxes  can  be  comput^  from  the  two  observed  dur&tiona  of 
the  transit,  independently  both  of  the  longitudes  of  the  places  and  of* 
the  planetary  tables,  that  is,  so  as  not  to  be  rendered  seusibly  inaccu- 
rate by  any  moderate  inaccuracy  in  either.    The  fact  is,  that  when  the 
transit  is  observed  at  one  place  only,  the  formula)  suppose  it  to  be 
known  at  some  other,  cither  the  centre  of  the  earth,  or  Greenwich  or 
some  other  observatory.    When  the  transit  is  observed  at  two  places, 
the  second  observation  is  inserted  instead  of  the  computed  substitute 
for  observation.     This  explains  why  it  was  that  expeditions  were  sent 
by  different  govemmenta  to  different  parte  of  the  globe  to  observe  the 
transite  of  1761  and  1769.     If  the  transit  should  be  seen  both  at  its 
beginning  and  ending  at  six  different  places,  every  pair  of  theni  (and 
there  are  15  pairs)  would  give  a  determination  of  the  difference  of 
parallaxes,  and  the  mean  of  all  the  results  would  be  entitled  to  a  hig^h 
degree  of  confidence. 

The  first  transit  of  Mercury  that  was  ever  observed  was  seen  by 
Qassendi,  November  6,  1631 ;  the  first  transit  of  Venus  by  Horrocks, 
December  4, 1689.    Halley  pointed  out  the  use  of  such  transite,  and 
preparation  was  made  to  observe  that  of  1761.    Legentil  was  sent  to 
India,  Chappe  to  Tobolsk,  and  Pingrd  to  the  island  of  Rodriguez,  by 
the  fVench  government ;  Maskelyne  went  to  St.  Helena,  and  Mason  to 
the  Cape  of  Qood  Hope  (he  intended,  but  was  prevented,  to  go  on  to 
Sumatra).    The  weather  hindered  or  injured  most  of  the  observations ; 
the  most  fortunate  was  that  of  Mason,  who  made  the  sun's  parallax 
eight  seconds  and  a  half.     The  transit  of  1769  was  still  better  attended 
to.    The  complete  duration  of  the  transit  was  observed  at  Cape  Waid- 
hus,  Kola,  Cajaneburg,  O-taiti,  Fort  Prince  of  Wales  on  the  north-west 
coast  of  Hudson's  Bay,  St.  Joseph,  and  Sante  Anna  in  California.    The 
ingress  of  the  planet  was  seen  at  almost  all  the  observatories  of  Europe ; 
the  egress  at  Petetsburg,  Yakutsk,  Manilla,  Batevia,  Pekin,  Qurief, 
Orska,  and  Orenbui^g.    The  value  of  the  parallax  was  variously  de- 
duced, different  astronomers  preferring  different  values,  from  8**5  to 
8''*8:   Laplace  used  8'''66;   M.  Encke  deduced  8" -5776  from  all  the 
observations.    De  Ferrer  ('  Mdm.  Astron.  Soc./  voL  v.,  p.  2U%),  from  a 
re-examination  of  the  whole  observations,  deduces  8"*58,  and  thinks 
this  cannot  be  wrong  by  so  much  as  ^ths  of  a  second. 

Most  of  the  observers  who  saw  the  ingress  of  the  planet  unito  in 
stating  that  after  the  planet  had  entered  on  the  sun,  it  continued  for  a 
short  time  to  appear  as  if  it  were  joined  to  the  limb  or  border  of  the 
sun  by  a  dark  protuberance  or  ligament  (some  call  it  a  thread).  This 
phenomenon  appears  to  be  of  the  same  sort  as  that  noticed  in  Sun  with 
respect  to  the  annular  eclipse.  A  full  account  of  what  was  seen  with 
respect  to  Venus  will  be  found  in  Mr.  Baily's  paper  there  referred  to. 
('  M^m.  Astron.  Soc.,'  vol.  x.,  p.  1.) 

TRANSLATION.  This  word  is  used  in  mechanics,  as  distinguished 
from  Rotation,  in  the  following  manner : — A  body  has  motion  of 
translation  when  all  ite  pointe  move  in  parallel  straight  lines ;  when,  in 
fact,  all  ite  pointe  have  the  same  motion.  If  all  have  not  the  same 
motion,  there  is  either  simple  rotation,  that  is,  about  one  permanent 
axis ;  or  rotetion  about  a  varying  axis ;  or  else  a  compound  of  trans* 
lation  and  rotetion. 

The  point  which  is  called  the  centre  of  gravity  of  a  system,  and 
which  is  of  no  small  importence  in  the  theory  of  equilibrium,  has  yet 
more  in  that  of  motion.  The  motion  of  any  free  system  is  com- 
pounded of  the  translation  of  ite  centre  of  gravity,  and  the  rotetion 
about  an  axis  (whether  always  in  one  direction  or  not)  passing  through 
ite  centre  of  gravity.  Now  whatever  the  forces  may  be  by  which  such 
a  system  is  either  set  in  motion,  or  acted  on  while  in  motion,  the 
translation  of  ite  centre  of  gravity  may  always  be  made  a  distinct 
problem  from  the  rotetion  about  ite  centre  of  gravity,  by  the  following 
simple  rules : — 

1.  The  centre  of  gravity  moves  just  as  it  would  do  if  the  whole 
system  were  there  collected,  and  all  the  forces  were  there  applied. 

2.  The  rotetion  of  a  system  about  ite  centre  of  gravity  is  no  other 
than  what  it  would  be  if  that  centre  were  made  a  fixed  pointy  and  all 
the  forces  applied  in  their  proper  places. 

Suppose,  for  instance,  a  bar  a  b,  whose  centre  of  gravity  is  at  c,  is 
sent  spinning  into  void  space  by  a  certain  blow  in  the  direction  d  e, 
communicated  at  D.  Let  there  be  another  similar  bar  ab,  whose 
centre  of  gravity  c  moves  on  a  fixed  pivot  without  friction,  and  which, 
being  parallel  to  a  B,  is  struck  at  the  same  instant  with  a  similar  blow 
in  the  direction  d  t.  To  find  the  position  of  the  bar  at  the  end  of 
any  given  time,  say  three  seconds,  is  a  twofold  problem,  aa  follows : — 
First  suppose  all  the  mass  of  the  bar  ooncenlaiited  a^  o^  and  let  tbQ 
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blow  be  struck,  with  the  Bame  force  and  direction,  at  the  point  c. 
This  point  o  will  then  describe  a  certain  parabola  o  M  h;  say  that  in 


three  (Seconds  it  ia  At  H.  Next  turn  to  the  bar  which  moves  on  a 
fixed  pivot,  and  let  fg  he  its  position  in  three  seconds.  Draw  FO,  a 
position  of  the  bar  parallel  to  fg,  h  being  its  centre  of  gravity,  and  F  o 
will  be  the  real  position  of  the  bar  at  the  end  of  the  given  time,  three 
seconds ;  and  similarly  for  any  other  givon  time. 

Thus  much  of  translation,  mechanioedly  considered :  we  now  speak  of 
the  wider  use  which  the  word  has,  or  might  have,  in  geometry ;  at  any 
rate  we  have  the  thing  to  consider,  and  perhaps  transference  might  be 
•  preferable  to  translation,  as  applied  to  the  motion  of  a  figure  from  one 
part  of  space  to  another.    The  conception  of  the  possibility  of  figures 
difiering  only  in  position,  and  composed  of  perfectly  equal  and  similar 
parts  of  space,  similarly  bounded,  is  one  which  is  demanded  of  the 
beginner  in  geometry.    Euclid  requires  this  when  he  speaks  of  equal 
figures ;  and  his  test  of  equality,  namely,  the  possibility  of  creating  a 
perfect  coincidence,  requires  the  notion  of  one  figure  being  transferred 
in  any  requisite  manner,  whether  by  what  is  called  in  mechanics  trans- 
lation, or  by  rotation,  or  botlL    It  must  be  a  sort  of  copy,  or  facsimile, 
of  one  part  of  space  which  is  thus  moved  into  and  made  to  occupy 
another :  for  it  is  impossible  to  imagine  space  removed,  or  imy  part  of 
tpcu;e  made  to  change  place.    And  this  copy,  or  whatever  it  may  be, 
must  have  rigidity,  that  it  may  not  change  form  by  the  way :  it  must 
be  rigid  in  our  thoughts,  at  least.    We  are  thus  required  to  iipagine 
space  endowed  with  some  of  the  essential  qualities  of  matter,  before 
we  can  prove  the  fourth  proposition  of  Euclid's  first  book :  there  must 
be  the  consistence  of  matter  without  its  impenetrability,  but  whether 
it  require  force  and  time  to  change  place,  or  not,  is  of  no  consequence. 
Elven  a  plane  figure  must  be  a  sort  of  rigid  consistence  with  two  sides 
to  it,  for  it  is  necessary  to  imagine  it  turned  rotmd,  so  as  to  present  a 
difierent  face  to  the  spectator.    In  the  fifth  proposition  of  the  first 
book,  the  very  first  step  is  the  application  of  the  fourth  proposition  to 
prove  the  equality  of  two  triangles.    Now  the  fourth  proposition 
requires  one  triangle  to  be  placed  upon  the  other,  which  cannot  be 
done  in  the  figure  of  the  fifth,  unless  one  of  the  triangles  be  turned 
round,  so  as  to  show  the  other  front  to  the  spectator.  If  Euclid  meant, 
by  giving  the  triangle  two  lumdles,  to  make  it  easier  to  turn,  he  has 
been  unfortunate,  for  the  proposition  has  acquired  the  name  of  the 
at^s  bridge^  probably  as  being  that  which  stops  a  dull  reader.    The 
following  proof  is  as  correct  as  that  of  Euclid,  and  it  is  not  much 
to  say  that  those  who  do  not  understand  it  will  not  understand  the 
one  he  gave. 


Let  AB  0  be  an  isosceles  triangle,  having  ab=3  a  o.  Let  it  be  turned 
round  (for  illustration,  the  dotted  lines  show  the  tracks  of  the  three 
points,  and  two  intermediate  positions  are  shown)  into  the  position 
D  E  F.  Then  in  ^e  two  triangles  a  B  o,  D  B  F,  we  have  a  b=d  E,  for  D  B 
is  ac(  =  ab  by  hypothesis)  removed.  Also  ac=of,  for  a  similar 
reason.  And  the  angle  B  a  o  =  the  angle  e  D  F,  the  second  being  only 
the  removal  of  the  first.  Hence  we  have  ab=db,  ao  =  df,  and 
^BAO=  /Iedf,  and  now  by  the  fourth  proposition  it  follows  that 
/.abo=^dep.  But  /.DEF  is  only  another  position  of  Z.aob; 
whence  ^ab c  =  /. AC B,  which  was  to  be  shown.  If  preferred,  the 
triangle  a  B  o  might  be  turned  round  upon  itself,  and  the  reasoning 
of  the  fourth  proposition  applied  at  once. 

It  is  not  to  be  supposed  that  Euclid  did  not  see  the  preceding :  but 
he  in  a  writer  who  very  rarely  goes  out  of  tiie  most  obvious  path 


^vithout  some  cogent  reason  connected  with  his  system.  The  proof 
given  above  would  not  serve  to  demonstrate  the  equ^ity  of  the  ex- 
ternal angles  without  the  previous  introduction  of  the  properties  of 
adjacent  angles ;  and  it  happens  that  the  knowledge  of  the  equality  of 
the  external  angles  is  immediately  wanted. 

TRANSLATION.    [Version.] 

TRANSMUTATION  OF  METALS.    [Alchemy.] 

TRANSOM.    [MuLLiON.] 

TRANSPARENCY  is  that  quality  of  certain  substances  or  media 
by  which  rays  of  light  are  allowed  to  pass  freely  through  them.  It  is 
doubtful  whether  any  substance  exists  which  is  perfectly  transparent ; 
for  even  water  and  air  stop  more  or  less  of  the  light  passing  through 
them  when  the  length  of  its  path  is  very  great.  It  is,  however,  exceed* 
ingly  difficult  in  such  cases  to  say  whether  the  observed  stoppage  be 
due  to  the  pure  substance,  or  to  foreign  bodies  present  in  proportions 
otherwise  perhaps  inappreciable.  On  the  other  hand  we  have  reason 
to  believe  that  all  bodies  possess  the  property  of  transparency  in  a 
certain  degree.  Thus  many  metals  have  been  obtained  by  mechanical 
or  chemicaJ  means  in  such  a  state  of  thinness  as  to  transmit  a  certain 
amount  of  light ;  for  example,  gold,  which  in  the  state  of  gold-leaf 
transmits  a  greenish  light. 

There  are  two  distinct  obstacles  to  transparency,  one  a  defect  of 
homogeneity,  whereby  a  portion  of  the  light  in  its  onward  progress  is 
continually  reflected  in  another  direction,  at  the  surface  of  separation 
of  adjacent  portions  of  the  body  having  difierent  refractive  powers; 
the  other  the  power  which  a  very  great  number  of  substances  possess 
of  absorbing  light.  [Absorption  of  Light.]  A  good  example  of 
the  former  is  afforded  by  snow,  which  in  sufficient  thickness  prevents 
the  transmission  of  light,  but  simply  in  consequence  of  its  reflecting 
the  light  backwards  at  the  various  surfaces  of  the  icy  crystals ;  and 
accorctinglv  snow  is  brilliantly  white  by  reflection,  whereas  the  single 
reflection  from  a  sheet  of  water  or  ice  is  comparatively  feeble.  Other 
examples  are  afibrded  by  a  mixture  of  water  and  oil,  or  water  and 
bisulphide  of  carbon,  shaken  up  together ;  or  better  still,  an  alcoholic 
solution  of  bisulphide  of  carbon  precipitated  by  the  addition  of  water. 
In  these  cases  mixtures  are  obtained  which,  from  the  multiplied 
reflections,  have  a  milky  appearance,  and  in  sufficient  thickness  stop 
transmitted  light,  though  the  mixed  fluids  (bisulphide  of  carbon  and 
watery  alcohol  in  the  last  example)  are  separately  transparent.  The 
transparency  of  white  paper  is  greatly  increased  by  oiling  the  paper, 
the  reason  of  which  is  that  the  quantity  of  light  reflected  at  the  com- 
mon surface  of  the  fibres  and  oil,  which  do  not  very  greatiy  difler  in 
refractive  power,  is  veiy  much  less  than  that  reflected  at  the  common 
sur&ce  of  the  fibres  and  air.  The  mineral  hydrophane  derives  its  name 
from  becoming  more  transparent  after  being  placed  in  water,  which  is 
in  consequence  of  its  imbibing  water  in  the  pores  with  which  it  is 
fiUed. 

Examples  of  the  second  obstacle  to  transparency  are  sufficiently 
familiar,  as  may  be  gathered  from  the  article  on  Absorption.  Thus 
the  common  blue  glass  cuts  off  a  large  quantity  of  the  light  incident 
upon  it,  and  when  in  tolerable  thickness  may  for  most  purposes  be 
regarded  as  opaque.  Most  commonly  both  obstacles  to  transparency 
exist  together,  as  in  the  case  of  wood,  cork,  brick,  dyed  cloths,  &c. 

That  homogeneity  should  be  one  requisite  for  transparency,  follows 
from  the  existence  of  reflection  at  the  common  surface  of  media  of 
unequal  refractive  power ;  and  therefore  in  considering  the  cause  of 
transparency  it  will  be  sufficient  to  confine  our  attention  to  homo- 
geneous media.  In  such  media  transparency  is  to  be  contrasted  with 
the  power  of  absorbing  light ;  the  former  in  the  absence  of  the  latter. 
The  speculations  at  one  time  entertained  respecting  the  cause  of 
absorption  on  the  supposition  that  light  consists  in  particles  darted 
forth  by  the  luminous  body  can  now  only  be  matter  of  history ;  we 
shall  confine  ourselves  to  a  consideration  of  the  probable  cause  of 
absorption,  on  the  supposition  that  light  consists  in  the  tremors  of  an 
elastic  mediuuL 

In  the  case  of  gaseous  media  especially,  the  rate  of  absorption  of 
light  passing  through  them  changes,  in  many  instances,  in  a  very 
remarkable  manner  with  the  refrangibility  of  the  light.  Hence  the 
spectrum  of  white  light  subjected  to  prismatic  absorption  on  the  part 
of  such  media,  presents  fluctuations  of  intensity,  simulating  more  or 
less  completely  effects  due  to  interference.  Accordingly  attempts  have 
been  made  to  refer  absorption  to  ordinary  interference.  But  such 
explanations  labour  under  one  fatal  defect ;  they  suppose  the  annihila- 
tion of  vis  viva.  The  effect  of  ordinary  interference  is  not  to 
destroy  light,  but  merely  to  idter  the  distribution  of  illumination. 
Thus,  when  the  light  of  a  rather  distant  candle  is  reflected  from  a  thin 
plate  of  mica  bent  into  a  cylindrical  form,  and  the  linear  image  of  the 
flame  is  analysed  by  a  prism,  it  is  true  that  dark  bands  are  seen  which 
remind  one  of  the  bands  produced  by  the  absorption  of  light  by  the 
vapour  of  iodine,  and  were  applied  by  the  Baron  vou  Wrede  to  the 
explanation  of  the  latter  phenomenon,  and  iof  absorption  in  generaL 
(Poggendorff*s  'Annalen,'  voL  xxxiii.  (1884),  p.  358,  and  Taylor's 
'  Scientific  Memoirs,'  vol.  i.,  p.  477.)  But  there  is  this  difference 
between  the  two  cases,  that  in  the  experiment  with  mica,  the  light 
which  is  defective  in  the  reflected  beam  is  found  in  excess  in  the 
transmitted  beam,  which  would  yield  a  spectrum  having  bands  com- 
plexnentary  to  those  of  the  former ;  whereas  in  the  case  of  absorption 
the  missing  lightf  actually  disappears  oi  fwoh.     It  ia  not  howevei^ 
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annihilated ;  an  efiFect  is  produced  on  the  mediam,  whether  it  be  that 
the  temperature  is  raiaed,  or  that  chemical  changes  are  produced,  or 
that  the  medium  is  made  to  emit  light  of  a  different  kind,  as  in  the 
phenomena  of  phosphorescence  and  fluorescence.  [Fluorescence.] 
These  phenomena,  and  especially  perhaps  the  last,  indicate  that  the 
molecules  of  the  medium  are  thrown  into  a  state  of  agitation ;  and  thus 
we  are  led  to  suppose  that  the  undulations  of  the  luminiferous  ether 
are  spent  in  producing  agitations  among  the  ultimate  molecules  of  the 
absorbing  bodj,  the  con:<ideration  of  which  therefore  must  form  an 
essential  part  of  a  complete  explanation  of  absorption.  That  the  period 
of  the  incident  undulations  should  play  such  an  important  {)art  in  the 
phenomena,  may  be  illustrated  to  a  certain  extent  by  considering  the 
effect  of  a  series  of  slight  pushes,  periodically  applied  to  a  body  capable 
of  swinging  as  a  pendulum,  which  will  throw  it  into  a  state  of  con- 
siderable vibration,  provided  the  period  of  the  pushes  nearly  agi'ces 
with  that  of  the  natural  vibrations  of  the  body.  If  the  cause  of 
libsorption  be  that  just  explained,  we  must  attribute  transparency  to 
the  existence  of  such  a  constitution  in  the  body,  that  the  ether,  or  a 
portion  of  it  at  least,  can  in  its  undulations  glide  freely  among  the 
molecules  of  the  body,  without  throwing  them  into  a  state  of  agitation. 
TRANSPIRATION,  a  term  applied  by  Mr.  Graham  to  a  peculiar 
and  fundamental  property  of  the  gaseous  form  of  matter  in  passing 
through  capillary  tubes.  It  differs  from  Effusion  by  which  gases 
pass  through  a  small  aperture  about  ^ggth  of  an  inch  in  diameter,  into 
a  vacuum ;  but  some  of  the  results  of  transpiration  correspond  with 
the  flow  of  liquids  through  capillary  tubes  referred  to  under  Diffu- 

BION. 

The  results  obtained  by  Dr.  Poiseuille,  and  confirmed  by  Regnault, 
Iwere  obtained  by  sending  a  liquid  under  examination  through  a 
capillary  tube  under  the  influence  of  condensed  air, of  known  pressure. 
For  a  minute  account  of  these  experiments  we  must  refer  to  the 
''  Annales  de  Chimie/  8e  serie,  xxi. ;  an  abstract  of  them  is  also  given 
in  Professor  Miller's  '  Chemical  Physics,'  where  the  apparatus  is  also 
figiu*ed.  Among  the  general  results  obtained,  it  appears  that  the  rate 
of  efilux  of  the  liquid  when  the  tube  exceeds  a  certain  length  (which 
is  greater  as  the  diameter  increases)  increases  directly  as  the  pressure, 
80  that  by  doubling  the  pressure,  the  amount  of  liquid  discharged  is 
double,  the  times  being  equal.  With  tubes  of  equal  diameter  the 
quantities  discharged  in  equal  times  are  inversely  as  the  length  of  the 
tube,  so  that  a  tube  two  inches  long  dischai^ging  100  grains  of  liquid  in 
five  minutes,  a  similar  tube  four  inches  long  would  discharge  only  50 
grains  in  the  same  time.  In  tubes  of  equal  lengths  but  of  different 
diameters,  the  flow  is  as  the  fourth  power  of  the  diameters,  so  that 
the  flow  from  a  tube  j^th  of  an  inch  in  diameter  would  be  16  times 
as  great  as  from  a  tube  ,^th  of  an  inch  in  diameter,  or  as  1* :  2*.  The 
material  of  the  tube  docs  not  appear  to  influence  the  result ;  but  the 
nature  of  the  liquid  does  so  greatly.  In  most  cases  the  flow  of  saline 
solutions  was  found  to  be  slower  than  that  of  distilled  water :  the 
alkalies  produced  this  effect.  Certain  substances  appeared  to  exert  no 
Influence,  such  as  nitrate  of  silver,  corrosive  sublimate,  iodide  of 
sodium,  iodide  of  iron,  nitric,  hydriodic,  bromic,  and  hydro-bromic 

'-*-     The  presence  of  some  other  substances  increased  the  rapidity 
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of  the  flow,  such  as  hydro-sulphuric  acid  and  hydro-cyanic  acid  j  the 
nitrates  of  potash  and  ammonia,  the  chlorides  of  potassium  and 
ammonium ;  the  iodide,  bromide,  and  cyanide  of  potaasiunL  A  slight 
increase  in  temperature  generally  augments  the  flow;  water  at  113° 
escaping  2 J  times  quicker  through  the  same  tube  than  it  did  at  41°. 
But  it  is  remarkable  that  concentrated  solutions  of  iodide  of  potassium 
above  140*^  Fahr.,  and  of  nitrate  of  potash  above  104**  flow  more  slowly 
than  distilled  water.  In  general,  iiowever,  the  solutions  contained 
only  1  per  cent,  of  the  substances;  and  they  were  exposed  to  a 
pressure  equal  to  that  of  a  column  of  water  1  m^tre  (39*37  inches) 
iugh,  at  the  temperature  of  62°*16,  and  escaped  through  a  tube  64 
millimetres  (2-619  inches)  in  length,  and  0-24946  millimetres  (0-0108 
inch,  in  diameter.  No  connection  has  been  traced  between  the  rate  of 
efflux  of  the  liquid  and  its  density,  capillarity  or  fluidity.  The  dilu- 
tion of  alcohol  retards  its  efflux,  up  to  a  certam  point,  beyond  which  it 
increases  it,  the  minimum  efflux  corresponding  with  that  mixture  of 
alcohol  and  water  which  is  attended  with  the  maximum  contraction. 
The  solubility  of  a  substance  in  water  exerts  only  a  secondary  influence 
on  the  efflux.  Dr.  Poiseuille  has  shown  that  various  solutions  intro- 
duced into  the  blood  of  a  living  animal  apparently  produce  effects  of 
acceleration  or  retanlation  on  the  capillary  circulation  corresponding 
with  those  noticed  with  the  same  liquids  in  gla£8  capillary  tubes. 

Substituting  gases  for  liquids,  it  appears  that  the  rate  of  efflux,  or 
the  velocity  of  transpiration  for  each  gas,  is  independent  of  its  rate  of 
difiiision.  In  Graham's  experiments  on  this  subject,  ('  Phil.  Trans.' 
1846  and  1849)  the  gas  was  contained  in  a  graduated  jar,  standing  over 
water,  and  suspended  so  that  the  water  on  the  inside  shoi^d  be  kept  on 
the  same  level  as  that  on  the  outside.  On  allowing  the  jar  to  sink,  the 
gas  was  expelled  by  a  flexible  tube  into  a  bent  tube  containing  chloride 
of  calcium,  and  being  thus  dried,  it  passed  through  a  long  capillary 
tube,  and  thus  entered  the  exhausted  receiver  of  an  air  pump,  which 
was  either  kept  exhausted,  or  the  amount  of  exhaustion  was  noted 
by  means  of  the  gauge,  the  quantity  of  gas  that'  entered  the  receiver 
in  a  given  time  being  carefully  noted. 

By  employing  a  certain  length  of  tube  increamng  with  the  diameter, 
not  the  same  for  all  gases,  it  appears  that  the  rate  of  transpiration 


increases  directly  as  the  pressure,  so  that  equal  volumes  of  sir  at 
different  densities  reqiiire  times  inversely  proportioned  to  the  dwisitioj  : 
— thus  a  pint  of  air  double  the  density  of  the  atmosphere  will  pass 
through  the  capillary  tube  into  vacuum  in  half  the  time  required  for 
a  pint  of  air  of  ordinary  density.    With  tubes  of  equal  bore   th.e 
volume  transpired  in  equal  times  is  inversely  as  the  length  of  the  tul>e ; 
thus,  if  30  cubic  inches  of  gas  were  transpired  through  a  tube  10  feet 
long  in  5  minutes,  a  similar  tube  20  feet  long  would  only  allow  tbu 
passage  of  15  cubic  inches  in  the  same  time.     It  was  also  found  that 
the  transpiration  of  equal  volumes  becomes  slower  as  the  temperature 
risesL     Uniform  results  were  also  obtained,  whether  the  tubes  were  of 
copper  or  of  glass,  or  a  porous  mass  of  stucco  were  employed.     Trans- 
piration was  found  to  vary  with  the  chemical  nature  of  the  gaa^     The 
velocities  of  transpiration  of  different  gases  bore  a  eonstant  relation  to 
each  other,   independently  of  their  densities,  and  it  was    thought 
probable  that  the  rate  of  transpiration  is  the  resultant  of  a  kind  of 
elasticity  depending  on  the  absolute  quantity  of  heat,  latent  as  well  as 
sensible,  which  different  gases  contain  under  the  same  volume,  bo  that 
transpiration  seems  to  be  intimately  connected  with  the  q>edfic  heat 
of  gases. 

Oxygen  has  apparently  the  slowest  rate  of  tranroiration,  and  is  taken 
as  tiie  unit  in  the  following  table.  It  is  found  that  a  mixture  of 
equal  volumes  of  two  gases  does  not  always  give  the  mean  transpira- 
bility.  Thus  the  time  for  the  transpiration  of  hydrogen  is  mu(^ 
prolonged  by  admixture  of  oxygen,  the  rate  being  0*9008  instead  of  the 
mean  0  72. 

Timef  for 
Transpiration  of 
Gases.  equal  volumes. 


Osygen        . 

Air  ... 

Nitrogen      .        • 
Binuxidc  of  nitrogen 
Carbonic  oxide      . 
rrotoxide  of  nitro5;cn 
Hydrochloric  acid 
Carbonic  acid  . 
Chlorine 
Sulphurous  acid       .        • 
Sulphuretted  hydrogen 
Light  earburetted  hydrogen 
Ammonia     •        •        • 
Cyanogen         •        •        • 
Oleflant  gas  •        • 

Hydrogen        .        •        • 

Vaponrs. 

Bromine,  about    •        • 
Snlphurie  acid,  anhydrous 
Bisulphide  of  carbon    . 
Chloride  of  methyl  •        • 
Chloride  of  ethyl  •        • 
Oxide  of  methyl       ,        • 
Uydrocyanle  acid  • 

Ether      .        •        •        • 


1-0000 
0*9030 
0-8768 
0-8764 
0-8737 
0-749S 
0-7863 
0-7S00 
0*0664 
0-6500 
0-6105 
0*6510 
0-5115 
0-50G0 
0-5051 
0-4370 


Velocity  of 
Transpiratloxu 

1-0000 

1-1074 

1141 

1-141 

1*144 

1-8S4 

1-S61 

1*369 

1-600 

1*686 

1-614 

1-815 

1*935 

1-976 

1*980 

2*288 


•0000 
•0000 
■6195 
-5475 
•4988 
0-4826 
0-4600 
0-4400 


I' 
1' 

0- 
0* 
0* 


In  these  experiments  capillary  glass  tubes,  varying  from  20  feet  to 
2  inches  in  length,  gave  similar  results,  where  a  sufficient  resistance 
was  offered  to  the  passage  of  the  gas.  The  effusion  of  gasee,  or  the 
discharge  by  an  aperture  in  a  thin  plate,  is  dependent  in  all  gases  upon 
a  constant  function  of  their  specific  gravity ;  but  the  dischai^  of  tho 
same  gases  from  tubes  has  no  uniform  relation  to  the  density  of  the 
gases.  Both  hydrogen  and  carbonic  acid,  for  example,  pass  more 
quicklv  through  a  tube  than  oxygen,  although  the  one  is  lighter  and 
the  other  heavier  than  that  gas. 

One  of  the  capillary  tubes  used  by  Qraham  was  as  much  as  22  feet 
in  length ;  it  was  made  up  of  several  portions  of  capillary  tube  as 
nearly  eqiuil  in  bore  as  could  be  judged  of  by  the  eye,  cemented  together 
by  the  blow-pipe  so  as  to  form  a  continuous  length,  but  bent  up  into 
coils  for  the  convenience  of  using.  Its  extremities  were  connected 
with  block-tin  tubes,  proceeding  from  the  drying-tube  and  air-pump 
jar  by  means  of  thick  caoutchouc  adopters.  This  long  capillary  tube 
allowed  one  cubic  inch  of  air  to  pass  into  a  vacuum  in  15*64  seconds ; 
two  inches  of  the  tube  held  2*65  grains  of  mercuiy,  which  gives  a 
diameter  of  0*022*2  inch,  or  ^^^th  of  an  inch. 

It  was  found  possible  to  form  a  capillary  tube  of  copper  of  less  dia- 
meter than  one  of  glass,  by  the  following  means  : — a  cylindrical  hole 
was  first  drilled  in  the  axis  of  a  solid  copper  rod,  four  or  five  inches 
long,  which  rod  was  then  extended  by  passing  it  through  a  wire  draw- 
plate.  An  iron  wire,  or  triplet,  was  pLiced  within  the  copper  tube,  and 
drawn  through  the  plate  at  the  same  time,  in  order  to  keep  the  surface 
of  the  copper  tube  smooth  and  uniform.  It  was  found  necessary  to 
pull  out  the  iron  wire  eveiy  time  the  copper  was  drawn,  to  prevent  its 
becoming  fixed.  The  iron  wire  was  then  extended  separately,  and 
again  introduced  into  the  copper  tube,  and  the  operation  of  drawing 
out  was  repeated.  In  this  way  the  copper  tube  was  extended  11  feet 
8  inches,  and  it  remained  perfectly  sound  and  air-tight.  One  cubic 
inch  of  air  passed  through  it  into  a  vacuum  in  22*12  seconds.  Its 
diameter  was  thus  found  : — Of  the  iron  wire  on  which  the  oopper  was 
last  drawn,  927  inches  weighed  18*30  grains,  or  one  inch  weighed 
0*1974  grains.    Taking  the  specific  gravity  of  iron  at  7'7«  this  gives  the 
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diameter  ol  the  copper  tube  0*0114  inch,  or  ^th  of  an  hich.  In  naing 
this  tube  for  transpiration  experiment^  it  was  coiled  up  into  droles 
about  10  inches  in  diameter. 

Mr.  Qraham's  experiments,  which  are  exceedingly  numerous,  are 
very  neat  and  precise  in  tiieir  results :  the  experiments  of  Dr. 
PoiseuiUe  have  also  an  equal  constancy  and  precision  of  result  in  the 
passage  of  liquids  through  capillary  tubes  which  is  quite  remarkable. 
To  take,  for  example,  a  few  of  Mr.  Graham's  results :  the  transpiration 
velocity  of  hydrogen  is  exactly  double  that  of  nitrogen,  although  the 
relation  in  density  is  as  1  :  14.  The  transpiration  of  carbonic  oxide, 
like  the  sp.  gr.,  is  also  identical  with  that  of  nitiogen.  The  transpira- 
tion velocity  of  oxygen  is  related  to  that  of  nitrogen  in  the  inverse 
ratio  of  the  densities  of  these  gases,  that  is,  as  14  :  16.  In  equal  times, 
and  with  equal  weights  (not  equal  volumes)  of  these  two  gases,  the 
more  heavy  gas  was  more  slowly  transpired  in  proportion  to  its  greater 
density.  Mxturefi  of  oxygen  and  nitrogen  have  the  mean  velocity  of 
these  two  gases,  and  hence  the  time  of  air  is  also  found  to  be  propor- 
tional to  its  density  when  compared  to  the  time  of  oxygen.  Indeed, 
the  velocity  of  different  gases  tlu-ough  capillary  tubes,  bears  a  constant 
relalion  to  each  other.  The  constancy  of  these  relations,  or  of  the 
transpiration  times,  has  been  observed  for  several  of  the  gases  for  tube 
resistances,  varying  in  amount  from  1  to  1000.  These  relations  are 
more  simple  in  their  expression  than  the  densities  of  the  gases.  It  is, 
indeed,  very  remarkable  to  find  the  velocity  of  hydrogen  to  be  exactly 
double  that  of  nitrogen  and  carbonic  oxide ;  the  velocity  of  nitrogen 
and  oxygen  to  be  inversely  as  the  specific  gravity  of  these  gases ;  the 
velocity  of  binoxide  of  nitrogen  to  be  the  same  as  nitrogen  and  carbonic 
oxide  ;  the  velocity  of  carbonic  acid  and  nitrous  oxide  to  be  equal  and 
directly  proportional  to  their  specific  gravities  when  compared  with 
oxygen.  In  like  manner,  it  is  found  that  the  velocity  of  protoKsurbu- 
retted  hydrogen  is  0*8,  hydrogen  being  =  1,  the  velocity  of  chlorine  is 
li  that  of  oxygen,  of  bromine  vapour  and  sulphuric  acid  vapour  the 
Bame  as  oxygen,  while  that  of  ether  vapour  is  the  same  as  hydrogen, 
defiant  gas,  ammonia,  and  cyanogen  are  equal,  or  nearly  equal,  in 
velocity  which  approaches  closely  to  double  that  of  oxygen.  Hydro- 
sulphuric  acid  gas  and  the  vapour  of  bi-sulphide  of  carbon  have  an 
equal  transpiration  time.  The  compounds  of  methyl  have  a  less  velo- 
city than  the  corresponding  compounds  of  ethyl,  but  are  connected  by 
a  certain  constant  relation. 

Among  the  general  results  obtained  by  Mr.  Qraham  are  the  fol- 
lowing : — 2.  That  the  resistance  of  capillsuy  tubes  of  imiform  bore  to 
the  passage  of  any  gas  is  directly  proportional  to  the  length  of  the  tube. 
3.  That  l^e  velocity  of  the  passage  of  equal  volumes  of  air  of  the  same 
temperature,  but  of  different  densities  or  elastidties,  is  directly  propor- 
tional. 4.  That  rarefaction  by  heat  has  a  precisely  equal  effect  in 
dimimshing  the  velocity  of  the  transpiration  of  equal  volumes  of  air, 
as  the  loss  of  density  and  elasticity  by  diminished  pressure  has.  5. 
That  a  greater  resistance  in  the  capillary  tube  is  required  to  bring  out 
the  third  result,  or  law  of  densities,  than  is  apparently  necessary  for 
the  first  or  second  result,  and  a  resistance  still  further  increased,  and 
the  highest  of  all,  to  bring  out  the  fourth  result,  or  the  law  of  tempera- 
tures. 6.  That  transpiration  is  promoted  by  density,  whether  due  to 
compression,  to  cold,  or  to  the  addition  of  an  element  in  combination, 
as  the  velocity  of  oxygen  is  increased  by  combining  with  carbon,  with- 
out change  of  volume  in  carbonic  acid. 

With  respect  to  the  influence  of  transpiration  on  the  distribution  of 
coal-gas  by  means  of  pipes,  the  results  are  similar  with  truly  elastic 
gases  whether  the  tubes  be  capillary  or  many  inches  in  diameter,  pro- 
vided the  length  of  the  tube  be  not  less  than  4000  times  its  diameter. 
The  small  propulsive  pressure  appUed  to  coal-gas  is  favourable  to 
transpiration  as  well  as  the  great  length  of  the  mains.  The  velocity  of 
coal-gas  should  be  1*575,  air  being  1  under  the  same  pressure.  With  a 
constant  propulsive  force  in  the  gasometer,  the  flow  of  gas  should 
increase  in  volume  with  a  rise  of  the  barometer  or  with  a  fall  in  tem- 
perature directly  in  proportion  to  the  increase  of  its  density  from  either 
of  these  causes. 

TRANSPORTATION  {trans  and  porto),  removal,  banishment  to 
some  fixed  place.  Transportation,  as  a  punishment  for  crime  in  Eng- 
land, having  been  practically  abolished,  it  is  only  in  its  historical  point 
of  view  that  it  will  be  here  considered.  Under  Crimes  and  Punish- 
ments ;  Law,  Criminal  ;  and  Penal  Servitude,  will  be  found  the 
present  state  of  the  law  with  regard  to  the  punishment  of  crime,  and 
the  nature  of  the  system  of  imprisonment. 

The  statute  of  39  Elizabeth,  c.  4,  for  the  banishment  of  dangerous 
rogues  and  vagabonds,  was  virtually  converted  by  James  I.  into  an  act 
for  transportation  to  America  by  a  letter  to  the  treasm-er  and  council 
of  the  colony  of  Virginia,  in  the  year  1619,  commanding  them  "to 
send  a  hundred  dissolute  persons  to  Virginia,  which  the  knight-marshal 
would  deliver  to  them  for  that  purpose."  Transportation  is  not  distinctly 
mentioned  in  any  English  statute  prior  to  the  stat.  18  Car.  II.,  c  8, 
which  gives  a  power  to  the  judges  at  their  discretion  either  to 
execute  or  transport  to  America  for  life  the  moss-troopers  of  Cum- 
berland and  Northumberland.  Until  after  the  passing  of  the  stat. 
4  Geo.  I.,  c.  2,  continued  by  stat  6  Geo.  I.,  o.  28,  this  mode  of  punish- 
ment was  not  brought  into  common  operation.  By  these  statutes 
the  courts  were  allowed  a  discretionary  power  to  order  felons  who 
were  by  law  entitled  to  benefit  of  clergy  to  be  transported  to  the 
American  plantations.  Transportation  to  America  under  the  statutes 


of  George  I.  lasted  from  1718  till  the  commencement  of  the  War  of 
Independence  in  1775. 

A  plan  for  the  establishment  of  penitentiaries,  which  was  strongly 
reconunended  by  Judge  Blackstone,  Mr.  Eden  (afterwards  Lord  Auck- 
land),  and  Mr.  Howard,  was  taken  into  consideration  by  parliament^ 
and  the  act  19  Gea  IIL,  c.  74,  for  the  erection  of  penitentiaries,  passed. 
The  government  &iled,  however,  to  adopt  the  necessary  measures  for 
its  execution ;  and  transportation  was  resimied  by  an  act  passed  in  the 
24th  year  of  George  IIL,  which  empowered  his  majesty  in  council  to 
appoint  to  what  place  beyond  the  seas,  either  within  or  without  his 
majesty's  dominions,  ofienders  should  be  transported;  and  by  two 
orders  in  council,  dated  December  6th,  1786,  the  eastern  coast  of  Aus- 
tralia and  the  adjacent  islands  were  fixed  upon.  In  the  month  of  May, 
1787,  the  first  band  of  convicts  left  England,  which  in  the  succeeding 
year  founded  the  colony  of  New  South  Wales. 

By  statute  5  Geo.  IV.,  &  84  (amended  by  the  11  Geo.  IV.,  and  1  WilL 
IV.,  c.  89)  the  crown  was  empowered  to  appoint  places  beyond  the  seas  to 
which  persons  under  sentence  or  order  of  transportation  or  banishment 
should  be  conveyed,  the  governor  of  the  colony,  or  his  assignee,  having 
the  property  in  the  service  of  the  convicfcs.  The  crown  was  also 
empowered  to  appoint  plaoes  of  confinement  at  home,  either  on  land  osc 
on  board  vessels  in  the  Thames,  or  other  rivers  or  harbours,  for  the 
removal  and  confinement  of  male  offenders  (extended  by  the  stat. 
16  &  17  Vict,  to  females)  under  sentence  of  death,  but  reprieved  or 
respited,  or  under  sentence  of  transportation,  there  to  remain  under 
order  of  the  Secretary  o{  State  until  entitled  to  their  liberty,  or 
removed,  or  otherwise  dealt  with.  The  capital  punishment  for  offend- 
ers found  unduly  at  large  before  the  expiration  of  their  sentence,  was 
still  retained,  but  was  subsequently  abolished  by  the  stat.  i  k  5 
Will.  IV.  c.  67,  which  substituted  transportation  for  life,  with  previous 
imprisonment  not  exceeding  four  years. 

New  South  Wales,  Van  Diemen's  Land,  and  Norfolk  Ishmd  became, 
under  these  statutes  and  an  earlier  statute  of  George  IIL,  the  principal 
receptacles  for  convicts.  The  power  of  the  colonial  governors  to  remit 
sentences  was  next  restrained  by  the  stat.  2  &  3  Will.  IV.,  c.  62,  they 
being  only  empowered  to  pardon  or  remit  labour  after  the  convicts  had 
undergone  a  certain  portion  of  their  sentence ;  but  this  statute  was 
repealed  by  the  6  &  7  Vict.  c.  7,  which  provides  that,  instead  of 
governors  of  colonies  remitting  either  absolutely  or  conditionally  the 
period  of  transportation,  the  governors  shall  reconunend  felons  to 
government  at  home  for  pardon,  and  they  are  to  be  pardoned  according 
to  the  instructions  received  thereupon,  such  pardons  having  the  same 
effect  as  a  pardon  under  the  great  seal. 

Although,  as  already  stated,  the  property  in  the  services  of  convicts 
was  vested  in  the  colonial  governor,  a  practice  prevailed  in  those  places 
to  which  offenders  were  transported,  of  granting  them  in  certain  cases 
permission  to  employ  themselves  for  their  own  benefit.  These  per- 
missions were  usually  called  "  tickets  of  leave.''  By  the  stat.  6  &  7 
Vict.  c.  7,  the  legislature,  thinking  it  just  that  such  convicts  should  be 
protected  in  their  persons  and  in  the  possession  of  such  property  as 
they  might  acquire  by  their  industry,  empowered  them  to  hold  per- 
sonal property,  and  to  maintain  actions  in  respect  thereof  while  tiheir 
tickets  remained  unrevoked. 

The  reception  of  convicts  having,  however,  become  distasteful  to  the 
colonies,  the  stat.  10  &  11  Vict.  c.  67,  was  passed,  permitting  offenders 
under  sentonce  of  transportation  to  be  removed  to  any  prison  or  peni- 
tentiary in  Great  Britain ;  directors  of  the  principal  convict  prisons 
being  appointed  afterwards  under  the  stat.  13  &  14  Vict.  c.  39.  The 
difficulty  attending  the  reception  by  the  colonies  of  transported  con- 
victs having  increased,  the  stat.  16  &  17  Vict,  c  99,  next  abolished  the 
punishment  of  transportation  for  any  term  less  than  fourteen  years,  and 
substituted  penal  servitude,  giving  the  courts  power  in  all  cases  to 
award  that  punishment  in  lieu  of  transportation. 

Finally,  the  stat.  20  &  21  Vict.  c.  8,  abolished  transportation  alto- 
gether as  a  punishment,  substituting  Pjcnal  Servitude  ;  but  convicts 
under  sentence  of  penal  servitude  may  stiU  be  sent  beyond  seas  by 
order  of  the  Secretary  of  State. 

Transportation  was  of  great  value  to  our  early  colonists,  as  it  sup- 
plied what  was  so  essential  to  their  well-being — cheap  labour.  From 
Australia  it  was  subsequently  extended  to  the  settlemente  of  the  Cape 
of  Good  Hope,  to  Bermuda.,  and  Gibraltar,  but  the  last  two  were  (and 
are)  more  of  the  natmre  of  places  of  penal  imprisonment  abroad ;  and 
wiUx  respect  to  Bermuda,  it  has  been  recently  (1861)  announced  by  the 
Secretary  of  the  Colonies  that  the  government  have  adopted  measures 
for  diminishing  the  number  of  convicts  at  Bermuda,  with  a  view  to  ^e 
early  abolishing  of  transportation  to  that  colony. 

All  convicts  sent  to  Bermuda  or  Gibraltar  are  employed  by  the 
government  on  public  works  in  the  dockyards  and  fortifications.  The 
system  of  punishment  pursued  is  essentially  different  from  that  which 
has  been  in  force  in  the  Australian  penal  colonies.  The  convicte  sent 
to  Bermuda  are  kept  apart  frum  the  free  population ;  they  are  shut  up 
in  hulks  by  night,  and  are  worked  in  gangs  by  day  under  the  superin- 
tendence of  free  overseers.  A  small  amount  of  wages  is  paid  to  them 
for  their  labour,  a  portion  of  which  they  are  allowed  to  spend,  and  the 
remainder  forms  a  fund,  which  they  receive  on  becoming  free.  At 
the  expiration  of  their  sentences  they  do  not  remain  in  Bennuda,  but 
are  sent  back  at  the  expense  of  the  government  of  this  country.  ^ 

Mr.  Bentham,  Dr.  Whately,  the  present  archbishop  of  Dublin,  and 
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other  writers  on  the  theory  of  puniBhment,  have  oondemned  the  general 
principle  of  transportation ;  and  comparatively  little  has  been  urged  in 
opposition  to  their  arguments.  Mr.  Bentbam's  objections  will  be  found 
in  a  chapter  on  Transportation,  in  his  '  Theory  of  Punishments  ; '  the 
archbishop  of  Dublin's,  in  his  two  *  Letters  to  Earl  Qrey/  These  argu- 
ments, but  still  more  the  resolutioDs  of  the  colonies  not  to  receive  any 
more  convicts,  led  to  the  abandonment  of  the  system.  The  colonists 
were  no  doubt  right  in  refusing  to  let  their  society  continue  to  be 
the  receptacle  of  the  crime  and  profligacy  of  the  parent  state ;  but  it 
is  not  so  clear  from  doubt  that  in  an  early  stage  of  settlement  the 
svstem'  of  transportation  may  not  be  adopted  with  advantage ;  indeed 
me  remarkable  prosperity  of  Australia,  if  not  its  very  existence  as  a 
settlement,  is  owing  to  this  system.  Where  the  population  is  small, 
and  labour  scarce,  the  criminal  is  removed  from  much  temptation, 
and  placed  in  the  very  best  position  for  retrieving  his  character; 
while  the  settler  has  the  benefit  of  cheap  and  oonstimt  labour.  The 
expense,  however,  to  the  parent  state  is  large ;  it  was  estimated  that 
in  transporting  to  Australia  each  convict  cost  the  state  82/. 

TRANSPOSITION,  the  name  given  in  Algebra  to  the  process  of 
removing  a  term  from  one  side  of  an  equation  to  another,  changing  its 
sign.  Thus,  if  a=6  +  c,  by  transposition,  a— c»6.  On  this  we  have 
only  to  remark,  that  in  this  instance  the  rule  is  not  much  of  an  abbre- 
viation. If  we  say  *'  transpose  c,"  instead  of  "  take  e  from  both  sides," 
BO  little  is  gained,  that  it  may  be  doubted  whether  it  would  not  be 
better  to  follow  the  Continental  writers  in  the  use  of  the  latter  form 
of  expression :  a  process  which  would  have  the  advantage  of  being  a 
perpetual  appeal  to  reason  instead  of  rule. 

TRANSPOSITION,  in  Music,  is  a  change  of  the  original  key  to  one 
higher  or  lower.  This  is  generally  performed  at  a  moment's  notice  by 
the  accompanist  to  suit  the  convenience  of  the  singer.  To  the  latter, 
transposition  is  not  attended  with  any  difficulty  :  the  change  is  little 
more  than  imaginary,  except  so  far  as  relates  to  the  compass  of  the 
voice.  To  the  accompanist  it  is  far  otherwise ;  unless  playing  from 
memory,  he  must  assign  to  all  the  notes  as  regards  their  pitch  or  their 
situations  on  his  instrument,  names  wholly  different  from  those  in  the 
copy  placed  before  him.  To  accomplish  this  he  has  to  iuppose  a  change 
of  clef,  or  clefs,  and  thus  give  new  designations  to  all  the  lines  and 
spaces.  For  instance— and  without  going  into  the  extreme  case  of 
transposing  from  a  score — a  pianoforte  player  is  required  to  transpose 
an  air  a  whole  tone  lower,— from  A  to  O.  For  this  purpose  he  must 
assume  a  change  in  both  clefs,  the  treble  into  the  tenor,  and  each  note 
to  be  played  an  octave  higher  than  it  is  written ;  the  bass  into  the  alto, 
and  each  note  to  be  played  an  octave  lower  than  it  is  written.  Example 
in  A. 
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The  same  as  read  by  the  performer,  when  transposed  to  Q : — 

Sre  higher  • 
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Sve  lower 

The  difficulty  attending  this  process  is  so  great,  that  no  amateur, 
and  few  discreet  musicians,  unless  professed  accompanists,  or  well 
acquainted  with  the  composition  to  be  transposed,  will  undertake  the 
task ;  for  to  perform  it  iu  an  artist-like  manner,  at  first  sight,  requires 
a  degree  of  practical  skill  only  to  be  gained  at  the  expense  of  much 
time  that  might  be  employed  to  far  greater  advantage  in  studying 
those  higher  branches  of  the  art  in  which  the  most  experienced  will 
always  find  something  to  learn.  Our  remarks,  it  will  be  understood, 
relate  to  performers  on  the  pianoforte  and  organ.  To  those  who  read 
from  a  single  staff,  and  play  single  notes  only,  as  violinists,  flutists,  &c., 
the  task  of  transposing  is  comparatively  easy. 

To  meet  all  the  demands  of  transposition,  a  familiar  knowledge  of 
no  less  than  seven  clefs  is  necessary,  and  two  of  these — ^the  mezzo- 
soprano,  and  baritone,  or  bass  clef  on  the  3rd  line  [Clef] — may  be 
said  to  have  become  obsolete. 

The  annexed  table  will  exemplify  the  use  of  clefs  in  transposition. 
It  shows  how  to  transpose  a  given  key-note — A  for  instance— into  any 
other  note  of  the  scale,  and,  consequently,  how  to  transpose  the  whole 
of  any  composition.  It  is  hardly  necessary  to  add,  that  the  semitonic 
scale,  as  concerns  line  and  space,  is  governed  by  the  diatonic ;  that 
A^ti  Ab,  &c.,  have  the  same  places  in  the  staff  as  the  natural  notes 
represented  by  the  same  letters. 


TRANSUBSTANTIATION.    [Sacraments]. 

TRANSVERSAL,  a  name  lately  given  to  a  line  which  is  drawn 


across  several  others,  so  as  to  cut  them  aU.  The  word  ia  used  in  this 
sense  in  the  writings  of  Camot^  Ponoelet,  Chaales,  Ac 

Let  there  be  a  tnangle  a  B  o  (the  reader  may  easily  draw  the  figures 
of  this  article  for  hixnself )  and  let  a  transversal  cut  its  three  sides 
internally  or  externally ;  namely,  let  a  b  cut  the  transversal  in  c,  b  c  in 
a,  and  c  a  in  6.  Then  will  either  one  or  three  of  a,b,  e,  be  in  aides 
produced,  and 

AcxBaxo6BBcxoaxA.&; 

and  the  converse,  namely,  if  a,  b,  e,  be  points  taken  on  the  three  sides, 
having  either  one  or  .three  external,  for  which  the  above  relation  is 
true,  then  those  three  points  are  in  the  same  straight  lin&  Iu  the 
language  of  Euclid,  the  ratio  compounded  of  the  thrae  ratios  of  a  c  to 
B  6,  B  a  to  c  a,  and  o  6  to  a  6,  is  the  ratio  of  a  line  to  its  equaL 

This  proposition  is  now  frequently  demonstrated  in  elementary 
works  on  geometry  as  follows  : — From  any  one  of  the  vertical  points, 
A,B,o,  draw  a  parallel  to  the  side  of  the  triangle  which  does  not  pass 
through  that  point;  from  o,  for  instance,  draw  cm  parallel  to  ab, 
cutting  the  transversal  in  M.  Then  we  have  two  pairs  of  similar 
triangles,  X 0 6,  ca6,  and  aBc,  aCM,  which  give 

ao  :  CM  .*  :  aB  :  Be 

OM  : ob : : AC : Ab 

oroa  :c6:  :ACxBa:A6xBc; 

whence  the  proposition  required  is  obvious.  The  converae  readily 
follows  by  indirect  demonstration. 

Let  any  point  p  be  taken  inside  or  outside  of  the  triangle  a  B  c,  and 
let  A  p,  B  p,  c  p,  cut  B  c,  c  A,  A  B  in  a,  6,  c  Then  either  one  or  three  of 
the  points  as  a,  b,  c,  are  internal. 

AexBaxcb^BaxQbxACf 

which  ia  proved  by  using  the  former  property  in  the  triangle  a  b  a 
with  the  transversal  c  p  c,  and  the  triangle  a  a  c  with  the  tnnsversal 
B  p  6.  The  converse  is  also  easily  proved,  namely,  that  if  a,  6,  e  be 
so  taken  on  the  sides  with  one  or  thSree  internal  as  to  satisfy  the  above 
relation,  then  a  a,  B  6,  c  c  all  meet  in  one  point. 

The  same  proposition  as  the  first  is  true  of  any  polygon  whatso- 
ever :  thus,  let  abode  be  a  pentagon,  the  sides  of  which  are  cut 
externally  or  internally  by  a  line,  namely,  a  B  in  c,  B  o  in  c{,  o  d  in  e, 
DE  in  a,  SA  in  6;  then 

Ab.  Bc,  od.  DC.  Bas=AC.  Bd,  ce.  do.  e&. 

For  let  B  D  and  b  e  meet  the  transversal  in  m  and  n  :  then  the  three 
triangles  bd c,  bed,  b  ae  are  cut  by  a  transversal,  giving 

Bm  .  De.  cd=Dm  ,ce.Bd 
Dm . Ea . Bn=Bm . Da . En 
e».a6.bc»B}i.e6.ac; 

by  multiplication  of  which  the  theorem  follows. 

If  the  ti-ansversal  be  parallel  to  either  of  the  sides,  the  two  segments, 
which  are  then  infinite,  are  to  be  considered  as  equal,  and  removed 
from  both  sides  of  the  equation. 

In  the  article  Projection  a  test  is  given  which,  being  satisfied, 
shows  that  a  proposition  is  true  of  any  figure,  if  it  be  true  of  any  one 
of  its  projections.  This  test  is  satisfied  in  all  the  preceding  cases,  eo 
that  it  is  enough  to  prove  any  one  case  of  these  propositions,  that  i^, 
for  any  one  projection  of  the  figure.  Now  there  is  no  case  in  which 
they  are  obviously  true,  ^  priori,  except  for  that  projection  in  which 
the  transversal  becomes  the  vanishing  line,  or  all  the  segments  become 
infinite.    If  we  put  the  first  proposition  of  all  in  this  form 

AC    Ba    0&_i 

a6'  bc'  ca 

it  is  obviously  true  when  the  line  abciB  at  an  infinite  distance,  each 
of  the  ratios  being  then  unity.  It  would  not  be  safe,  upon  the  proof 
given  in  the  article  cited,  to  adlow  this  extreme  case  of  projectiou  to 
enter  into  the  theorem :  nevertheless,  other  proof  might  be  given, 
which  would  make  this  very  simple  and  perceptible  instance,  the 
truth  of  which  is  seen  at  once,  sufficient  evidence  of  all  the  others. 
We  mention  this  only  to  show  the  very  great  power  of  the  geometry 
of  projections :  our  limits  do  not  allow  of  our  entering  further  into  the 
subject. 

_  The  theory  of  transversals  may  be  made  useful  in  surveying,  par- 
ticularly in  military  surveying:  as  an  instance  take  the  following. 
There  is  an  inaccessible  point  a,  from  which  to  b  it  is  required  to  find 
the  distance  without  any  instruments  except  signal-polea  and  a 
measuring-line.  At  B  set  up  a  signal,  and  another,  Oj  at  a  convenient 
distance  between  B  and  a.  Choose  another  signal-point,  d,  and 
between  D  and  B  set  up  a  signal  at  e,  and  another  at  r,  between  d  and 
c,  and  also  between  E  and  a.  All  this  must  be  done  by  trial.  Then 
measure  de,  eb,  df,fc,  and  bc.  The  triangleDBC|  cut  by  the  trans- 
versal E  f  A,  gives  the  following  relation  : — 

DE . BA . CEsEB . OA . FD 
or  DB  .  OF  .  BA=SB  .  FD  (BA— BO) 

EB . FD. BO 

whence  da=:  eb  •  fd— ds  .  or 
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The  projection  of  figures  may  throw  them  into  such  different  forms 
that  lines  which,  in  Euclid's  mode  of  speaking,  would  be  called  sides, 
become  diagonals,  and  rice  vend.  The  distinction  of  diagonal  and 
side  therefore  becomes  an  incumbrance,  and  a  new  mode  of  viewing 
polygons  is  introduced,  of  which  we  shall  now  give  an  instance.  A 
figure  contained  by  f  o\ir  straight  lines  is,  generally  speaking,  one  which 
has  six  points :  since  four  straight  lines  meet  two  and  two  in  six 
points ;  thus,  the  four-sided  figure  E  f  B  c  has  the  six  points  £,  F,  b,  o,  d,  a. 
If  all  these  points  be  joined  two  and  two,  we  have  the  additional  lines 
B  F,  c  E,  D  A,  of  which  only  the  two  first  are  commonly  called  diagonals : 
but  all  three  have  common  properties.  We  shall  prove  the  foUowing 
by  the  extreme  method  of  projection  already  alluded  to^  leaving  the 


N 


^v-*.. 


^:^A 


reader  to  verify  it  by  the  theory  of  transversals :  each  of  the  diagonals 
is  harmonically  divided  by  the  other  two ;  that  is, 


AM 

: HD : : AN : ND 

CO: 

OE  :  : CN : N£ 

BO  : 

OF : : BH : MF 

To  show  the  first :  project  the  figure  so  that  N  B  shall  be  the 
vanishing  line.  Then  D  E  o  a  will  be  projected  into  a  parallelogram, 
and  M  o  into  a  parallel  to  D  E  and  a  c  passing  through  the  intersection 
of  the  diagonals:  consequently,  in  the  projection,  am=md,  and  we 
have,  also  in  the  projection, 


AM      DK 


=1; 


MD      NA 

for  D  N  and  N  a  are  both  in&nite,  and  D  n-t-N  A  is  unity.  Now  by  tihe 
test  in  Projection,  which  is  here  satisfied,  this  proposition  must  be 
always  true,  whence  in  our  figure  we  have  a  m  :  m  d  :  :  a  N :  N  D. 
Similarly  the  other  proportions  may  be  proved. 

Here  then  is  the  easiest  way  of  dividing  a  line  in  harmonic  propor- 
tion. Let  AD  be  given,  and  m  :  it  is  required  to  complete  the 
harmonic  division  by  finding  N.  Take  any  point,  D,  and  draw  D  B,  H  B, 
A  B.  Choose  any  point,  f,  in  m  b,  and  produce  d  f  and  a  f  to  o  and  e. 
Then  c  e  produced  to  meet  a  d  will  give  the  point  n  required.  No 
instrument  is  wanted,  except  the  ruler  and  pencil,  and  it  is  a  good 
exercise  in  drawing  to  find  out  by  repeated  instances  that,  let  B  be 
taken  where  it  may,  there  is  but  one  position  of  N.  It  is  aJso  a  good 
test  of  the  straightness  of  a  ruler. 

TRANSVERSE,  a  name  often  given  to  one  of  the  axes  of  a  figure, 
usually  that  of  greatest  magnitude  or  which  goes  most  directly  across 
the  figure.  Thus  the  longer  axis  of  an  eUipse  or  hyperbola  is  called 
the  transverse  axis:  but  sometimes  the  Sorter  axis  is  so  called. 
Properly  speaking,  it  ought  to  be  only  a  term  of  relative  distinction  : 
either  axis  is  transverse  to  the  other. 

TRAPE'ZIUM,  TRAPEZOID.  The  first  word  {Tpav4(ioy,  a  little 
table)  is  used  by  Euclid  for,  or  at  least  defined  to  be,  any  four-sided 
figure  which  is  not  a  parallelogram.  The  second  word,  formed  from 
the  first,  has  been  used  by  various  writers,  and  in  different  senses.  A 
trapezoid,  says  Harris  ('  Lex.  Tech.')  is  a  solid  irregular  figure,  having 
four  sides  not  parallel  to  one  another :  Button  repeats  this,  but  says 
it  sometimes  means  a  trapezium,  two  (onlv)  of  whose  sides  are  parallel 
to  each  other.  What  the  solid  figure  with  four  sides  means  we  do  not 
know  :  but  as  the  word  is  never  used,  we  omit  all  inquirv  about  it. 
Words  however  are  so  scarce  in  mathematical  language,  that  it  is  a 
pity  when  any  become  obsolete.  If  we  were  to  suggest  meanings  for 
these  terms,  we  should  propose  that  trapezium  should  be  the  general 
word  for  jdane  four-sided  figures,  paraUelograms  and  all ;  and  that 
trapezoid  should  denote  a  four-sided  figure  whose  sides  are  not  in  the 
same  plane.  Perhaps  this  is  what  was  intended  by  the  solid  figure  of 
four  sides :  if  so,  it  was  particularly  unnecessary  to  state  that  the 
sides  are  not  paralleL 

TRAVERSE,  in  Law,  is  a  contradiction  of  some  matter  of  fact 
alleged  in  pleading  by  the  opposite  party.  Generally  all  matter  of  fact, 
that  is  material,  ougnt  to  be  either  confessed  and  avoided,  or  traversed ; 
and  if  a  party  justifies  an  act  as  to  one  particular  time  and  place,  or 
confesses  and  avoids  in  one  respect,  he  ought  to  traverse  it  as  to  all 
other.  Otherwise  what  is  materially  alleged  will  bo  taken  to  be 
admitted.  Traverse  of  an  immaterial  fact,  or  of  a  mere  supporatiou, 
or  of  inducement,  is  bad,  for  it  is  not  an  answer  to  the  action.    If  a 
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traverse  is  tendered  as  to  a  material  point  by  one  party,  the  other 
must  accept  it ;  he  cannot  waive  it  and  tender  another  traverse. 

In  criminal  pleading  traverse  of  an  indictment  is  the  taking  issue 
and  denying  some  material  point  in  it*  Not  guilty  is  a  general 
traverse,  which  throws  on  the  prosecutor  the  necessity  of  proving  all 
the  material  facts. 

TRAVERSE  SAILING.    [Reckonings  at  Sea.] 

TRAVERSE  TABLE.  In  navigation  two  tables  bear  this  name ; 
the  one  is  the  list  of  courses,  distances,  northings,  southings,  eastings, 
and  westings,  in  which  they  are  arranged  for  the  convenience  of 
addition,  so  that  difference  of  latitude  and  departure  may  be  readily 
deduced  in  dead  reckoning,  when  a  ship  cannot  lay  her  course,  but  sails 
in  various  directions,  or  upon  a  traverse  as  it  is  called.  [Reckoninos 
AT  Sea.]  That  which  is  more  properly  called  a  Traverse  Table,  is 
one  from  which  the  various  northings,  southings,  &c.  as  above  are 
gathered. 

The  foUowing  figure  will  explain  its  prindples : — 


-}b 


I 
f 
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Suppose  a  ship  at  o  sails  S.  80"  W.,  a  distance  of  281  miles ;  accord- 
ing to  the  usual  mode  of  construction,  the  side  c  b  would  represent  the 
meridian  of  the  ship,  and,  therefore,  the  distance  o  B  would  be  the 
difference  of  latitude ;  while  a  b  would  be  the  departure  from  that 
meridian,  and  a  o  the  distance  sailed,  the  angle  c  being  the  course  80"*, 
as  marked.  It  will  be  seen  that  only  four  parts  enter  into  considera- 
tion, because  the  angle  a  is  known  (as  the  complement)  when  o  is 
known,  and  the  /  B  is  a  right  angle :  any  two  of  these  four  parts 
being  known,  the  others  may  be  found  by  trigonometry.  But  to  save 
the  trouble  of  logarithmic  calculation  (which  such  involves),  a  large 
number  of  right-angled  triangles  have  been  purposely  computed,  and 
varied  according  to  the  magnitude  of  the  course  or  Z  c :  being 
arranged  in  columns  headed  by  the  amount  of  such  angles :  the  above 
example  would  appear  in  the  table  thus  among  the  distances  : — 


Course  30'. 

Dist 

Diff.  Lat. 

Dep. 

231 

200-1 

116-5 

Comparing  this  with  the  figure,  the  nature  of  the  table  will  be  evident, 
as  each  line  represents  three  parts  of  a  triangle,  as  taken  in  oonnection 
with  whatever  Z.  c  heads  tiie  list  or  page. 

The  artisan  and  engineer  would  be  greatly  benefited  if  these  tables 
were  more  in  use.  As  it  is,  they  are  too  generally  considered  as  adapted 
to  navigation  principally,  and  the  terms  used  favour  this  misapprehen- 
sion. If,  however,  such  tables  were  published  with  the  substitution 
of  /  0  for  "  course ;"  perpendicular  for  "  difference'  of  latitude,"  and 
bcae  for  "  departure,"  the  diflSculty  would  be  at  once  removed.  Such 
tables  supersede  calculation  of  right-angled  triangles  entirely,  so  &r  as 
application  to  practice  demands.  How  far  the  facility  thus  offered 
would  tend  towards  a  superficial  standard  of  mental  attainment  is 
another  consideration :  but  such  are  the  capabilities  of  the  traverse 
table. 

TRAVERSES,  in  Fortification,  are  usually  masses  of  earth  which 
are  raised  at  intervals  across  the  terreplein  of  a  rampart  or  across  the 
oovered-way  of  a  fortress  :  their  positions  in  the  covered  way  are  indi- 
cated at  t,  t,  &c.  [Fortification.]  On  a  rampart  they  serve  to  pro- 
tect the  guns  and  men  against  the  effects  of  a  ricocheting  or  enfilading 
fire,  which  might  otherwise  dismount  the  former,  and  compel  the  latter 
to  abandon  the  parapet ;  and  in  the  covered- way,  besides  serving  for 
similar  purposes,  they  constitute  retrenchments  behind  which  the  de- 
fenders may  keep  up  an  annoying  fire  of  musketry  upon  the  enemy, 
should  the  latter  attempt  to  force  his  way  along  the  branches  of  that 
work.  On  this  account  tiiey  are  provided  with  banquettes,  or  steps, 
on  which  the  defenders  may  stand'  to  fire  over  them.  Such  a  work, 
when  formed  in  a  direction  parallel  to  a  rampart  or  parapet,  on  its 
interior  side,  for  the  purpose  of  securing  the  defenders  against  a  fire 
from  the  ground  in  their  rear,  is  called  a  parados. 

Palisades  are  pluited  along  the  banquettes,  in  order  to  prevent  the 
assailants  from  suddenly  passing  over  the  traverses ;  and  at  the  passage 
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TRAVESTY. 


TREASON. 
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between  each  traverse  and  the  interior  side  of  the  glociB,  is  a  strong 
gate,  or  barrier,  whioh  is  dosed  in  the  event  of  the  defenders  being 
obliged  to  retire  irom  one  traverse  to  the  neit,  or  to  abandon  the 
oovered-way  entirely. 

As,  at  the  time  of  an  assault  being  made  at  the  salient  pert  bt  a 
covered-way,  the  defenders  might  be  bayoneted  in  attempting  to  retire 
along  the  pajsaages  between  the  traverses  and  the  glacis  (those  passages 
being  then  commanded  by  the  enemy),  it  has  been  recommended  to 
form  other  passages  about  four  feet  wide  between  the  opposite  extre- 
mities of  the  traverses  and  the  top  of  the  counterscarp ;  and,  in  order 
that  the  retreat  may  be  effected  without  molestation,  a  line  of  palisades 
is  planted  from  each  traverse  to  the- next  along  the  middle  of  the 
covered-way,  in  addition  to  the  line  which  is  always  planted  along  the 
foot  of  the  interior  slope  of  the  glacis. 

The  traverses,  like  other  parapets,  are  usually  above  eighteen  feet 
thick  at  the  upper  part,  in  order  that  they  may  not  be  immediately 
destroyed  by  the  heavy  artillery  of  the  ehemy;  but  the  French 
engineers  recommend  that  all  the  traverses  in  the  covered-way,  except 
those  which  are  close  to  the  re-entering  places  of  arms,  l,  l  [Fortifi- 
cation], should  not  exceed  twelve  feet  in  thickness,  as  it  may  be  advan- 
tageous for  the  defenders  to  destroy  them  in  the  event  of  the  enemy 
endeavouring  to  protect  himself  by  them  during  the  operation  of  cut- 
ting a  trench  across  the  covered-way  for  the  purpose  of  making  a 
descent  into  the  ditch  of  the  fortress. 
TRAVESTY.     [Parody.] 

TRKACLE.  [MoLASSKs  ;  Sugar  Culture  and  Manufacture.] 
TREASON.  This  term,  in  its  legal  signification,  is  derived  from  the 
French  trahison  ;  and  iu  conformity  with  this  derivation,  the  offences 
designated  by  it  in  English  law  always  contained  the  notion  of  treachery, 
or  a  breach  of  that  allegiance  supposed  to  be  due  from  an  inferior  to  a 
superior.  Thus  petit-treason  was  the  murder  of  a  husband  by  lus 
wife,  or  a  master  by  his  servant,  or  a  bishop  by  his  subordinate  in  the 
church ;  and  high  treason  consists  in  an  attack  upon  the  sovereign 
as  the  political  head  of  the  state.  The  former  of  these  two  kinds 
of  treason  was  placed  in  another  class  of  crimes  by  the  statute  of 
9  Geo.  IV.,  c.  31,  s.  2,  which  made  petit-treason  murder  only,  and  no 
greater  offence.  The  only  crime  therefore  now  known  to  the  law  of 
England  under  this  term  is  high  treason,  which,  as  it  is  composed  of 
numerous  acts  and  circumstances,  constructively  and  remotely,  as  well 
as  immediately,  affecting  the  safety  of  the  person  of  the  sovereign, 
cannot  be  accurately  described  by  any  simple  definition. 

In  early  periods  of  the  history  of  England,  the  law  upon  this  subject 
was  extremely  vague  and  uncertain,  in  consequence  of  the  great 
variety  of  acts  which  were  held  to  constitute  high  treason  as  tending 
to  diminish  the  power  or  dignity  of  the  crown :  killing  the  king's 
father  or  brother,  or  even  his  messenger,  refusing  to  answer  in  the 
king's  courts,  and  summoning  an  EngliBh  subject  to  appear  and  defend 
himself  in  the  court  of  a  foreign  prince,  were  deemed  to  be  acts  of 
treason.  (8 'Inst.' 7;  Hawkins's  'Pleas  of  the  Crown,'  b.  1,  c.  17.) 
Indeed,  immediately  before  the  date  of  the  statute  of  treasons,  a  knight 
was  indicted  for  high  treason  in  "usurping  royal  power  within  the 
king's  realm,"  by  assaulting  another  on  tne  highway,  taking  his  horse 
and  detaining  him  imtil  he  paid  90/.  (Hale's  '  Fleas  of  tiie  Crown,' 
vol.  i.,  p.  80.)  From  these  and  many  other  instances  which  are  to  be 
found  in  law  books,  it  appears  that  almost  every  act  that  could  be  in 
any  way  considered  as  a  breach  of  the  allegiance  due  to  the  king,  or  a 
constructive  assumption  of  royal  authority,  was  deemed  to  be  high 
treason,  as  an  "  accroachment  of  royal  power."  This  arbitrary  state  of 
the  law  became  the  canse  of  intolerable  oppressions,  and  a  petition  to 
Edward  III.  from  a  parliament,  which  Mr.  Hallam  calls  "  one  of  the 
best  that  ever  sat "  ('  Constitutional  History,'  vol.  iii..  p.  204),  occa- 
sioned the  statute  26  Edward  III.,  commonly  called  the  "  Statute  of 
Treasons."  This  enactment  gave  for  the  first  time  an  intelligible 
definition  of  the  crime  of  treason,  and,  notwithstanding  the  total 
change  of  national  habits,  still  continues,  after  the  lapse  of  five 
centuries,  to  be  the  governing  law  on  the  subject.  Valuable  as  this 
law  undoubtedly  was  in  the  comparatively  rude  times  in  which  it  was 
made,  the  inadequacy  of  its  provisions  to  meet  the  complicated 
relations  of  a  more  refined  state  of  society  has  frequently  rendered 
supplemental  statutes  necessary,  and  has  oeen  the  cause  of  those 
subtle  and  forced  interpretations  of  its  simple  language,  which  have 
introduced  scarcely  less  uncertainty  and  injustice  into  wis  department 
of  the  criminal  law  than  prevailed  before  its  enactment. 

The  several  acts  and  circumstances  constituting  high  treason  by  the 
"Statute  of  Treasons '* are  as  follows: — 1.  Compassmg  or  imagining 
the  death  of  the  king,  the  queen  consort,  or  their  eldest  son  and  heir. 
2.  Violating  the  king's  cohipanion  (by  which  is  meant  the  queen  con- 
sort), or  the  king^s  ddest  daughter  unmarried,  or  the  wife  of  the  king's 
eldest  son  and  heir.  3.  Levying  war  against  the  king  within  his  realm. 
4.  Being  adherent  to  the  king's  enemies  in  lus  realm,  giving  them  aid 
and  comfort  in  the  realm  or  elsewhere.  5.  Counterfeiting  the  king's 
great  or  privy  seal.  6.  Counterfeiting  the  king's  money,  or  knowingly 
bringing  false  money  into  the  realm  counterfeit  to  the  money  of 
England,  to  merchandise  and  make  payment  withal  in  deceit  of  the 
king  and  his  people.  7.  Slaying  the  chancellor,  treasurer,  or  the  king's 
justices  of  either  bench,  justices  in  eyre,  justices  of  assize^  or  any 
other  justices  assigned  to  hear  and  determine,  being  in  their  places, 
doing  their  offices.    As  several  of  the  offences  above  enumerated  are 


acts'  of  the  mind>  and  consiBt  in  intention,  the  statute  declares  tbat 
in  such  cases  the  intention,  in  order  to  come  vrithin  the  meaning 
of  the  law,  must  be  manifested  by  some  open  or  ovtri  act  done 
towards  the  accomplishment  of  the  traitorous  intention.  This  pro- 
vision, although  by  its  position  in  the  statute  it  Is  apparently  limitecl 
to  the  offence  of  adhering  to  the  king's  enemies,  has  been  held  to  ^Y\Aj 
to  all  the  treasons  before  mentioned.  (Hale's '  Fleas  of  the  Crown,' 
tol.  i.  p.  108.) 

The  word  "  king,"  used  in  the  first  clause  of  the  statute  describing 
the  offence  of  compassing  the  king's  death,  comprehends  the  case  of  a 
queen  regnant,  as  she  Is  invested  by  the  constitution  mth  full  royal 
authority,  and  is  entitled  to  the  allegiance  of  her  subjects.     But  the 
husband  of  the  queen  regnant  is  not  within  the  words  or  meaning  of 
the  statute.      The  precise  meaning  of    the  words  "compass"   and 
"  imagine  "  in  this  clause  of  the  statute  has  been  the  subject  of  some 
discussion.     Mr.  Luders  has  thrown  much  light  upon  their  significa- 
tion by  collecting  the  instances  in  which  the  same  language  has  been 
used  in  writings  contemporaneous  with  the  statute;  and  although 
attempts  have  been  made  to  give  them  a  more  enlarged  significa- 
tion, it  is  clear  that  they  mean  nothing  more  than  "attempt "  and  '•  con- 
trive."    ('  Considerations  on  the  Law  of  High  Treason  in  the  article  of 
Levying  War,'  p.  137.)     If  this  be  so,  the  meaning  of  this  clause  is 
sufficiently  obvious  to  an  ordinary  reader,  and  would  be  certainly 
limited  in  his  apprehension  to  attempts  or  contrivances  against  the 
natural  life  of  the  king.     But  by  means  of  legiil  construction,  the 
words  have  received  a  much   wider  meaning.     Thus,  a  conspiracy  to 
imprison  or  depose  the  king,  which  by  the  statute  of  treasons  is  not 
declared  to  be  a  substantive  treason,  has  been  repeatedly  held  to  be 
high  treason  in  the  article  of  compassing  his  death,  because,  according 
to  a  Baying  of  Maohiavelli,  "  There  is  but  a  short  interval  between  the 
prisons  and  graves  of  princes."    Mr.  Hallam  justly  observes,  that "  it 
seems  not  very  reasonable  to  found  a  capital  conviction  on  this  sen- 
tentious remark."    It  appears  indeed  formerly  to  have  been  question- 
able law,  for  Chief  Justice  Brooke,  who  compiled  his  'Abridgment  of 
the  Law'  at  the  commencement  of  the  16th  century,  expresses  a 
doubt  whether  a  design  to  depose  the  king  be  within  this  clause  of 
the  statute ;  "  f or,**  says  he, "  one  may  deprive  the  king  of  his  crown, 
without  designing  his  deaUi;"  and  in  confirmation  of  his  view  of  the 
matter,  he  refers  to  tibe  statutes  which  had  been  passed  frotn  time  to 
time  to  remedy  this  defect  in  the  Statute  of  Treasons.     (Brooke's 
'  Abridgment,'  tit. '  Treason,'  fol.  24.)    And  in  fact  experience  shows 
that  the  adoption  of  this  proposition  would  frequently  lead  to  a  false 
result,  several  instances  of  rebellion  having  occiured  in  English  history, 
in  which  the  designs  of  the  rebels  would  have  been  wholly  defeated  by 
the  death  of  Uie  Jung,  whose  name  they  designed  to  employ.     ('  Con- 
stitutional History,'  voL  liL,  p.  208.)    Nevertheless  the  doctrine  that  a 
design  to  depose  is  an  overt  act  of  compassing  the  death  of  the  king,  has 
been  repeatedly  confirmed  by  treatises  of  the  highest  authority,  as  well 
as  by  judicial  decisions.   (Foster's '  Discourse  on  High  Treason,'  p.  196  ; 
Howell's  'State  Trials,*  vol.  xxiv.,  p.  1361  j  vol.  xxv.,  p.  725.)    A  still 
more  extensive  signification  has  been  given  to  these  words  of  the 
statute  by  the  forced  interpretation  that  a  conspiracy  to  levy  war 
against  the  king  and  also  consulting  with  a  foreign  enemy  to  invade 
the  realm,  were  overt  acts  of  treason  in  the  article  of  compassing  the 
king's  death.    (Hale's  '  Pleas  of  the  Crown,*  voL  i,  p.  120.)    This  mode 
of  reading  the  plain  words  of  a  penal  statute  was  obviously  liable  to 
serious  objections  and  led  to  great  oppression  and  injustice ;  "  such  a 
method,"  as  Sir  K.  Hale  says,  "  admitting  of  no  limits  or  bounds,  but 
running  as  far  as  the  wit  or  invention  of  accusers,  and  the  odiousness 
and  detestation  of  persdns  accused,  will  carry  men."    ('  Pleas  of  the 
Crown/  vol,  i.,  p.  86-7.) 

The  doctrine  of  constructive  treason  having  been  brought  into  jiro- 
minent  notice  and  much  discussed  in  the  trials  of  Hardy,  Home 
Tooke,  and  others  in  1794,  the  statute  86  Qeo.  IIL,  c.  7,  was  passed 
with  a  view  of  superseding  the  necessij^  of  resorting  to  any  such 
modes  of  interpretation  for  the  future.  This  statute,  which,  although 
originally  in  force  only  for  the  life  of  George  III.,  wss  made  perpetual 
by  the  stat  57  G^.  III.,  c.  6,  enacted  that "  if  any  person  shall, 
within  the  realm  or  without,  compass,  imagine,  invent,  devise,  or 
intend  death  or  destruction,  or  any  bodily  harm  tending  to  death  or 
destruction,  maim  or  wounding,  imprisonment,  or  restraint  of  the  per- 
son of  the  king,  or  to  deprive  or  depose  him  from  the  style,  honour,  or 
kingly  name  oi  the  imperial  crown  of  this  realm,  or  of  any  other  of 
his  majesty's  dominions  or  countries,  or  to  levy  war  against  his 
majesty  within  this  realm,  in  order  by  force  or  constraint  to  compel 
him  to  change  his  measures  or  councils,  or  in  order  to  put  any  force 
or  constraint  upon,  or  to  intimidate  or  overawe  both  Houses  or  either 
House  of  Parliament,  or  to  move  or  stir  any  foreigner  or  stranger  with 
force  to  invade  this  realm,  or  any  other  of  his  majesty's  dominions  or 
countries  under  the  obeisance  of  his  majesty ;  and  such  compassings, 
imaginations,  inventions,  devices,  and  intenraons,  or  any  of  them,  shaU 
express,  utter,  or  declare,  by  publishing  any  printing  or  writing,  or  by 
any  overt  act  or  deed,  every  such  offender,  being  legally  convicted 
upon  the  oath  of  two  lawful  and  credible  witnesses,  shall  be  adjudged 
a  traitor,  and  suffer  as  in  cases  of  high  treason."  It  was  no  doubt 
the  intention  of  the  legislature  that  tlus  statute  should  put  an  end  to 
all  artificial  constructions  of  the  statute  of  Edward  III. ;  nevertheless 
the  practice  of  resorting  to  these  forced  interpretations  has  been  con* 
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tinued,  and  sanctioned  by  the  approbation  of  the  judges  in  Beveml 
subsequent  prosecutions  for  high  treason.  {*  Sixth  Report  of  Com- 
missioners on  Criminal  Law/  p.  16.) 

The  second  kind  of  treason  declared  in  the  Statute  of  Treasons  is 
the  violation  of  females  of  the  royal  family^  and  was  obviously 
intended  to  preserve  the  purity  of  the  succession  to  the  throne.  With 
a  view  to  tlus  object,  the  law  has  been  held  to  apply  to  a  criminal 
connection  by  consent  as  well  as  to  a  forcible  violation.  It  is  worthy 
of  remarki  as  one  of  the  numerous  oiroumstances  showing  the 
inapplicability  of  this  ancient  law  to  modem  times,  that  a  queen 
regnant,  whether  married  or  single,  is  not  within  this  clause  of  tha 
statute. 

The  third  species  of  treason  above  mentioned  is  "levying  war 
against  the  king  in  his  realm."  It  amounts  to  treason  under  this 
clause  of  the  sfcatute  to  take  arms  against  the  king,  not  only  with  the 
object  of  destroying  him,  but  where  it  is  intended  by  open  violence 
to  reform  religion  or  the  laws,  or  to  remove  evil  councillors,  or  other 
grievances,  whether  real  or  pretended.  (Hawkins's  *  Pleas  of  tha 
Crown,'  b.  i.,  o.  xvii.,  s.  25.)  The  plain  words  of  this  clause  of  the 
statute  have  been  still  more  extravagantly  extended  by  lagal  construe^ 
tion  than  those  of  the  clause  relating  to  compassing  the  king's  death. 
Thus  riotous  assemblies,  where  the  object  has  been  to  destroy  all 
property  of  any  particular  class,  such  as  to  pull  down  all  meeting- 
houses, or  to  destroy  all  inclosures,  have  been  held  to  be  treason  in  tdl 
who  join  them,  by  reason  of  the  generality  of  the  design.  This 
doctrine  has,  however,  been  much  questioned  m  recent  times ;  and  to 
the  extent  formerly  contended  for,  would  probably  not  be  counte- 
nanced by  the  judges  at  the  present  day.  (Luders, '  On  Constructive 
Treasons ; ' '  Sixth  Report  of  Commissioners  on  Criminal  ham.')  Indeed 
the  necessity  for  constructive  extensions  of  the  words  of  this  clause, 
which  might  have  been  plausibly  argued  from  the  omission  in  the 
Statute  of  Treasons  to  notice  conspiraoieB  or  preparations  to  levy  war 
against  the  king,  has  been  entirely  removed  by  the  above-mentioned 
statute  of  the  36  Qeo.  III.,  c.  7< 

The  fourth  kind  of  treason  mentioned  in  the  Statute  of  Treasons  is 
adherence  to  the  king's  enemies.  The  enemies  here  mentioned  are 
foreign  poweis  and  states  with  whom  the  king  of  England  is  at  war, 
and  who  owe  him  no  allegiance;  and,  therefore,  an  adherence  to 
British  subjects  in  a  state  of  rebellion  against  the  king  will  not  con- 
stitute treason  under  this  clause,  although  it  may  amount  to  treason 
in  the  article  of  levying  war.  This  kind  of  treason  must,  like  com- 
passing the  king^s  death,  or  levying  war  against  him,  be  evidenced  by 
some  overt  act,  such  as  treacherously  surrendering  a  fortified  place,  or 
supplying  arms,  or  giving  information  to  an  enemy. 

The  fifth  treason  mentioned  in  the  statute  is  counterfeiting  the 
king's  seals ;  and  this  offence  would  now  be  punishable  as  foigery  only. 
The  clause  in  the  Statute  of  Treasons,  which  declares  the  offence  of 
coimterfeiting  the  king's  coin  to  be  high  treason,  has  been  repealed  by 
the  stat.  2  Will.  IV.,  c.  84 ;  and  the  crime  itself  has  been  by  the  same 
enactment  divided  into  distinct  classes,  as  felonies  and  misdemeanors, 
with  a  graduated  scale  of  punishments. 

The  last  species  of  treason  above  referred  to  is  the  (^nce  of  slaying 
the  chancellor  or  the  judges,  which  still  continues  to  be  high  treason. 
This  part  of  the  law  is,  however,  obviously  imperfect,  as  it  does  not 
comprehend  the  barons  of  the  exchequer,  who  at  the  present  day  are 
the  king^s  superior  justices  as  fully  as  the  judges  of  the  other  eourts  of 
Westminster  Hall;  whereas  it  includes  the  justices  in  eyre,  whose 
office  has  long  since  been  abolished. 

Besides  the  several  treasons  above  enumerated,  a  large  class  of 
offences  has  been  created  by  various  statutes  passed  from  time  to  time 
in  the  reigns  of  Elizabeth  and  James  I.,  witii  the  avowed  object  of 
protecting  the  Protestant  rehgion  from  the  designs  of  Roman  Catholics. 
But  as  many  of  these  statutes  have  not  been  the  subject  of  prosecution 
for  neariy  three  centuries,  and  many  others  have  never  been  enforced 
at  all,  they  may  perhaps  be  considered  aa  virtually  obsolete,  and  do 
not  require  to  be  particulariy  noticed  in  tiiis  article.  ('  Sixth  Report 
of  Commissioners  on  Criminal  Law,'  p.  85.) 

With  a  view  to  diminish  the  peculiar  disadvantage  under  which  a 
person  charged  with  treason  was  supposed  to  labour  in  having  to 
defend  himself  against  a  prosecution  in  which  so  powerful  an  adversary 
as  the  crown  was  interested,  several  privileges  as  to  process,  evidence, 
and  trial  have  been  given  by  statute  to  persons  so  accused.  It  is 
declared  by  the  stat.  7  WilL  III.,  c.  ill.,  s.  2,  that  no  person  whatsoever 
shall  be  indicted,  tried,  or  attainted  of  high  treason  or  of  misprision  of 
treason,  but  upon  the  oaths  of  two  lawful  witnesses,  unless  the  party 
indicted  shall  willingly,  without  violence,  in  open  court  confess  the 
same.  And  by  the  third  section  of  the  same  statute,  it  is  declared 
that  if  two  or  more  distinct  treasons  of  divers  heads  or  kinds  shall  be 
alleged  in  one  indictment,  one  witness  produced  to  prove  one  of  the 
treasons,  and  another  witness  to  another  of  the  treasons,  shall  not  be 
deemed  to  be  two  witnesses  to  the  same  treason  within  the  meaning  of 
the  statute.  The  same  statute  of  the  7  WiU.  III.,  o.  8,  also  enacted 
that  no  person  should  be  tried  for  any  treason  (except  an  attempt  to 
assassinate  the  king)  unless  the  indictment  be  found  within  three  years 
cfter  the  offence  committed.  Moreover,  the  prisoner  is  to  be  furnished 
with  a  copy  of  the  indictaient  five  days,  and  a  copy  of  the  panel  of 
jurors  two  days,  before  the  trial.  He  is  to  have  the  same  compulsory 
process  to  enforce  the  attendance  of  his  witnesses  as  was  at  the  time  Ot 


the  statute  exclusively  applicable  to  the  prosecutor's  witnesses ;  and  he 
is  to  have  full  defence  by  counsel  selected  by  himself  and  expressly 
assigned  to  him  by  the  court.  The  stat.  7  Anne,  c.  21,  materially 
extended  these  priioleges  by  directing  that  all  persons  indicted  for  high 
treason,  or  misprision  thereof,  shall  have  not  only  a  copy  of  the  indict- 
ment, but  also  a  list  of  all  the  witnesses  to  be  produced,  and  of  the 
jurors  impanelled,  with  their  professions  and  places  of  abode  re- 
spectively, delivered  to  him  ten  days  before  the  trial,  and  in  the 
presence  of  two  witnesses,  tho  better  to  prepare  him  to  make  his 
challenges  and  defence. 

It  may  perhapa  be  doubted  whether  these  indulgences  are  founded 
upon  any  true  principles  of  criminal  jurisprudence.  If  justice  requires 
them,  they  should  be  generally  applied  to  all  crimes ;  and  at  all  events 
there  seems  to  be  no  sufficient  reason  for  giving  a  different  measure 
of  advantage  to  persons  accused  of  high  treason  from  that  afforded  to 
persons  accused  of  many  other  offences.  So  obvious  indeed  was  the 
inconsistency  of  giving  greater  privileges  and  advantages  to  a  person 
charged  with  an  attempt  to  kill  the  long  than  were  permitted  in  the 
case  of  a  similar  attempt  upon  the  life  of  a  private  person,  that  upon 
occasion  of  an  attack  upon  George  III.,  in  the  year  1800,  an  act  of 
parliament  was  passed  to  remove  it.  The  statute  89  A  40  Qeo.  III.,  c 
98,  enacts  that  in  all  cases  of  high  treason,  in  compassing  or  imagining 
the  death  of  the  king,  and  misprision  of  such  treason,  where  the  overt 
act  alleged  shall  be  the  assassination  or  killing  of  the  king,  or  any 
direct  attempt  against  his  life,  or  against  his  person,  whereby  his  life 
may  be  endangered,  or  his  person  sufier  bodily  harm,  the  offender  may 
be  indioted,  arraigned,  triad,  and  attainted,  in  the  same  manner,  and 
according  to  the  same  course  and  order  of  trial  in  every  respect,  and 
upon  the  like  evidence,  as  if  such  person  stood  charged  with  murder ; 
and  none  of  the  provisions  contained  in  the  above-mentioned  acts  of 
7  Will.  III.,  c.  8,  and  7  Anne,  c.  21,  shall  extend  to  any  indictment  for 
this  species  of  treason.  A  clause  in  a  subsequent  statute  (6  Qeo.  IV., 
0.  50,  s.  21)  provides  that  the  list  of  the  jury  shall  in  all  indictments 
for  treason,  or  misprision  of  treason,  in  other  courts  than  the  King's 
Bench,  be  delivered  at  tha  same  time  with  the  copy  of  the  indictment, 
and  ten  days  before  the  arraignment ;  and  in  the  court  of  King's  Bench 
it  may  be  delivered  after  the  arraignment,  but  ten  days  before  the 
trial.  This  statute  does  not  extend  to  the  case  of  attempts  upon  the 
life  of  the  king  mentioned  in  the  stat.  39  ft  40  Qeo.  III.,  c.  93.  By 
the  stat  5  ft  6  Vict,  o.  51,  the  provisions  of  the  stat.  89  ft  40  Qeo.  III., 
0.  98,  are  extended  to  ''  all  cases  of  high  treason  in  compassing  or 
imagining  the  death  or  destruction  of  the  queen,  or  in  compassing  or 
imagining  any  bodily  harm  tending  to  the  death  or  destruction,  maim- 
ing, or  wouniding  of  the  queen,  and  of  misprision  of  such  treason, 
when  the  overt  act  allaged  shall  be  any  attempt  to  injure  in  any 
manner  whatsoever  the  person  of  the  queen;"  and  such  cases  are 
expressly  excepted  from  the  operation  of  the  above-mentioned  statutes 
of  7  Will.  111.,  c  8 ;  7  Anne,  c.  21 ;  and  6  Qeo.  IV.,  c.  50,  s.  21. 

The  judgment  in  high  treason  is  that  the  ofiender  shall  be  drawn  on 
a  hurdle  to  the  place  of  execution,  and  there  be  hanged  by  the  neck 
until  he  is  dead ;  that  afterwards  his  head  shall  be  severed  from  his 
body;  and  his  body,  being  divided  into  four  quarters,  shall  be  at  the 
disposal  of  the  crown.  This  punishment  was  substituted  by  the 
Bti^te  54  Qeo.  III.,  c  146  for  the  ancient  and  barbarous  sentence 
which  required  that  the  person  convicted  should  be  hanged,  but  taken 
down  alive,  and  than  that  his  bowels  should  be  taken  out  and  burnt 
before  his  face.  By  the  2nd  section  of  stat.  54  Qeo.  III.,  c.  146, 
authority  is  given  to  the  crown  by  warrant  under  the  sign  manual, 
oounteragned  Iv^  a  secretary  of  state,  to  alter  this  sentence,  and  to 
direct  that,  instead  of  the  ignominious  part  of  it,  the  party  shall  be 
beheaded  whilst  alive. 

TREASURE-TROVE,  in  legal  Latin  called  thesaurus  inventus,  is  a 
branch  of  the  revenue  of  the  crown  by  the  law  of  England.  Where 
coin,  plate,  or  precious  metals  are  found  hidden  in  the  earth  or  any 
I»ivate  place,  and  the  owner  or  person  who  deposited  them  is  un- 
known, the  property  becomes  vested  in  the  king  by  virtue  of  his 
prerogative.  But  if  the  ow^er  is  known,  or  is  ascertained  after  the 
treasure  is  foimd,  the  property  belongs  to  him,  and  not  to  the  king. 
The  civil  law  gave  treasure  found  in  general  to  the  finder ;  but  if 
found  accidentally  in  another  man's  land,  half  was  given  to  the  finder, 
and  half  to  the  owner  of  ^e  land.  And  so  if  it  was  found  in  the  land 
of  the  emperor,  it  was  to  be  equally  divided  between  him  and  the 
finder.  ('.Inst.,'  Ub.  ii,  tit.  i.,  §  89 ;  '  Cod.,'  lib.  x.,  tit.  16.)  Grotius 
si^s  that  the  title  of  the  prince  to  treaatire-trove  had  in  modem  times 
been  so  generally  established  in  Europe  as  to  have  become  '^  jus  com- 
mune et  quasi  gentium  "  ('  De  Jure  Belli  et  Pacis,'  lib.  ii.,  c.  viii.,  §  7). 
The  law  of  England  adopts  the  definition  of  treasure-trove  from  the 
civilians  as  "  vetus  depositio  pecuniae  cujus  dominus  ignoratur '  (Pau- 
lus,  lib.  xxxi,  §  1) ;  and  to  entitle  the  crown  to  the  property,  it  must 
appear  to  have  been  hidden  or  deposited  by  some  one  who  at  the  time 
had  the  intention  of  reclaiming  it  Whenever,  therefore,  the  intention 
to  abandon  appears  from  the  circumstances — as  for  instance,  where  the 
property  has  been  found  in  the  sea,  or  in  a  pond  or  river,  or  even 
openly  placed  upon  the  surface  of  the  earth — ^it  belongs  to  the  finder. 
In  England,  the  concealment  of  treasure-trove  from  the  king  was 
f  ormeriy  a  capital  offisnce ;  at  the  present  day  it  is  a  miDdemeanor 
only.  Ancient  coins  or  other  valuable  articles  found,  are  now  declared 
to  be  BO  far  the  property  of  the  finders  that  they  may  have  the  value 
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paid  to  them.  This  has  been  directed  by  an  order  in  council  in  order 
to  prevent  the  destruction  of  such  objects  for  the  mere  yalue  of  the 
material. 

TREASIJRT,  a  department  of  the  British  government  which  controls 
the  management,  collection,  and  expenditure  of  the  public  revenue.  It 
is  the  business  of  another  department,  the  Exchequer,  to  take  care 
that  no  issues  of  public  money  are  made  by  the  Treasury  without  their 
being  in  confonmty  with  the  authority  specially  enacted  by  parliament. 
When  money  is  to  be  paid  on  account  of  the  public  service,  this  is 
almost  alwavs  done  on  the  authority  of  a  Treasury  warrant ;  and  in 
other  cases  the  countersign  of  the  Treasury  is  requisite.  The  Board  of 
Treasury  consists  of  the  prime  minister  and  the  chancellor  of  the 
Exchequer.  The  real  office  which  the  premier  holds  is  generally  that 
of  first  lord  of  the  Treasury.  There  are  also  iowr  junior  lords,  who 
have  usually  seats  in  parliament,  as  have  also  the  two  joint  secretaries 
of  the  Treasury.  The  departments  immediately  subordinate  to  the 
Treasury  are  the  boards  of  Customs  and  of  Trade,  and  the  Fost-Office, 
the  various  officers  in  which  are  to  a  great  extent  appointed  by  the 
lords  of  the  Treasury;  and  this  constitutes  an  important  part  of 
the  patronage  of  the  ministry.  The  duties  of  the  Board  of  Treasury 
are  heavy  and  multifarious,  all  exceptional  cases  in  matters  relating 
to  the  revenue  being  referred  to  it.  The  offices  of  the  Treasiuy 
are  in  Whitehall  The  first  lord  of  the  Treasury  receives  6000/. 
aryear;  two  secretaries  of  the  Treasury  receive  2500^.  a-year  each, 
and  the  assistant-secretary  2000^.  a-year ;  the  solicitor  of  the  Treasury 
receives  2850/.  a-year;  four  commissioners  of  the  Treasury  receive 
12002.  a-year  each ;  and  other  officers  receive  sums  varying  from 
1000/.  to  1500/.  each. 

TREATIES,  CHRONOLOGICAL  TABLE  OF.  A  treaty  (imme- 
diately from  the  French  traU6)  means  literally  that  which  has  been 
drawn  up,  or,  in  other  words,  arranged  and  agreed  upon,  by  two  or 
paore  parties,  who  are  accordingly  called  the  contracting  parties.  It  is 
jn  fact  the  same  word  with  contract.  The  term  in  its  several  variations 
IS  now  employed  by  most  of  the  nations  of  Europe — by  the  Italians, 
the  Spaniards,  the  Germans,  the  Dutch,  &c.,  as  well  as  by  the  English 
and  Uie  French —to  designate  the  conventions  or  agreements  which 
governments  make  with  one  another.  By  the  Romans  a  treaty  was 
commonly  called  foedus,  a  word  of  unknown  or  uncertain  etymology. 
From  foeaut  we  have  formed  our  federation,  confederacy,  &c 

Although  a  treaty  is  commonly  defined  to  be  an  agreement  made 
with  one  another  by  two  or  more  governments,  it  is  not  necessary  that 
the  par^  to  a  treaty  should  always  be  an  absolutely  sovereign  and 
independent  power  or  political  society.  Communities,  or  even  indi- 
viduals, which  are  subjects  in  many  or  in  all  other  respects,  may  be 
empowered  to  enter  into  treaties.  Such  engagements,  however,  are  for 
the  most  part  only  to  be  depended  upon  so  long  as  they  are  for  the 
advantage  of  the  one  party  as  well  as  of  the  other.  Hence  the  best 
and  most  durable  treaty  is  always  that  which  is  the  fairest  and  the 
most  equal.  But  the  main  purpose  and  utility  of  a  treaty,  after  all,  is 
not  that  it  may  secure  certam  advantages  to  either  party,  but  that  it 
makes  clear  and  fixes  those  relations  between  the  two  which  would 
otherwise  remam  obscure,  indeterminate,  and  subject  to  continual  mis- 
conception or  controversy. 

We  proceed  to  give  a  Chronological  Table  of  the  more  important 
treaties  between  the  principal  civilised  nations,  beginning  with  that  of 
1217,  the  first  formal  treaty  of  Eng^d,  and  statiog  briefly  the  chief 
objects  of  each. 

1217,  Sept,  11.  Treaty  at  Kingston  between  Louis  of  France  and 
the  Regent  in  the  name  of  Heniy  IIL,  by  which  Louis  abandoned  his 
attempt  on  the  English  crown. 

1274.  Treaty  between  Edward  I.  and  Guy  Earl  of  Flandera  This 
is  the  first  recorded  commercial  treaty  of  England.  There  had  been  a 
petty  quarrel  with  the  Flemings,  chiefly  between  the  fishermen  of  the 
two  countries;  and  England  had  prohibited  the  exportoUon  of  wool, 
to  the  great  detriment  of  the  manufactures  of  the  Flemings.  These 
diflferences  were  accommodated  by  this  treaty;  but  fresh  ones  broke 
out  apparently,  as  treaties  of  commerce  with  Flanders  are  frequent 
after  this  period. 

1808.  Commercial  treaty  with  Portugal,  and  m  the  same  year  another 
with  Spain.  Ferdinand  of  Castile  wiping  for  a  "  mutual  free  corre- 
spondence "  between  his  subjects  and  England,  and  Dionysius  of  Per- 
tugfil  desiring  to  "strengthen  the  agreement  and  correspondence 
already  on  foot  between  the  merchants  of  both  nations." 

1828.  Treaty  of  Northampton  with  Robert  Bruce,  by  which  the 
mdependence  of  Scotland  was  recognised. 

1866.  The  Golden  Bull,  a  convention  of  the  German  sovereign 
pnnces,  settled  at  Niirnberg,  by  which  the  mode  of  electing  the  Em- 
peror was  determined. 

1360,  Alay  8.  Peace  of  Bpetigny,near  Chartrw,  between  England  and 
*^ce,  whereby  England  retained  Gascony  and  Guienne,  acquired 
bamtonge,  Agenois,  Perigord,  Limosin,  Bigorre,  Angoumois,  and  Ro- 
vergne,  and  renounced  her  pretensions  to  Maine,  Anjou,  Touraine,  and 
Normandy;   England  was  also  to  receive  3,000,000  crowns,  and  to 

fSS®    A^  *^°^°'  ^^°  ^^  ^®"  ^^^  prisoner  in  London. 

lonA' m  ^*  ^*  ^'^*^y  o^  Turin,  between  Venice  and  Genoa. 
T  i    2:  /  ^«^*^y  between  the  Sultan  Bajazet  and  the  Greek  Emperor. 
John  Paleologus.  ' 

1420,  May  21,   Treaty  of  Troyea,  between  EngUnd,   Fnmce,  and 


Buiigundy,  stipulating  that  Henry  V .  should  marry  Catherine,  daughter 
of  Charles  VI.,  be  appointed  Regent  of  France,  and  after  the  death  of 
Charles  should  inherit  the  crown. 

1423,  April  17.  Treaty  at  Amiens  between  England  and  Bui^gondy. 

1435,  Sept.  22.  Treaty  of  Arras  between  France  and  Burgundy. 

1438.  The  Pragmatic  Sanction  settled  in  Franoe,  regulating  tha 
election  of  bishops,  and  moderating  the  power  of  the  popeu 

1463.  The  first  alliance  entered  into  between  the  French  and  Swi^. 

1464.  A  league,  designated  "  For  the  public  good,"  formed  betw.'.u 
the  Dukes  of  Burgundy,  Brittany,  and  Bourbon,  and  others,  against 
Louis  XI.  of  France. 

1465.  Treaty  of  Conflans,  between  Louis  XL  and  the  chiefs  of  the 
above  league. 

1468.  Treaty  of  Peronne,  between  Charles  Duke  of  Burgundy  and 
Louis  XI.,  who  was  forced  to  confirm  the  stipulations  of  Arras  and 
Conflans. 

1475.  The  Peace  of  Picquini,  concluded  between  Edward  IV.  ol 
England  and  Louis  XL  of  France. 

1476.  Charles  the  Bold,  of  Burgundy,  concluded  a  treaty  with  the 
French  king,  but  speedily  afterwards  leagued  against  him  with 
Edward  IV.  of  England,  ana  the  Duke  of  Brittany.  Louis  XI.,  on  the 
other  hand,  entered  into  a  treaty  with  the  Switsers,  and  succeeded 
ultimately  in  becoming  an  ally  of  England. 

1482.  The  Treaty  of  Arras,  between  Maximilian  of  Austria,  the 
husband  of  Mary  of  Burgundy,  and  Louis  XL  of  France,  whereby 
Margaret,  daughter  of  the  former,  was  espoused  to  the  dauphin,  son  of 
the  latter,  wit£  Artois  and  Burgundy  as  a  dowry. 

1497.  Treaty  between  England  and  Scotland,  by  which  Perkin 
Warbeck  was  compelled  to  quit  the  latter  kingdom. 

1601.  Treaty  between  Louis  XII.  of  France  and  Ferdinand  of  Spain, 
for  the  division  of  the  kingdom  of  Naples. 

1608,  December  10.  The  League  of  Cambray  against  the  republic  of 
Venice,  comprising  the  Pope,  the  Emperor,  and  the  kings  of  Franoe  and 
Spain. 

1610.  Holy  League  against  Louis  XII.  of  France. 

1614.  France  obliged  to  sue  for  peace,  which  was  obtained  from  the 
Pope,  by  promising  to  abolish  the  Pragmatic  Sanction ;  fcom  the  King 
of  Spain,  bv  uniting  his  grandson,  the  Duke  of  Ferrara,  to  Rende, 
daughter  of  the  King  of  France ;  and  from  England,  by  Louis  XIL 
espousing  Mary,  sister  of  Henry  VIII. 

1616,  August  16.  The  Treaty  of  Noyon. 

1525.  A  Treaty  concluded  between  France  and  England. 

1526.  Concord  of  Madrid.  Francis  I.,  to  release  himself  from  cap- 
tivity, signed  a  treaty  with  Charles  V.,  surrendering  Burgundy,  Artois, 
Flanders,  &c.,  and  renouncing  all  pretensions  to  Italy. 

1527.  A  Treaty  of  mutual  obligation  entered  into  between  France 
and  England;  and  in  the  same  year  a  fresh  treaty,  for  the  purpose  of 
carrying  war  into  Italy  to  restore  the  Pope  to  liberty. 

1629,  August  6.    The  Peace  of  Cambray. 

1529,  December  81.  The  League  of  Smalcald  in  FranconiA,  entered 
into  between  the  Elector  of  Brandenburg  and  other  princes  of 
Germany,  in  defence  of  Protestantism. 

1632,  June  23.  A  new  Treaty  of  Alliance  ratified  between  the  kings 
of  England  and  France. 

1582,  August  2.    The  Treaty  of  Niirnberg  ratified. 

1538,  June  18.    Treaty  of  Nice,  between  Francis  I.  and  Charles  V. 

1644.  League  between  England  and  the  Emperor  Charles  V.  against 
France,  shortly  after  which  peace  was  concluded  with  France,  and 
signed  at  Cressy  in  Valois. 

1648,  May  16.  The  Interim  granted  by  the  Emperor  Charles  V.  to 
the  Protestants  of  Germany. 

1549.  Peace  ratified  between  France  and  England.  Boulogne  restored 
to  France. 

1651,  October  6.  Treaty  of  Fried wald,  between  Franoe  and  the 
Protestant  princes  of  Germany. 

1552,  January  15.  Treaty  of  Chambord,  confirming  the  league 
between  France  and  the  Protestant  princes  of  Germany. 

1652,  August  12.  Treaty  of  Passau,  ratified  between  Charles  V. 
and  the  Protestant  princes  of  Germany.  Freedom  of  religion  estab- 
lished. 

1666.  Peace  of  Religion  concluded  at  Augsburg, — a  confirmation  of 
the  Treaty  of  Passau,  establishing  the  free  exerdse  of  the  Protestant 
religioiL 

1666.  England  entered  into  an  alliance  with  Spain  against  Franoe. 

1669.  Peace  of  Cateau  Cambresis,  between  PVance,  Spain  and  Pied- 
mont.  France  ceded  Savoy,  Corsica,  and  nearly  200  forts  in  Italy  and 
the  Low  Countries. 

1660.  Peace  ratified  between  England,  France,  and  Scotland. 

1661.  Treaty  of  Wilna,  between  the  Northern  Powers. 
1664,  April  29.    Peace  ratified  between  France  and  England. 

1670.  Peace  of  St.  Germain. 

1670.  December  13.  Peace  of  Stettin,  between  Sweden  and  Den- 
mark. 

1671.  Spain,  Venice,  and  the  Pope  combine  against  the  Turks,  who 
were  endeavouring  to  subdue  Cyprus. 

1672.  Peace  concluded  between  England  and  France. 

1676.  November  8.  Pacification  of  Ghent,  by  which  foreign  troops 
were  expelled  from  the  Netherlands  and  the  Inquisition  abolished. 
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1576.  The  League  l)eginB  in  France.  vi.    ^ 

1579,  January  22.  The  Union  of  Utrecht,  fonned  by  Holland, 
Utrecht,  Zealand,  Friealand,  and  Guelderland,  by  which  the  republic 
of  Holland  was  constituted.  Overyasel  joined  in  1680,  and  Qroningen 
in  1694. 

1598,  May  2.  Peace  ratified  at  Vervins  between  France  and  Spain. 
Spain  restores  her  conquests  of  Calais,  Amiens,  &o. 

1603.  A  Treaty  between  James  I.  of  England  and  Henry  IV.  of 
France,  in  order  to  support  the  States-Generdl  of  Holland. 

1604,  August  18.    Peace  between  England  and  Spain  ratified. 

1609,  April  i.  A  Truce  of  twelve  years  between  the  Spaniards  and 
Dutch. 

1610.  Treaty  of  Halle,  between  the  Protestant  princes  of  the  empire. 
1610.  League  of  Wiirzburg,  between  the  Roman  Catholic  princes 

of  tlie  empire. 

1613.  Peace  of  Si&rod,  concluding  a  war  of  two  years  between 
Sweden  and  Denmark. 

1G19.  Peace  between  France  and  Spain.  Marriage  of  Louis  XIII. 
with  Anne  of  Austria,  infanta  of  Spain. 

IG  20,  July  3.    Peace  of  Ulm,  by  which  Frederic  V.  lost  Bohemia. 

1C26.  League  of  the  Swedes,  Dutch,  and  the  Protestant  princes  of 
GcrmaDy,  against  the  Emperor. 

i  ()29,  April  14.    Peace  ratified  with  France. 

1 629,  May  22.  Peace  of  Lubeck,  between  the  Emperor  and  King  of 
l^enmark. 

IG30.  League  of  France  with  the  Protestant  princes  of  Germany, 
CJustavus  Adolphus  of  Sweden,  and  Holland,  against  the  house  of 
Austria,  in  Germany  and  Spain. 

1630.  England  also  acceded  to  the  above  alliance,  with  a  view  of 
procuring  the  restoration  of  the  Elector  Palatine. 

1630,  October  13.  Peace  of  Ratisbon,  between  France  and  the 
Emperor,  terminatiDg  the  war  for  the  Mantuan  succession. 

1630^  November  27.    Peace  proclaimed  between  England  and  Spain. 

1631,  January  13.    Subsidising  alliance  of  France  with  Sweden. 
1631,  April.    Alliance  of  Leipzig,  between  the  Elector  of  Saxony 

and  the  Protestant  princes. 

1631.  Treaty  of  Chierasco,  by  which  the  Duke  of  Nevers  finally 
takes  possession  of  his  Mantuan  territories. 

1633,  March.  Treaty  of  Heilbron,  between  Sweden  and  the  Northern 
Protestant  states  of  Germany,  after  the  death  of  Gustavus  Adolphus. 

1635,  February  28.    Alliance  between  France  and  Holland. 

1635,  May  30.  Peace  of  Prague,  between  the  Emperor  and  the 
Elector  of  Saxony, 

1648,  January  30.  Peace  of  Miinster,  between  Spain  and  the  Dutch. 
Independence  of  Holland  fully  recognised. 

164S,  October  24.  The  Peace  of  Westphalia  signed  at  Miinster  and 
at  Osnaburg,  between  France,  the  Emperor,  and  Sweden ;  Spain  con- 
tinuing the  war  against  France.  By  this  peace  the  principle  of  a 
balance  of  power  in  Europe  was  first  recognised,  and  the  independence 
of  the  republics  of  Switzerland  and  the  United  Provinces  of  the 
Netherlands  recognised. 

1654,  April  5.  Peace  ratified  between  the  Dutch  and  the  Common- 
wealth of  England. 

1655,  November  8.  Articles  of  Peace  signed  between  England  and 
France. 

1656,  November  10.  Treaty  of  Liebau,  which  annulled  the  feudal 
subjection  of  the  duchy  of  Prussia  to  the  crown  of  Sweden. 

1657,  March  23.  Treaty  of  Alliance  between  England  and  France 
against  Spain. 

1657}  May  27.  Alliance  of  Vienna,  between  Poland,  Denmark,  and 
the  Emperor,  against  Sweden. 

1659,  May  21.  Treaty  of  the  Hague,  between  England,  France,  and 
Holland,  to  maintain  the  equilibrium  of  the  North. 

1659,  November  7.  Peace  concluded  between  Fnmce  and  Spain,  by 
the  Treaty  of  the  Pyrenees. 

1660,  May  3.  The  Peace  of  Oliva  ratified  between  Sweden,  Poland, 
Prussia,  and  the  Emperor.    Esthonia  and  Livonia  given  up  to  Sweden. 

1660,  May  27.  Peace  of  Copenhagen,  between  Sweden  and  Den- 
mark. 

1661,  June  23.    Treaty  of  Alliance  between  England  and  Portugal. 

1663.  France  entered  into  a  defensive  alliance  with  Holland  and 
Switzerland. 

1664,  September  7.  The  Truce  of  Temeswar  concluded  between 
Turkey  and  Germany. 

1666,  January  26.  The  Danes  entered  into  a  league  with  the  Dutch 
against  England. 

1667,  July  25.  Peace  of  Breda  concluded  between  England,  France, 
Holland,  and  Denmark. 

1668,  January  28.  A  Treaty  of  Alliance  ratified  between  the  States- 
General  and  England  against  France,  for  the  protection  of  the  Spanish 
Netherlands ;  Sweden  afterwards  joining  the  league :  it  was  known  as 
the  Triple  Alliance. 

1668,  February  13.  Peace  of  Lisbon  concluded  between  Spain  and 
Portugal  through  the  mediation  of  England.  Independence  of  Portugal 
acknowledged  by  Spain. 

1668,  May  2.  Peace  of  Aix-la-Chapelle,  between  France  and  Spain, 
signed.  France  yields  Franche  Cumt^,  but  retains  her  conquests  in 
the  Netherlands. 


1669,  May  7.  Treaty  of  the  Hague,  between  Holland  and  Portugal : 
the  Dutch  allowed  to  retain  their  conquests  in  India. 

1672.  Treaty  between  France  and  England  (February  12),  and 
Sweden  (April  14),  against  Holland. 

1672,  August  30.  An  Alliance  entered  into  between  the  Emperor, 
Spain,  and  Holland,  against  France. 

1673,  June  16.  Peace  of  Vossem,  between  the  Elector  of  Branden- 
bui^g  and  France ;  the  former  engaging  not  to  assist  the  Dutch. 

1674,  February  19.  Peace  of  Westminster,  between  England  and 
Holland. 

1678,  January  10.  Treaty  concluded  between  England  and  Holland, 
by  which  Holland  detached  Charles  II.  from  the  interests  of  France. 

1678,  August  10.  Peace  of  Nimeguen  concluded  between  France  and 
Holland.  Spain  accedes  to  the  peace  September  17,  giving  up 
Franche  Comtd,  &c. ;  the  Emperor  on  February  5  following ;  and 
Sweden  on  March  29. 

1679,  June  29.  Peace  of  St.  Germain  en  Laye  concluded  between 
France,  Sweden,  and  the  Elector  of  Brandenburg. 

1679,  September  2.  Peace  of  Fontainebleau,  between  France  and 
Denmark. 

1688,  March  31.  Alliance  of  Warsaw,  between  Austria  and  Poland, 
against  Turkey,  in  pursuance  of  which  John  Sobieski  assisted  in 
raising  the  siege  of  Vienna,  on  Sept.  12. 

1684,  August  15.  Truce  of  Ratisbon  concluded  by  France  with 
Spain  and  the  empire,  terminating  the  w£ur  of  the  previous  year. 

1686.  League  of  Augsburg  entered  into  by  Holland  and  other 
European  powers  for  the  purpose  of  causing  the  treaties  of  Miinster 
and  Nimeguen  to  be  fulfilled  on  the  part  of  France. 

1689,  May  12.  The  Grand  Alliance  signed  at  Vienna  between 
England,  the  Emperor,  and  the  States-General ;  to  which  Spain  and 
the  Duke  of  Savoy  afterwards  acceded. 

1696,  August  29.  The  Duke  of  Savoy  quitted  the  coalition,  and 
entered  into  a  treaty  with  France. 

1697,  September  20.  Peace  of  Ryswick,  between  France,  England, 
Spain,  and  Holland ;  signed  by  Germany  October  30. 

1698,  October  11.  First  Jreaty  of  Partition  signed  between  France, 
England,  and  Holland,  for  the  purpose  of  regulating  the  succession  of 
the  territories  of  the  King  of  Spain. 

1699,  January  26.  Peace  of  Carlowitz,  between  Turkey  and  Ger- 
many, Poland,  Russia,  and  Venice. 

1700,  March  13.  Second  Treaty  of  Partition  between  France, 
England,  and  Holland,  declaring  the  Archduke  Charles  presumptive 
heir  of  the  Spanish  monarchy. 

1701,  September  7.  England  and  Holland  conclude  a  formal  alliance 
at  the  Hague,  to  resist  the  claim  of  Philip  of  Anjou,  to  which  almost 
all  the  European  states  successively  accede. 

^  1703.  The  Methuen  Treaty,  between  England  and  Portugal,  prin- 
cipally for  the  regulation  of  commerce. 

1706,  September  24.  Peace  of  Alt  Radstadt,  between  Charles  XII. 
of  Sweden  and  Augustus  of  Poland. 

1711,  July  2.  Peace  of  Falczi  concluded  between  Russia  and  Turkey, 
the  Russians  giving  up  Azof  and  all  their  possessions  on  the  Black  Sea 
to  the  Turks ;  in  tiie  following  year  the  war  was  renewed,  and  ter- 
minated by  the  Peace  of  Constantinople,  April  16, 1712. 

1713,  April  11.  Peace  of  Utrecht,  signed  by  the  ministers  of  Great 
Britain  and  France,  as  well  as  of  idl  the  other  allies,  except  the 
ministers  of  the  empire.  The  most  important  stipulations  of  this 
treaty  were  the  security  of  the  Protestant  succession  in  England,  the 
disuniting  the  French  and  Spanish  crowns,  the  destruction  of  Dunkirk, 
the  enlai^gement  of  the  British  colonies  and  plantations  in  America, 
and  a  full  satisfaction  for  the  claims  of  the  alUes.  Spain  also  granted 
to  Great  Britain  the  privilege  of  supplying  Spanish  America  with 
negro  slaves.     This  is  the  Assiento  treaty. 

1713,  April  17.  The  Emperor  Charles  VI.  published  the  Pragmatic 
Sanction,  whereby,  in  default  of  male  issue,  his  daughters  should 
succeed  in  preference  to  the  sons  of  his  brother  Joseph  I. 

1713,  July  13.  The  Treaty  of  Utrecht  signed  by  Spain,  which 
included  the  Assiento  contract. 

1714,  March  6.  Peace  of  Radstadt,  between  France  and  the  Emperor 
of  Germany. 

1714,  September  7.  Peace  of  Baden,  between  France  and  the 
Emperor  of  Germany.     Landau  ceded  to  France. 

1715,  November  15.  The  Barrier  Treaty  signed  at  Antwerp,  by  the 
British,  the  Imperial,  and  Dutch  ministers.  Low  countries  ceded  to 
the  Emperor  of  Germany. 

1717,  January  4.  The  Triple  Alliance  of  the  Hague,  between  France, 
England,  and  Holland,  to  oppose  the  designs  of  Cardinal  Alberoni,  the 
Spanish  minister. 

1718,  Jidy  21.  Peace  of  Paasarowitz,  between  the  Emperor,  Venice, 
and  Turkey. 

1718,  August  2.  The  Treaty  of  Alliance  between  Great  Britain, 
France,  and  the  Emperor,  signed  at  London.  This  alliance,  on  the 
accession  of  the  states  of  Holland,  obtained  the  name  of  the  Quadruple 
Alliance,  and  was  entered  into  to  force  the  King  of  Spain  to  observe 
the  stipulations  of  the  treaty  of  Utrecht. 

1718,  November  18.  The  Duke  of  Savoy  joined  the  Quadruple 
Alliance,  signing  the  treaty  by  his  envoys  at  Whitehall. 

1719,  November  20.    Peace  of  Stockhohn,  between  the  King  ol 
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Great  Britain  and  the  Queen  of  Sweden,  by  which  the  former  acqnu^d 
the  duchies  of  Bremen  and  Verden  as  Elector  and  Duke  of  Brunswick. 

1720,  January  26.  The  King  of  Sfiain  accepts  and  signs  the  Quad- 
ruple Alliance. 

1721,  August  80.  Peace  of  Nystett,  in  Fmknd,  between  Sweden 
and  Russia,  whereby  Livonia  and  Ingria  were  ceded  to  Russia. 

1724,  March  24.  Treaty  of  Stockholm,  between  Russia  and  Sweden, 
In  favour  of  the  Duke  of  Holstein  Qottorp. 

1725,  April  30.  The  Vienna  Treaty,  signed  between  the  Emperor  of 
Germany  and  the  King  of  Spain,  by  which  they  confirmed  to  each 
other  such  parts  of  the  Spanish  dominions  as  they  were  respectively 

possessed  of. 

1725,  September  3.  The  Hanover  Treaty  concluded  between  the 
Kings  of  England,  France,  and  Prussia,  as  an  act  of  self-defence  against 
the  provisions  of  the  Vienna  Treaty. 

1726,  August  6.  Treaty  of  Alliance  between  Russia  and  the  Emperor 

of  Germany. 

1727,  May  31.  Preliminary  articles  for  a  general  pacification,  signed 
at  Paris  by  the  ministers  of  Great  Britain,  the  Emperor  of  Germany, 
tie  King  of  France,  and  the  States-General 

1727,  October  21.  Treaty  of  Nipchoo  (Nerchinsk),  between  Russia 
and  China,  by  which  the  boundaries  of  the  two  empires  were  settled, 
and  a  Russian  resident  at  Pekin  allowed.  Not  ratified  until  June  14, 
1728,  in  consequence  of  the  death  of  Catherine. 

1729,  Novembers.  The  Peace  of  Seville,  between  Great  Britain, 
France,  and  Spain :  and  a  defensive  alliance  entered  into :  to  this 
treaty  the  states  of  Holland  afterwards  acceded,  November  21. 

1731,  March  16.  The  Treaty  of  Alliance  of  Vienna,  between  the 
Emperor  of  Germany,  Great  Britain,  and  Holland,  by  which  the 
Pragmatic  Sanction  was  guaranteed,  and  the  disputes  as  to  the 
Spanish  succession  terminated;    Spain  acceded  to  the  treaty  on  the 

22nd  of  July. 

1732,  October  7.    Peace  between  Sweden  and  Poland. 

1735,  October  8.  Preliminaries  of  peace  signed  at  Vienna,  between 
France  and  the  Emperor  of  Germany.    Spain  acceded  April  16, 1736. 

1738,  November  18.  The  Definitive  Peace  of  Vienna,  between  the 
Emperor  of  Germany  and  the  King  of  France,  the  latter  power  agreeing 
to  guarantee  the  Pragmatic  Sanction.  Lorraine  ceded  to  France,  who 
acknowledged  Augustus  III.  as  King  of  Poland,  abandoning  the  claim 
of  Stanislaus,  who  resigned. 

1739,  September  18.  Peace  of  Belgrade,  between  the  Emperor  of 
Germany  and  the  Turks,  the  Emperor  giving  up  Belgrade  and  Servia ; 
this  was  spet'dily  followed  by  a  peace  between  Russia  and  Turkey, 
Russia  surrendering  Azof  and  all  her  conquests  on  the  Black  Sea. 

1740,  August.  A  Subsidy  Treaty  concluded  between  Great  Britain 
and  HessG. 

1741,  AUiance  between  Great  Britain,  Russia,  and  Poland,  with  the 
Queen  of  Hungary  (the  Empress  Maria  Theresa),  for  the  purpose  of 
supporting  the  interests  of  the  house  of  Austria ;  France,  Spain,  and 
Sardinia  uniting  about  the  same  tmie  in  the  interest  of  the  Elector  of 
Bavaria. 

1742,  June  28.  Peace  of  Berlin,  between  the  King  of  Poland  and  the 
Queen  of  Hungary.    Silesia  given  up  to  Prussia. 

1742,  November  18.  A  Treaty  for  mutual  defence  and  guarantee 
signed  at  Whitehall,  between  Great  Britain  and  Prussia. 

1743,  June  24.  A  defensive  Treaty  concluded  between  Great  Britain 
and  Russia  for  fifteen  years. 

1743,  August  7.  Peace  of  Abo,  between  Russia  and  Sweden. 

1745,  April  23.  Peace  of  Fuessen,  between  the  Queen  of  Hungary 
and  Elector  of  Bavaria. 

1745,  December  25.  Peace  of  Dresden,  between  Saxony,  Prussia,  and 
the  Queen  of  Hungary,  confirming  the  treaties  of  Berlin  and  Breslau. 

1748,  April  80.  Preliminary  articles  for  the  Peace  of  Aiz-)a-Chapelle 
signed  by  the  ministers  of  Great  Britain,  France,  and  Holland,  to  which 
the  Queen  of  Hungary,  the  King  of  Sardinia,  and  the  Duke  of  Modena 
shortly  after  acceded,  and  SxKiin  and  Genoa  before  the  end  of  June ;  in 
September  and  October  the  definitive  treaty  was  concluded  and  signed 
by  the  respective  powers.  By  this  peace  the  treaties  of  Westphalia  in 
1648,  of  Nimeguen  in  1678  and  1679,  of  Ryswick  in  1697,  of  Utrecht 
in  1713,  of  Baden  in  1714,  of  the  Triple  Alliance  in  1717,  of  the  Quad- 
ruple Alliance  in  1718,  and  of  Vienna  in  1738,  were  renewed  and  con- 
firmed; the  Hanoverian  succession  in  Great  Britain  recognised;  the 
Pretender  to  be  expelled  from  France,  and  Dunkirk  to  be  demolished. 

1750,  October  5.  Treaty  between  England  and  Spain,  by  which 
England  renounced  the  Assiento  Contract  for  the  supply  of  slaves, 
included  in  the  peace  of  Utrecht,  in  1713. 

1756,  January  16.  Treaty  of  Alliance  between  Prussia  and  England. 
Hanover  put  under  the  safeguard  of  the  King  of  Prussia. 

1756,  May  1.  Alliance  between  Austria  and  France  eonoluded  at 
Versailles. 

1757,  September  10.  Convention  of  Closterseven. 

1761,  August  15.  The  Family  Compact  between  the  different 
branches  of  the  House  of  Bourbon,  signed  at  Paris. 

1762,  May  5.  Peace  of  Petersburg,  between  Russia  and  Prussia. 
Russia  restored  all  her  conquests  to  Prussia. 

1762,  May  22.  Peace  of  Hamburg,  between  Sweden  and  Prussia. 
1762,  November  8.   Preliminaries  of  peace  signed  at  Fontainebleau, 
between  France  and  England. 


1763,  February  10.  Peace  of  Paris  concluded  between  France, 
Portu^,  and  Great  Britain.    Cession  of  Canada  by  France,   azKl  of 
Florida  by  Spain. 

1763,  February  15.    Peace  of  Hubertsbei^,  between  Pnisna,  Austria, 
and  Saxony.    End  of  the  Seven  Years*  War. 

1768,  February  24.    Treaty  of  Warsaw,  between  Russia  and  Polaod. 

1771}  January  22.  Treaty  between  Great  Britain  and  Spain,  eon- 
finning  the  possession  of  the  Falkland  Islands  to  the  former. 

1772,  February  17.  Secret  Convention  for  the  Partition  of  Poland 
by  Russia  and  Prussia. 

1772,  August  5.  Treaty  of  Petersburg  for  th<  same  object^  betvreen 
Austria,  Russia,  and  Prussia. 

1774,  July  21.  Peace  of  Kutchuk  Kainarji,  between  Russia  acd 
Turkey.  Crimea  declared  independent,  Asof  ceded  to  Rusaia,  and 
freedom  of  commerce  and  navigation  of  the  Black  Sea  granted. 

1775,  May  20.  The  American  Provinces  sign  Articles  of  Union  aad 
Alliance. 

1778,  February  6.  A  Treaty  ratified  with  the  States  of  America^ 
by  France,  who  acknowledged  their  independence. 

1779,  May  18.  Peace  of  Teschen  ratified  between  Austria^  SaxoDjr, 
and  Prussia. 

1780,  July  9  and  August  1.  First  Conventions  for  the  Artnad 
Neutrality,  between  Russia,  Denmark,  and  Sweden.  December  2i, 
the  States-General  acceded. 

1781,  May  8.     King  of  Prussia  accedes  to  the  Armed  Neutrality. 

1781,  October  9.  The  Emperor  of  Germany  joins  the  Armed  Nea- 
trality. 

1782,  November  30.  The  Independence  of  America  acknowledged 
by  England,  and  preliminaries  of  peace  signed  at  Paris  between  the 
British  and  American  Commissioners. 

1 788,  January  20.  Preliminary  articles  of  peace  signed  at  Versailles, 
between  Great  Britain,  Spain,  and  France. 

1 783,  September  2.  Preliminaries  of  peace  between  Great  Britain 
and  Holland,  signed  at  Paris. 

1788,  September  8.  Definitive  Treaty  of  Peace  between  Great 
Britain  and  the  United  States  of  America,  signed  at  Paris ;  when  the 
latter  was  admitted  to  be  a  sovereign  and  independent  Power.  On 
the  same  day,  the  definitive  treaty  was  signed  at  Versailles  between 
Great  Britain,  France,  and  Spain. 

1784,  June  20.  Definitive  Treaty  of  Peace  between  Great  Britain 
and  Holland,  signed  at  Paris. 

1785,  July  23.  Germanic  Confederation  between  Saxony,  Bnuiden- 
burg,  and  Hanover. 

1785,  November  6.  The  Treaty  of  Fontainebleau,  between  the 
Emperor  and  Holland. 

1790,  September  27.  The  preliminary  treaty  ratified  with  Spain, 
relative  to  Nootka  Sound ;  and  the  definitive  treaty  signed  October 
28th  following. 

1791,  July  20.  Convention  of  Pilnitz,  between  the  Emperor 
Leopold  and  the  King  of  Prussia. 

1792,  June  26.  The  First  Coalition  against  Franco  took  place,  and 
the  King  of  Prussia  issued  his  manifesto. 

1793,  February  9.  The  Duke  of  Tuscany  acknowledged  the  Frendi 
Republic. 

1793,  May  25.    Spain  engaged  to  assist  Great  Britain. 

1793.  Great  Britain  concluded  treaties,  July  14,  with  Prussia; 
August  30,  with  Austria ;  and  September  26,  with  PortugaL 

1795,  February  15.  The  first  Pacification  between  the  National 
Assembly  of  France  and  the  Vendeans,  concluded. 

1795,  February  18.  A  defensive  Alliance  entered  into  with  Russia, 
by  Great  Britain. 

1795,  April  5.  Peace  of  Basel,  between  the  King  of  Prussia  and  the 
French  Republic. 

1795,  May  16.  Treaty  of  AllLince  signed  at  Paris,  between  France 
and  the  United  Provinces,  against  England.  Dutch  Flanders  ceded  to 
France. 

1795,  July  22.  Peace  ratified  at  Basel  between  France  andSjKun. 
Spanish  St.  Domingo  ceded  to  France. 

1795,  November  25.  The  Partition  of  Poland  took  place  between 
Russia,  Austria,  and  Prussia. 

1796,  May  15.  Treaty  of  Paris,  between  the  French  Republic  and 
the  King  of  Sardinia,  the  latter  ceding  Savoy,  Nice,  the  territory  of 
Tende,  and  Beuil,  and  granting  a  free  passage  for  troops  through  bis 
states. 

1796,  August  5.  The  Treaty  of  Berlin  ratified  between  Prus^na  and 
France,  whereby  the  neutrality  of  the  north  of  Germany  was  guaranteed. 

1 796,  August  19.  An  Alliance  ofiensive  and  defensive  oonclutlcd  at 
St  Ildefonso,  between  France  and  Spain. 

1797,  February  19.  Treaty  of  Tolentino,  between  the  French 
Republic  and  the  Pope. 

1797,  April  18.  Preliminaries  of  the  Peace  of  Leobeii  signed 
between  Austria  and  France. 

1797,  October  17.  Treaty  of  Campo  Fonnio,  betwe^i  France  and 
Austria,  the  latter  power  yielding  the  Low  Countries  and  the  loniaa 
Islands  to  France ;  and  Milan,  Mantua,  and  Modena,  to  the  Cisalpine 
republic. 

1797,  December  9.  Congress  of  Radstadt  commenced  its  labotirs  to 
treat  concerning  a  general  peace  with  the  Germanic  powers. 
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1798,  December  29.  A  Treaty  of  Alliance  and  Subsidies,  agreed  upon 
between  Great  Britain  and  Rusda,  against  France. 

1799,  June  22.  The  Second  Coalition  against  France,  by  Great 
Britain,  the  Emperors  of  Germany  and  Ruaaia,  part  of  the  German 
empire,  the  Kings  of  Naijles  and  Portugal,  Turkey,  and  the  Barbary 
States.     Cotiference  of  Radstadt  broken  up. 

1800,  June  20.  A  Treaty  of  Subsidies  ratified  at  Vienna,  between 
Austria  and  England,  stipulating  that  the  war  should  be  vigorously 
prosecuted  against  France,  and  that  neither  of  the  contracting  powers 
should  enter  into  a  separate  peace. 

1800,  September  30.  A  Treaty  of  Amity  and  Commerce  ratified 
between  France  and  the  United  States  of  America.  Stipulated  in  the 
treaty  that  the  fiag  should  protect  the  cargo. 

1800,  December  16.  A  Treaty  of  Armed  Neutrality  ratified 
between  Russia,  Denmark,  and  Sweden,  at  Petersburg,  in  order  to 
cause  their  flags  to  be  respected  by  the  belligerent  powers.  Prussia 
afterwards  acceded  to  this  treaty. 

1801,  February  9.  Peace  of  Luneville,  between  the  French  Republic 
and  the  Emperor  of  Germany,  confirming  the  cessions  made  by  the 
tx^aty  of  Campo  Formio,  stipulating  that  the  Rhine,  to  the  Dutch 
territories,  should  form  the  boundary  of  France,  and  recognising  the 
independence  of  the  Batavian,  Helvetic,  Ligurian,  and  Cisalpine 
republics. 

1801,  March  21.  A  Treaty  signed  at  Madrid,  between  France  and 
Spain,  whereby  the  estates  of  Parma  were  yielded  to  France,  who  in 
return  ceded  Tuscany  to  the  Infanta  Prince  of  Parma,  with  the  title  of 
King  of  Etruria. 

1801,  March  28.  A  Treaty  of  Peace  between  France  and  the  King  of 
Naples,  signed  at  Florence,  by  which  France  acquired  the  isles  of 
£lba,  Piombino,  and  Presides. 

1801,  June  17.  A  Treaty  concluded  between  Great  Britain  and 
Russia  at  Petersburg. 

1801,  Jtdy  15.  The  Concordat  between  Bonaparte  and  Piu0  YII., 
signed  at  Paris. 

1801,  August  .8.  A  Treaty  of  Peace  concluded  between  Spain  and 
Portugal. 

1801,  September  29.  A  Treaty  of  Peace  signed  at  Madrid,  between 
France  and  Portugal. 

1801,  October  1.  Preliminary  articles  of  peace  between  France  and 
England,  signed  at  London  by  Lord  Hawkesbury  and  M.  Otto. 

1801,  October  8.  A  Treaty  of  Peace  ratified  at  Paris  between  the 
Kmperor  of  Russia  and  the  French  government. 

1802,  March  25.  Peace  of  Amiens,  between  Great  Britain,  France, 
Spain,  and  Holland. 

1802,  June  25.  Definitive  Treaty  between  France  and  the  Ottoman 
Porte. 

1808,  August  1.  A  Treaty  ratified  between  Great  Britain  and 
Sweden. 

1805,  April  8.  The  Treaty  of  Petersburg  entered  into  for  a  Third 
Coalition  against  France ;  England  and  Russia  being  the  contracting 
parties. 

]  805,  August  9.  The  Emperor  of  Austria  acceded  to  the  Treaty  of 
Petersburg. 

1805,  August  81.  An  Alliance  offensive  and  defensive  entered  into 
at  Beekaskog,  between  Great  Britain  and  Sweden. 

1805,  September  8.  Third  Coalition  against  France,  the  parties 
being  Great  Britain,  Russia,  Austria,  Sweden,  and  Naples. 

1805,  September  21.  A  Treaty  of  NeutraUty  signed  between  France 
and  Naples. 

1805,  December  26.  Peace  of  Preaburg,  between  France  and 
Austria,  by  which  the  ancient  states  of  Venice  wete  ceded  to  Italy ; 
the  principality  of  Eichstett,  part  of  the  bishopric  of  Passau,  the  city 
of  Augsburg,  the  Tyrol,  all  the  possessions  of  Austria  in  Suabia,  in 
Brisg^iu,  and  Ortenau,  were  transferred  to  the  Elector  of  Bavaria  and 
the  Duke  of  Wirtembei^,  who,  as  well  as  the  Duke  of  Baden,  were 
then  created  kings  by  Napoleon  j  the  independence  of  the  Helvetic 
Republic  was  also  stipulated. 

1806,  July  12.  The  Germanic  Confederation  of  the  Rhine  formed 
under  the  auspices  of  Napoleon. 

1806,  July  20.  Peace  of  Paris,  between  France  and  Russia,  which 
Alexander  subsequently  refused  to  ratify. 

1806,  August  1.  The  Treaty  of  July  12  notified  to  the  Diet  at 
Ratisbon,  when  the  German  princes  seceded  from  the  Genuanic 
empire,  and  placed  themselves  under  the  protection  of  Naptileon. 

IS 06,  October  6.  The  Fourth  Coalition  formed  against  Frauce,  by 
Great  Britain,  Russia,  Prussia,  and  Saxony. 

1806,  November  21.  The  Berlin  Decree,  issued  by  Bonaparte  after 
the  battle  of  Jena,  declaring  the  British  Islands  in  a  state  of  blockade, 
and  interdicting  the  whole  world  from  any  coummnication  with  them. 

1808,  December  11.  A  Treaty  of  Peace  and  Alliance  signed  at  Cosen, 
between  Napoleon  and  the  Elector  of  Saxony,  who  then  assumed  the 
title  of  king. 

1806,  December  81.  A  Treaty  of  Commerce  entered  into  between 
Great  Britain  and  the  United  States  of  North  America,  which  the 
latter  Power  afterwards  refused  to  ratify. 

1807,  July  7.  Peace  of  Tilsit  concluded  between  France  and 
Russia,  when  Napoleon  restored  to  the  Prussian  monarch  one-half  of 
hia  territories,  and  Russia  recognised  the  Confederation  of  the  Rhine, 


and  the  elevation  of  Napoleon's  three  brothers,  Joseph,  Louis,  and 
Jerome,  to  the  thrones  of  Naples,  Holland,  and  Westphalia ;  thiB  treaty 
was  ratified  on  the  19th. 

1807,  October  31.  A  Treaty  of  Alliance  entered  into  between  Franoe 
and  Denmark. 

1807,  November  10.  A  Treaty  ratified  at  Paris  between  France  and 
Holland,  whereby  Flushing  was  ceded  to  the  French. 

1807,  December  17.  Milan  Decree  issued  by  Napoleon;  England 
declared  in  a  state  of  blockade. 

1808,  February  8.  Treaty  of  Peace  between  Great  Britam  and 
Sweden. 

1808,  March  SO.  A  Treaty  of  Alliance  and  Subsidy  entered  into 
between  England  and  Sicily,  whereby  the  latter  was  to  be  garrisoned 
by  10,000  British  troops,  and  to  receive  an  annuid  subsidy  of  300,000/. 

1808,  May  5.  Treaty  of  Bayoune,  whereby  Charles  IV.  ceded  all  hiJi 
titles  to  Spain  and  its  dependencies  to  Napoleon,  expressly  resigning 
to  him  the  right  of  transmitting  the  crown  to  whomsoever  he  should 
think  fitting. 

1808,  June  25.  A  Spanish  Proclamation  of  Peace  with  England,  and 
Sweden,  her  ally,  published  at  Oviedo. 

1808,  August  80.  The  Convention  of  Cintra  signed,  the  French 
agreeing  to  evacuate  Portugal. 

1808,  November  5.  The  Convention  of  Berlin  entered  into,  whereby 
Napoleon  remitted  to  Prussia  the  sum  due  on  the  war-debt,  and  with- 
drew his  troops  from  many  of  the  fortresses  in  order  to  reinforce  his 
armies  in  Spain. 

1809,  January  5.  Peace  ratified  between  Great  Britain  and  the  Otto- 
man Porte. 

1809,  January  14.  A  Treaty  of  Alliance  ratified  between  England 
and  the  Spanish  insui^ents. 

1809,  April  9.  The  Fifth  Coalition  agamst  France,  by  Great  Britain 
and  Austria. 

1809,  July  25.  Armistice  between  Sweden  and  Norway. 

1809,  September  17.  A  Treaty  of  Peace  signed  between  Rusaia  and 
Sweden. 

1809,  October  14.  Peace  of  Vieuna,  between  France  and  Austria; 
Austria  ceding  to  France  the  Tyrol,  DaJmatia,  and  other  territories, 
which  were  shortly  afterwards  declared  to  be  united  to  France  under 
the  title  of  the  Illyrian  provinces,  and  engaging  to  adhere  to  the 
prohibitory  system  adopted  towards  England  by  France  and  Russia. 

1810,  January  6.  Peace  of  Paris,  between  France  and  Sweden, 
whereby  Swedish  Pomerania  and  the  island  of  Rugen  were  given  up 
to  the  Swedes,  who  agreed  to  adopt  the  French  prohibitory  system 
against  Great  Britain. 

1810,  February  19.  Treaties  of  Alliance  and  Commerce  signed  be- 
tween Great  Britain  and  the  Brazils. 

1810,  April  19.  The  South  American  provinces  of  Caraccas,  ftc, 
form  a  federative  government,  under  the  title  of  the  Federation  of 
Venezuela. 

1812,  March  14.  Treaty  of  Alliance  signed  at  Paris  between  France 
and  Austria. 

1812,  March  24.  Treaty  of  Alliance,  signed  at  St.  Petersbui^,  be- 
tween Bemadotte,  Prince  Royal  of  Sweden,  and  the  Emperor  Alexander ; 
the  former  agreeing  to  join  in  the  campaign  against  France,  in  return 
for  which  Sweden  was  to  receive  Norway. 

1812,  April  1.  The  Berlin  Decree  revoked  as  far  as  respected 
America. 

1812,  May  28.  Preliminaries  of  peace  ratified  at  Bucharest  between 
Russia  and  Turkey,  it  being  stipulated  that  the  Pruth  should  form  the 
limits  of  tho3e  empires. 

1812,  July  6.  A  Treaty  of  Peace  between  Great  Britain  and  Sweden 
ratified  at  Orebo. 

lb  12,  July  20.  Treaty  signed  between  the  Emperor  Alexander  and 
the  Regency  of  Cadiz,  in  the  name  of  Ferdinand  the  Seventh  of  Spain. 

1812,  August  1.  Treaty  of  Peace  and  Union  ratified  at  St.  Peters- 
burg between  Great  Britain  and  Russia,  renewing  their  ancient  rela- 
tions of  friendship  and  commerce. 

1813,  January  25.  Concordat  at  Fontainebleau,  between  Napoleon 
and  Pius  VII. 

1S18,  March  1.  The  Sixth  Coalition  entered  into  between  Russia 
and  Prussia  against  France,  the  treaty  being  ratified  at  Kalisch. 

1813,  Maicli  3.  Ihe  Treaty  of  Stockholm  entered  into  between 
England  and  Sweden. 

1813,  June  14.  A  Treaty  of  Alliance  concluded  between  Great 
Britain,  Russia,  and  Prussia. 

1813,  July  8.  The  Convention  of  Peters walden,  between  Great  Bri- 
tain and  Russia. 

1813,  July  10.  A  reciprocal  Treaty  of  Alliance  and  Guarantee  be- 
tween France  and  Denmark,  ratified  at  Copenhagen. 

1813,  September  9.  A  Triole  Treaty  of  Alliance  ratified  at  Toplitz 
between  Russia,  Austria,  and  Prussia. 

1813,  October  3.  A  preliminary  Treaty  of  AlKance  signed  at  Tojilitz 
between  Austria  and  Great  Britain. 

1813,  December  8.  Treaty  of  Valen^ay,  between  Napoleon  and 
Ferdinand  the  Seventh  of  Spain,  whereby  the  latter  was  to  be  put  in 
full  possession  of  that  kingdom,  on  agreeing  to  maintain  its  integrity. 

1814,  January  14.  Treaty  of  Kiel,  between  Groat  Britain,  Sweden, 
and  Denmai'k.    Norway  ceded  to  Sweden, 
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1814,  February  5.  The  Cortes  of  Spain  renounce  the  treaty  ratified 
at  Yalengay. 

1814,  February  6.  Congress  of  Chatillon,  between  the  four  great 
powers  allied  against  France,  at  which  Caulaincourt  attended  on  the 
part  of  France ;  the  Congress  broke  up  on  the  19th  of  March. 

1814,  March  1.  Treaty  of -Chaiunont,  between  Great  Britain,  Austria, 
Russia,  and  Prussia. 

1814,  April  11.  The  Treaty  of  Paris  ratified  on  the  part  of  Napoleon 
and  the  Allies,  by  which  Napoleon  renounced  his  sovereignty  over 
France,  &c.,  stipulating  that  the  island  of  Elba  should  be  Ms  domain 
and  residence  for  life,  with  a  suitable  provision  for  himself  and  Maria 
Louisa,  who  was  to  have  vested  in  her  the  duchies  of  Parma  and 
Placentia,  the  same  to  descend  to  her  son. 

1814,  April  23.  A  Convention  signed  at  Paris  between  the  Coimt 
d'Artois  on  the  one  .part,  and  the  Allied  Powers  on  the  other,  stipu- 
lating that  all  hostilities  should  cease  by  land  and  sea;  that  the  con- 
federated armies  should  evacuate  the  French  territory,  leaving  its 
boundaries  the  same  as  they  were  on  the  Ist  of  January,  1792. 

1814,  May  30.  Peace  of  Paris  ratified  between  France  and  the  Allied 
Powers,  in  a  supplemental  article  of  which  Louis  XVIII.  stipulated 
that  he  would  exert  his  endeavours  with  the  continental  powers  to 
ensure  the  abolition  of  the  slave- trade,  in  conjunction  with  Great 
Britain. 

1814,  July  20.  A  Treaty  of  Peace  signed  between  France  and  Spain 
at  Paris,  confirming  the  stipulations  of  previous  treaties  which  had 
existed  on  the  1st  of  January,  1792. 

1814,  August  13.  Convention  between  Great  Britain  and  the  Sove- 
reign Prince  of  the  Low  Countries  respecting  the  Dutch  colonies. 

1814,  September  28.  A  Convention  ratted  at  Vienna,  whereby 
Saxony  was  placed  under  the  control  of  Prussia. 

1814,  December  24.  Peace  of  Ghent,  between  Great  Britain  and  the 
United  States  of  America. 

1816,  March  23.  Treaty  of  Vienna,  between  Great  Britain,  Austria, 
Russia,  and  IVussia,  confirming  the  principles  of  the  treaty  of  Chau- 
mont,  March  1,  1814,  on  whicn  they  had  acted ;  and  uniting  Belgium 
to  the  Netherlands  under  the  sovereignty  of  the  king  of  the  Nether- 
lands. 

1815,  May  18.  Peace  ratified  between  Saxony  and  Prussia. 

1^15,  May  20.  A  Convention  signed  at  Zurich  between  the  Swiss 
Diet  and  the  plenipotentiaries  of  Great  Britain,  Austria,  Russia,  and 
Prussia. 

1815,  May  31.  Treaty  of  Vienna,  between  the  King  of  the  Low 
Countries  on  the  one  part,  and  Great  Britain,  Russia,  Austria,  and 
Prussia  on  the  other,  agreeing  to  the  enlargement  of  the  Dutch  terri- 
tories, and  vesting  the  sovereignty  in  the  House  of  Orange. 

1815,  June  4.  Treaty  of  Vienna.  Denmark  cedes  SwecSsh  Pomerauia 
and  Rugen  to  Prussia,  in  exchange  for  Lauenburg. 

1816,  June  8.  Federative  Constitution  of  Germany  signed  at  Vienna. 

1815,  July  3.  Convention  of  St.  Cloud,  between  Marshal  Davoust  on 
the  one  part,  and  Wellington  and  Blucher  on  the  other,  by  which 
Paris  was  surrendered  to  the  Allies,  who  entered  it  on  the  6th. 

1816,  August  2.  A  Convention  signed  at  Paris  between  Great  Bri- 
tain, Austria,  Russia,  and  Prussia,  styling  Napoleon  the  prisoner  of 
those  powers,  and  confiding  his  safeguard  particularly  to  Ao  British 
government. 

1816,  September  14.  A  Convention  entered  into  at  Vienna,  whereby 
the  duchies  of  Parma,  &c.,  were  secured  to  the  Empress  Maria  Louisa, 
and  on  her  demise  to  her  scm,  by  Napoleon. 

1815,  September  26.  The  Treaty  denominated  of  the  Holy  Alliance, 
ratified  at  Paris  by  the  Emperors  of  Austria  and  Russia,  and  the  King 
of  Prussia. 

1816,  November  6.  A  Treaty  ratified  at  Paris  between  Great  Britain 
and  Russia  respecting  the  Ionian  Islands,  which  wer«  declared  to  form 
a  united  state  under  the  sole  protection  of  the  former  power. 

1815,  November  20.  Peace  of  Paris,  between  France  on  the  one  part, 
and  Great  Britain,  Austria,  Russia,  and  Prussia  on  the  other,  esta- 
blishing the  boundaries  of  France,  and  stipulating  for  the  garrisoning 
of  several  of  the  fortresses  in  France  by  foreign  troops  for  three  years. 

1816,  November  20.  The  Treaty  of  Paris  executed  between  Great 
Britain,  Russia,  Austria,  and  Prussia,  confirming  the  treaties  of  Chau- 
mont  as  well  as  those  of  Vienna. 

1816,  March  13.  A  Treaty  entered  into  between  France  and  the 
Swiss  Cantons,  whereby  12,000  Swiss  troops  were  admitted  into  the 
French  service. 

181 7,  June  10.  Treaty  of  Paris,  between  Great  Britain,  France,  Spain, 
Russia,  and  Prussia,  in  order  to  fulfil  the  articles  of  the  Congress  of 
Vienna. 

1818,  April  26.  A  Convention  signed  at  Paris  between  France  and 
the  Allied  Powers,  releasing  France  from  all  debts  referred  to  in  the 
treaties  from  the  80th  May,  1814,  to  the  20th  November,  1816. 

1818,  April  25.  A  Convention  ratified  at  Paris  between  England 
and  France,  whereby  the  latter  power  undertook  to  liquidate  all  further 
demands  on  the  part  of  British  subjects. 

1818,  May  4.  A  Treaty  ratified  between  Great  Britain  and  the 
Netherlands  for  abolishing  the  slave-trade. 

1818,  October  9.  A  Convention  entered  into  by  the  great  powers  of 
Europe,  assembled  at  Aix-la  Chapelle,  on  the  one  part,  and  the  Duke 
de  Richeliea  on  the  other,  whereby  it  was  stipulated  that  the  army  of 


occupation  should  quit  the  French  territory  on  the  80th  of  November 
ensuing ;  it  was  also  agreed  that  the  remaining  sum  due  from  Franoe 
to  the  Allies  was  265,000,000  francs. 

1819,  August  1.  Congress  of  Carlsbad. 

1820,  October  20.  Congress  of  Troppau. 

1820,  October  24.    Treaty  between  Spain  and  America :   FIoriiI;ik 
ceded  to  the  United  States. 

1821,  May  6.  The  Congress  of  Laybach,  which  had  been  for  some 
time  attended  by  the  sovereigns  of  Austria,  Russia,  and  Prussia,  finally 
broke  up,  having  issued  two  circulars  stating  it  to  be  their  resolution 
to  occupy  Naples  with  Austrian  troops,  and  proscribe  popular  iu-^ur- 
rection. 

1822,  August  25.   Congress  of  Verona. 

1824,  February  4.  A  Convention  between  Great  Britain  and  Austris 
laid  upon  the  table  of  the  House  of  Commons,  by  which  the  former 
agreed  to  accept  2,600,0002.  as  a  final  compensation  for  her  dainia 
upon  the  latter  power,  amounting  to  80,000,0002. 

1824,  June  16.  Commercial  Treaty  between  Great  Britain  and  Den- 
mark. 

1826,  February  2.  Treaty  of  Commerce  signed  at  Buenos  Ayrea 
between  Great  Britain  and  the  United  Province  of  Rio  de  hi  Plata. 

1825,  February  28.  Convention  between  Great  Britain  and  Russia ; 
frontier  of  north-west  coast  of  America  settled. 

1825,  April  17.   France  recognises  the  independence  of  St.  Domingo. 

1826,  April  18.  Treaty  of  Amity  between  Great  Britain  and  Co- 
lumbia. 

1825,  September  20.  Commercial  Treaty  between  Great  Britain  and 
Hanse  Towns. 

1825,  October  18.  Treaty  between  Great  Britain  and  Brazil  for 
abolition  of  slave-trade. 

1826,  January  26.  Treaty  of  Navigation  between  Great  Britain  and 
France. 

1826,  May  19.  Treaty  of  Navigation  between  Great  Britain  and 
Sweden. 

1826,  September  4.  Treaty  of  Akermann,  between  Russia  and 
Turkey,  respecting  the  Principalities  of  Moldavia  and  Wallachia. 

1826,  November  13.  Convention  concluded  between  Great  Britain  and 
the  United  States,  concerning  indemnities  to  American  subjects  injured 
by  the  war. 

1828,  February  22.  Peace  of  Turkmanchay,  between  Russia  and 
Persia.     Erivan  and  the  country  to  the  Araxes  ceded  to  Russia. 

1828,  June  26.  Convention  between  Great  Britain  and  Spain  for 
satisfying  claims  of  British  merchants. 

1828,  August  29.  Treaty  of  Peace  between  Brazil  and  Buenos 
Ayres,  at  Rio  Janeiro. 

1828,  October  28.    Peace  betw^een  Naples  and  Tripoli 

1829,  July  6.  Treaty  of  London,  between  Russia,  France,  and  Great 
Britain,  for  the  settlement  of  the  affairs  of  Greece. 

1829,  September  14.  Perce  of  Adrianople,  between  Russia  and 
Turkey,  by  which  Russia  acquires  the  protectorate  of  Moldavia  and 
Wallachia. 

1830,  May  7.  Treaty  between  Turkey  and  the  United  States. 
American  vessels  allowed  to  pass  to  and  from  the  Black  Sea. 

1880,  November  2.  The  independence  of  Belgium  recognised  by 
England  and  France. 

1831,  The  commercial  union  of  the  northern  states  of  Germany, 
known  as  the  ZoUverein,  commenced  under  the  auspices  of  Prussia. 

1831,  November  16.  A  Treaty  signed  between  Great  Britain  and 
France,  for  a  settlement  of  the  points  of  dispute  between  Holland 
and  Belgium,  to  which  Holland  acceded  March  18, 1838. 

1833,  July  8.  Treaty  at  Constantinople  between  Turkey  and  Russia, 
by  which  it  was  stipulated  that  the  Dardanelles  should  be  shut  to  all 
foreign  vessels  of  war. 

1834,  April  22.  Quadruple  Treaty  between  Great  Britain,  France 
Spain,  and  Portugal,  in  support  of  the  two  queens,  Isabella  and 
Maria. 

1835,  Supplementary  Treaties  with  Portugal  and  Spain,  by  the 
former  of  which  the  Methuen  Treaty  with  Poi-tugal  was  annulled. 

1837«  November  16.  Treaty  at  the  Hague  with  Holland,  by  which 
discriminatory  duties  on  the  ships  and  cai^es  of  Great  Britain  and 
Holland  are  respectively  abolished. 

1838,  July  3.  A  Commercial  Treaty  between  Great  Britain  and 
Austria,  signed  at  Vienna. 

1838,  November  16.  A  Commercial  Treaty  concluded  in  London 
between  Turkey  and  Great  Britain. 

1840,  July  15.  Treaty  signed  in  London  between  Great  Britain, 
France,  Austria,  Russia,  Prussia,  and  Turkey,  for  the  settlement  of  the 
dispute  between  Turkey  and  Mehemet  Ali. 

1841,  June  15.  Treaty  between  Great  Britain  and  Denmark  relative 
to  the  passage  of  the  Sound. 

1841,  July  13.  Convention  at  London,  between  the  European 
Powers  and  Turkey,  by  which  the  closing  of  the  Dardanelles  against 
ships  of  war  is  made  general  to  them  all  while  Turkey  is  at  peace. 

1842,  August  29.  Treaty  of  Nankin  with  China,  by  which  several 
ports  were  opened  to  the  British  tiude,  Hong-Kong  ceded,  and  an 
indemnification  of  21,000,000  dollars  paid. 

1844,  Julv  22.  Treaty  between  Great  Britain  and  Hanover  for  the 
regulKtion  of  the  Stade  Duties, 
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1844,  September  2.  Treaty  between  Belgi'""^  and  tix6  German  States 
parties  to  the  ZoUverein.  . 

1845,  May  29.  A  Convention  signed  in  London  between  Great 
Britain  and  France  for  the  suppression  of  the  Slave  Trade. 

1646,  June  25,  Treaty  of  Commerce  for  ten  years  ratified  between 
Great  Britain  and  the  Two  Sicilies. 

1846,  November  16.  Austria,  Russia,  and  Prusaia  revoke  the  treaty 
of  1815,  constituting  Cracow  a  free  republic,  and  restore  the  territory 
to  Austria.  Soon  after  the  kingdom  of  Poland  is  incorporated  with 
Russia.  Great  Britain,  France,  Sweden,  and  Turkey  unite  in  a  protest 
against  these  proceedings. 

1849,  August  6.    Treaty  of  Milan,  between  Austria  and  Sardiniik 

1850,  February  27.  TVeatv  at  Munich  between  Austria,  Bavaria, 
Saxony,  and  WUrtemberg,  to  form  a  Southern  Gernun  Union  against 
the  pretensions  of  Prussia. 

1850,  April  19.  Treaty  at  Washington  between  Great  Britain  and 
the  United  States,  respecting  a  ship-canal  through  the  state  of  Nica- 
ragua, to  connect  the  Atlantic  and  Pacific  Oceans. 

1850,  July  2.  Treaty  of  Peace  between  Prussia  and  Denmark, 
Pniasia  withdrawing  from  the  support  of  the  duchies  of  Holstein  and 
Schleswig ;  and  on  July  4  a  protocol  was  signed  in  London  between 
Great  Britain,  France,  Prussia,  and  Sweden,  guaranteeing  the  integrity 
of  the  Danish  territories. 

1852,  April  6.  Coalition  at  Darmstadt  between  Saxonv,  Bavaria, 
Wiirtemberg,  Baden,  Nassau,  and  the  two  Hesses,  against  the  renewal 
of  the  ZoUverein,  except  Austria  be  admitted  into  the  Union. 

1853,  Febnuury  18.  Treaty  at  Washington  between  Great  Britain 
and  the  United  States,  for  an  international  copyright. 

1853  February  19.  Commercial  Treaty  signed  at  Berlin  between 
Austria  and  Prusaia,  for  twelve  years. 

1853,  December  8.  Protocol  signed  at  Vienna  by  Great  Britain, 
France,  Austria,  and  Prussia,  for  the  maintenance  of  the  integrity  of 
the  Ottoman  empire,  and  for  the  restoration  of  peace  between  her  and 
Russia. 

1854,  March  12.  Alliance  of  Constantinople,  between  Great  Britain, 
France,  and  Turkey,  against  the  hostilities  of  Russia. 

1854,  April  20.  Traaty  of  Berlin,  between  Austria  and  Prussia,  for 
the  mutual  defence  of  their  respective  territories,  and  of  Germany ; 
and  against  Russia,  should  that  power  cross  the  Balkan. 

1854,  June  7.  Treaty  at  Washington  between  the  United  States 
and  Canada,  by  which  the  British- American  coast-fisheries  are  thrown 
open  to  the  United  States  fishermen,  the  navigation  of  the  St.  Law- 
rence and  the  Canadian  lakes  declared  free,  and  the  products  of  the 
two  countries  (except  sugar  and  tobacco)  reciprocally  exempted  from 

duty. 

1854,  December  2.  Treaty  of  Allianoe  signed  at  Vienna  between 
Great  Britain,  France,  and  Austria. 

1855,  January  10.  Sardinia  joins  the  Alliance  of  Great  Britain  and 
France  against  Russia,  agreeing  to  send  a  contingent  force  to  the 
Crimea.  v 

1855,  November  9.  An  international  copyright  treaty  oonduded 
with  Pnissia. 

1856,  February  1.  Protocol  signed  at  Paris  by  the  plenipotentiaries 
of  Russia,  and  those  of  Great  Britain,  France,  Austria,  and  Turkey,  for 
a  peace  between  those  powers. 

1857;  March  8.  Treaty  of  Peace  signed  at  Paris  between  Great 
Britain  and  Persia. 

1857,  Maroh  14.  Treaty  between  Denmark  and  the  principal  states 
of  Europe,  for  the  abolition  of  tiie  Sound  dues;  signed  at  Copenhagen. 

1857,  May  26.  Treaty  signed  at  Paris  by  the  great  European 
Powers,  for  the  settlement  of  the  dispute  between  Prussia  and  Switser- 
land  relative  to  Neufch&teL 

1858,  Jime  26.  Treaty  of  Tien-tsm  with  China,  by  which  inter- 
course with  the  interior  of  China  was  stipulated  for,  several  additional 
ports  were  opened  to  British  commerce,  end  a  British  ambassador 
admitted  to  reside  at  Pekin. 

1858,  August  20.  Convention  si^ed  at  Paris,  constituting  Moldavia 
and  Wallachia  independent  principalities,  under  the  sucerainfy  of 
Turk^. 

1858,  August  26.  Commercial  Treaty  between  Great  Britain  and 
Japan,  signed  at  Jeddo. 

1860,  February  11.  Commercial  Treaty  between  Great  Britain  and 
France,  published  in  the '  Moniteur.' 

1860,  March  24.  Treaty  between  France  and  Sardinia,  signed  at 
Turin,  by  which  Savoy  and  Nice  are  ceded  to  France. 

1 860,  July  1 1 .  Peace  of  Villa  Franca,  between  France  and  Austria, 
by  which  Lombardy  is  transferred  to  Sardinia,  and  a  confederation  of 
Italian  States,  undo*  the  protection  of  Austria,  stipulated  for.  This 
treaty  was  formally  ratified  at  Zurich  on  Nov.  11. 

1860,  October  24.  Ratification  of  the  Treaty  of  Tion-tsin,  and  a 
new  peace  with  China,  signed  at  Pekin ;  China  PTipg  on  indemnity 
for  the  expenses  of  the  allies  and  the  losses  of  the  Bntish  merchants. 

1861,  May  1.    Commercial  Treaty  between  France  and  Belgiiuii. 
1861,   May  16.     Commercial  Treaty  between  Groat  Britain  and 

Turkey,  signed  at  Constantinople. 

There  are  several  voluminous  collections  of  treaties,  of  which  one  of 
the  most  complete  is  that  of  G.  F.  von  Martens,  who  continued  the 
works  of  Du  Mont  and  Rousset,  of  which  the  first  volume  was  published 
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in  1790.  A  preliminary  account  of  all  preceding  printed  collections 
was  published  by  him  in  1802.  Successive  supplements,  by  difierent 
editm,  have  brought  down  the  account  of  the  various  treaties  to  a  very 
recent  period.  The  collection  of  C.  W.  Koch,  in  15  vols.  8vo,  is  a  use- 
ful one,  but  does  not  come  down  so  late. 

TREES,  LAWS  RELATING  TO.    [Timbbb.] 

TRENCH,  m  military  works,  is  an  excavation  in  the  ground  from 
twelve  to  eighteen  feet  wide,  and  three  feet  deep,  and  generally  of  con- 
siderable length,  the  earth  being  thro?m  up  on  one  side  in  order  to 
form  a  sort  of  parapet  by  which  the  soldiers  in  the  trench  may  be 
covered  from  the  view,  or  protected  from  the  fire  of  the  enemy.    [Sap  ; 

SlBOB.1 

TRENT,  COUNCIL  OF  (0<mciUtiny  TridenHnum),  was  first 
convoked  by  a  bull  of  Pope  Paul  III.,  dated  May,  1542,  but  the 
war  between  the  Emperor  Charles  V.  and  Francis  I.  of  Fiance, 
together  with  the  negotiations  then  being  carried  on  between  the 
emperor  and  the  German  princes  who  had  embraced  the  Protestant 
faith,  prevented  its  installation  until  December  13,  1545 :  even  then 
only  four  archlMehops,  twenty  bishops,  five  heads  of  monastic  orders, 
thi«e  papal  legates,  and  an  auditor,  besides  the  imperial  orators  or 
envoys,  were  present;  but  other  prelates  afterwiods  gradually  joined 
the  assembly.  After  arranging  some  preliminary  difficulties^  the 
council  proceeded  to  oonsider  the  two  great  objects  for  which  it  had 
been  convoked — ^the  definition  of  the  dogmas  of  faith  and  the  con- 
demnation of  heresies,  and  the  reform  of  the  church  in  matters  of 
discipline  and  jurisdiction.  The  German  bishops,  supported  hv  the 
envoys  of  the  emperor,  uiged  that  the  laboun  of  the  council  should 
begin  with  the  busuiess  of  reform,  as  it  was  the  relaxation  of  discipline 
that  had  first  occasioned  the  present  schism  in  the  chuitsh,  end  that 
the  only  chance  of  reclaiming  the  secedera  was  to  manifest  an  earnest 
will  to  reform  abuses  before  proceeding  to  condemn  them  and  their 
tenets ;  that  if  the  council  did  not  take  in  hand  speedily  the  work  of 
church  refonn,  the  lay  powers  would  take  it  up  themselves,  to  the 
manifest  injury  of  the  ecolesiBstical  authority.  The  bishop  prince  of 
Trent  spoke  at  length  on  this  side,  as,  being  on  the  threshold  of  Ger> 
many,  he  was  acquainted  with  the  state  of  opiniona  in  that  country; 
and  the  majority  of  the  prelates  seemed  to  incline  to  his  opinion.  The 
papal  legates,  however,  supported  bj  the  Italian  prelates,  were  of 
opinion  that  the  council  should  begm  with  defining  the  dogmas,  as 
that  was  the  highest  task,  and  ought  to  be  first  attended  to,  because 
faith  is  the  foundation  of  all  moral  virtues;  that  the  outoiyi^ut 
reform  was  well  known  to  be  mainlv  directed  against  the  court  of 
Rome  and  its  jurisdiction,  and  was  an  mdirect  attack  upon  the  autho- 
rity of  the  sovereign  pontiff,  towards  whom  it  would  be  more  reverent 
to  leave  him  the  initiative  in  correcting  the  abuses  of  his  own  court, 
while  the  council  was  attending  to  the  graver  questions  of  religion, 
otherwise  dissensions  would  arise  between  the  head  and  body  of  the 
church,  only  to  the  advantage  and  satisfaction  of  heretics.  At  last,  in 
order  to  conciliate  all  parties,  it  was  resolved  that  the  two  departments 
of  doctrine  and  discipline  should  be  proMeded  with  simultaneously ; 
that  for  every  sitting  congregation  engaged  in  discussions  on  dogma, 
there  should  be  anoUier  concerning  the  reform  of  discipline ;  and  this 
resolution  was  at  last  agreed  to  by  the  pope. 

The  ooundl,  at  the  beginning  of  its  regular  session,  undertook  to 
define  first  of  all  what  were  the  sources  of  authority  in  matters  of 
faith.  It  declared  that  the  Catholic  doctrines  are  contained  in  the 
authentic  books  of  the  Old  and  New  Testaments,  and  also  in  the 
traditions  concerning  faith  and  morals  which  are  preserved  in  the 
Catholic  Church.  This  was  a  condemnation  of  Luther's  assertion  that 
all  the  doctrine  of  the  Christian  faith  is  contained  in  the  Scripture^ 
and  that  unwritten  tradition  is  not  to  be  held  as  authority. 

The  council  next  proceeded  to  define  the  dogmas  of  faith,  such  as 
those  of  origiiial  sin,  predestination,  grace,  and  free  wUl,  l^e  deftoiUon 
of  which  may  be  seen  in  the  catechiun  published  by  the  name  of 
'Catechismus  ad  Parochos/  or  'Catechism  of  the  Council  of  Trent,* 
which  is  translated  into  most  languages. 

The  council  next  propounded  the  doctrine  of  the  church  oonoeming 
the  sacraments,  w^ch  they  stated  to  be  seven  in  number,  namely, 
baptism,  confirmation,  the  euoharist,  confession  or  penitence,  extreme 
unction,  ordination,  and  matrimonv ;  and  afterwards  they  proceeded  to 
treat  of  each  of  them  seriatim,  laymg  down  the  orthodox  doctrine  and 
anathematising  the  discordant  tenets  of  the  Lutherans,  Zwin^ians,  and 
other  heretioh  At  the  same  time  the  council  proceeded  with  discussions 
on  subjects  of  discipline  and  reform.  The  question  of  pluralities  proved 
a  most  difficult  one  to  settle.  The  Spanish  bishops  made  a  strong 
remonstrance  against  the  abuses  of  pluralities  and  non-residence,  and 
wished  the  council  to  pass  at  once  severe  decrees  against  both.  The 
legates  proposed  that  the  pope  should  take  into  his  own  hands  the  task 
of  reform,  snd  they  wrote  to  Rome  accordingly,  and  the  pope  directed 
a  buU  to  the  oounol  by  which  he  referred  the  matter  to  mmself.  This 
biUl  met  with  great  opposition,  and  was  a  source  of  misunderstanding 
between  Rome  and  the  counciL  At  last,  in  March,  1547,  the  legates 
suddenly  dosed  the  session,  which  was  re<^oned  the  seventh  since  the 
opening  of  the  council,  and  in  virtue  of  the  authority  they  held  from 
the  pope  they  transferred  the  council  to  Bologna,  under  the  plea  thi^  a 
contagious  disorder  had  broken  out  in  the  city  of  Trent.  The  majority 
of  the  prelates  assented ;  but  there  were  ei^teen  bishops,  chiefly  of 
the  dominions  of  the  emperori  who  refused  to  leave  Trent   The  others 
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followed  the  legates  to  Bologna,  where,  after  opening  the  aeision,  the 
oouncil  was  aidjoumed  rine  die,  Charles  Y.  protested  against  the 
meeting  of  Bologna,  whioh  he  did  not  acknowledge  as  a  council,  and 
insisted  upon  the  council  being  restored  to  Trent. 

In  1549  Pope  Paul  III.  died,  and  his  successor  Julius  III.  again 
conToked  the  council  at  Trent,  in  May,  1551.  Not  many  prelates 
attended.  The  oouncil  of  Trent  proceeded  to  define  the  doctrine  of 
transubetantiation,  the  Lord's  Supper,  and  the  mass,  and  afterwards 
that  of  confession  and  the  other  sacraments.  At  the  same  time  decrees 
were  made  concerning  points  of  discipline,  touchiog  the  episcopal 
jurisdiction,  the  appeals  to  Rome,  and  other  such  matta^  In  1552 
the  pope  prorogued  the  council,  and  this  prorogation  was  continued 
for  ten  years,  during  which  period  three  popes  died  in  succession^ — 
Julius  III.,  MaroelluB  II.,  and  Paul  IV.  At  last  Pius  IV.  being  elected, 
began  to  think  seriously  of  re-opening  the  general  council,  of  which  the 
chiuT^h  seemed  to  stand  more  in  need  than  ever. 

In  1561  the  Fathers  gathered  again  at  Trent,  and  on  the  18th  of 
January,  1562,  the  session  was  solemnly  openeicL  One  hundred  and 
twelye,  consisting  of  archbishops,  bishojis,  and  mitred  abbots,  were 
present,  besides  the  cardinals.  The  orators  of  the  various  stated  were 
also  present.  After  very  lengthened  discussions  on  various  subjects, 
and  some  interruptions  from  political  causes,  the  council,  in  Jtdv,  1563, 
issued  its  canon  on  the  subject  of  residence.  Without  entering  mto  the 
question  of  divine  right,  it  enjoined  all  bishops,  srchbidiops,  and  cardi- 
nals having  the  charge  of  a  see  or  cathedral  church,  to  reside  personally 
in  their  respective  cathedrals  throughout  the  year,  and  more  especially 
during  the  Lent,  Advent,  Christmas,  Easter,  and  other  solemn  festivals, 
except  in  cases  of  urgent  necessity,  through  motives  of  Christian 
charity,  or  ''for  the  evident  advantage  of  the  church  or  common- 
wealth," and  then  not  without  the  written  approbation  of  the  pope  or 
of  the  metropolitan.  The  same  decree  was  extended  to  inoumtoits  of 
parishes. 

The  council  issued  a  canon  concerning  the  doctrine  of  the  institution 
of  bishops.  It  stated  that  there  is  a  hierarchy  in  the  church,  instituted 
bjr  divine  ordination,  and  consisting  of  bishops  and  presbyters  and  other 
ministers ;  that  bishops  are  superior  to  presbyters,  and  have  the  power 
of  ordaining  and  confirming,  which  is  not  given  to  the  others ;  that  the 
onlv  legitimate  bishops  are  those  ordained  by  ^e  pope  or  by  other 
ecclesiastical  and  canonical  authority. 

The  council  next  laid  down  the  doctrine  of  the  Catholic  Church  con- 
cerning marriage,  which  it  reckons  as  one  of  the  sacraments.  Among 
other  articles  on  this  subject,  it  condemns  polygamy  as  contrary  to 
divine  law ;  it  forbids  persons  in  holy  orders  contracting  marriage ;  and 
it  states  marriage  to  be  indissoluble,  even  after  the  adulteiy  of  one  or 
both  of  the  parties. 

On  the  important  question  of  clandestine  marrisges, — ^that  is  to  say, 
marriages  contracted  before  witnesses  without  uie  intervention  of 
the  parish  priest, — the  council  decreed  that  in  futuro  no  marriage 
should  be  considered  valid  which  was  not  contracted  before  the  psrish 
incumbent  or  before  another  cleigyman  duly  deputed  by  the  incum- 
bent, or  by  the  ordinary,  and  in  presence  of  at  least  two  witnesses 
besides,  and  that  their  names,  as  well  as  the  names  of  the  married 
parties,  and  the  date  of  the  celebration  of  the  marriage,  should  be 
entered  into  a  register  to  be  kept  by  eveiy  parish  incumbent.  The 
council  explained  also  what  were  the  cases  of  relationship  and  other 
canonical  impediments  to  the  contracting  of  mairiages ;  and  although 
it  did  not  condemn  altogether  the  practice  of  dispensations  being 
granted  by  the  pope  in  particular  instances,  it  recommended  that  such 
dispensations  shotdd  be  granted  rarely,  gratuitously,  and  on  proper  and 
sufficient  groimds. 

.  Hitherto  the  secular  princes  had  insisted  upon  reforms  of  the  church 
anddei^gy;  now  the  pope  and  court  of  Bome  urged  the  oouncil  to 
make  reforms  aflTecting  the  princes  and  their  courts.  According  to 
instructions  received  from  Cardinal  Borromeo,  the  pope's  minister  at 
Home,  the  lerattes  laid  before  the  assembly  several  motions,  chiefly  in 
support  of  Uie  ecclesiastical  immunities.  The  following  were  among 
the  principal  heads : — That  churchmen  should  not  be  summoned  before 
the  lay  courts.  That  tlie  lav  courts  and  magistrates  should  not  inter- 
fere in  cases  of  matrimony,  heresy,  tithes,  patronage,  patrimonial  bene- 
fices, ecclesiastical  fiefs,  the  temporal  jurisdiction  of  churches,  nor  in 
any  cause,  civil,  criminal,  or  mixed,  pertaining  to  the  ecclesiastical 
courts.  That  churchmen  should  not  be  liable  to  pay  taxes,  ten^, 
forage,  or  subsidies  of  any  sort,  either  on  the  property  of  the  church  or 
on  their  own  patrimonial  property.  That  the  property  of  the  dhuxch, 
moveable  and  immoveable,  of  evexy  sort,  tithes  and  other  rights,  should 
be  held  as  sacred  from  the  hands  of  the  lay  powers.  That  all  letters, 
citations,  sentences,  and  excommunications,  from  the  ecclesiastical 
courts,  or  from  Rome,  should  be  promulgated  and  executed  without 
requmng  any  exequatur  or  permission  from  the  civil  power.  That 
neither  emperor  nor  king,  nor  any  other  prince,  should  interfeire  with 
the  said  courts  or  with  the  tribunal  of  tiie  Inquisition,  but  should, 
whOT  required,  give  them  the  assistance  of  the  secular  arm. 

TOe  above  demands  put  forth  by  the  legates  raised  a  storm  on  the 
nead  of  the  council  The  Emperor  Ferdinand  and  Charles  IX.  of 
JPVance  protested  against  any  such  proceedings,  and  the  pope  directed 
his  legates  to  withdraw  the  obnoxious  motions,  and  to  content  them- 
selves with  a  general  admonition  to  all  Christian  princes,  which  was 
adbpted  by  the  council,  exhorting  them  to  respect  and  oauM  to  be 


respected  the  rights  and  immunities  of  the  cfaurdiy  and  ilw  oonstito- 
tions  of  the  popes  and  councils  in  favour  of  eodesiaaUcal  peraonfl  mnd 
eodesiastical  liberties.  But  the  obnoxious  prindpleM  staitfed  hj  the 
legates  of  Pius  IV.  were  revived  by  his  suooesaor  Fiua  V.,  and  pro- 
mulgated by  him  in  the  fiunous  bull  **  In  Ccena  DominL" 

The  council  now  drew  to  its  condusioo.    A  number  of  caaoos  eoo- 
oeming  doctrine  as  well  as  discipline  were  passed ;  other  minor  pcMnts 
were  referred  to  the  decision  of  the  pope.    The  doctrine  of  purgatory 
and  indulgences,  and  of  the  benefit  derived  to  the  departed  souls  frocu 
the  prayers  of  the  living,  were  confirmed.    The  invocation  of  the  saints 
who  intercede  with  Qod  on  behalf  of  men,  and  the  veneration  lor  their 
relics,  were  likewise  adopted.    The  images  of  Christ  and  the  saints 
were  to  be  retained  and  venerated  in  tiie  chundiea  for  the  sake  of 
those  whom  they  represent,  at  the  same  time  that  no  meretricioaa 
ornament  or  other  sensiud  enticement  was  to  be  mixed  with  the 
devotional  practices.    Severe  penalties  were  decreed  a^nat  church- 
men having  concubines,  against  simony,  against  pluraUsta  of  livin^i 
with  cure  of  souls,  and  against  duellists.     Several  regulations  were 
made  for  the  proper  examination  and  selection  of  candidat4w  to  vacant 
sees,  or  to  livings  with  cure  of  souls.    The  bishops  were  emoined  to 
make  a  visitation  of  their  dioceses  once  every  year  with  a  modest  train 
and  retinue,  and  they,  as  well  as  the  parish  incumbent,  to  preach  every 
Simday  and  other  solemn  festivals.    Ko  one  was  to  be  appointed  to  a 
benefice  with  cure  of  souls  under  twenty-five  yeairs  of  age.     CrimiBal 
chaises  against  a  bishop  to  be  judged  by  the  Romaa^  pontiff!    Pro- 
vincial synods  to  meet  once  evexy  three  years,  and  diocesan  synods 
eveiy  year. 

These  and  other  canons  bdng  passed,  in  the  beginning  of  December, 
1563,  it  was  agreed  that  the  council  should  be  dosed.  The  acts  of  the 
councU  were  then  authenticated  by  the  notaries,  and  by  the  secretary 
of  the  oouncil,  and  signed  by  the  mthers  to  the  number  of  255,  namely* 
4  legates  and  2  other  cardinaLs,  S  patriarchs,  25  archbishops,  16S 
bishops^  presMit;  39  proxies,  7  abbots  and  7  generals  of  monas^ 
orders.  The  acceptation  of  the  ambassadors  was  then  requested  and 
given,  except  the  ambassador  of  Philip  of  Spain,  who  by  order  of  his 
king  opposed  the  closing  of  the  council,  and  the  ambassadors  of  F^anotb 
who  had  left  Trent  in  audgeon. 

Pope  Pius  IV.,  in  solenm  consistory,  on  the  26th  of  January,  1564 
confirmed  the  acts  of  the  council  by  a  bull  countersigned  by  the  car- 
dinals. All  the  Roman  Catholic  states  accepted  the  coundl,  and  pco- 
mulgated  it  in  their  states,  with  the  exoejiUon  of  France,  which  per- 
sisted in  those  assertions  of  jurisdictional  independence  of  its  chun^ 
and  king,  which  were  afterwards  embodied  in  a  regular  form  by  the 
assembled  French  dei^gy  in  1682. 

Two  distinguished  Roman  Catholic  writers  have  writtoa  professedly 
the  histoxy  of  the  council  of  Trent,  its  proceedings  and  acts :  one,  the 
famous  Frk  Paolo  Sarpi,  displays  at  times  a  feeling  hostile  to  the  court 
of  Rome;  the  other.  Cardinal  Sforsa  Pallavicino,  on  the  contraiy, 
writes  in  a  tone  of  perfect  submission  to  the  Roman  see.  By  com- 
paring the  two  works,  readers  sre  enable<l  to  come  to  something  like 
a  fair  understanding  of  tiie  labours  and  the  merits  of  that  memorable 
assembly. 

TREFAK.    [Tbbphinb.] 

TREPHINE  is  a  kind  of  saw  employed  in  sui^^ei^  for  the  removal 
of  a  circular  portion  of  bone.  For  this  purpose  it  is  used  in  various 
cases,  such  as  diseases  requiring  perforation  of  the  antrum,  necroaiB  with 
loose  enclosed  sequestra,  absoasses  in  bone  or  under  bones,  &o. ;  but 
especially  in  injuries  of  the  head  and  their  various  conseqnenoes,  for 
which  the  removal  of  a  portion  of  the  skull  is  deemed  neoeasary. 

The  trephine  is  now  commonly  employed  in  this  country  instead  of 
a  somewhat  similar  instrument,  the  trepan,  which  was  formerly  used 
by  all  surgeons,  and  is  still  frequentiy  used  on  the  Continents  The 
trepan  is  veiy  like  the  tool  called  a  wimble,  whioh  is  used  by  coopen 
for  boring  holes  for  large  corks,  and  is  worked  in  the  same  way,  with 
a  curved  rotating  lever  under  the  handle ;  but  instead  of  the  ahare-like 
cutting  edge  of  tiie  wimble,  the  trepan  has  a  circular  saw,  which,  being 
rotated  with  the  lever,  outs  its  way  through  the  bone. 

The  trephine  is  a  smaller  and  more  simnle,  but,  in  other  reqwcta^ 
not  more  convenient  instrument.  Its  handle  is  like  that  of  a  gunle^ 
but  stronger.  The  shaft  is  terminated  below  by  a  sharp  steel  point, 
called  the  centre-pin,  which  may  be  fixed  and  removed  at  pleasure,  and 
which  stands  in  tlie  centre  of  the  drde  formed  by  the  saw.  The 
purpose  of  the  oentre-pin,  which  projects  a  littie  below  the  edge  of  tiie 
saw,  is  to  fix  the  trephine  before  tiie  working  of  the  saw ;  and  it  is 
kept  in  its  place  till  the  saw  has  cut  a  groove  sufficiently  deen  to 
steady  it  in  its  further  working.  After  this  the  centre-pin  ihould  be 
removed,  for  it  hinders  the  action  of  the  saw,  and  (in  trephining  the 
skull)  would  perforate  the  dura  mater  before  the  saw  had  cut  thiough 
the  bone.  iUround  the  handle  of  the  trephine,  at  a  short  disjUnoe 
above  the  part  to  which  the  oentre-pin  is  fixed,  there  is  attacJ^  a 
hollow  sted  cylmder,  the  lower  margin  of  which  is  a  saw.  Tl  ' 
called  the  crown  of  the  trephine,  and,  for  variouB  parpooes  ia  of 
rent  sizes. 

In  using  the  trephine,  the  saw  is  made  to  cut  through  the  bone 
by  a  series  of  complete  rotations,  such  as  are  made  by  the  trepan ' 
by  rapid  half-rotations  slteraatdy  to  the  right  and  to  the  left,  at  in 
boring  with  an  awL    In  trephining  the  uuU  various  cautionA  aro 
neoessaiy,  aoooxding  to  the  form  of  the  bone  to  be  cut  thiou^l,and 
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tlid  naturo  of  the  parts  immediately  beneath  it ;  but  the  most  com- 
Xurehensive  rule  is  to  examine  frequently  what  progress  the  saw  makes, 
and)  if  it  have  cut  through  one  paut  of  me  circle  much  sooner  than  the 
restj  to  apply  it  somewhat  obliqncJy,  taking  off  the  pressure  of  its  edge 
from  that  part.    The  most  dangerous  part  of  the  operation  iswhen  the 
bone  is  nearly  cut  through;  for  it  is  necessary  to  avoid  wounding  the 
dura  mater,  injuries  of  miich  are  often  followed  by  severe  disesse.    To 
escape  these,  it  is  advisable  when  i^  part  of  the  circle  is  cut  through, 
and  but  a  thin  plate  of  bone  remains  in  the  rest  of  its  extent,  to 
l>Tc..!c  dirough  this  b^  an  elevator  or  proper  forceps.    And  i^  after 
uAing  either  of  these  instruments,  sharp  points  of  bone  are  left  pro- 
jecting from  the  margin  of  the  oiroular  aperture,  these  must  be 
oarefully  out  or  broken  off. 

The  use  of  the  trephine  is  now  much  more  rarely  required  than  in 
former  times ;  and  this,  not  only  because,  since  the  time  of  Mr.  Pott^ 
surgeons  have  learned  that  it  is  beneficial  in  few  injuries  of  the  head 
beyond  those  in  which  there  are  distinct  signs  of  compression  of  the 
brain,  but  also  because,  in  man^  of  the  eases  in  which  it  is  necessary 
to  remove  portions  of  bone,  the  mStrument  oslled  Bey's  saw  is  far  more 
convenient.  Tliis  oonsiBts  of  a  handle  and  a  shaft,  mueh  like  those  of 
a  common  fork,  of  which  the  latter  has  fixed  to  its  end  a  transverse 
broad  p^ate  of  steel,  one  end  of  which  is  a  straight,  the  other  a  convex 
saw.  With  this,  portions  of  bone  of  almost  any  form  and  size  can  be 
cut  out  both  more  easilv  and  more  rapidly  thim  is  possible  with  the 
trephine.  It  is  especially  useful  in  those  cases  of  fracture  of  the 
Bkuil  in  which  angles  of  the  broken  bone  are  depressed,  and  for  which 
the  trephine  used  to  be  applied  chiefly  for  the  purpose  of  introducing 
the  elevator;  for  in  these  the  depressed  portion  itself  may  be  out  off, 
and  the  elevator  may,  if  necessary,  be  introduced  at  the  aperture  which 
is  thus  made. 

TRESPASS  is  a  wrong  directly  done  to  the  person,  to  the  goods  and 
chattels,  or  to  the  lands  and  tenements  of  any  man. 

To  the  person  it  may  be  by  menace,  assault,  battery,  or  maiming. 
[ AssAULTj  To  either  dead  or  live  chattels,  by  taking  them  away  or 
by  injuring  them.  To  land  and  tenements,  hj  entering  upon  them  and 
injuring  them.  Trespass  is  the  action  by  which  a  person  in  the  actual 
and  exclusive  poBsession  of  property  is  protected  against  the  forcible 
interference  with  it  by  those  who  are  not  entitled  to  it.  By  this 
action  also  he  may  recover  damages  for  the  injuiy  done  to  his 
possessions. 

To  constitute  trespass,  the  act  done  must  be  wilful,  not  the  result 
of  negligence,  and  have  something  of  force  in  it,  so  as  to  be,  according 
to  the  construction  of  the  law,  against  the  peace;  and  the  injunr  must 
be  the  immediate,  not  the  consequential  result  of  the  act.  This  is 
rendered  very  intelligible  bv  the  instance  given  (1  Strange,  686)  :  "  If 
«  man  throw  a  log  into  the  hi^way,  and  in  that  act  it  hits  me,  I  may 
maintain  trespass,  because  it  is  an  immediate  wrong ;  but  if,  as  it  lies 
Uiere,  I  tumble  over  it,  and  receive  an  injuiy,  I  must  bring  an  action 
on  the  case."  But  it  la  not  necessary  that  it  should  -be  done  with  the 
design  to  cause  the  injury  complained  of,  it  may  be  done  in  mistake  or 
ignorance.  Thus  where  one  shooting  at  a  mark  hits  a  bystander,  he  is 
guilty  of  trespass.  A  sheriff  commits  an  act  of  trespass  if  he  takes  the 
goods  or  arrests  the  person  of  B,  mistaking  him  for  A.  A  man  is 
liable  in  trespass  for  the  injuiy  done  by  his  cattle  to  the  land  of 
another,  whether  he  knew  of  their  doing  it  or  not  In  trespass,  all 
persons  who  assist  in  the  act  done,  or  cause  it  to  be  done,  or,  if  it  is 
for  their  use,  assent  to  it  afterwardsi  are  considered  as  principals, 
although  not  actually  present  at  the  doing  of  the  act.  Where  an  act 
is  done  by  a  servant  while  in  the  dischaige  of  his  business  as  servant, 
the  master  is  liable  for  the  act  in  trespass.  But  if  it  be  wilful  on  the 
part  of  the  servant^  and  not  in  dischaige  of  his  master^s  business,  the 
master  ia  not  liable. 

Where  a  person  has  an  authority  or  licence  given  him  by  law,  and  he 
takes  advantage  of  that  to  commit  an  act  of  trespass,  he  is  held  to  have 
been  a  trespasser  from  the  veiy  commencement  of  the  proceedings :  as 
where  a  lamUord  lawfully  distrains  a  beast  and  afterwards  works  or 
kills  it,  or  an  officer  of  the  customs  entitled  to  search  "  unpacks  stufb 
and  puts  them  in  the  dirt"  If,  however,  the  licence  or  authority  has 
proceeded  from  a  private  party,  the  trefl|Mss  does  not  relate  back,  but 
IS  confined  to  the  mere  act  itself :  as  where  parties  enter  a  tavern, 
drink  and  pay  for  wine,  and  afterwards  oonmiit  a  trespass — that  will 
not  make  their  entry  a  trespass.  In  esses  where  a  tnist  is  reposed, 
trespass  will  lie  for  an  act  which  is  at  variance  with  the  trust,  as  where 
a  lessee  at  will  cuts  down  the  timber. 

Various  circumstances  may  exist  which  afford  a  justification  for  an 
act  which  otherwise  would  amount  to  trespass.  Thus  a  man  is  not 
liable  in  trespass  though  his  cattle  have  entered  the  field  of  another, 
if  they  have  done  so  in  consequence  of  the  neglect  of  ^e  party  into 
whose  lands  they  enter  to  repair  the  fences  between  the  lands  of  the 
parties;  though  it  is  no  justification  that  the  cattle  have  entered 
because  the  land  was  open  to  the  highway.  Again,  a  man  is  justified 
in  entering  upon  the  kuids  of  another  to  retake  his  goods  which  have 
been  carried  there  by  the  occupier  of  those  lands ;  or  to  carry  away 
goods  bought  of  the  occupier,  to  repair  a  watercourse  granted  to  him, 
^  He  is  also  justified  in  pulling  down,  for  the  safeguard  of  his  own, 
his  neighbour's  house  whidi  is  on  fire.  Where  an  act  smoimts  to  a 
felony  it  is  not  competent  for  the  party  injured  to  treat  it  as  a  trespass. 
(Comyn'i  <  IH§./ '  Trespass.') 


In  the  case  of  malicious  injuries  done  to  property  by  trespassers,  a 
number  of  provisions  have  been  enacted  by  7  &  8  Geo.  IV.,  c.  80.    In 
many  cases  a  jurisdiction  is  given  to  magistrates  to  inflict  punishment 
on  the  offenders,  to  award  compensation  to  the  partiee  injured,  ftc. 
TRET.    [Tare.] 

TRIADS.  [Welsh  Lanquaqk  and  Litkratubb.] 
TRIAL,  the  means  adc]f>ted  for  the  purpose  of  asoertaining  facts  in 
issue,  whether  civil  or  criminal.  The  kinds  of  trial  in  civil  cases  were 
formerly  seven  in  number,  according  to  Blackstone ;  and  those  which 
he  enumerates  are,  by  record,  by  inspection  or  examination  (divided 
into  two  distinct  kinds  by  Comyns),  by  certificate,  by  witnesses,  by 
wager  of  battle,  by  wager  of  law,  and  by  jury..  In  reality  the  six  first 
might  more  properly  be  called  modes  of  proof  rather  than  kinds  of 
trial,  which  in  truth  divide  themselvte  into  two  classes  only :  1.  That 
where  the  court  itself  decides  upon  the  evidence  without  the  inter* 
vention  of  a  lury :  2.  That  where  the  jury  decides. 

The  first  dass  contains  the  first  six  enumerated  bv  Blackstone ;  that 
by  record  JB  where  the  existence  of  a  certain  record  has  been  alleged  in 
the  pleadings  of  an  action  and  is  denied  by  the  pleadings  on  the  other 
side.  The  existence  of  it  must  be  proved  by  Uie  record  itself.  The 
court  itself  tries  this  issue,  and  decides  accordingly  as  such  a  record  it, 
or  is  not  produced.    [Record;  Records.] 

^  Questions  whether  or  not  a  party  is  a  peer  are  thus  proveable  by  the 
king's  patent;  whether  an  alien  is  friend  or  enemy,  by  production  of 
the  treaty  between  his  country  and  Great  Britain,  &a 

By  vMpwtion  was  where  it  was  supposed  a  matter  might  be  clearly 
made  manifest  on  view  to  the  court  In  error  by  an  infant,  to  reverse 
a  fine,  if  issue  was  taken  as  to  his  nonage,  he  might  be  brought  into 
court  and  there  inspected  for  the  purpose  of  asoertaining  the  fact  If 
on  his  appearance  it  remained  doubtful,  the  court  might  question  him, 
or  examme  those  likely  to  be  informed.  So  where  a  defendant  pleaded 
in  abatement  that  the  plaintiff  was  dead,  and  some  one  appeared  and 
said  that  he  was  Uie  plaintiff,  &c.  The  court  had  at  all  times  the 
power,  if  they  felt  doubt,  to  order  a  trial  by  jury.  This  mode  of  pro- 
ceeding has  now  become  obsolete. 

By  examinaHon  is  upon  inquiry  by  the  court  into,  for  instance,  the 
customs  and  usages  of  a  court 

Bjr  eerUfieates.  By  certificate  is  where  a  fact  is  proved  by  the  pro« 
duction  of  a  certificate  from  a  certain  official  person  qualified  to  grant 
such  certificate.  Thus  formerly  the  absence  of  a  person  from  England 
during  war  might  be  tried  bv  the  court,  and  proved  by  a  certificate  of 
the  "  mareshal  of  the  king's  host"  In  ihe  same  manner  the  customs  of 
the  city  of  London  are  proved  by  the  certificate  of  their  recorder.  A 
certificate  of  a  bishop  is  proof  respecting  matters  of  ecclesiastical 
jurisdiction,  &c. 

By  wittfotei.  In  action  pf  dower  where  the  tenant  pleads  that  the 
husband  is  alive,  the  court  may  inquire  of  the  fact  by  witnesses  called 
before  themselves.  Lord  Coke  mentions  several  other  cases  where  the 
court  itself  decides  upon  the  examination  of  witnesses ;  and  he  further 
states  that  in  all  such  cases  each  fact  must  be  proved  by  two  witnesses 
at  least.  Although  in  the  case  of  a  trial  by  jury  one  witness,  according 
to  the  English  law,  Ib  sufficient 

By  foager  of  baUU.  That  is  by  single  combat  between  the  champions 
of  the  parties.  [Appeal.]  Tins  proceeding  was  abolished  by  69 
Qeo.  III.  c.  46. 

The  proof  by  wager  of  law  was  employed  in  an  action  of  debt  upon 
simple  contract,  of  detinue,  account,  and  some  others.  It  was  effected 
by  the  defendant  coming  into  court  attended  by  eleven  of  his  neigh- 
bours who  were  called  compuigators.  He  then  solemnly  swore  that  he 
did  not  owe  the  sum  with  which  he  was  sought  to  be  charged,  or 
detain  the  thing  sought  to  be  recovered,  and  the  eleven  compur^ 
gators  swore  that  they  believed  him.  The  wager  of  law  had  alrMdy 
fallen  into  disuse  when  it  was  wholly  abolished  by  8  &  4  Will.  IV., 
0.42. 

The  mode  of  trial  always  the  one  most  in  use  both  in  dvil  and 
oriminal  matters,  was  the  trial  by  jury.    [Jury.] 

In  criminal  cases  recourse  was  anciently  had  to  the  ordeal  for  the 
purpose  of  ascertaining  the  guilt  or  innocence  of  a  party  [Ordeal], 
and  also  to  the  single  combat  [Appeal.]  It  appears  doubtful 
whether  the  Ordeal  fell  into  disuse,  or  was  abolished  by  statute. 
Appeals  in  criminal  cases  were  done  awa^  with  by  59  Geo.  III.,  c.  46. 

A  peer  of  Qreat  Britain  indicted  capitally  is  entitled  to  be  tried  by 
the  peers  of  parliament  assembled  in  the  court  of  the  Lord  High 
Steward  of  Great  Britain,  who  ia  a  peer  nominated  to  that  office  by  the 
crown  for  the  occasion.  The  proceedings  of  the  trial  are  carried  on  in 
the  same  way  as  on  a  trial  by  jury,  and  judgment  is  pronounced 
according  to  the  opinion  of  the  majority,  which  must  comdst  of  at 
least  twelve.  Cases  of  impeadiment  by  the  CfOmmons  are  also  tried 
by  the  Lords. 

A  trial  at  bar  resembles  the  ordinary  oases  of  trials  by  jury, 
except  that  instead  of  its  being  presided  over  by  a  single  judge, 
all  the  judges  of  the  court  in  which  the  action  is  brought  are  in 
attendance.  It  is  granted  on  application  to  the  oourt,  but  only  in 
cases  of  great  difficulty  and  importance.  In  informations  exhibitea  by 
the  attorney-general,  as  law-officer  of  the  crown,  he  is  entitled  to  a 
trial  at  bar. 

New  Trial  After  a  trial  has  been  already  had,  it  is  competent  to 
the  oourt  in  which  the  action  is  brought  to  grant  a  new  tnal  on  an 
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application  made,  and  groands  ahown  for  suppouogthat  jusiioehas 
not  been  done  between  the  parties ;  and  that  the  case  is  of  sufficient 
importance  to  warrant  such  a  further  expense.  These  grounds  are 
various,  such  as  a  misdirection  by  the  judge,  a  verdict  against  evidence, 
excessive  damagee,  kc 

TRI AMY  L AMINE.    [Oroanio  Bases.] 

TRIANGLE,  a  figure  having  three  angled|  and  ^nsequentlj  three 
ndes  :  this  consequence  is  usually  made  the  definition ;  and  the  same 
thing  occurs  in  Euclid,  whose  word  is  rpiyrni^op  in  the  Elements,  though 
it  is  TplnKttfpop  in  the  definitions  prefixed. 

A  triangle  may  be  drawn  upon  any  sur&ce,  and  having  any  sort  of 
lines  for  its  sides :  but  it  is  not  usual  to  consider  anv  except  plane 
triangles  drawn  on  a  plane  with  right-lined  sides,  and  Bphmoal  triangles 
drawn  on  a  sphere  with  arcs  of  great  circles  for  the  sides.  The  Sfhb- 
BiCAL  triangle  has  beoi  abeady  considered ;  and  the  f  ormuIfiD  connected 
with  the  plane  triangle  have  been  given  in  Mensu  elation.  There  is 
much  connected  with  this  article  in  Angle,  Parallel,  Similar, 
Translation,  Transversal,  Trigonoketbt,  &c.,  bo  that  we  have  no 
need  to  make  this  article  of  a  length  proportioned  to  the  importance  of 
its  subject  in  geometry.  In  fact,  tnaugles  are  as  much  the  elements 
of  all  figures  as  the  letters  are  of  words,  being  the  figures  of  the 
smallest  possible  numbn:  of  aides,  and  into  whidi  all  figures  can  be 
divided. 

The  two  most  important  properties  of  the  triangle  are,  that  the  sum 
of  its  angles  is  idways  two  right  angles,  and  that  the  area  is  half  that 
of  a  rectangle  of  the  same  base  and  aldtude.  Both  of  these  proposi- 
tions a^nit  of  such  practical  verification  as  would  make  them  perfectly 
intelligible  to  those  who  do  not  understand  geometry.  Take  the 
greatest  angle  bag  of  a  triangle  cut  out  in  paper,  and  fold  the 
paper  so  that  a  may  rest  on  b  o  at  F,  the  part  a  D  E  folding  over  DVB. 
Then  it  vnll  be  found  that  by  further  folding  s  o  l  can  be  brought  over 
BrL,and  bdk  over  roK,  so  that  the  three  angles  of  the  triangle 


K»D,  DV  B,  and  B  r  l  are  so  placed  that  the  first  side  of  the  nrst  and 
the  last  side  of  the  last,  K  f  and  F  l,  are  in  the  same  straight  line,  and 
the  three  make  up  the  two  right  angles  kfa,  afl.  Again,  the 
tliangleBAOis either  the  sum  or  difference  of  the  two  right-angled 
triangles  fac,  fab,  which  are  the  halves  of  the  rectangles  F  ao  H, 
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F  A  B  0,  the  sum  or  difference  of  which  is  the  rectangle  B  o  H  o :  whence 
the  triangle  is  the  half  of  the  rectangle  B  a  H  o,  of  the  same  base  and 
altitude  as  the  triangle. 

The  three  Imes  which  bisect  the  angles  of  a  triangle  meet  in  one 
point,  which  is  the  centre  of  the  inscribed  circle ;  and  the  three  per- 
pendiculars which  bisect  the  three  sides  also  meet  m  one  point,  which 
is  the  centre  of  the  circumscribed  circle.  Moreover,  the  three  lines 
drawn  from  the  vertices  bisecting  the  sides  meet  in  one  point,  wliich 
is  the  centre  of  gravity  of  the  triangle :  as  also  do  the  three  perpen- 
diculars drawn  from  the  vertices  to  the  sides.  All  these  propositions, 
except  the  second,  can  be  proved  by  the  same  process,  namely,  by 
showmg  that  the  segments  of  the  sides  satisfy  the  theorem  given  in 
Transvbrbal. 

The  number  of  isoUted  theorems  which  might  be  given  on  this 
subject  is  very  large,  but  there  is  little  unconnected  with  the  trigono- 
metrical foimule  which  is  of  use  in  application. 

TRIANGULA  and  TRIANGULUM  AUSTRALE  (oonstelUtions). 
The  first  (the  Triangles)  is  a  northern  constellation,  surrounded  by 
Peneus,  Andromeda,  Aries,  and  Musca.  It  is  one  of  the  old  constel- 
lations, but  there  is  only  one  triangle  in  Aratus.  Hevelius  added  the 
second.  The  second,  or  Southern  Triangle,  is  a  oonstella'ion  of  Bayer, 
lying  between  Ara,  CenUurus,  and  the  South  Pole* 

The  principal  stars  are  as  follow  :— 
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TRIANGULAR  COMPASSES.    [Compasses.] 
TRIANGULAR  NUMBERS.    [Numdkrs,  Appsllatiovs  of.] 
TRIANGULATION,  a  name  given  to  the  net-work  of  trian 
with  which  the  face  of  a  countiy  is  covered  in  a  Tbioonoxctrxcal 

SUBVET. 

TRIARSENIO-METHYLAMINE.  Synonyinous  with  trimethyl^ 
arnne,    [Oroakometallio  Bodies.    Arwemc  Seriet.] 

TRIATOMIC  ETHERS.    [Ethers.] 

TRIBE  {tribns,  ^vM).  All  the  states  of  antiquity  of  which  we  have 
any  records  were  divided  into  a  certain  number  of  tribes,  consisting  of 
the  great  bodies  of  citizens  of  which  the  state  was  composed.  These 
tribes,  however,  were  of  two  different  kinds,  either  genealogical  {ytpocat) 
or  local  (rowucai).  (Dionys.  HaL,  iv.  14.)  The  former,  which  must  be 
considered  as  the  more  ancient  of  the  two,  were  the  ciQfferent  national 
elements  of  which  a  state  was  made  up,  that  is,  each  was  a  distinct 
people,  though  akin  to  the  others,  and  each  traced  its  oiigin  to  some 
mythical  ancestor;  whence  Dionysius  calls  such  tribes  genealogical. 
The  other,  or  local  tribes,  to  which  a  later  origin  must  be  assigned, 
and  which  in  most  cases  superseded  the  old  genealogical  tribes,  were 
artificial  local  divisions  made  for  political  and  other  purposes,  and  any  one 
of  them  might  contain  people  who,  according  to  the  genealogical  divi- 
sion, would  belong  to  different  tribes.  Thus  we  find  in  thehistoiy  of 
Attica  that  the  fotnr  original  tribes  were  done  away  with  after  the 
institution  of  the  ten  local  tribes  by  Cleisthenes ;  and  at  Rome  the 
three  ancient  Romulian  tribes  which  retuned  their  political  importance 
almost  to  the  time  of  Uie  decemviral  laws,  died  away  and  ceased  to 
be  noticed  in  Roman  lustory  save  as  an  archuc  institution,  the  thirty 
local  tribes  established  by  the  Servian  constitution  having  gradually 
superseded  them.  At  Sparta  alone  the  three  original  Doric  tribes,  the 
Hyllesns,  Pamphylians,  and  Dymanians,  were  retained  without  any 
change.  Genealogical  tribes  may,  in  many  instances,  as  was  originaliy 
the  case  at  Rome,  have  inhabited  different  districts,  so  that  they  were 
at  the  same  time  local  tribes;  but  this  ii  merely  an  accidental  circum- 
stance. 

The  number  of  the  genealogical  tribes  was  different  in  the  different 
states  of  antiquity,  and  depended  upon  various  circumstances,  such  as 
the  number  of  national  elements  brought  together  to  form  a  state,  or 
the  partiality  of  a  race  of  men  for  particular  numbers  which  were  used 
as  typicaL  Thus  we  find  that  the  Doric  states  were  originally  divided 
into  three,  the  Ionic  into  four,  and  the  Romans  into  three  tnbes,  and, 
later  on,  into  a  multiple  of  these  numbers.  Although  these  tribes  only 
contained  freemen,  they  were  not  ^ways  on  a  footing  of  equality ;  but 
the  most  ancient  one,  to  which  the  others  had  only  been  added  at  some 
time  by  treaty  or  contract^  always  retained,  at  least  for  a  time,  a  supe- 
riority over  the  others,  and  reserved  for  itself  rights  and  privileges 
which  were  denied  to  the  others.  Such  was  the  case  with  the  Hylleans 
at  Sparta,  the  Eupatrids  at  Athens,  and  the  Ramues  at  Rome.  Each 
tribe  was  usually  subdivided  into  smaller  bodies,  as  at  Athens  into 
^pwrplm  and  y^,  at  Sparta  into  itfial  and  T^aiccSdtf,  and  at  Rome  into 
ourite  and  gentea.  The  number  of  senators  and  of  the  great  officers  of 
a  state  likewise  bore  a  certain  relation  to  the  number  of  tribes  or  their 
subdivisions.  The  bond  of  union  between  such  tribes  was  more  or  less 
loose  according  to  circumstances ;  and  the  history  of  Attica  gives  us  an 
instance  of  their  being  at  war  wiUi  one  another.  £ach  tribe  had  usually 
its  separate  religious  observances  and  festivals,  and  the  same  was  the 
case  with  its  subdivisions. 

All  the  tribes  of  which  a  state  consisted  formed  the  sovereign  people 
(as  at  Rome  the  populus),  which  in  many  cases  ruled  over  a  subject 
population  superior  in  numbers  {wtpioiKot,  plebeians).  When  a  Greek 
state  sent  out  a  colonv  to  a  foreign  country,  it  appears  to  have  betoi 
customary  to  divide  the  new  state  into  the  same  number  of  tribes  as 
that  which  existed  in  the  mother-city,  and  ^e  names  also  were 
retained ;  in  some  cases,  as  at  Cydonia  and  Uidicamassns,both  of  which 
were  Doric  colonies,  we  only  find  mention  of  one  tribe,  which  may  have 
arisen  from  the  fact  that  omy  members  of  one  tribe  of  the  mother-state 
took  part  in  the  establishment  of  the  colony.  (Wachsmuth,  'Hel- 
lenische  Altherthumskunde,'  ii.  1,  p.  15,  &c.) 

In  regard  to  the  later  or  local  tribes,  it  ii  clear  from  the  name  itself 
that  each  inhabited  a  distinct  district,  containing  either  one  or  more 
townships,  which  were  called  in  Attica  Sq/ioi,  and  at  Rome  vid  or  pagi, 
Eyery^  dtisen  belonging  to  a  tribe  was  obliged  to  have  his  name  regis- 
tered  in  a  township  of  his  tribe,  though  he  was  not  bound  to  reside  in 
the  same  in  which  he  was  registered  and  to  which  he  belonged. 

Each  tribe,  whether  genealogical  or  local,  managed  its  own  affiiirs, 
and  was  headed  by  a  tribune  {p^Xapxot)*  The  same  was  the  case  with 
the  subdivisions  of  a  tribe. 

We  have  here  only  given  a  brief  outline  of  the  subject  in  general, 
as  a  more  detailed  account  of  the  tribes  in  the  different  states  of  anti- 
quity is  given  in  the  articles  Athens  ;  Sparta  ;  Roxe,  in  G£00. 
DiY. ;  Cleisthenes;  Ssryius  Tullius,  in  Bioo   Diy.;   Dorl^^; 
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Ionian  a ;  and  others.     Compare,  alflo,  Wachsmuth, '  Hellen.  Alther- 
thum./  11  1,  p.  15,  &C. ;  Hermann,  *  Political  Antiquii. ; '  Schomann, 
'  De  Jure  Publico  Grsecorum/  p.  165,  &c. ;  Niebuhr, '  Hist  of  Rome,' 
i,  p.  806,  &C. 
TRIBROMANILINE.    [AwiLDns.] 
TRIBROMEUXANTHONE.    [Euxahthxo  Acid.] 
TRIBROMOBENZIN.  Synonymous  with  tribrombenzoU.  [Benzole.] 
TRIBROMO-PHENIC  ACID.    [Phenylio  Group.] 
TRIBROMO^ALICYLIC  ACID.    [Salicylic  Group.] 
TRIBUNUS  (f^aoxos),  according  to  the  etymology  of  the  word, 
rignifies  any  officer  who  is  at  the  head  of  a  tribe  [Trib^,  and  conducts 
either  the  internal  administration  of  a  tribe,  or  represents  it  in  its 
relations  to  other  powers  in  the  state.    This  signification  applies  indeed 
to  some  of  the  officers  of  this  name  who  occur  in  the  history  of  Rome, 
but  in  regard  to  others  it  must  remain  doubtful  why  they  bore  this 
name.    The  following  is  a  list  of  all  the  Roman  officers  bearing  the 
name  of  tribune. 

1.  !Mbune9  of  the  Three  XomuUan  Tribee, — ^The  existence  of  a  tribune 
for  the  three  andent  patrician  tribes,  the  Ramnes,  Titles,  and  Luceres, 
is  attested  by  sereral  passages  of  ancient  writers.  (Dionys.  Hal.,  iL  7 ; 
Servius, '  Ad  Aen.,'  y.  560 ;  Pomponius, '  De  Orig.  Juris,' '  Digest,'  L, 
2,  2,  20.)  As  regards  their  functions  we  have  no  definite  statements  : 
they  may  have  been  intrusted  with  the  mana^ment  of  the  civil, 
religious,  and  military  affairs  of  their  respective  tnbes. 

2.  Tribunus  Cderum  is  an  officer  who  only  occurs  in  the  history  of 
Rome  during  the  period  when  it  was  governed  by  kings.  He  was  the 
commander  of  the  800  equites  (celeres)  who  fonued  the  king^s  body- 
guard, 100  being  taken  fh>m  each  of  the  three  tribes.  He  was,  next 
to  the  king,  the  first  person  in  the  state.  (Dionys.  HaL,  ii.,  64 ;  Pom- 
ponius, '  De  Orig.  Juris ; '  '  Digest,'  1, 2, 2, 15.)  In  the  absence  of  the 
king,  the  tribunus  oelerum  acted  as  his  xepresentative,  and  convoked 
the  senate,  as  well  as  the  comitia  of  the  ourue,  at  which  he  presided. 

8.  Trilmnet  of  the  Servian  Tribes. — When  Servius  Tullius  oiganised 
the  body  of  plebeians  by  dividing  them  into  thirly  local  tribes, 
each  of  them  was  headed  by  a  tribune,  who  had  to  keep  a  register 
of  the  inhabitants  of  his  district  and  of  the  condition  of  eveiy 
household  in  it.  (Dionys.  HaL,  iv.  14;  and  Yarro, 'De  Yit.  Pop. 
Rom.,'  i.  240.)  The  scrutiny  into  every  household  appears  to  have 
gradually  ceased,  partly  because  it  was  repugnant  to  the  spirit  of 
liberty,  which  was  rapidly  developing,  and  partly  because  the  state 
obtained  sufficient  information  through  the  census.  When  subse- 
quently the  Roman  people  became  exempt  from  taxes,  the  main  functions 
of  the  tribunes  ceased,  but  they  themselves  continued  to  exist,  nor 
is  it. improbable  that  the  tribuni  serarii,  who  are  mentioned  from  the 
time  toEkt  pay  b^gan  to  be  given  to  the  soldiers  (b.c.  406)  down  to  the 
end  of  the  republic,  are  the  some  as  the  tribunes  of  the  Servian  tribes. 
(Niebnhr, '  Hist,  of  Rome,'  L  p.  421.)  The  tribuni  sentrii  had  to  levy 
the  tribute  in  their  tribes  toA  to  pay  the  soldiers  with  it.  (Yarro, 
'  De  Ling.  Lat,'  ▼.  §  181 ;  GeUius,  vii.  10.)  After  the  institution  of 
the  qusBstors,  the  tribuni  ssrarii  had  only  to  levy  the  tribute  and  hand 
it  over  to  the  qusestors,  who  distributed  the  pay  among  the  soldiers. 
The  Lex  AureUa,  B.a  70,  gave  to  these  tribunes  judicial  power  along 
with  the  senators  and  equites;  but  they  were  deprived  of  it  by  J. 
Geesar.    (Sueton., '  Ccm./  41.) 

4.  Tribuni  PUbis, — These  were  the  most  important  among  the  many 
officers  bearing  the  name  of  tribune ;  and  whenever  tribunes  are  men- 
tioned without  any  further  qualification,  the  tribuni  plebis  are  meant. 
In  the  year  B.a  494,  when  the  plebcdans  had  been  driven  by  the 
oppression  of  the  patricians  to  vecede  to  the  Mons  Saoer,  peace  was 
concluded  between  the  two  orders  on  condition  that  the  plebeians 
should  be  allowed  to  have  magistrates  of  their  own,  whose  province  it 
should  be  to  protect  the  members  of  their  order  against  the  patrician 
magistrates,  and  whose  persons  should  be  eactodi  and  inviolable.  It 
was  farther  agreed,  that  whoever  should  maltreat,  kill,  or  compel  a 
tribune  to  anything  by  force,  should  be  outlawed  and  his  property 
should  be  forfeited  to  the  temple  of  Ceres.'  (Liv.,  ii.  83  and  iiL  55 ; 
Dionys.  HaL  vL,  pp.  89,  and  viL  17.)  These  agreements,  however,  were 
insufficient  to  protect  the  tribunes  against  various  annoyances  of  the 
patricians;  hence  it  was  found  necessary,  soon  after  the  institution 
of  the  tribunate,  to  give  still  more  security  to  the  exercise  of  their 
power.  A  law  was  accordingly  passed  forbidding  any  one  to  interrupt 
or  disturb  the  tribunes  in  their  transacttons  with  the  plebs,  and  enact- 
ing that  any  one  who  should  act  contrary  to  this  law  should  give  bail 
to  the  tribunes  for  any  fine  inflicted  upon  him ;  those  who  refused  to 
give  bail  forfeited  their  life  and  property.  The  inviolability  of  the 
tribunes  was  finally  established  after  the  time  of  the  decemviiate  by  a 
law  of  M.  Horatius. 

With  regard  to  the  conflicting  statements  aa  to  the  number  of  the 
tribunes,  the  probability  is  in  &rouT  of  the  niimber  five,  so  that  one 
was  takeax  from  each  ot  the  five  Servian  dasses.  Thus  much  only  is 
certain,  that  in  the  year  B.a  457  the  number  of  tribunes  was  increased 
to  ten ;  so  that  if  they  really  bore  any  relation  to  the  classes,  each 
furnished  two.  This  number  remained  unaltered  to  the  end  of  the 
republic  The  tribunes  were  attended  by  public  servants,  called 
viatores,  who  carried  their  commands  into  effect. 

The  accoimts  about  the  manner  in  which  the  tribunes  were  originally 
elected  are  as  contradictory  as  the  statements  about  their  original  num- 
ber.   The  statement  of  Dionysius  and  Cicero,  that  they  irere  elected' 


by  the  curia,  must  either  have  arisen  from  a  misunderstanding  of  the 
nature  of  the  curieo,  or  from  a  confusion  of  the  election  and  the  sanction 
of  the  election ;  for  the  latter  was  a  right  which  the  curia  unquestion^ 
ably  possessed  for  a  time.  If,  as  Niebuhr  thinks,  they  were  mtended 
to  represent  the  classes,  they  were  elected  by  the  centuries ;  but  it  is 
much  more  probable  that  the  college  of  tribunes,  at  the  expiration  of 
the  year  of  office,  appointed  their  successors,  after  a  previous  consulta- 
tion with  the  plebs.  The  sanction  of  the  curia  ceased  to  be  necessary 
shortly  before  the  time  of  the  Publilian  law;  and  after  that  time  we 
have  express  testimonies  that  the  tribunes  were  elected  by  tiie  comitia 
of  the  tribes,  under  the  presidency  of  one  of  the  tribunes  whose  office 
was  expiring.  (Livy,  ii.  56,  &c. ;  iii.  64 ;  Dionys.  Hal.,  ix.  2.)  As  it 
was  necessary  that  all  the  tribunes  should  be  elected  on  one  day  and 
before  sunset,  it  often  happened  that  when  the  business  of  election 
could  not  be  completed  within  the  lawful  time,  those  who  were  elected 
had  to  fill  up  the  number  by  co-optatio.  This  inconvenience  was  done 
away  with  in  448  by  the  tribune  L.  Trebonius,  who  got  a  law  passedt 
ordaining  that  in  future  the  elections  should  be  continued  the  next  day 
or  days  in  cases  where  one  day  should  be  too  diort  a  time  to  complete 
them. 

The  field  of  action  for  the  tribunes  were  the  comitia  of  the  tribes 
and  other  meetings  of  the  plebeians ;  and  they  arraigiied  before  the 
assembly  of  the  plebs  any  one,  whether  private  individuals  or  magia- 
tretes,  who  had  violated  the  rights  of  the  commonalty,  and  that 
without  anv  fear  of  being  interrupted  in  their  proceedings.  They 
themselves  had  no  judicial  power;  they  had  only  the  right  to  drag  the 
offender  before  the  assembly  of  the  people,  and  to  propoee  a  fine  to  be 
infiicted  on  him.  In  later  times  they  sometimes  deviated  from  this 
rule,  and  assumed  the  right  of  propoong  capital  punishment.  Their 
lawful  power  was  originally  mere  avtxiHum;  that  is,  to  afford  protection, 
without  any  rig^t  direotiy  to  interfere  in  the  afikirs  of  the  state.  Their 
power,  the  Tribunida  Potestas,  or  Tribimicium  Jus,  was  confined  to 
the  dty  and  one  mile  beyond  its  walls.  They  were  not  allowed  to 
spend  a  night  outdde  the  city,  except  during  the  Feria  Latina,  when 
all  the  people  were  assembled  on  the  Alban  Mount.  The  house  of  a 
tribune  was  regarded  as  a  place  of  refuge  for  any  one  who  thought 
himself  wronged  or  oppressed,  and  the  doors  were  left  open  by  night 
as  well  as  by  day.  From  the  first  the  plebeians  regarded  the  tribunes 
not  only  aa  their  protectors  against  patrician  oppression,  but  as  arbi- 
trators in  matters  among  themselves.  (Walter, '  Gesdiichte  des  Rom. 
Rechts,'  p.  85.)  The  power  of  the  tribunes,  after  it  was  once  esta- 
blished, rapidly  increased  in  proportion  as  the  commonalty  itaelf 
increased  in  importance ;  indeed  we  may  say  that  the  growing  maport- 
ance  of  the  commonalty  was  the  work  of  the  tribunes.  Not  quite 
forty  years  after  the  institution  of  the  tribunate  we  find  the  members 
present  at  the  deliberations  of  the  senate ;  and  in  b.o.  464  the  tribunes 
compelled  the  senate  to  meet,  in  opposition  to  the  consuls,  that  they 
might  lay  before  them  a  rogation  and  discuss  its  merits.  Henceforth 
dther  the  tribunes  themsdves,  or  the  consuls  at  their  request, 
proposed  legislative  measures  to  the  senate,  as  we  see  in  the  instance 
when  a  new  legislation  was  demanded  by  the  tribunes.  This  demand 
of  the  tribunes,  after  some  struggles  on  the  part  of  the  patricians,  was 
at  last  complied  with,  and  led  to  the  appointment  of  the  decemvirs,  for 
^e  purpose  of  framing  a  new  code  of  laws.  During  the  second  decem- 
virato  tne  tribunate  was  suspended,  like  all  other  magistrates;  but 
when  tiie  business  of  legislation  was  completed  tribunes  were  again 
appointed,  and  it  was  on  tiieir  proportion  that  the  consulship  also  was 
restored.    (Liv.,  iii.  54.) 

The  podtion  of  the  tribunes  after  the  decemviral  legislation  was  very 
different  from  what  it  had  been  before.  Henceforth  we  find  the 
patricians  and  the  clients  contained  in  the  tribes,  and  the  tribunes  now 
stand  in  the  same  relation  to  the  whole  nation  as  they  had  before  stood 
to  the  commonalty  only:  they  are  now  the  protectors  of  the  whole 
nation  as  assembled  in  the  comitia  of  the  tribes,  and  in  oppodtion  to 
the  senate  and  the  magistrates;  they  are  the  representatives  of  the 
democratical  element  in  the  state,  in  oppodtion  to  the  aristocraticaL 
This  explains  how  it  happened  that  their  protection  was  sought  by 
patricians  as  wdl  as  plebeians.  (Lir.,  ill  56;  viii.  88,  &c)  They 
henceforth  dso  appear  in  the  possesdon  of  the  right  of  being  present 
at  all  the  delibeiutions  of  the  senate ;  but  their  place  was  outside  the 
opened  doors,  where  th^  sat  upon  benches.  They  had  at  all  times 
the  right  to  propose  measures  to  the  assembly  of  the  tribes,  which 
might  pass  them.  Such  resolutions  of  the  tribes  were  called  plebiscita, 
and  required  the  sanction  of  the  senate  or  the  curia  before  they  became 
laws.  But  the  Lex '  Yaleria  ordained  that  all  plebisdta  should  be 
binding  upon  the  whole  nation  without  any  further  sanction.  ('  Dic- 
tionary of  Greek  and  Rom.  Ant.,'  under  "  Plebisdtum.")  This  gave  to 
the  tribunes  an  extraordinary  influence  in  all  tiie  afi&irs  of  the  state, 
and  the  democratical  dement  had  now  gained  the  superiority.  But 
whUe  the  power  of  the  tribunate  was  thus  outwardly  increasing,  a 
diange  took  place  within  the  body,  or  collegium,  as  it  was  called, 
which,  to  some  extent,  paralysed  its  power.  Down  to  the  year  B.o.  894 
all  matters  had  been  decided  in  the  college  of  the  tribunes  by  a 
majority  of  the  members,  but  in  this  year  we  meet  with  the  first 
instance  of  the  intereesdon  (veto)  of  one  tribune  rendering  the  reso- 
lution of  his  colleagues  void.  (Liv.,  v.  25,  29.)  It  is  uncertain  what 
^ve  rise  to  this  innovation ;  but  it  weakened  the  power  of  the  college, 
inasmuch  as  the  aristocratic  party  might  easily  gain  over  one  of  its 
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members,  and  thus  thwart  the  plana  of  the  rest  In  such  a  case 
nothing  could  be  done,  and  the  matter  waa  dropped.  G.  Tiberius 
Oracchos  waa  the  first  who  pointed  out  the  manner  in  which  the 
college  might  get  rid  of  an  obstinate  member:  he  proposed  to  the 
people  to  deprive  such  a  tribune  of  his  office — an  expedient  which  was 
afterwards  occasionally  made  use  of.  The  same  power,  however,  which 
a  tribune  had  over  the  resolutions  of  his  colleagues  he  also  had  upon 
the  proceedings  of  a  magistrate,  whether  a  consul,  a  censor,  or  a 
pnctor,  and  even  over  an  ordinance  of  the  senate.  The  right  of  the 
tribunes  of  merely  appearing  in  the  senate  was  gradually  increased  by 
the  power  of  convokmg  the  senate,  and  laying  before  it  any  measure 
relating  to  government  or  administration ;  and  the  senate  had  often 
recourse  to  the  tribunes  for  the  purpose  of  comx>elling  magistrates  to 
comply  with  its  wishes.  (Lir.,  iv.  26 ;  v.  9 ;  zzviiL  45.)  At  last  it 
was  established  by  the  Plebiscitum  Atinium  that  a  tribune  should  be 
a  member  of  the  senate  by  virtue  of  his  office.  The  time  when  this 
plebiscitum  was  passed  is  uncertain,  though  it  is  not  improbable  that 
it  originated  wit£  C.  AUnius,  who  was  tribune  in  B.a  130. 

There  was  no  power  in  the  Roman  republic  that  could  be  compared 
to  that  of  the  tribunes,  and  during  the  latter  period  of  Uie  republic 
they  formed  a  real  democratical  senate.  But  whatever  may  have  been 
the  abuse  thai  some  tribunes  made  of  their  exorbitant  power,  and 
however  much  evil  they  may  have  produced,  yet  it  is  a  point  acknow- 
ledged on  all  hands  that  Rome  owed  her  greatness,  in  no  small  degree, 
to  the  institution  of  the  tribunate. 

Sulla,  in  his  attempt  to  remodel  the  constitution  upon  aristocratic 
principles,  reduced  the  powers  of  the  tribunes  to  what  they  had  been 
originally.  But  this  innovation,  like  all  his  constitutional  changes,  was 
a  complete  failure,  and  the  full  power  of  the  tribunes  was  restored  to 
them  by  Pompey.    [Sulla,  and  Povfet,  in  Biod.  Dnr.] 

During  the  empire  the  college  of  tribunes  of  the  people  continued 
to  exist ;  and  in  the  reign  of  Augustus  oomitia  for  the  election  of 
tribunes  were  still  held,  although  the  freedom  of  election  gradually 
disappeared.  (Sueton.,  'Aug./  40 ;  Vellel  Pat,  iL  111.)  The  political 
influence  of  the  tribimea  also  sank  rapidly,  and  even  at  an  early  period 
of  the  empire  we  find  it  almost  confined  to  intercession  in  decrees  of 
the  senate  and  to  protecting  oppressed  or  injured  individuals.  (Tacit, 
•  AnnaL,'  xvi  26 ;  'Histor./  ii.  91 ;  iv.  »;  Plin., ' Epist,' i  28;  ix.  18.) 
Tribunes,  however,  continued  to  exist  down  to  the  5th  century  of  our 
era ;  and  though  their  power  was  much  limited,  they  still  continued  to 
be  looked  upon  as  the  protectora  of  the  weak  and  the  injured,  whidi 
made  their  office  one  of  great  moral  importance.  For  this  reason,  as 
well  as  for  the  purpose  of  having  a  check  upon  tiie  college,  the 
emperors,  although  patricians,  found  it  necessary  to  be  tribunes.  In 
fact,  the  office  of  tribune,  all  the  other  magistrades  being  united  in 
one  person,  was  the  only  thing  that  was  wanting  to  complete  the 
sovereign  power  of  an  emperor.  This  tribunicia  potestas  of  an  emperor 
was  conferred  upon  him  by  the  senate,  and  was  justly  deemed  equiva- 
lent to  r^gal  or  dictatorial  power  with  a  popular  name,  so  that  the 
tribunidii  potestas  became  an  essential  part  of  the  imp^l  dignity, 
and  was  finally  established  as  such  by  the  Lex  de  Impeno  VespasianL 
(Suet, '  Tiber.;  28 ;  '  Vespas./  12 ;  '  Titus,'  6.) 

5.  Trilmni  Militum  cum  ConnUari  Potutate.—In  the  year  B.a  445 
the  tribune  C.  C!anuleius  carried  several  rogations,  one  of  which  was, 
that  the  people  should  be  at  liberty  to  elect  the  consuls  from  the 
patricians  and  plebeians  indiscriminately.  In  order  to  avoid  the  con- 
sequences of  tms  law,  the  senate  decreed  that  instead  of  consuls, 
triouni  militum  with  consular  power  should  be  elected  promiscuously 
from  both  orders ;  and  in  order  that  the  plebeians  might  not  gain  too 
much  at  once,  the  censorial  power,  whidi  had  hitherto  been  a  part  of 
the  consular  power,  was  separated  from  it  and  given  to  two  new 
patrician  officers,  the  censors.  Accordingly  in  the  year  444  B.a  three 
tribunea  were  elected  instead  of  consuls,  one  of  them  being  a  plebeian. 
The  people  however  were  allowed  for  the  following  years  to  elect  either 
tribunes  or  consuls,  as  they  might  think  proper.  The  consequence 
was,  that  for  a  series  of  years  sometimes  consuls  were  elected  according 
to  the  old  custom,  and  sometimes  tribunes.  Fh)m  the  year  b.o.  426 
the  number  of  tribunes  varied  between  three  and  four,  until  in  B.a 
405  it  was  increased  to  six,  which  remained  unaltered  down  to  the 
year  B.o.  866,  when  the  office  of  the  militaiy  tribunes  with  consular 
power  was  abolished,  and  the  consulship  restored.  These  consular 
tribunes,  as  th^  are  briefly  called,  had  the  same  power  as  the  consuls, 
with  the  exception  of  that  part  of  it  which  had  been  detached  from  it 
and  given  to  the  censors.  For  this  and  other  reasons  the  patricians 
did  not  so  much  obiect  to  its  being  shured  with  the  plebeians,  as  they 
did  in  regard  to  the  consulship,  which  was  sanctified  by  solemn 
auspices. 

6.  Tribuni  Mifiiarei,  or  MilUtm,  or  tribunes  of  the  soldiers,  were  a 
class  of  officers  in  the  Roman  armies,  of  whom  at  first  there  were  four 
in  a  legion.  They  appear  originally  to  have  been  appointed  by  the 
(»nsuls,  but  in  the  year  B.O.  863  it  was  decreed  that  henceforth  half  of 
them  should  be  elected  by  the  people  in  the  comitia  of  the  centuries, 
while  the  appointment  of  the  other  half  was  left  to  the  commanders  of 
the  legions  as  before  (Liv.  viL  5) ;  and  as  there  were  six  in  a  consular 
army,  three  were  elected  by  the  people  and  three  by  the  consul  The 
latter  were,  down  to  the  latest  time  of  the  republic,  called  ruffuH,  and 
the  former  comitiatu  (Festus,  s.  v.  'RuffuJi.')  In  later  times  the 
number  of  tribunes  for  each  legion  was  increased  to  six,  and  their 


appointment  was  sometimes  left  altogether  to  the  consuls.  But  this 
seems  to  have  been  an  exception  to  the  rule,  for  subsequent  to  that 
time  we  again  find  that  the  people  had  the  election  of  a  part  of  tlte 
tribunes.  (Liv.,xliii.  14  and  81;  xliv.  21.)  The  functions  of  thew 
tribunes  of  the  soldiers  consisted  in  maintaining  the  discipline  anuwg 
the  troops,  superintending  their  exercises  and  their  state  of  h^th,  in 
inspecting  the  sentinels,  settling  disputes  among  the  soldien,  in 
taking  care  that  they  received  their  necessary  provisions,  and  the  like. 

TRICHI'ASIS  (rpixUura),  is  a  disease  in  which  one  or  more  of  tha 
eyelashes  are  turned  inwardjB,  so  as  to  be  in  contact  with  the  front  of 
the  eyeball  The  irritation  thus  excited  produces  all  the  pain  and 
other  symptoms  of  inflammation  of  the  conjunctiva,  and  if  long  con- 
tinued may  terminate  in  opacity  Of  the  cornea  and  complete  blindnesa. 

The  wrong  direction  of  the  eyelashes  may  depend  on  various  caosea 
Sometimes  it  appears  to  be  their  natural  mode  of  growth;  one  or  more 
growing  differently  from  the  rest,  and  being  reproduced  with  the  amt 
faults  as  often  as  they  are  extirpated.  More  ^lequently  it  is  due  to 
some  disease  of  the  eyelid,  producing  a  cicatrix  or  induration  of  iti 
inner  surfoce,  which,  eontractinff,  draws  in  the  margin  of  the  lid,  ud 
with  it  the  lashes.  By  a  similar  process,  trichiasis  is  the  consiant 
accompaniment  of  the  cases  of  entropium,  or  inversion  of  the  eyelid^ 
which  depend  on  induration  or  contracUon  of  their  cartilageB. 

A  temporary  remedy  for  trichiasis  is  the  extraction  of  the  offendiu 
^clashes,  which  may  be  effected  by  plucking  them  with  broad-poioted 
forceps ;  but  they  are  generally  quicUv  reproduced,  and,  growing  is 
the  same  direction,  renew  the  patient  a  atmering.  For  a  permanent 
remedy,  some  of  the  operaUons  for  entropium  must  be  performed,  or 
the  portion  of  tiie  inner  margin  of  the  evdid  from  which  the  inverted 
lashes  grow  must  be  removed  with  their  bulbs. 

TRICHLORACETIC  ACID.    [CHLORAOBTto  Acid.] 

TRICHLORALDBHYDE.    [Chloral.] 

TRICHLOR-EUXANTHONK.    [Euxahthio  Aom.] 

TRICHLOROKIKONE.    [Kinio  Acid.] 

TRICHLOROMETHYIi-DITHIONIC  ACID  (C.CI,HS^0,+2aqj. 
Trichloromethyl'Sulphuraui  Add,  An  unimportant  organic  acid  obtained 
by  treating  trichloromethyl-sulphurous  chloride  with  potash  or  baiyta 
iftds  acidhas  also  been  named  chhrocarbo-hyponUphurie  tteid, 

TRICHLOROMETHYL-SULPHUROUS     ACID.      [Tbichlobo. 

KVTRTL-DITHIONIO  AciD.] 

TRICHLORONAPHTHALIC     ACID.       [Naphthalio     Omup, 
TrichlorophthcUie  Acid* 
TRICHLOROPHENIC  ACID.    [Phkntlio  Qrouf.j 
TRICHLOROVALERISIC  ACID.    [VALERLuao  Ada] 
TRIDENT  (tridens,  rpUura)  is  any  instrument  of  the  form  of  a  fork, 
with  three  prongs ;  instruments  of  this  kind  were  used  by  the  anclenti, 
as  among  ourselves,  for  various  purposes.    In  mythology  the  trideat  is 
the  attribute  of  several  marine  ^vinities,  such  as  Nereus  (Virg., '  ^^d-* 
u.  418)  and  the  Tritons  (Cicero, '  De  Nat.  Deor.,'  iL  86),  but  above  aH 
of  Poseidon.    The  trident  in  these  cases  is  the  same  as  the  sceptrs 
with  other  gods,  the  emblem  of  the  power  of  these  gods  of  the  waten. 
The  ancients  regarded  earthquakes  as  arising  from  the  sea^  or,  ^,^^ 
expressed  it,  as  the  work  of  Poseidon,  who  effected  them  by  his  joimj 
trident,  whence  Homer  frequently  caUs  him  the  "  shaker  of  the  earth, 
and  whenever  the  god  ii  represented  as  producing  any  oonvu^on  oi 
the  earth  or  the  sea,  the  trident  is  always  mentioned.    (Horn., '  Ody«>i 
iv.  506 ;  daudian, '  De  Rapt  Pros.,'  ii  179.) 
TRIETHYLAMINE.    [Oroakio  Ba8es.J 

TRIETHYLPHOSPHINE.    [Obqakio  Basks.]  _^ 

TRIFCRIUM,  an  upper  gallery  formed  by  small  open  ai«h«  «»vb 
those  dividing  the  nave  from  the  side-aiales  of  a  church,  and  beneatu 
the  clerestory  windows,  this  intermediate  tier  being  within  the  slopug 
roof  over  the  aisles.  These  galleries  are,  in  this  countiT,  sometuutf 
called  "  Nunneries,"  but  in  Germany  "  Manneichor."  Tbej  aw  not 
confined  to  the  nave,  but  continued  in  the  transepts,  so  as  to  asimi  * 
passage  almost  ratirely  round  the  upper  part  of  the  ^^^^^^^^'^'^^^^ 
general  the  trif orium  is  very  shallow  or  narrow,  and  the  arches  in  trota 
of  it  are  smaU  and  low;  and  of  these  last^  there  are  two,  three,  or  ereo 

six,  over  each  of  the  larger  arches  separating  the  nave  from  the  aisleB* 
There  are  however  very  great  differencea  in  these  respects  «J*°^ 
buildings  of  the  same  period  and  style.  In  some  instances  the  tn« 
f orium  IS  very  lofty  and  open,  as  in  the  Abbaye  aux  Hommes,  Caen; 
and  in  the  choir  of  Bayeux  Cathedral,  although  the  nave  of  ^.f^ 
edifice  offers  an  example  directly  the  reverse,  the  triforium  couDBwg 
there  of  a  range  of  very  low  and  small  arches ;  whUe  the  ^^^^^"^ 
windows  are  remarkably  hu^ge  and  lofty,  much  larger  in  fact  t^  ^"J 
pier-arches  between  the  nave  and  aisles.  In  the  Norman  navel  ^ 
some  of  our  cathedrals  the  triforium  arches  are  as  wide  and  nearly  v 
high  as  those  of  the  aisles;  and  the  triforium  itself  is  so  spacious  » 
to  form  an  upper  aisle,  lighted,  like  the  lower  one,  with  windowa 
Norwich  is  an  example  of  this  kind,  as  is  likewise  Peterborough,  «cep 
that  in  the  latter  the  laiige  triforium  arches  corresponding  ^^^/^^ 
below  are  subdivided  into  two  lesser  ones  with  a  column  ^*'^®^ 
them.  At  Gloucester,  on  the  contrary  (also  Norman),  the  tnton^ 
arches  are  low  and  small,  being  divided  at  first  into  two,  each  of  wm^ 
is  again  similarly  subdivided,  so  as  to  make  four  openings  orsr^P  ^ 
the  large  arches  below.  In  the  nave  of  WeUs  Cathedral  the  ^^ 
conaiBts  of  an  uninterrupted  range  of  small  arches  of  peculiar  ^'^f'^^t 
in  which  the  openings  are  very  narrow  in  proportion  to  the  solid  pvv 


TRIQENIC  ACID. 
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or  moulded  piers  between  them.  In  Engliah  churches  tnforia  are, 
during  the  First  Pointed  period,  very  ornamental  in  character;  m  the 
Second  and  Third  Pointed  styles  they  are  generaUy  smaller  and  leas 

important^ 

TRIQENIC  ACID  (C,H.N,OJ.  Aldehyde  absorbs  the  yapour  of 
cyanic  acid  with  great  aridity,  producing  a  white  crystalline  mass, 
\vhilst  carbonic  acid  is  disengaged.  Amongst  other  substanoes^  tngemo 
acid  is  formed  by  the  followmg  reaction : — 


CfH^O, 


+      SCyllOj 


C,H,N,04      +     SCO, 


V ' 

Trigenio  sold. 


Aldehyde.  C^anle  acid. 

Trigenic  acid  orystalliaes  in  smaH  prisms,  very  digfatly  sokiUs  in 
wttter  or  aloohoL  When  submitted  to  destructive^  distillation,  it 
appears  to  yield  quinoleine  and  cyanuric  acid.  The  trigenate  of  silver 
k  insoluble  in  cold  water,  but  soluble  in  hot  water. 

TRIOLYPH.    [Qrsciam  AROHrrxoTUBBj 

TRIGONOMETRICAL  COORDINATES.  These  co-ordinates  were 
invented,  independently  of  eadi  other,  bv  Professor  Qudermann,  of 
Cleves,  and  the  Rev.  Charles  Graven  of  Trinity  College,  Dublin.  'J  he 
latter  called  them  tpkerieal  OHnrdinatet,  a  term  which  is  liable  to  be 
confounded  with  the  common  astronomical  oo-ordinates  described  in 
Sphxbb.  This  remarkable  extension  leads  to  a  mtem  of  algebraic 
geometry  for  curves  on  a  sphere,  singularly  resembling  in  its  results 
the  common  system  in  a  plane,  many  of  the  formulse  of  the  two  being 
absolutely  identical  We  venture  to  predict  that  many  difficulties  of 
common  algebra,  arismg  from  the  entrance  of  the  consideration  of 
infinity,  will  find  easy  and  natural  explanations  when  the  common 
system  is  considered  to  be,  as  it  really  is^  an  extreme  particukr  case  of 

this  more  general  vieWi 


Through  any  point  o  on  a  sphere,  let  ares  o  X  and  o  t  be  drawn, 
which  represent  the  axes  of  x  uid  y.    Let  o  x  and  o  t  be  each  of  them 

auadranta,  and  through  any  point  p  let  ares  T  M,  x  n  be  drawn.  Then 
ie  trigonometrical  co-ordinates  of  the  point  p  are  the  tangents  of  o  m 
and  o  K,  or  of  tiie  angles  subtended  by  them  at  the  centre.  These 
tangents  are  called  x  and  y.  If  the  whole  system  be  projected,  by 
lines  drawn  from  the  centre  of  the  sphere,  upon  the  tangent  plane  at 
o,  then  ox  and  ov  will  be  projected  into  rectilinear  co-ordinates  to  the 
projection  of  P.  ^e  equation  of  a  great  drole  is  of  the  first  dsgree, 
or  of  the  form  ox  +  (y + c=  0,  and  an  equation  of  the  nth  degree  be- 
longs to  the  intersection  of  the  sphere  with  a  cone  of  the  ath  degree 
whose  vertex  is  at  the  centre.  In  the  polar  oo-ordinates  o  p  is  the 
radius  of  Uie  point,  and  the  angle  po  x  its  angle  This  system  of  polar 
co-ordinates  nad  been  preriously  considered  by  Mr.  T.  8.  Divvies 
('  Trans.  R.  S.  Edinb.,'  vol.  xiL),  at  great  length,  and  with  valuable 
results.  Mr.  Graves  published  his  account  of  the  trigonometrical  co- 
ordinates in  the  appendix  to  hie  '  Two  Geometrical  Memoirs  on  the 
General  Properties  of  Cones  of  the  Second  Degree,'  &c.|  Dublin,  1841. 
The  compete  algebra  rNxaATXVX,  fta,  Quavtitiks]  may  be  easily 
applied  to  this  aystem.  If,  in  fact,  the  tangent  of  op  were  called  the 
radius  vector,  instead  of  o  p,  and  denoted  by  r,  the  angle  pox  being 
$,  we  should  have,  for  rectangular  oo-ordinatM^  exactly  as  in  the  plane 
system, 

0s5r«Ni0»y->fsitt^    «  + jfV-l*«'«'^"* 

TRIGONOMETRICAL  CURVES,  a  name  given  to  curves  having 
tuch  equation  as  yaiin  x,  ya*cos  x,  ysa  oos  «-(-6  oos  2ap,  fta  To 
oonstnict  the  fonm  of  such  curves  from  the  knowledge  of  the  funda- 
mental properties  of  the  rine,  cosine,  fto.,  should  be  an  early  exercise 
of  the  student  in  trigonometry,  and  will  be  of  use  in  lus  subsequent 

reading. 

TRIGONOMETRICAL  SERIES.  Infinite  series  which  are  of  the 
form  a8in«-l-6sin2x-l-esin8x-l-  Ac,  and  aoos«-f6cos  2x  -k-  e 
cos  8»  -h  &&,  are  of  important  use  in  the  higher  parts  of  mathematics. 
The  common  mode  of  finding  their  equivalents,  when  a-\-1»-\-afl-\-iM,, 
admits  of  representation  in  a  finite  form,  is  very  easy.  For  instance, 
let  it  be  required  to  tad  l-t*acos«-l-a*oos  2»-|-,  fta  Assume 
2  cos  «  a  s  -f  r-^,  then  2  oos  ikb  s  ip  -f  i-*,  and  substitution  gives  for 
the  whole  series, 

1  1  2>-a(s4f-») 

S (1-0 z)  +  2(l-ar->)  ^  2 (1 -a {s -H r-*) -Ho^) 

1  —ttCOSg 

which  is  j^_2^^^^^ 
The  most  remarkably  propsrty  of  these  ssriss  is  thai  tbey  ars  capable 


of  representing  discontinuous  lines,  so  that  an  arc  composed  of  arcs  of 
different  curves  might  have  every  one  of  its  points  made  to  satisfy  an 
equation  of  either  of  the  preceding  forms.  The  whole  of  the  discon- 
tinuous undulation,  for  mstance,  drawn  in  Acoustics  might  be  in- 
cluded under  one  equation.  See  the  '  Differential  Calculus '  ('  Library 
of  Universal  Knowledge '),  p.  621.  In  the  higher  parts  of  physics,  this 
property  is  of  ike  sreatest  importance ;  and  without  doubt  it  is  one  of 
the  most  remarkable  in  the  whole  range  of  analysis.  But  it  will  not 
perhaps  appear  so  singiilar  if  we  remember  that  every  curve  made  of 
ares  of  dinerent  curves  can  have  a  continuous  curve,  represented  even 
by  a  coounon  algebraical  equation,  drawn  as  near  as  we  please  to  any 
collection  of  its  arcs.  Lsgrange  showed  the  use  of  a  miite  trigono- 
metrical series  to  be  a  very  easy  mode  of  actuallv  representing  the 
ordinate  of  this  approximate  curve :  the  infinite  trigonometrical  series 
is  the  limit  which  actually  attains,  algebraically  speaking,  the  perfect 
representation  of  that  to  which  a  finite  nuniber  of  teims  ii  only  an 
approximation. 

raiGONOMETRICAL  SURVEY.    [Gbodest.] 

TRIGONOMETRICAL  TABLEa  The  chrondogicsl  list  given  in 
Tablks  will  serve  as  a  sketch  of  the  history  of  these  tables :  we  desire 
here  to  elucidate  a  point  of  their  construction  which,  in  the  present 
state  of  transition  m>m  one  system  of  definitions  to  another  [Tbigo- 
voxxtbt],  causes  a  great  deal  of  confusion. 

In  the  ordinary  trigonometrical  tables  is  set  down  the  common  or 
Brigg*s  logarithm  of  the  rine,  cosine,  Ac,  of  every  an^e  which  is  an 
exact  number  of  minutes  (or  seconds,  or  ten  seconds,  as  the  case  may 
be)  from  0*  to  90*.  Looking  into  a  table  we  find  for  the  logarithm  of 
the  sine  of  85*,  for  instance,  9*7586918.  This  number  is  the  logarithm 
of  6785784368,  a  number  containing  nearlv  six  Uu>usuid  miiHmi«  of 
units.  But  the  oonstruotors  of  these  tables  used  a  radius  of  ten 
thousand  millions  of  units,  and  their  assertion  consequentlv  is,  that  if 
a  right-angled  triangle  have  ten  thousand  millions  of  units  in  its  hypo- 
thenuse,  and  86  degrees  in  one  of  its  angles,  the  side  opposite  that 
ang^e  will  be  5786764868,  which  is  oonect  within  one  unik  The 
logarithm  of  this  radius  is  ten,  and  the  earliest  tables  were  constructed 
so  as  to  give  ten  figures  of  the  logarithms,  from  whidi  ten  signifiosnt 
figures  of  the  sine,  &c.,  might  always  be  found :  this  radius  was  there- 
fore convenient^  Those  who  use  the  old  system  strictly,  and  employ 
the  radius  in  every  formula,  find  no  difficulty :  thus,  if  0  be  the  hypo- 
thsnuse  of  a  i^erioal  triangle,  and  a  and  6  its  sidss^  we  hsva 

coea.oos^ 

OOStfs  ^ 

r 
log«Ni<>-logcosa-|-logoos6  — Icgf(or  10). 

But  those  who  use  the  old  system,  and  have  alK>  dropped  into  the 
habit  of  making  the  radius  always  imity,  or  omitting  it  from  the 
formnlse,  and  those  who  use  the  new  i^stem,  in  which  the  sines,  &&, 
are  numerical  representations  of  ratios,  will  always  find  a  difficulty^ 
until  they  establish  a  new  explanation  of  the  characteristic  of  loga* 
rithms  which  they  find  in  their  tables.  We  speak  of  course  of  be- 
ginners, for  practice  will  ffet  over  such  a  diKrepancy,  or  will  perhaps 
cause  a  sufficient  explanation  to  suggest  itself. 

To  either  of  the  two  last-mentioned  clssses  of  persons,  the  sine  of 
85"  is  *5785764868,  and  its  real  logarithm  is  the  negative  quantity 
-7585918— 1,  or— '2414087.  To  them  therefore  the  simple  explana- 
tion of  the  dincrroancy  between  their  logarithm  and  that  of  the  tables 
is  as  follows : — ^The  tabular  log^thm  is  always  10  more  than  Uie  real 
logarithm,  and  the  real  logarithm  always  10  less  than  the  tabular 
logarithm.  There  are  two  ways  of  proceeding :  either  to  take  out  tha 
re«l  logarithm,  whi^  can  always  be  done,  using  the  chsracteristic  —1 

(or  for  distinction,  1)  instead  of  9,  —8  or  8  instead  of  2,  —8  or  8  in- 
stead of  7,  and  so  on ;  or  to  remember  that  each  logarithm  is  10  too 
great,  and  to  make  the  correction,  either  mentally  or  at  the  end  of 
each  logarithm.  We  have  always  found  the  first  mode  the  better  of 
the  two,  and  we  should  recommend  no  one  to  reject  it  without  a 
suffldent  triaL 

For  example,  suroose  it  Is  required  to  calculate  tan  08  y  (ain  V 
sin  14*<^  sin  8*)*.    We  have  (not  using  the  arithmeUoal  complement) 

log  sm  1*  ^•2418558 
log  sin  14*  T'8886752 

add  8-6265805 
log  rin  8*  1-7188002 

■nbtract  2-9067808 


•-1M9'    2)47201909 
2-8600955 

In  looking  for  the  result,  we  remember  that  the  tabular  logarithm 

answering  to  ^'8600955  is  8-8600955. 

For  the  multiplication  and  division  of  negative  characteristics,  set 
LooABiTHXs,  Uss  OF  (ooh  886). 

TRIQONOMETRT.    This  word  signifies  th«  measurement  of  tri- 
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aogles,  but  we  might  as  well  attempt  to  confine  geometry  within 
etymological  limits,  as  the  science  of  which  we  are  going  to  give  some 
account  in  this  article :  the  measurement  of  the  euih  is  now  only  an 
isolated  application  of  the  former ;  and  the  measurement  of  triangles, 
of  Uie  latter. 

In  the  modem  division  of  the  mathematical  sciences,  trigonometry, 
though  still  defined  in  books  as  the  art  of  measuring  triangles,  reallv 
means  the  consideration  of  alternating  or  periodic  magnitude ;  in  which 
quantity  is  imagined  to  go  through  alterations  of  increase  and  diminu- 
tion without  end ;  that  is  ^x,  a  function  of  x,  is  trigonometrical,  whex^, 
as  X  varies  tlm)ugh  all  stages  of  magnitude  (or,  in  technical  language, 
increases  £rom  —  ao  to  +  co  )^  it  takes  an  infinite  number  of  alternate 
increases  and  diminutions.  It  is  perfectly  possible  to  contrive  a  common 
algebraic  function  whidi  shall  go  through  any  given  number  of  such 
changes — a  thousand,  a  million,  or  more ;  but  without  recourse  to  infi- 
nite series,  it  is  impossible  to  faid  one  in  which  the  number  of  alterna- 
tions is  unlimited.  If  the  properties  of  algebraical  series  were  as  visible 
to  the  unassisted  apprehension  as  those  of  figure  in  geometry,  it  would 
be  seen  that  tiie  two  following  series  (afterwards  Known  as  those  for 
the  sine  and  cosine  of  x). 


^-aTS  +  2. 3. 4. 6-**"  ■^^"2" 


*• 


2.8.4 


—  &o.. 


are  periodic  in  value :  and  that,  r  being  a  certain  incommensurable 
numoer  (3*141592 ....),  all  the  changes  of  magnitude  that  they  can 
possibly  take  are  only  repetitions  of  what  take  place  while  x  increases 
from  0  to  2r.  We  cannot  form  a  more  adequate  idea  of  an  intelligence 
superior  to  that  of  the  human  race,  than  by  imagining  one  to  which 
thtf  truth  should  be,  in  consequence  of  sufficient  rapidity  of  power  of 
computation,  a  purdy  elementary  one.  We  are  obliged  to  come  by  this 
knowledge  through  our  perceptions  of  space,  and  by  the  application  of 
algebra  to  geometry ;  and  the  construction  and  use  of  our  alphabet  for 
the  expression  of  periodic  magnitude  is  contained  in  what  are  called 
the  elements  of  trigonometry. 

The  most  simple  notion  of  periodic  magnitude  lies  In  supposing  that 
the  changes  made  are  purely  cvdioal,  or  repetitions  of  the  same  for 
ever ;  as  for  instance,  those  which  occur  in  turning  a  handle  in  a  verti- 
oal  plane.  The  number  of  revolutions  traced  out  by  the  handle  may 
be  as  great  as  we  please,  and  the  quantity  of  length  of  the  circular  arc 
described  by  its  extremity  nmy  be  as  many  times  the  circumference  of 
the  circle  as  we  please,  that  is,  as  long  as  we  please ;  but  the  distanoe 
of  the  handle  from  the  ground  is  periodic,  exhibiting  perpetual  increase 
and  diminution  as  it  rises  and  falls.  Hence  the  circle  naturally  becomes 
a  sort  of  standard  of  reference,  and  dreular  motion  the  primary  idea, 
in  all  consideration  of  periodically  changing  magnitude.  The  arc,  or 
the  angle  which  it  subtends  at  the  centre,  is  the  magnitude  which 
increases  without  limit,  all  past  revolutions  being  counted ;  and  the 
lines  which  only  depend  on  the  position  of  the  moving  point  in  the 
circle,  and  not  on  the  nuknber  of  revolutions  by  which  it  nas  attained 
that  position,  are  the  periodic  magnitudes  in  terms  of  which  all  otiien 
are  expressed. 

The  periodic  magnitudes  connected  with  a  varying  angle,  so  far  as 
they  have  separate  designation,  are  the  sine,  cosine,  tangent,  cotangent, 
secant,  cosecant,  versed  sine,  coversed  sine,  and  chord.  A  change  has 
taken  place  in  the  mode  of  conceiving  these  quantities,  and  one  which 
it  is  venr  desirable  thorougjhly  to  establish :  though  dight  in  appear- 
ance, and  producing  no  difference  in  results,  it  gives  a  great  advantage 
in  the  consideration  of  formulse.  These  elements  were  lines ;  ^ey  now 
often  are,  and  in  future  always  will  be,  the  ratios  of  lines  to  linea.  The 
following  figure  exhibits  the  old  definitions : — 


Rg.  1. 


IM  p  be  the  centre  of  a  circle,  and  aob  an  an^^e  measured  from  a 
fixed  radius  o  a,  the  direction  of  revolution  in  which  angles  are  mea* 
sured  positively  being  denoted  by  the  arrow.  Prom  B  draw  B  m  per- 
pendicular to  o  A,  and  at  a  and  o  draw  tangents  to  the  circle.  Then, 
in  these  old  defixiitions,  B  x  is  the  sine,  o  M  the  cosine,  a  T  the  tangent, 


c  t  the  cotangent,  o  t  the  secant,  o  t  t&e  cosecant^  a  x  the  veraed  moe, 
c N  the  coversed  sine,  of  the  angle  aob.  If  a b  diould  make  &  com- 
plete revolution,  so  as  to  come  into  Uie  same  position  again;  the  angle 
under  consideration  would  now  be 

four  right  angles  -i-  <  a  0  B, 

but  the  shie,  cosine,  &c  would  all  be  the  same  as  before. 

As  the  line  ob  moves  round,  the  signs  of  all  these  lines  ara  to  be 
taken  pofeitively  when  they  are  in  the  same  directions  as  when  a  o  b  ii 
less  than  a  right  angle.  The  following  table  will  show  them  for  the 
angles  AOB,  aob',  aob%  aob'",  all  measured  in  the  same  direction 
of  revolution : — 


Angle. 

Sine. 

Cosine. 

Tan. 
gent. 

Cotan. 
gent. 

Secant. 

Co. 
secant. 

Versed 
Sine. 

Co. 

versed 
Sine. 

aob,  leM  than 

a  right  angle . 

BX 

OX 

AT 

C< 

OT 

Ot 

AM 

CN 

AOB',  between 

ono   and    two 

right  angles  . 

fi'M* 

— osr 

-Ar 

-cr 

-or 

Of 

AM' 

or 

aob",  hetwcen 

two  and  three 

right  angles  . 

^-B^M" 

-OM* 

AT 

ct 

-OT 

—  0* 

AM'' 

cir 

aob"*,  between 

three  and  fonr 

- 

right  angles  . 

— iT'ir* 

ou«r 

-Ar 

-CI' 

or 

-Of 

AM** 

cvr 

In  this  system  an  angle  has  an  infinite  number  of  lines  of  each  sort, 
one  to  every  radius  which  can  be  taken.  It  ii  therefore  neoessaiy, 
either  to  in^oduce  into  the  f  ormuln  the  value  of  the  radius  in  every 
case,  or  to  adhere  to  some  one  particular  value  of  the  radius,  which  is 
always  understood.  The  plan  usually  adopted  ii  first  to  emborrasB 
the  formuln  with  the  general  value  of  the  radius,  then  gradually 
to  accustom  the  student  to  consider  the  radius  as  one  unit,  but  to  make 
an  exception  when  trigonometrical  tiibles  are  used,  by  considering  the 
radius  as  ten  thousand  millions.  '  These  inconveniences  are  avoided  in 
the  new  system  of  definitions,  which  is  as  follows  :— 

Yig.S. 


From  any  point  in  the  line  ob  (or  ob',  &c)  which  is  the  variable 
boundary  of  the  angle,  draw  BX  (or  b'm',  ftc.)  perpendicular  to  oa. 
Let  ox  and  XB  be  positive,  ox'  and  x'b*,  &o.,  negatire,  as  in  the 
usual  method  of  reckoning  co-ordinates.  Call  BX,  b'x',  &e.,  opposite 
to  the  angles,  ox,  ox',  &c.,  adjacent;  and  let  ob,  ob',  ftc.,  be  called 
hypothenuses  (and  always  considered  positive).  Then  the  sine  of  b  o  m 
is  the  fraction  which  b  x  is  of  o  b,  with  its  proper  sign,  in  this  cose 
positive  :  but  the  sine  of  aob*  is  the  fraction  which  x'b*  is  of  ob*, 
taken  negatively,  because  x*b"  is  negative.  It  is  indifferent  what 
hypothenuse  is  taken,  by  the  property  of  similar  triangles,  and  the 
following  is  the  complete  system  of  definitions,  with  the  values  written 
for  the  four  angles.  They  give  a  slight  degree  more  trouble  at  first, 
which  is  amply  compensated  in  the  superior  ease  with  which  all 
formulfe  may  be  deduced,  to  say  nothing  of  the  advantage  of  avoiding 
the  indefinite  radius. 


SiasB 

Oosinecs 

Tangents 

Cotangent  m 

Baoant  a 

Coaceant 


Definition. 

Opp*.  side 


hypcthen. 

A«y*.  side 

hypothen. 

Opp*.  side 

A<1j>.  side 

A4i».  side 

Opp*.  side 

Hypothen. 

Adjt.  side 

Hypothen, 

Opp*.  side 

Versed  sine  s 
Coversed  sine  = 


AOB 

AOB* 

AOB* 

bm 

B'M* 

B^M* 

BO 

VO 

"■  B-O 

OM 

OM* 

OM- 

OB 

—  OB' 

—  OB" 

MB 

M'B' 

M-B* 

MO 

~*ro 

WO 

MO 

M'O 

WO 

MB 

""M'B' 

vrv 

QB 

OB* 

ov 

OM 

""OM' 

~  OM" 

BO 

va 

B-O 

BM 

B'M' 

"■btm" 

AOB" 
B^M* 

"  B"0 
OM" 
OB" 
M"B'*' 

"  M^O 
M"0 

"M"B- 
OB" 
OM" 
B"0 

"B'-M* 


unity  —  cosine 
unity  —  sine^ 


The  chord  has  long  ceased  to  be  regarded  as  one  of  the  trigone- 
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metrical  functions,  and  u  always  used  in  its  old  sense,  as  the  line 
joining  the  extremities  of  an  arc 

We  shall  now  make  a  collection  of  the  principal  trigonometrical 
formula),  and  properties  of  the  fundamental  functions^  referring  to 
Angle  for  the  modes  of  measuring  angles,  to  Sine  for  development  of 
Boveral  of  itie  most  important  points,  to  Series  for  the  expansions  of 
various  functions,  to  MENSUBATioir  and  Spherical  for  the  formuloo 
particularly  connected  with  triangles,  and  to  Aloebbaj  Root,  Sub- 
BiDiARY  Angle,  &c.,  for  yarious  other  usual  applications. 

1.  No  sine  nor  cosine  exceeds  unity ;  no  secant  nor  cosecant  is  less 
than  imity;  a  tangent  or  cotangent  may  have  any  value;  versed 
sines  and  coversed  sines  are  always  contained  between  0  and  2,  both 
inclusive. 

2.  With  the  sines  and  cosecants  must  be  remembered  the  suooession 

■I-  + ;  with  cosines  and  secants,  4- + ;  with  tangents  and 

cotangents,  +  —  +  — •     Thus  when  an  angle  is  in  the  tRrd  right 
angle,  or  lies  between  two  and  three  right  an^es,  its  cosine  is  negative, 

—  being  the  third  sign  of  the  succession  + +•     Versed  sines 

and  coversed  sines  are  always  positiva 

8.  With  the  different  functions  must  be  remembered  the  following 
series  of  initial  values,  being  those  at  the  beginning  of  the  several  right 
angles:  tiius — 

sin  0=0,  sin  (r«Z)=l,  shi  (2r«Z')=0,  sin  (8r«Z')=  -1 

sine  I  0   1  0  —1  II  cosine  j  1  0  — 1  0  ll     tangent  I  0  <»   0  « 
eoseotnt  |  «   1  «  —1  ||  aeeaat  |  1  «o  —  1  «  ||  cotangent  |  «o    0  <o   0 

4.  To  find  a  function  of  any  number  of  right  an^es  increased  or 
dimimshed  by  a  given  angle,  take  the  same  function,  if  the  number  of 
right  angles  be  even,  its  cofunetion  (sine  for  cosine,  cosine  for  sine,  &c) 
if  the  number  of  right  angles  be  odd :  put  that  sign  which  belongs  to 
the  given  function  in  the  right  angle  to  which  the  whole  given  angle 
belongs  when  the  increment  or  decrement  ii  less  than  a  right  angle. 
Thus  we  have 


sm  (s  J  —  «y  «  —  cos  «, 


which  is  thus  obtained:  the  odd  number  of  right  angles  (4vrepre* 
senting  a  right  angle)  is  a  direction  to  put  cotine  instead  of  tine  on  the 
opposite  side;  now  |r— 9,  0  being  less  than  a  right  angle,  £sUs  in  the 
third  right  angle,  ami  the  sine  in  that  right  an^e  is  — ,  so  that  ~oos  tf 
must  be  written.    The  following  results  should  be  remembered : — 

sin  ^2  —  «j=     cos »,  cos  ^j  —  «)=     sin 9,  tan  ^g  -  «)=    cot  e; 

sinU  +  *)=  «»^>  ^^^\2  '*'  *)■■— Bn*#  *'"(2  ***  V=*""C<** 
Bin  (v  — 0}  s  sin  9,  oos  {t^0)  >=— cos0,  tan  (r~  $)  s=  ~tan0 
sin  (v  +  0)  s=  -sin 9,  cos  (t  +  0)  s  .cos  9,  tan  (v  +  9)  s  tan0 
Dn(2v— 0)=:-sin0,  cos(2r~0)=:  cos0,  tan  (2v  — 9)s -tan0 
sin     (— 0)  =  —  sin 0,  cos     (— 0)=»     cos 0,  tan     (--9)=— tan0. 

6,  In  the  first  revolution,  0  and  v->0  have  the  same  sines  and  cose- 
cants, B  and  2r— 9  the  same  cosines  and  secants,  B  and  ir+9  t^e  same 
tangents  and  cotangents. 

6.  sin  9  cosec  9=1,  cos  0  sec  0—1,  tan  0  cot  0=1, 

sin  0  cos  B 

—-—  =  tan  0,  ^-2  =  CO*  *• 
cos  0  '  sm  9 

7.  Bm«0+ooe'0=l,l  +  tan»0=8ec»0,l  +  cot?0=scoBe<^0. 

tan0  1 

■^*=  V(l  +  tan«0)'  °^^"  Va+tsn»0)- 


8,  Iitan0=  J,  then  sin  0=  ^(^a+y^^  o<»  « 

9,  sin  (9-t*  ^)  =  sin  0  cos  ^  +  oos  0  sin  ^ 


h 


V(a'+6')' 


sin  (0—^)  ss  sin  0  cos  ^  — cos  0  sin  tfi 
COB  (0+  ip)  =  cos  0  cos  ^  —  sin  0  sin  ^ 
COB  (0—^)  =  cos  0  cos  ^  +  sin  0  sin  ^. 

*«  .     ,.      »        tan0+tau0  ,  tan0-tan^ 

0  4.^  0-~  A 

11.  sin0  +  Bin^s2  sin  ^-^ cos     » 

0  +  ^        0  —  ^ 
Bm0  — Bin^=s2oos  -^ —  sin 


2 

0  +  ^        0  — ^ 
oob9  +  oos^s2oos  — tt"  oos 


COB  0- cos  0=  —  2  sin 


2 

'0+4> 
2 


sm 


2 

0-^ 
2 


12.  Bin20=2sm0co8  0 

coB2d  =  cos^  0  -  sin^  0  »  2  cob3  0  .  1  s  1  -  2  dn^  0, 
tan20a2tan0-T-(l—  tan»  0). 
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18.  1  +  COB  0  «=  2  cos'  2,  1  +  sin  0  e  2  cosM  J  -  g) 

(M) 


9 
1- cos  0-2  sin'  2>  l~sin0=r2Bin^ 


U. 


I-^oobB  ^  B    1  ~  sin  0  _    ^^2  /»        0  \ 

1+0080""    *"    2'l+8in0  ^  \i  "^  2) 

sm^--sui0  _  tan  t  (<^  -  0)      sin  ^  J: sin  0 
Bin^  +  8in0  ~  tani(^  +  0)'    oos^  +  oo8  0  "^  **°  ^^^i^^ 

15.  If  0  be  half  a  right  angle,  or  less, 

cos  0  =  i  V(l  +  sin  20)  +  i  VCl -«n  20) 
sin  0  =  4  V(l  +  "in  20)  -  i  V(l  -sin  20). 

16.  K  n  be  any  integer,  and  if  <aos  0+sin  0)»  be  developed  by  the 
binomial  theorem  into  Po+Pi+p,+  Ac,  Po  being  oos"0,  Pj  being 
n  oos"-^  0  sm  0,  &o.,  then  cos  »0  is  Fq  ^  p,  +  p«  -  &o.,  and  dn  »0  is 
*j"~Pg  I*  Pg^~ .... 

17.  liCt  QU  and  8.  stand  for  the  cosine  and  sine  of  ii0 

2cos>0»Oa+l 
4  cos*  0=0, +  80^ 
8  cos*  0=0^  + 4c, +  8 
16  COS*  0=  0,  +  5o,  +  lOOi 
82  cos*  0=  0,  +  6c^  +  16c^  + 10 
64  cos'  0=c,  +  7o,  +  2I0,  +  85Ci 
128  cos^  9^  0,  +  80,  +  280^  +  660,  +  85 
256  cos»  0  =  Oj  +  9o, + 36c- + 84c3  +  1260i 
612  oosW0=  0^^  + 160^  4. 45c^  + 1200^  +  2100,+ 126 

To  change  these  into  oorresponding  formulsd  for  powers  of  sin  0, 

For  Oj  0,  0,  0^  Og  Ofl  0,  Og  fto. 
Write  B,  -0,  -8,  0^  Sg  — Og  — s,  Og  &0. 
Thus   16  8in»0»      Sg  -  88.  +  lOs^ 

82 8in»0  =  -Og  +  60^  -  15o,  +  10. 

18.  JDe  M<Avrt*i  I%«ofvm  and  its  consequences : — 

(oos  0+ sin  0.  V— l)*  =  a)8»^  +  8mn0.  V-1 
••^-»«cbs0+Bin0.  V— 1      f-^-i«oos0-.sin0.  V-1 


OO80n 


^-1  +  c-V-l 


sin0 


^V-i_,-i\/-i 


2V-1 
If2cos0sa;f--,       ihen2  V~l*BiA0  s:  «- - 

and2cosfi0=a^+  -j,       and  2  V— 1  •«"»*"«•— —• 

The  versed  sine  is  little  used  and  rarely  mentioned  in  formulae ;  and 
the  coversed  sine  is  really  only  invented  for  analogy's  sake. 

The  term  tme  (the  Latin  word  wvum,  meaning  the  bosom)  has  been 
the  object  of  much  discussion.  It  was  at  one  time  looked  on  as  a  bar- 
barism from  the  Arabic ;  and  some  endeavoured  to  substitute  temmia 
•nscn'pte,  the  half  of  the  chord,  for  it  Others  again  thought  that  it 
was  a  oomiption  of  S,  Im.,  the  abbreviation  of  the  above.  Dr. 
Button  asserts  that  the  Arabic  word  Jeib,  which  is  used  for  the  trigo- 
nometrical sine  in  that  language,  also  means  the  bosom  in  common 
language ;  and  we  have  been  told  that  this  is  correct ;  if  so,  the  Latin 
tinuM  IB  only  the  literal  truislation  of  the  Arabic.  The  arc  representing 
a  bow  (from  which  it  gets  its  name),  half  of  &e  string,  which  repre- 
sents the  sine  of  half  the  arc,  would  oome  sgsiust  the  breast  of  the 
archer.  The  versed  sine  (fmus  verstM,  or  turned  sine)  was  called  the 
tagiUa,  or  aiTow.  The  terms  tangent  and  secsnt  are  derived  in  an 
obvious  manner  from  the  old  definitions. 

There  is  little  of  the  history  of  trigonometry  which  can  be  either 
usefully  or  intelligibly  separated  from  that  of  mathematios  in  generaL 
Up  to  the  middle  of  the  last  century  it  belonged  rather  to  geometiy 
thsn  to  algebra ;  and  even  in  our  own  day  algebraical  tri^nometry  is 
not  fully  established  in  England,  though  rapidly  making  its  way. 
Those  to  whom  trigonometry  is  only  useful  as  an  instrument  in  the 
solution  of  triangles  may  enjoy  the  advantage  of  that  specific  deamess 
which  geometzy  gives  to  the  individual  proposition  in  hand,  without 
needing  to  feel  the  want  of  a  system  which  points  out  the  direction  of 
future  progress.  But  thoee  who  are  to  be  tnined  in  mathematics  for 
hi^er  views  and  more  difficult  applications,  must  acquire  trigonometry 
in  its  most  algebraical  form  as  a  constituent  part  of  the  language  of 
algebra,  and  an  element  in  every  step  of  their  future  progress.  It  is 
worse  than  useless  to  attempt,  for  them,  to  draw  a  distinction  between 
algebraical  and  trigonometrical ;  the  science  will  now  allow  that  dis* 
tinction  to  remain,  and  will  rather  demand  new  modes  of  expression 
than  dispense  with  any  of  the  old  ones. 

There  are  those  who  feel  sensible  of  incongruity  in  combining  the 
fundamental  notions  of  space  and  number  together,  and  would  rather, 
at  any  expense  of  trouble,  keep  them  separate,  except  when  they  are 
f ormaUv  united  for  any  particular  application.  This  feeling  has  our 
sympathy ;  and  if  it  were  possible  to  present  a  complete  algebra,  both 
in  definitions  and  processes,  without  recourse  to  trigonometrical  lan- 
guage, we  should  willingly  agree  to  the  separation.    But  hitherto  it  is 
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not  BO ;  the  only  Tiew  of  algebra  in  which  there  is  nothing  impomble 
18  [Aloebba]  essentially  joined  to  space,  and  particularly  to  angular 
inaj^nitude ;  so  that  those  who  would  have  a  perfectly  pure  algebra 
must  buy  it  at  the  expense  of  unexplained  and  apparently  contradictory 
symbols. 

It  would  be  easy  to  avoid  the  notion  of  space  while  using  the  terms 
of  trigonometry  and  its  powerf td  formulse.  The  series  at  the  beginning 
of  this  article  mig^t  be  made  the  definitions  of  the  sine  and  cosine ;  or 

sin  X  might  be  only  an  abbreviation  of  a;  —  -^^  a?  +  ftc.,  and  cos  x  of 
1 sfi  -¥  ko.    The  fundamental  properties  of  the  sine  and  cosine 

mig^t  without  much  difficulty  be  proved  to  belong  to  these  series, 
without  reference  to  any  geometrical  reasoning. 

TRIMETHYLAMINE.    [Oboanic  Basks.] 

TRIMETHYLPHOSPHINE.  [Obqanio  Bases.  Organic  phwpTuh 
fftwff  baset.l 

TRINITRANISOL  (C,^H.[NOJ,0,).  A  nitro-derivative  of  the 
phenate  of  methyL    [Anibol.] 

TRINITROCRESIC  ACID.  (C,.HJNOJ,0,).  An  organic  add 
prepared  by  adding  cresylic  alcohol,  drop  by  dn^,  to  strong  nitric 
acid.    Its  potash  sidt  crystallises  in  orange  needles. 

TRINITRONAPHTHALIN.    [Naphthalic  Gboup.] 

TRINITROPHENIC  ACID.  [Phentlio  Gboup;  Cabbazotio 
Aon).] 

TRINITY  HOUSE.  As  the  general  management  of  the  light- 
houses and  buoys  of  the  shores  and  rivers  of  England  is  entrusted  to 
the  Corporation  of  the  Elder  Brethren  of  the  Holy  and  Undivided 
Trinity,  generally  known  by  the  name  of  the  Trinity  House,  it  has 
been  considered  advisable  to  treat  under  the  same  head  the  special 
history  of  that  corporation  and  the  general  discussion  of  the  duties 
entrusted  to  their  change,  as  well  as  the  discunion  of  the  means  usually 
adopted  for  lighting  and  buoying  sea-coasts  in  general 

The  objects  it  is  desired  to  effect  by  those  operations  are,  to  indicate 
to  mariners  the  precise  position  of  sunken'rocks,  shoals,  or  sand-banks 
which  may  occur  in  the  fair  way  of  the  navigation,  and  to  mark  the 
entrances  of  ports  and  harbours ;  and  these  objects  must  be  effected  in 
such  a  manner  as  that  the  more  important  indications  should  be  visible 
by  night  as  well  as  by  day.  Moreover,  it  is  desired  to  indicate  tlie 
navigable  channel  in  passes  or  on  shores  during  the  daytime,  when 
accumulations  of  alluvial  matters,  or  sand-banks  thrown  up  by  tidal 
currents,  or  when  ban  at  the  mouths  of  rivers,  render  the  navi- 
gation d^cult  or  dangerous.  The  indications  of  the  first  class  are 
usually  given  b^  light-houses,  or  by  floating  lights,  visible  from  great 
distances;  the  indications  of  the  second  class  are  given  by  floating 
buoys,  beacons,  poles,  or  guides  fixed  in  the  beds  of  the  channek.  In 
all  civilised  countries  the  establishment  of  these  indications  is  con- 
sidered to  be  one  of  the  most  essential  functions  of  the  public 
authority ;  and  the  safety  of  commerce  depends  so  greatly  upon  their 
perfection,  that  it  is  graerally  thought  to  be  desirable  to  place  them 
beyond  the  chances  of  irregularity  attending  private  operations.  Thus 
in  England  the  Trinity  House  is  chai^ged  with  the  performance  of  the 
necessary  works  for  lighting  and  buoying  the  coast ;  in  Scotland  the 
CommissionerB  of  the  Northern  Lights  are  so  charged ;  and  in  Ireland 
the  Ballast  Board  of  Dublin  has  the  control  of  the  lights  and  buoys : 
all  three  being  under  the  general  superintendence  of  the  Board  of 
Trade.  On  the  Continent,  this  branch  of  the  public  service  forms  part 
of  the  attributions  of  the  minister  of  public  works,  and  is  usually 
centralised  in  his  hands,  in  a  fiv  more  distinot  manner  than  it  is  in 
Eiudand.  ^ 

The  Trini^  House  appears  to  have  been  originally  established  in 
the  reign  of  Heniy  VIL,  as  an  **  association  for  pUoting  ships ; "  but  it 
was  only  in  1680  that  the  Elder  Bx^thren  erected  tiieir  first  lightr 
house,  aftw-  several  structures  of  that  description  had  been  built  by 
private  individuals  under  patents  from  the  crown.  The  very  irregular 
and  unsatisfactory  manner,  and  the  very  heavy  ohaiiges  entailed  upon 
the  commercial  marine  of  Enghmd,  by  the  unsystematic  manner  of 
lighting  the  coasts  thus  introduced,  gave  rise  to  so  strong  a  spirit  of 
opposition  to  its  continuance,  when  the  navigation  of  Europe  had 
begun  to  revive  after  the  peace  of  1815,  that  numerous  parliamentaiy 
inquiries  have  recently  been  made  into  the  duties  and  functions  of  the 
Trinity  House,  and  changes  have  been  introduced  in  them  from  time 
to  time.  Thus  the  acts  8  Geo.  IV.  c.  3,  6  A  7  Will  IV.  c.  79, 
17  k  18  Vict.  c.  104,  have  gradually  led  to  the  extinction  of  the 
private  rights  in  light  dues,  and  to  the  vesting  of  the  whole  of  the 
duties  of  lifting  and  buoying  the  coasts  in  the  authorities  before 
described.  The  Trinity  House  in  the  meanwhile  has  maintained  its 
original  composition  in  all  substantial  matters;  and  it  dischai^es at 
gie  present  day  the  duties  of  superintending  the  pilotage  of  the 
English  ports,  concurrently  with  those  of  superintendiQg  the  lighting 
and  buoying,  as  well  as  of  distributing  the  funds  arising  from  certain 
light  and  pUotage  dues,  and  from  the  sale  of  ballast  (for  which  they 
Imve  am  exclusive  patent  in  the  port  of  London,  with  the  exception  of 
the  Chariton  pits),  to  certain  charitable  purposes  specified  in  their 
original  charter.  The  Trinity  House  consists  of  a  master,  a  deputy 
master,  nineteen  actmg  elder  brethron,  eleven  honorary  elder  brethren, 
and  an  unlimited  number  of  younger  brethren ;  in  May,  1859,  they 


numbered  178.     The  master  and  the  honoraiy  elder  brethren  baye 
nothing  to  do  with  the  practical  operations  of  the  House,  and  they  are 
selected,  solely  on  account  of  the  eminence  of  their  social  positions, 
from  the  ministers  of  the  crown  or  from  amongst  the  higher  aristocracy. 
The  deputy  master  and  the  acting  elder  brothren  aro  in  fact  self  elected 
from  a  list  of  the  properly  qualified  younger  brethren ;  and  the  quali- 
fications for  this  purpose  are, — ^that  the  candidates  shall  hare  attained 
the  rank  of  commander  in  her  majesty's  navy  for  at  least  four  yean 
proviously,  or  shall  have  served  as  master  in  uie  merchant  servioe,  on 
foreign  voyages,  for  at  least  four  years.    The  younger  brethr«i  are 
chosen  from  members  of  the  royal  navy,  or  from  the  oommeroial 
marine,  and  are  admitted  at  the  pleasure  of  the  court  of  elder  brethren 
upon  the  proposition  of  any  one  of  those  elder  brothers.     It  may 
perhaps  be  as  well  to  add,  that  subsequently  to   1854  the  Trinity 
House  has  abandoned  its  claim  to  the  surplus  of  the  Hght  dues,  which 
it  had  previously  applied  to  charitable  purposes.    The  act  of  parlia- 
ment by  means  of  which  this  expropriation  of  funds  was  effected  also 
conferred  upon  the  Trinity  House  general  powers  of  supervision  over 
the  proceedings '  of  the  Commissioners  of  Northern  Lights,  and  of  the 
Irish  BaUast  Board,  subject  to  the  appellate  jurisdiction  of  the  Board 
of  Trade. 

The  Board  of  the  Trinity  House  dischaiges  its  duties  by  means  of 
committees,  and  sub-oommittees  for  special  purposes,  whose  proceed-' 
ings,  ^en  necessary,  aro  subject  to  confirmation  by  the  general  court. 
These  committees  are — 1,  the  Treasury;  2,  the  Superviaora  of  the 
Ballast  Department ;  8,  the  Pilotage ;  4,  the  Pilot  Examination  Com- 
mittee ;  5,  the  Lighthouse  Committee ;  6,  the  Pensioners ;  and  7,  fiie 
House  AfiGurs  Committees.  With  the  exception  of  the  supervisors  of 
the  Ballasting  Department,  two  in  number,  all  these  committees 
oonslBt  of  four  members ;  and  the  sub-committees  named  for  special 
services  may  consist  of  any  number  of  members  at  the  option  of  the 
court,  usually  varying  from  two  to  four.  The  appointments  aro  made 
annually,  and  the  wardens  aro  also  elected  annually,  two  going  out 
every  year;  the  master  and  the  deputy  master  aro  usually  elected 
during  their  Uvea,  though  they  paas  pro  forma  an  annual  election.' 
The  deputy  master  is  ex  officio  cnairman  of  all  the  committees.  In 
scientific  and  technical  matters  the  court  is  assisted  by  its  engineer 
and  an  optician,  those  posts  at  the  present  day  being  occupied  by 
Mr.  J.  Walker  and  Dr.  Faraday.  The  members  of  the  Trinity  House 
-divide  among  themselves  the  annual  sum  of  70002.,  and  they  employ 
a  stE^  of  clerks,  messengers,  ftc.,  at  their  central  office  at  an  annual 
expense  of  about  60001. ;  tiie  salaries  of  the  engineer  and  of  the  scientific 
adviser  amount  to  17002. ;  so  that  the  total  cost  of  the  central  administra- 
tion  of  the  Trinity  House  is  about  14,8002.  per  annum,  for  salaries,  anWor 
idl  miscellaneous  expenses  connected  with  the  central  board :  it  was,  in 
1857,  about  17,2852.  The  gross  income  for  the  year  1857  was  268,646^ 
nearly,  and  the  gross  expenditure  204,0182. ;  for  the  year  1858  the 
gross  income  was  257>2142.,  and  the  gross  expenditure  was  172,2852.: 
Uie  surplus  revenue  is  principally  devoted  to  the  extinction  of  the  debt 
incurred,  in  pursuance  of  the  act  of  1846,  for  the  purohase  of  the  private 
interests  in  Ughthouses. 

The  Commissioners  for  the  Northern  Lights  were  incorporated  by 
act  38  Qeo.  III.  c  58,  and  they  consist  of  28  members,  amongst  whom 
aro  tiie  lord  advocate,  the  solicitor-general,  the  lords  provosts  and  the 
elder  bailies  of  the  cities  of  Edinbui^h  and  Glasgow,  the  provosts  of 
Aberdeen,  Inverness,  Campbeltown,  Dundee,  and  Qreenock,  and  the 
sherifis  of  the  maritime  counties  of  Scotland.  The  business  of  the 
commission  is  transacted  in  general  meetings  and  in  committee 
meetings ;  four  of  the  former  being  held  in  the  year,  and  of  the  latter 
thero  is  usually  one  in  every  fortnight.  The  services  of  the  members 
are  gratuitous ;  in  all  technical  and  scientific  matters  they  act  under 
the  advice  of  their  engineers ;  and  they  have  been  fortunate  enough  to 
have  secured  for  many  years  the  services  of  the  Messrs.  Stevenson, 
who  have  done  more  to  advance  the  science  of  lighthouse-building  than 
any  men  since  the  days  of  Smeaton.  The  gross  income  of  the  com- 
missioners for  the  years  1857  and  1858  was  respectively  80,5812.  and 
26,8652. ;  whilst  the  gross  expenditure  vras  also  respectively  62,204^ 
and  59,7472.,  all  in  round  numbers :  from  whence  tiie  deficiency  was 
supplied  does  not  distinctly  appear  in  the  published  documents. 

The  Ballast  Bosurd  of  Dublin  consists  of  28  members,  who  are 
connected  with  the  commerce  of  the  country,  but  not  necessarily,  or 
even  habitually,  acquainted  with  the  practittd  details  of  seamanship 
The  lord  mayor  of  Dublin  and  the  high  sheriff  of  the  city  are  annual 
ex  officio  members  of  the  board.  They  manage  their  business  by  means  of 
committees,  thus  arranged : — 1,  Library ;  2,  Lightship ;  3,  Inspection ; 
4, Accounts;  5,  Lifeboat;  6,  Harbour  Bye-Laws;  7,  Qraving-Dock ; 
8,  East  Quay  Wall  Tax;  9,  Pilotage  Committees;  and,  whenever 
necessary,  sub-committees  for  special  purposes  are  appointed.  The 
services  of  the  members  of  the  board  are  given  gratuitously ;  the  gross 
incomes  for  the  years  1857  and  1858  being  respectively  13,3072.  and 
15,7102.  and  the  gross  expenditure  for  the  same  years  58,7682.  and 
46,6582.  It  doos  not  appear  officially  from  whence  the  deficiency  is 
supplied ;  but  there  can  be  little  reason,  to  doubt  but  that  the  money 
required  for  this  purpose,  as  in  the  case  of  the  deficiency  of  the 
Conmjissioners  of  the  Northern  Lights,  is  obtained  from  the  Mercantile 
Marine  Fund. 

In  addition  to  the  lights  and  buoys  maintained  by  the  above  enume- 
rated public  authorities,  there  are  man^  others  of  perhaps  a  minor 
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degree  of  importance,  which  are  under  the  management  of  the  local 
authorities,  subject  to  the  general  control  of  the  Trinity  Board. 
Harbour  lights,  and  the  buoying  of  the  entrances  to  docks,  rivers,  and 
navigable  inland  channels,  are  usually  thus  confided  to  the  care  of  the 
local  authorities  interested  in  the  navigation  of  the  particular  localities 
where  those  protections  for  shipping  are  placed. 

It  appears  from  the  returns  of  ^e  commissioners  for  inquiring  into 
the  subject  of  lighthouses,  ftc.,  published  in  1861,  that,  at  the  end  of 
1 859,  there  were  the  following  numbers  of  lights,  of  the  various  kinds 
enumerated,  around  the  coasts  of  Great  Britain  and  Ireland  : — 


Country. 

LighU  on  Shore. 

noating 
LighU. 

ToUL 

Coast 
line  in 
MUes. 

General. 

Local. 

TotaL 

England     •     . 
(Scotland 
Ireland       •    • 

ToUIa        • 

83 
46 
69 

89 
67 

4 

171 

113 

73 

41 
1 
5 

313 

114 

78 

1 

2405 
4469 
2518 

197 

160 

357 

47 

404 

9392 

'i'he  Commissioners,  however,  observe  that  the  immense  number  of 
islands,  and  deep  bays,  on  the  Scottish  coast  renders  it  difficult  to 
make  any  accurate  comparison  between  the  efficiency  of  its  mode  of 
lighting,  and  that  of  other  naore  regular  coasts ;  but  the  table  they 
iusert  of  the  distances  apart  of  the  lights  in  the  United  Kingdom  and 
in  France,  has  a  considerable  degree  of  interest.  It  seems  t£tt  on  the 
English  coast  there  is  1  light  on  shore  for  14  miles;  on  the  Scottish 
coast,  1  for  39'5  miles ;  on  the  Irish  coast,  1  for  84*5  miles ;  and  on 
the  French  coast,  1  for  12*8  miles.  The  principle  adopted  by  the 
French  authorities  in  these  matters  is,  that  the  lighthouses  should  be 
placed  at  such  distances  asunder  as  to  allow  &eir  lights  to  cross 
one  another,  and  to  secure  this  condition  with  lighthouses  of  moderate 
elevation,  it  would  appear  to  be  necessary  to  adopt  the  average  distance 
asunder  of  the  French  establishments.  On  a  plain,  easy  shore,  without 
rocks,  or  dangerous  headlands,  sunken  reefs,  or  sand-banks,  the  distance 
apart,  thus  quoted,  may  be  exceeded  without  inconvenience ;  but  on 
dark  nights  it  is  difficult  to  distinguish  a  light  at  more  than  15  miles 
distance,  ev^n  when  it  is  of  the  best  construction,  and  at  a  great 
elevation  above  the  sea  level.  In  foggy  weather,  or  during  the  fall  of 
heavy  rain,  sleet,  or  snow,  the  range  of  visibility  is,  of  course,  con- 
siderably reduced.  It  is  to  be  observed  that  if  the  English  floating- 
lights  be  taken  into  account  the  distance  asunder  of  the  English  lights 
does  not  exceed  11*87  miles. 

The  height  to  be  given  to  a  lighthouse  must  depend  upon  the  dis- 
tance to  which  its  influence  is  required  to  extend.    In  order  to  keep 
the  source  of  light  on  the  level  of  the  geometrical  horizon  at  a  distance 
of  thirty   miles,  Mr.  Airy  says  that   a  lighthouse  ought  to  be  594 
feet  high,  though  the   Cape  St.   Vincent   light  of   221   feet  high, 
is  stated  in  the  report  of  the  commissioners  to  be  visible  at  that 
distance.    It  is  seldom,  however,  that  any  necessity  exists  for  30  wide 
a  range,  and  when  light  is  diffused  over  so  large  an  area,  it  can  hardly 
be  brilliant  in  any  part  thereof,  unless  at  an  immense  cost.    As  a 
general  rule,  the  horizon  to  be  hghted  is  limited  to  about  15  or  20 
miles,  and  the  height  of  the  lighthouses  in  such  cases  need  not  exceed 
from  110  to  220  feet  above  the  sea  level;  as  will  be  seen  by  an 
inspection  of  the  table  of  lighthouses  appended.    The  Eddystone  light- 
house, which  is  built  upon  a  solitary  rock  in  the  fairway  of  the  British 
Channel,  has  a  range  of  only  nine  miles,  and  the  centre  of  the  light  is  not 
more  than  90  feet  above  low  water  line.    In  fact,  the  cost  of  erecting 
towers  of  this  description  in  exposed  situations  is  so  great,  that  it  is 
important  to  keep  their  height  within  the  limits  of  the  strict  necessities 
of  the  respective  localities.    The  average  cost  of  a  tower  of  about  110 
or  120  feet  high  on  the  main  land,  or  on  rocky  islands  of  comparatively 
easy  access,  is  about  from  4000/.  to  10,' ^002.,  including  the  illuminating 
apparatus ;  the  cost  of  the  more  exposed  towers  is  far  greater,  and 
some  idea  may  be  formed  of  the  difficult  and  tedious  nature  of  the 
works  they  involve  from  the  outlay  to  which  they  give  rise.     Thus 
the  Bell  Rock  lighthouse,  on  the  east  coast  of  Scotland,  117  feet  high, 
cost  61,832/.,  nearly;  the  Skerry  Vore,  on  the  west  coast  of  Scotland, 
158  feet  high,  cost  83,127/. ;  the  Bishop's  Rock,  in  the  Scilly  Isles,  145 
feet  high,  cost  36,560/. ;  and  the  Phare  de  Br^hat,  on  the  north-west 
coast  of  France,  cost  38,800/. ;  but  in  this  instance  the  expense  of  the 
engineer  and  the  superintendents,  and  the  cost  of  conveyance  of  mate- 
rials, were  not  included.    M.  Reynaud,  the  engineer  of  this  last-named 
tower,  it  may  be  added,  dispensed  with  much  of  the  complication  of 
the  joints  of  the  courses  of  masonry  introduced  by  Smeaton,  and  pre- 
viously followed  by  other  engineers ;  and  he  was  thus  enabled,  not 
only  to  effect  a  considerable  economy  in  the  first  outlay,  but  also  to 
construct  his  tower  more  rapidly  than  his  predecessors  had  done. 

The  floating  lights  are,  as  their  name  implies,  fixed  in  vessels 
moored  over  or  near  to  the  danger  it  is  desired  to  warn  mariners  to 
avoid.  They  are  usually  fixed  at  a  height  of  from  20  to  45  feet  above 
the  sea  level ;  and  from  that  reason,  as  well  as  from  the  difficulty  of 
introducing  the  best  source  of  light  (on  account  of  the  pitching  and 
rolling  of  the  ship  in  heavy  seas),  their  range  of  visibility  is  not  large. 
Practical  authorities  are  still  divided  in  opinion  as  to  the  best  form  of 
light  vessels,  and  to  the  manner  of  mooring  them ;  many  persons, 
however,  agree  in  recommending  the  adoption  of  a  vessel  built  upon 


the  principles  of  Herbert's  circular  buoys,  moored  from  a  centnd  chain 
attached  below  the  centre  of  gravity  of  the  mass.  Generally  speaking, 
the  light-vessels  on  the  English  shores  are  provided  with  gongs,  which 
are  sounded  in  foggy  weather.  The  first  cost  of  these  vessels  is,  on  the 
average,  between  4000/.  and  5000/. 

Harbour  lights  are  of  every  description,  according  to  the  importance 
of  the  harbour,  and  to  the  dangers  of  the  navigable  channel  loiding  to 
it ;  sometimes  they  are  exhibited  from  a  small  tower,  sometimes  ^m 
ordinary  gas  or  oil  lamps.  It  is  rarely  that  the  most  expensive,  of  these 
structures  exceeds  the  cost  of  400/.  or  500/. ;  and  the  range  of  their 
illuminating  powers  is  usually  limited  to  two  or  three  miles. 

TaBUI   of  8OXK  OF  THE   MOST   CSLIBBATSD   LlOHTBOUnS. 


Name. 

Character  of 
Apparatus. 

Height. 

Visible  at 

Cost. 

Emolakd. 

Feet. 

MUes. 

£ 

Bcachey  Hcftd    .      | 

Ist  class  catoptric, 
revolving 

1 185 

22 

Start     .        ,        .  { 

1st  class  dioptric, 
1       fixed 

204 

19 

Eddystone  .        , 

C.  fixed 

90 

9 

Linrd  •        .        .    . 

C. 

2S2 

20 

Scilly  BUhop*6    . 

D. 

110 

18 

36,559 

St.  Agnes       .        .    . 

C.  revolring 

18S 

16 

Londy 

D.  revolving 

540 

80 

D. 

150 

20 

8S,1S6 

North  Foreland  . 

C.  fixed 

184 

18 

Soath  Foreland       .    . 

D.  fixed 

S73 

25 

Bell  Rock  . 

D. 

117 

18 

61,332 

Flamborough          .    . 

D.  flash 

108 

19 

Soatb  Stack 

C.  flash 

201 

19 

Cromer .        .        .     . 

C.  flash 

274 

22 

Calf  of  Man 

C.  flash 

375 

24 

Dangeneas     .        .     . 

C.  flash 

92 

14 

Olrdleness    .        .     . 

f 

100 

19 

11,000 

Fbakci. 

Grisaex      •        • 

D.  flash 

194 

23 

AiUy      .        .        .     . 

D.  revolving 

305 

27 

F6camp      ,        . 

D.  flash 

425 

18 

LeH6ve        .        .    . 

D.  flzed 

897 

20 

Barflenr     • 

D.  revolving 

286 

22 

19,600 

La  Hague      •        •    . 

D.  flxed 

157 

18 

13,200 

Ushant       •        . 

D.  flash 

272 

18 

Cordouan       .        .    . 

D.  revolving 

207 

27 

lale  de  Bats 

D.  revolving 

228 

24 

4,320 

BeUelale       .        .    . 

D.  revolving 

276 

27 

Calais 

D.  flxed 

167 

20 

7,479 

Br«bat  •        .        .     . 

D.  flxed 

186 

22 

S8,800 

Porquerollca 

D.  flash 

262 

SO 

.    19,880 

Colonial  and  Fobkion. 

Cape  St.  Vincent    .    . 

C.  revolving 

221 

SO 

Genoa         .        • 

t  reviving 

870 

24 

Eerlingas       .      .  .     . 

C.  revolving 

865 

25 

More,  Havana    . 

D.  flash 

863 

SO 

Rooea,  Lisbon         .    . 

D.  flash 

598 

30 

Bayona       •        • 

D.  revolving 

60S 

20 

7,611 

GibralUr       .        .    . 

D.  flxed 

150 

15 

Alexandria 

!  fixed 

180 

20 

Conta    •        .        .    . 

D.  flxed 

483 

23 

Coxo  .        •        •        . 

D.  revolving 

870 

24 

False  Point,  Bengal    , 

D.  flash 

70 

13 

Pondicb^ry    •        .    • 

D.  flxed 

94 

IS 

Slot 

!    flxed 

140 

20 

Monte  Video 

t    flxed 

486 

25 

Cape  Ottoway         .    . 

D.  flash 

72 

13 

Highlands,  N.T. 

D.  flash 

72 

13 

West  Sehouwen      .    . 

D.  revolving 

166 

SS 

6,400 

BnndO        • 

D.    ? 

110 

SO 

10,800 

Westkappel    •        .    . 

D.  flxed 

145 

82 

Terschelling 

D.  revolving 

170 

22 

Odessa                • 

D.  flxed 

208 

23 

Tino  (Spcsxia)        •    . 

D.  flxed 

889 

24 

VUlafranea 

D.  revolving 

223 

24 

The  sources  of  light  used  are  of  several  descriptions.  In  the  large 
shore  lights,  mechanical  lamps  with  three  concentric  wicks,  or  pump 
lamps,  with  four  concentric  wicks,  and  aigand  burners,  are  used;  in 
floating-lights,  the  argaud  burners  are  alone  used.  The  rays  are  con- 
centrated and  directed  as  may  be  required,  either  by  means  of  dicptrie 
lenses,  by  catoplHe  reflectors,  or  by  a  mixture  of  the  two  ■vstems  ia 
the  ecUo-dio/jtric  apparatus;  Mr.  Thomas  Stevenson  has  also  intro- 
duced an  apparatus  he  calls  the  holophotal  one,  which  is  in  fact,  nothing 
but  a  modification  of  the  cato-dioptric  light  In  France,  th^  dioptric 
lights  are  exclusively  used :  in  England  both  the  dioptric  and  the 
catoptric  lights  are  used  for  the  great  land-towers,  whilst  the 
catoptric  lights  are  exclusively  used  for  floating-lights;  and  the  harbour 
lights  are  usually  made  upon  the  holophotal  system  in  the  mora 
important  ports.  Mariners  are  divided  in  their  opinions  as  to  the 
relative  merits  of  these  systems ;  but  the  tendency  of  opinion  amongst 
scientific  opticians  is  decidedly  in  favour  of  the  dioptric  one,  with  a 
central  pump  lamp  of  four  concentric  wicks.  As  to  the  distribution  of 
the  light,  it  may  be  either  fixed,  or  byfiMthet,  or  by  inUrvaU,  or  agaiuj^ 
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it  may  be  v?iite  or  .eohured,  though  the  loss  of  light  by  the  paasage 
through  a  colouring  medinm  oonirtitutes  a  serious  objection  to  the 
adoption  of  that  system.  In  all  oases  where  the  light  is  not  required  in 
any  particular  direction ,  it  is  advisable  to  prevent  ite  paasage,  and 
to  reflect  the  rays,  which  would  otherwise  be  dispersed,  m  the  direc- 
tion to  be  illuminated.  Floating-lights,  however,  are  very  fre- 
quently made  to  show  a  red  light;  and  there  seem  to  be  reasons 
lor  believing  that  it  would  be  desirable  to  confine  that  colour  to  them, 
in  order  to  distinguish  the  land  from  the  floating  lights ;  in  which 
oaee  it  would  perhaps  be  also  desirable  to  make  the  harbour  lights 
green,  the  essential  condition  being  that  no  confusion  should  occur 
between  contiguoua  lighta  In  the  table  given  in  coL  874  the  descrip- 
tion of  the  apparatus  used  in  the  various  Ughthousee  is  given,  wherever 
it  can  be  ascertained  from  published  documents ;  and  it  may  here 
suffice  to  refer  the  student  who  would  investigate  their  respective 
merits  to  the  Reports  of  the  Commi£Bions  of  1846  and  1858 ;  to  a 
recently  published  reply  to  the  second  of  these  reports,  under  Uie 
title  of '  Lighthouse  Management ;'  and  to  Alan  Stevenson's '  Elemen- 
taiy  Treatise  on  Lighthouses.'  The  distances  at  which  the  several 
lights  are  stated  aa  being  visible,  are,  it  must  be  observed,  afik^ted  by 
the  quality  and  character  of  the  light,  the  height  of  the  observer  above 
the  level  of  the  sea,  and  the  atmospheric  refraction. 

It  may  be  added,  that  the  cost  of  a  large  source  of  light,  on  either 
the  dioptric,  or  the  catoptric  systems,  is  usually  about  2000Z. ;  and 
that  the  annual  expense  of  maintenance,  including  oil,  wicks,  salaries, 
repairs  of  buildings,  and  of  apparatus,  ranges  between  3001.  and  4002. 
for  a  dioptric  li^t,  and  between  3502.  and  4002.  for  a  catoptric  light : 
the  cost  of  maintaining  a  floating-light  varies  between  12002.  and 
13002.  per  annum,  the  crew  consisting  of  a  master,  mate,  two  lamp- 
lighters, and  seven  seamea,  of  whom  one-third  are  on  shore  at  a  time. 

Of  late  vears,  the  Mitchell's  screw-piles  [Pilb  EvoinbJ  have  been  very 
successfully  applied  for  the  purpose  of  supporting  fixed  lights  on  shoak 
in  shallow  water,  and  in  comparatively-speaking  protected  positions ; 
such  as  the  beacon  light  at  Fleetwood  on  the  Wire,  and  the  Maplin  light 
at  the  mouth  of  the  Thamea  Wherever  it  would  be  possible  so  to  do, 
these  iron  beacona  should  be  substituted  for  the  more  unstable  floating 
lights,  for  the  oscillation  of  the  latter  must  always  impair  their  efficiency ; 
and  the  pillar  structures  in  the  day  time  form  more  conspicuous 
beacons  than  the  low  hulls  of  the  vessels  can  do.  And  here  it  may 
be  as  well  to  remark,  that  even  lighthouse  towers  are  of  greater  value 
for  the  purposes  of  navigation  when  they  are  constructed  of  materials 


painted  in  alternate  vertical  bands  of  white  and  black,  a  most  efficient 
method  of  rendering  it  visible  from  a  distance;  the  Scottish  light- 
houses are  usually  left  of  their  natural  colours,  and  are  noely  dis- 
tinguishable from  the  surrounding  landscape  in  the  day-time. 

The  buoyage  of  the  shores  of  Eogland  would  appear  to  be  conducted 
in  a  very  efficient  manner,  for  there  are  no  less  than  1109  buoys  in 
position  upon  those  shores,  without  counting  the  wreck-buoys,  or  the 
warping-buoys  at  the  entrances  of  ports,  harbours,  or  docks.  The 
Adniiralty,  as  might  naturally  be  expected,  continue  to  use  the  old- 
fiishloned  nun  and  can  buoys ;  but  at  Liverpool,  and  in  the  ports  of 
active  commerce,  the  Herbert's  buoys  are  most  generally  used.  These 
are  made  with  wide  circular  bottoms,  having  a  depression  in  the  centre 
to  which  the  eye  for  the  mooriug-ehain  is  attadied,  so  as  to  bring  the 
centre  of  gravity  as  low  as  possible ;  their  cost  varies  with  their  size, 
between  402.  and  902.  In  consequence  of  the  gradual  growth  of  the 
buoyage  system  of  England,  there  is  great  irregularity  in  the  mode  of 
colouring  or  marking  them  :  in  foreign  oountries  the  custom  is,  how- 
ever, to  paint  the  buoys  respectively  on  the  port  and  starboard  sides  of 
the  channel  of  different  colours,  usually  black  and  red;  and  though  no 
doubt  it  would  be  preferable  to  adopt  a  uniformity  of  system  in  this 
respect,  there  would  be  a  great  amount  of  inconvenience  in  nlumging 
the  colours  of  the  buoys  in  any  old-established  line  of  navigation.  It 
is  worthy  of  remark  that  in  the  year  1858,  not  more  than  4  per  cent 
of  the  buoys  laid  down  by  the  public  authorities  of  the  United  King- 
doms, broke  from  their  moorings,  whilst  about  6  per  cent  of  those 
laid  down  by  local  authorities  got  adrift  In  the  portion  of  the 
Thames  between  London  and  the  open  sea,  there  are  nearly  seventy 
buoys,  in  addition  to  ^e  lightships,  harbour-lights,  fixed  li^ts,  and 
beacons ;  in  the  Metsey,  the  local  authority  connected  with  the  port  has 
established  no  less  than  7  lighthouses,  8  floating-lights,  66  buoys,  and 
10  beacons;  and  indeed  any  one  who  may  have  had  occasion  to 
visit  English  and  foreign  ports,  must  be  convinced  that  the  buoyage  of 
omr  shores  is  far  more  perfectly  performed  than  that  of  any  foreign  ones. 

Beacons  are  of  every  imaginable  variety,  from  substanUS  stone 
pillars  and  iron  structures  on  piles,  to  heaps  of  stones,  poles  with 
baskets  at  their  heads,  and  to  simple  bushes  or  twigs;  their  cost 
varymg  from  10,0002.  to  a  few  shillings.  There  are  above  200  struc- 
tures of  some  importance,  erected  for  the  purpose  of  beacons,  whose 
situations  are  indicated  upon  the  Admiralty  charts ;  and  of  course 
there  are  numerous  smaller  ones  upon  the  banks  of  the  rivers  and 
navigable  creeks  of  our  shores.  The  only  system  which  seems  to  pre- 
vail in  the  establishment  and  construction  of  these  beacons,  is  that 
they  should  indicate,  in  a  manner  understood  by  the  local  pflots,  the 
course  of  the  navigable  channel;  and  it  would  only  be  a  pedantic 


affectation  to  seek  to  establish  any  general  system  in  a  service  w: 
essentially  depends  upon  local  necessities.    The  beacons  on  the 
spective  sides  of  a  navigable  channel  ought,  however,  to  present  9omm 
characteristic  difference  of  coloiu*  or  of  outline. 

It  may  be  desirable  to  add  that  in  England  and  Ireland  the  lamps  of 
lighthouses  are  lighted  from  sunset  to  sunrise ;  in  Scotland  tbey  are 
lighted  at  the  commencement  of  the  darkness  and  extingui^ol  at 
dawn,  in  accordance  with  a  calculated  table.  The  regulation  standaid 
of  consumption  of  oil  in  a  first-class  French  dioptric  apparatus  is  785 
gallons  per  annum ;  it  would  appear  that  in  England  the  average  con- 
sumption of  all  classes  of  lights  is  below  this  standard,  whilst  that  ol 
Scotland  is  above  it 

As  the  arrangement  of  this  article  rendered  it  neoesaaiy  to  notice  ib 
the  commencement  the  history  and  organisation  of  the  Trinity  House; 
and  then,  the  practical  details  of  the  lighthouse  system  as  now  carried 
into  execution ;  the  history  of  lighthouses  has  been  deferred  to  the 
conclusion.    At  a  very  early  period  in  the  history  of  commeroe  the 
necessity  for  such  structures  must  have  been  felt,  and  the  andents 
paid  very  great  attention  to  thefar  construction.    Originally  the  lights 
on  ihe  seaehore  were  nothing  but  open  fires  on  the  ground ;  but  by 
degrees  lofty  towers  were  substituted  for  these  rude  modes  of  iUumina- 
tion,  and   at   last   the   lighthouses   were   treated   aa   architcctunl 
monuments  of  the  highest  order.     The   recorded    history  of   the 
Colossus  of  Rhodes  would  tappnr  to  be  rather  apocryphal;  and  the 
accounts  handed  to  us  of  the  Pharos  of  Alexandria  are  also  of  veiy 
doubtful  au^entidty ;  Josephus,  however,  states  that  its  fire  could  be 
distinguiihed  at  45  miles  distance.     This   tower  fell   as  recently 
as  A.D.  1303,  having  been  constructed  by  Ptolemy  PhiladelfAus  about 
B.a  470.    The  Romans   erected   msny  lighthouses,  and    authentie 
records  have  come  down  to  us  of  those  of  Ostia,  Gbprea,  Ravenna* 
Puteoli,  at  the  mouth  of  the  Chrysorhuas,  at  the  Bosphorus,  at  Boulogne, 
Dover,  ftc,  both  in  the  writings  of  historians,  and  in  medals ;  and 
Pennant  gives  even  a  plate  of  a  tower,  supposed  to  have  been  a  Romaa 
lighthouse,  which  existed  at  Qaireg  in  Wales.    The  mode  of  illununa- 
tion  adopted  in  these  cases  seems  to  have  been  either  an  open  wood  or 
coal  fire ;  or  the  combustion  of  torohes  dipped  in  tar ;  and  in  the  most 
ancient  of  these  structures,  1^  irons  for  suspending  the  fire  pots,  or 
for  holding  the  torohes,  may  still  be  seen.    During  the  Middle  Age* 
towers  were  erected  for  similar  purposes,  of  whidi  remains  may  still 
occasionally  be  met  with,  and  the  tower  of  Genoa,  a  monument  of  the 
Renaissance  period,  may  be  referred  to  as  a  model  of  taste  in  such 
structures.  The  tower  of  Cordouan,  at  the  mouth  of  the  Garonne,  was, 
however,  the  one  which  marked  the  most  distinctly  the  revival  of  this 
class  of  monuments  in  modem  time,  and  even  at  the  present  d^j  it  is 
worthy  of  careful  examination  by  the  engineer  andarehitect     It  was 
commenced  in  the  reign  of  Henri  II.  of  France,  but  no  light  was 
exhibited  in  it  until  the  reign  of  Henri  IT. ;  the  style  of  architecture 
adopted  is  a  verv  ornate  style  of  Renaissance,  as  practised  in  France 
about  the  end  of  the  16th  century. 

Perhaps  the  turning  point,  so  to  speak,  of  the  history  of  lighthouse 
building  is  to  be  found  in  the   erection  of   Smeaton's  cdebrated 
Eddy  stone  lighthouse,  completed  in  the  year  1759;  for  the  succes 
whioh  attended  the  erection  of  that  structure  in  so  exposed  a  situatioo 
has  led  to  the  subsequent  operations  of  the  same  kind  throughout  the 
world.    Two  attempts  had  previously  been  made  to  establish  lights  on 
this  dangerous  reef  of  rocks  in  the  Channel ;  one  by  Winstanley,  the 
other  by  Redvard ;  the  structure  erected  by  the  former  was  washed 
away  in  the  mght  of  the  26tQ  of  November,  1703 ;  and  that  erected  bj 
the  latter  was  burnt  on  the  2nd  of  Decemb<»',  1 755.    Smeaton  was  then 
applied  to  by  the  lessee ;  and  he  resolved  to  construct  the  new  light- 
house of  masonry,  solid  up  to  a  certain  height,  in  order  to  seours  a 
sufficient  resistance  to  the  action  of  the  sea  by  the  dead  weight  of  bis 
structure,  and  thence  hollow,  to  enclose  the  store  and  living  rooms; 
the  outline  of  his  tower  Smeaton  copied  from  the  outline  of  the  bole 
of  an  oak  tree,  which  he  considered  to  be  the  best  form  to  resist 
external  violence  from  the  winds  and  waves.    Smeaton  has  recorded 
lus  own  operations  in  a  folio  volume,  published  in  1791,  entitled, 
"  A  Narrative  of  the  Building  of  the  Eddystone  Lighthouse,"  to  which 
the  student  is  earnestly  referred  as  to  a  model  of  a  technical  account  of 
a  most  important  work.    From  this  it  appears  that  the  first  stone  was 
laid  on  the  12th  of  June,  1757,  and  that  the  light  was  first  exhibited  on 
the  16th  of  October,  1759 :  the  light  itself  was  obtained  hi  Smeaton's 
time  by  the  combustion  of  a  great  number  of  candles  placed  in  metallie 
reflectors.    Smeaton  also  erected  an  important  lighthouse  at  Spum 
Point,  at  the  mouth  of  the  Humber ;  but  the  grand  prindi^es  of  con- 
struction he  introduced  in  the  Eddystone  were  not  again  conspicuously 
applied,  until  the  construction  of  the  Start  Point  Lighthouse,  between 
1802  and  1806,  under  the  direct  orders  of  Mr.  Stevenson,  the  engineer 
to  the  Commissioners  of  the  Northern  lighta    Since  the  latter  period 
the  construction  of  lighthouses  on  the  Bell  Rock,  the  Skerry  Yore,  the 
Bishop's  Rock,  the  Brdhat,  Barfleur,  la  Hague,  ftc,  has  taken  from  the 
novel^  of  such  structures,  and  rendered  the  public  more  indifierent  to 
their  merit;   but  they  must  always  remain  amongst  the  proudest 
triumphs  of  human  skill  and  patience. 

The  use  of  oil  lamps,  instead  of  candles  in  lighthouses,  is  said  to  have 
been  introduced  by  the  celebrated  hydrographical  engineer,  Borda, 
about  1780  or  1790 ;  and  the  manufacture  of  the  reflectors  was  gi^eatly 
improved  about  the  same  time.    The  use  of  dioptric  lights  had  been 


suggested  to  Smeaton  in  1759,  and  they  Iiad  Botoally  bean  employed 
in  the  Portland  liylithoiiao  nlmut  1789;  but  from  wme  mismooage- 
ment  thtw  had  Ul^u  into  diafnvour  until  Auguatin  Proine],  on  29tli 
Jiily,  1822,  road  a  piper  at  the  Acadimie  des  Sdenoeg  of  Paris, 
(luacribiag  a  liglithouso  apparatus  on  tho  dioptric  ayatem  emcuted 
under  his  orders.  In  1S25  the  French  government  undertook  the 
cumpreheiuiTe  Bcfaeme  for  lighting  their  coast,  which  baa  since  then 
been  so  carefully  carried  into  execution;  and  ai  they  began  almost  dt 
not'o,  they  bare  bean  able  to  adopt,  throughout,  the  dioptric  apparati 
whereas  in  the  English  licbtbouaea  there  were  already  numerous  ai 
costly  catoptric  lighta  of  a  yery  perfect  nature  in  operation.  The 
other  Qationa  of  Europe  have  adopted  the  dioptric  lights ;  and  there 
SecmB  to    be  little  reason  to  question  that  the  latter  will  ultimately 

teplaue  tho  other  know ■- —      ""■-  " "-   =■—■--  • 

bo  popul&rly  described 
lamp  placed  in  the  centre  of  an  octa^ual  glass  prism ;  the  centra  part  of 
each  of  the  aides  being  formed  of  a  plano-convex  lena  of  about  IS 
incliBS  in  diameter,  which  ia  surrounded  by  a  aeries  of  gl 
spherical  triangular  form,  so  as  to  produce  the  mme  effect  upon  the 
mys  of  light  as  the  central  lens  does.  Meaara.  Leopold  Frnnel,  A. 
Sf^venson,  Arago  and  Faraday,  have  in  turn  contributed  to  the 
perfectioD  of  Augustin  Fnienel  B  invention ;  and  it  is  to  the  distin- 
guiuhed  philosopher,  Faradnj,  that  we  are  indebted  for  the  eflicient 
means  of  ventilating  the  lamps  of  lighthouses  now  adopted— an 
apparently  insignificant,  but  really  »  most  important  detail  in  their 
working. 

Tbe  only  other  events  of  importance  connected  with  the  history  of 
lighthouses,  are  the  establishment  of  light  vessels  about  the  end  of  the 
last  century  ;  tbe  erection  of  the  screw-pUe  lighthouses  and  beacons, 
on  Mitchell  s  plan,  the  Grat  of  the  former  erected  on  the  Maplin  ^and, 
having  been  fighted  for  tbe  drat  time  on  Febnuiy  16,  1841 ;  and  the 
ereution  of  tbe  Grst  cast-iron  lighthouse  at  Horant  Point,  in  Jamaica, 
under  the  orders  of  Mr.  A.  Oordon ;  it  was  lighted  for  the  first  Ume 
on  November  3,  1841.  Many  valuable  papers  have  from  time  to  time 
been  published  oa  the  scienlJGc  questions  involved  in  this  branch  of 
the  engineermg  art  in  addition  to  those  previously  noticed  ;  amoogst 
which  nttentioa  ia  particularly  called  to  tbe  report  by  M.  Roeiel, 
'  Smt  1e  Syst^me  Qeneial  d'Eclairage  dea  C6te8 ' ;  to  a  m^moire  by  L. 
Frcsnet  in  the  '  Annales  Dea  Ponta  et  Chauss^es,'  for  1831,  on  the 
stability  of  lofty  towers  ;  to  another  m^oire  by  Uie  same  author  on 
tho  mode  of  treating  the  dioptric  apparatus,  in  the  '  Annalea  Maritimea 
et  Coloniales,'  1930;  and  a  description  of  tbe  acaflbliling  and  machinery 
used  at  tile  lighthouse  at  Brdhat,  inserted  by  H.  Potel  in  tba 
'  Annales  dea  Ponte  et  ChauBS^es,'  for  1835. 

It  may  be  as  well  to  add  that  the  French  authorities  class  the  lights 
on  their  shores  in  four  divisions,  according  to  tbe  power,  and  the 
lange  of  visibility,  of  their  lights.  The  "  Pharee ''  of  the  first  class  are 
visible  from  a  distance  of  30  milea ;  those  of  the  second  class,  from 
a  dlstsnco  of  25  miles  ;  those  of  the  third  class,  from  a  distance  of  IS 
miles ;  whilst  the  phares  of  the  fourth  class,  or  the  harbour  lighta,  are 
only  visible  at  distances  of  about  6  miles.  In  addition  to  the  harbour 
lights,  the  French  authorities  frequently  place  bells,  with  reflectors  at 
the  extremities  of  their  piers  ;  these  bells  are  rung  in  foggy  weather, 
but  thoy  are  not  considered  to  be  of  much  service. 

TKINODA  NECKSSITAS.  This  term,  in  Anglo-Saxon  times, 
ugniScd  tbe  three  services  due  to  the  king  in  respect  of  tenures  of 
lauds  in  Eugland  for  the  repair  of  bridges,  flie  buildina  of  fortresses, 
and  expeditions  against  his  enemies.  All  the  lands  within  the  realm 
were  bound  to  contribute  to  theeo  three  emergencies,  ou  the  principle 
of  their  necwsity  for  goneral  convenience  or  safety ;  and  for  Uus 
reason  every  man's  eetata  was  subject  to  the  Irinoda  manUat,  whatso- 
ever other  mimunities  he  might  enjoy.  Even  in  royal  giants  to  the 
Church  of  privileges  and  exemptions  from  secular  services,  the  right 


m.) 

TltlNOMIAL,  the  algebraical  name  for  an  exprasnon  which  oaneigta 
of  three  terms,  as  a  +  b  +  c,  otax—b:^-i-hx^.     [Tbbk.] 

TRIOXYPROTEIN.  A  substance  said  to  be  obtained  from  albumi- 
nous substances.     Its  existence  is  very  problematical. 

TRIPHOSPHETHYLAMINE.  Synonymous  with  (rieJijffpAtupiiiK. 
[Oruanic  Bases,     Organic  pAoapkimna  baiei.^ 

TKIPLE  ALLIANCES    [TaEiiiES,  Chbonomjoioat.  Tablb  or,] 

TRIPLETS.    [DoDBLSTfC] 

TRIPLICATE.  [Ratio.]  In  the  common  arithmetica]  sense,  the 
triplicate  of  a  given  ratio  is  found  by  taking  the  cube  of  each  of  the 
teiins  of  tbe  ratio.  Thus,  when  we  Bay  that  two  similarly  fonoed 
solids,  whose  linear  dlmensioDS  are  as  4  to  7,  are  in  tiie  triplicate  ratio 
of  4  to  7>  it  is  meant  that  the  bulks  of  those  solids  are  in  the  ratio  of 
1 X  4 1. 4  to  7  X  7  «  7,  or  of  64  to  343. 

TRIPOD  (Iripai,  rplrout)  is  any  article  o(  fumfture  resting  npon 
three  feet,  whence  the  name  is  given  to  tables,  chairs,  moveable  altan, 
•nd  other  articles  of  the  same  kind.  (Athen.  ii.  p.  49.)  A  chair  or 
an  altar  of  this  kind  must  be  understood  when  we  read  that  the  Pythia 
of  Celpbi  gave  her  omclea  from  a  tripod.  We  find  also  mention  of 
tripods  containing  n  certain  measuro  of  fluid  (Horn., '  11.,'  xiiiL  264), 
and  in  this  case  we  have  to  underoland  a  bowl  resting  upon  a  pedestal 
with  three  feet.    Tbe  crater,  or  the  vessel  in  which  the  wine  was 
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mixed  with  water  at  the  banquet*  of  the  andents,  was  very  frequently 
■  tojiod  of  this  description.  ^       i        -i 

The  ancients  made  much  more  frequent  use  of  tripods  than  we,  and 
from  their  descriptions,  aa  well  as  from  the  numerous  representations 
of  tripods  on  medals,  and  from  the  specimens  still  extant,  we  see  that 
they  were  often  most  taslefuZiy  omaiiientod  and  of  the  moat  eiuuiaila 
workmanship.  They  were  usually  of  metal,  but  sometimes  also  of 
marble,  and  appear  to  have  boon  made  as  much  for  mere  ornament  as 
for  use.  A  tripod  seems  to  have  been  at  Athens  a  usual  reward  to  a 
successful  choragus.  The  tripod  waa  connected  with  the  worship  of 
several  gods,  and  was  one  of  their  attributes ;  but  there  is  no  deity  in 
whoso  worship  tripods  occur  so  frequently  as  in  that  of  Apollo. 
Accordingly  the  Pj^aiia  gave  her  responses  from  a  tripod,  tripods  were 
the  most  common  presents  (donaria)  to  his  temples,  tripods  were  given 
to  the  victors  in  the  games  which  were  celebrated  in  honour  of  Apollo, 
and  tripods  appear  on  innumerable  coins  which  have  any  relation  to 
tbe  worship  of  that  god.  Several  fine  tripods  havs  been  found  at 
PotnpeiL    (Maiots,  Donaldson.)    In  the  accomp 


relief  <m  aa  altar  found  in  the  forum  at  Pompeii  an  altar  tripod  Is 
represented.     Borne  tripods  ars  prsserved  in  the  British  Uuseum. 

TRIPTYCH,  an  altar-piece  in  three  divisious.  Ab  mentioned  under 
RetaJIUI,  altar IMeoce  were  originally  small  and  portable;  they  being 
earriad  with  ths  other  eeolesiastieal  utensils  to  the  altar  for  the  per- 
formanoe  ol  the  service,  and  removed  at  its  conclusion.  The  allar-pieoe 
UBually  compriaedaroprSBentation  of  some  event  in  Uie  history  of  Christ, 
or  of  an  incident  in  the  life  of  the  saint  to  whom  the  ^tar  waa  dedi- 
cated. In  thsir  oldest  form,  these  portable  altar-pieces  seem  to  have 
conosted  of  two  Invea  or  tablets  of  ivorj  or  wood,  like  the  lai^r 
tvo-lesved  tablets  carried  by  ths  Roman  oonsuls  and  other  superior 
officers,  and  like  them  they  were  called  Diftydu.  It  is  supposed  that 
this  in  HiA  was  their  origin ;  the  emperors  having,  when  Christiaoitr 
was  recognised  and  protected,  sent  to  the  bishops,  as  to  other  high 
offloera  of  the  government,  official  diptychs,  which,  when  they  presided 
at  the  mass,  were  dis[dayed  open  at  the  tXiAi  aa  the  insignia  of  their 
office ;  but  if  so,  the  practice  probably  early  fell  into  desuetude,  and 
altar-pieces  tame  to  be  commonly  the  siit  ti  pious  individuals  or  com- 
mianoned  by  wealthy  aommunibea,  and  they  soon  began  1«  be  made  In 
various  forms  and  of  very  diflerent  materials.  The  most  frequent 
form  was  that  of  the  Triptych,  which  consisted  of  ■  large  central 
division,  in  which  the  principal  dreumstanee  was  set  forth,  and  two 
wings,  fastened  to  the  centre  by  hinges,  so  as  when  not  in  use  to  fold 
over  it  like  shutters.  On  tbe  inades  of  theae  wings  were  usually  repre- 
sented circumstonoee  subsidiary  to  that  shown  in  tbe  centra]  division, 
portraits  of  saints  or  of  the  donors  of  the  altar-piece,  Ac ;  whilst 
the  outside  was  the  AnDonciation,  the  Baptism,  or  some  event  sym- 
Iralising  the  initiation  of  the  Christian  religion.  If  the  Crucifliion  or 
other  crowning  event  were  shown  inside ;  or,  if  the  central  picture 
related  to  a  saint,  the  exterior  was  commonly  mods  in  some  way 
correspondent.  Bometimes  there  were  more  than  three  divisions, 
when  it  was  called  a  PolyptnA.  Host  frequently  these  porbable 
altar-pieoCT  are  framed  pictures ;  tnit  they  are  very  oommonly,  espe- 
oially  the  earlier  ones,  bu-reliefs  carved  in  wood  or  ivory.  Often  tbej 
are  of  inlaid-woA,  or  marquetry,  or  of  metal-work  and  enamel,  tbe 
latter  being  sometimea  richly  inlaid  with  gems.  Of  all  these  kinds, 
and  extending  over  a  long  range  of  years,  there  are  many,  and  some 
very  exqmaite,  examples  in  the  South  Kensington  Museum,  aa  well  as 
of  those  lu^  carved  and  punted  triptych  retables  which  ao  genenlly 
-prevailed  at  a  somewhat  later  date  in  Qennany  and  the  Low  Countries. 
^Retablk.]  When  the  altar-piece  oame  to  be  treated  as  an  important 
arebitectural  feature,  and  the  paintings  were  much  larger  in  aiso  and 
more  important  in  character,  the  triptych  form  was  long  retained, 
though,  at  least  in  Italy,  the  wings  were  no  longer  made  to  close  over 
he  ceiitre,  and  certain  supplementary  parts  were  added.  Of  these, 
ixamples,  either  entire  (as  in  that  of  Jacob  Casentios)  or  portions  (■■ 
those  by  Francis,  Andrea  Orcagna,  Ac.),  inay  be  seen  in  the  National 
Gallery. 

TRISECTION  OF  THE  ANGLE,  In  the  articles  DnpLioATiOM 
and  QUADBATUItE,  we  have  given  a  alight  outline  of  the  history  of  two 
of  those  remarkable  problems  tbe  solutions  of  which  at  one  time 
ingaged  the  attention  of  tbe  learned,  and  have  not  yet  ceased  to  be  the 
imbition  of  a  certun  class  of  geomcti-ical  Btudente.  The  triseation  of 
the  angle  ia  the  third  problem  of  this  kind. 

Tbe  difficulty  of  cutting  an  angle  into  three  equal  parts  la  entirely 
of  that  geometrical  nature  which  has  been  alluded  to  in  the  articlea 
above  cited.  Euclid,  who  confines  himself  to  the  description  of  right 
lines  and  circlea,  could  not  by  these  only  trisect  on  angle;  but  »  Terj- 
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slight  increase  of  descriptive  power  granted  to  pure  geometry  would 
overcome  the  difficulty  entirely.  In  modem  analysis  there  is  no  more 
trouble  in  trisecting  an  angle  than  in  finding  a  cube  root :  the  trigono- 
metrical tables  solve  the  question  immediately  to  a  certain  number  of 
places  of  decimals,  and  the  calculation  of  a  series  and  the  solution  of  a 
cubic  equation  may  be  made  to  serve  for  any  number  of  places  of 
decimals.  In  order  to  show  this,  let  a  be  the  sine  of  a  given  angle, 
and  X  the  sine  of  its  third  part :  common  trigonometry  reiadily  gives 
the  equation — 

Now  a  can  be  found  from  the  angle  by  meaua  of  the  series  for  the 
sine ;  and  the  solution  of  the  cubic  equation  is  then  easy  enough. 
[Involution.!  The  three  roots  of  the  cubic  equation  are  respectively 
the  sines  of  tne  third  part  of  the  given  angle,  and  of  120"  and  24  0"* 
more  than  that  same  third  part.  The  cause  of  the  geometrical 
difficulty  is  seen  in  the  cubic  equation,  which,  as  appears  above,  is 
essential  to  the  problem  :  no  root  of  a  cubic  equation  was  ever  exhibited 
by  Euclid's  geometry  alone,  unless  that  cubic  equation  were  algebrai- 
cally reducible  to  one  of  a  lower  degree,  which  could  be  solved  without 
the  extraction  of  cube  roots. 

The  old  geometers  soon  reduced  the  question  to  depend  upon  the 
following  preliminaries.  Let  a,  b,  c,  d  be  the  sides  of  a  rectangle,  and 
B  the  diagonal  passing  through  the  junctions  of  B,  o,  and  a,  d  :  also  let 
the  angle  e  a  be  the  one  which  is  to  be  trisected.  Through  the  point 
common  to  b,  o,  draw  a  line  f  passing  through  d  and  a  produced,  in 
duch  a  manner  tiiat  the  part  between  D  and  a  produced  is  twice  B  in 
length.  Then  it  is  easily  shown  that  the  angle  f  a  is  the  third  part  of 
B  A.  Through  the  point  c  d  draw  an  equilateral  hyperbola,  of  which 
the  asymptotes  are  a  and  B.  A  chord  of  this  hyperbola,  set  off  from 
0  D  towards  a  produced,  and  equal  in  length  to  twice  E,  will  be  a  parallel 
to  the  line  F  required.  Admit  then  the  hyperbola  among  the  curves 
of  geometry,  and  the  difficulty  ceases.  Again,  if  with  two-thirds  of 
any  given  line  a  as  a  major  axis,  an  hyperbola  be  described  whose 
asymptotes  make  an  angle  of  120** ;  and  if  with  a  as  a  base,  and  a  point 
on  the  branch  of  the  hyperbola  adjacent  to  the  single  third  of  a  as  a 
vertex,  a  triangle  be  described,  the  larger  of  the  angles  adjacent  to  a 
will  always  be  double  of  the  smaller.  Consequently,  one  of  the 
external  angles  will  be  triple  of  one  of  its  internal  and  opposite  angles : 
BO  that  by  describing  on  the  straight  line  a  a  segment  of  a  circle  con- 
taining the  supplement  of  any  given  angle  lees  than  180",  that  circle 
will  cut  the  branch  of  the  hyperbola  in  a  point  which,  being  joined 
with  the  further  extremity  of  a,  will  give  an  angle  equal  to  the  given 
angle. 

Again,  if  from  any  point  of  a  circle  a  straight  line  be  drawn  cutting 
the  circle  again,  and  then  a  diameter  pixxluced,  in  such  manner  that 
the  portion  externally  intercepted  between  the  diameter  produced  and 
the  circle  is  equal  to  the  radius,  the  angle  formed  by  that  line  and  the 
diameter  produced  is  the  third  part  of  the  angle  made  by  the  two 
radii,^  of  which  one  passes  through  the  first  point  of  the  circle 
mentioned,  and  the  other  is  on  the  diameter  which  was  produced. 
The  construction  can  be  effected  by  the  Conchoid  of  Nioomedes, 
which  curve,  if  granted,  gives  the  means  of  drawing  a  straight  line  of 
givfen  length  between  any  straight  line  and  a  curve,  so  that  when  pro- 
duced it  shall  pass  through  a  given  point. 

Either  of  the  curves  uiown  by  the  name  of  Quadratbix  may  be 
made  to  trisect  an  angle,  as  obviously  may  any  curve  which  assigns  a 
straight  line  equal  to  a  given  arc  :  for  a  straight  line  may  be  easily 
trisected.  The  Spiral  of  Archimedes  obviously  gives  another  solution. 
But  there  is  one  particular  curve  known  by  the  name  of  the  trisedt-ix, 
which,  among  curves  not  geometrical,  is  peculiarly  possessed  of  this 
property.  It  is  one  of  the  trochoidal  curves  having  the  deferent  and 
epicycle  equal,  the  motion  in  the  latter  being  direct  and  equal  to  one- 
liAlf  of  that  in  the  epicycle.  Or,  add  and  subtract  the  radius  of  a 
circle  from  every  one  of  the  chords  which  passes  through  a  point  in 
its  circumference,  and  the  result  will  be  a  looped  curve,  which  is  the 
one  in  question.  Let  a  be  the  point  where  the  branches  unite,  and 
a  b  the  axis  of  the  loop :  describe  a  circle  with  a  as  a  centre,  and  a  b 
as  a  radius ;  take  a  point  F  in  the  loop,  and  let  a  p  and  b  p  produced 
meet  the  circle  in  q  and  b.    Then  the  arc  b  b  is  three  times  b  q. 

Many  other  modes  of  trisection  have  been  proposed,  some  of  great 
geometrical  beauty ;  but  the  preceding  are  those  to  which  it  is  most 
likely  the  student  will  meet  with  references  in  his  reading.  Many 
false  trisections  have  also  been  proposed  by  persons  who  thought  they 
could  conquer  the  geometrical  difficulty.  There  is  not  so  much  to 
expose  in  this  class  of  trisections  as  in  the  one  of  quadratures  of  the 
circle  which  corresponds  to  it.  There  has  never  been  so  much  of 
romance  applied  to  this  problem,  no  explanations  of  theological  points 
have  been  made  to  arise  out  of  it,  no  mode  of  converting  tiie  heathen 
asserted  to  be  a  necessary  consequence,  no  Number  of  the  Beast  taken 
into  the  calculation.  We  shall  only  notice  one  false  trisection,  because 
it  will  afford  a  useful  remark.  In  May,  1830,  an  Austrian  officer 
announced  his  having  obtained  the  geometrical  solution  in  the  '  United 
Service  JDumal,'  and  various  comments  appeared  in  that  periodical, 
running  through  various  months  up  to  March,  1832.  In  Jauuary, 
1832,  an  actual  attempt  at  solution  appeared,  the  work  of  a  British 
officer  then  abroad.  This  at  first  sight  appeared  to  be  a  geometrical 
eolation;  and  what  is  more,  it  wot  a  geometrical  solution,  and  it  might 


have  cost  a  practised  mathematician  a  moment's  doubt  wheiho'  the 
problem  was  not  actually  solved.    But,  owing  to  a  mistake,  a  con- 
Btruction  was  made,  which  amounted  to  requiring  that  two  aides  of  a 
certain  triangle  should  be  together  equal  to  the  third,  the  consequence 
of  which  was  that  the  vertex  of  this  triangle  was  brotight  down  upon 
the  base.    Now  the  angle  to  be  trisected  was  one  of  the  angles  at  the 
base  of  this  triangle,  or  equul  to  nothing  ;  an  angle  which  no  geometer 
would  refuse  to  declare  capable  of  Euclidean  division  into  three  equal 
parts,  each  of  course  equal  to  nothing.    Algebra  generaUy  f  umidies 
some  proof  of  the  absurdity  of  the  conditions  of  a  problem  when  they 
contradict  one  another  :  but  this  is  not  the  case  with  geometiy.    A 
latent  assimiption  which  restricts  the  generality  of  a  solution  sdwaya 
produces  its  effect  in  the  former  science ;  whereas  in  the  latter  such 
an  assumption  might  be  made  part  of  a  demonstration,  and  produce  its 
consequences,  without  pointing  out  that  Uiose  consequences  are  not 
true  of  the  general  figure  which  was  drawn.    The  accurate  use  of  the 
ruler  and  compasses  will  sometimes  correct  an  error  of  this  sort  (and 
would  have  done  so  in  the  instance  before  us),  hut  not  alieays :  solu- 
tions have  been  proposed  before  now  which  give  so  nearly  the  third 
part  of  an  angle,  that  ordinary  drawing  will  not  serve  to  detect  their 
falsehood.    Any  one  who  imagines  he  has  discovered  a  geometrical 
trisection  should  take  care  to  submit  his  construction  to  an  algebraical 
verification;  that  is,  if  any  person  possessing  algebra  enoug^h  to  do  so 
should  ever  be  in  such  a  case. 

TKISUCCINAMIDE  (N,[CgH^OJ,).  An  ummportant  organic 
substance  bearing  the  same  relation  to  suocinamide  as  triethybmmie 
bears  to  ethylamine.    [ORaANio  Bases.] 

TRITHIONIC  ACID.    [Sulphur.] 

TRITYL.    [Propyl.] 

TRITYLAMINE.    [Pbopylaminb.] 

TRITYLENE.     [Propylene.] 

TRITYL-SULPHURIC  ACID.  Synonymous  with  PropyUmlfhinc 
add.    [Propyl.] 

TRIUMPH  (Triumphus)  is  in  general  a  solemn  procession  for  the 
purpose  of  celebrating  a  victory.  Such  processions  and  sulemnities 
have  been  customary  in  all  warlike  nations,  but  they  have  never  formed 
so  prominent  a  feature  in  the  history  of  a  people  as  among  the  Romans. 
In  a  Roman  triumph,  the  general  who  had  gained  a  victory  of  suffi- 
cient importance  to  entitle  him  to  this  honour,  entered  ihe  city  of 
Rome  in  a  chariot  drawn  by  four  horses ;  he  was  preceded  by  the 
captives  and  spoils,  and  followed  by  his  army.  The  whole  train  passed 
along  the  Via  Sacra  up  to  the  Capitol,  where  the  general  sacrificed  a 
bull  to  Jupiter.  Such  a  triumph  was  the  highest  honour  that  a 
military  commander  could  look  for ;  it  was  granted  by  the  senate  after 
any  victory  either  by  sea  or  by  land,  provided  it  was  thought  suffi- 
ciently important  to  deserve  it. 

When  a  general  had  gained  a  victory  or  had  accomplished  the  object 
of  his  mission,  he  sent  in  a  report  to  the  senate,  which  then  usually 
decreed  a  public  thanksgiving  (supplicatio.)  The  general  returned  to 
Rome,  either  with  his  army,  or  appointed  a  time  when  it  was  to  meet 
him  there ;  but  he  did  not  enter  the  city,  and  a  meeting  of  the  senate 
was  held  outside  the  walls,  usually  in  the  temple  of  Bellona,  for  the 
purpose  of  examining  the  general's  claims  to  a  triumph.  The  principal 
conditions  upon  which  a  triumph  was  granted,  and  which  were 
established  partly  bv  custom,  and  partly  by  law,  are  as  follows : — 1. 
That  the  genend  should  have  held  one  of  the  great  offices  of  the 
republic,  that  is,  the  dictatorship,  consulship,  or  praetorship.  2.  That 
he  should  have  been  invested  with  one  of  theee  offices  at  the  time 
when  he  gained  the  victory,  and  that  it  should  not  have  expired  on 
the  day  of  the  triumph.  This  regulation  however  was  set  aside  at  an 
early  period,  and  in  cases  where  the  term  of  office  had  expired  the 
senate  used  to  grant  a  "  prorogatio  impetH"  that  is,  a  prolongation  of 
his  imperium  or  authority  as  general,  for  the  day  of  the  triumph.  8. 
That  the  victory  should  have  been  gained  under  the  auspices  and  with 
the  troops  of  the  general  who  claimed  a  triumph.  4.  That  the 
advantages  gained  by  the  victory  and  the  number  of  the  enemies  slain 
should  come  up  to  the  amount  prescribed  bylaw.  5.  That  the  xictorf 
should  have  been  gained  over  a  foreign  enemy,  and  not  in  a  civil  war. 
6.  That  the  dominion  of  the  Roman  people  should  have  been  extended 
by  the  victory,  and  that  it  should  not  be  a  mere  reparation  of  losses 
previously  sustained.  7.  That  the  war  should  be  actually  concluded 
by  it,  so  as  to  enable  the  army  to  quit  the  enemy's  coimtry. 

These  rules  however  were  not  always  strictly  observed,  and  various 
deviations  from  them  are  recorded.  Even  the  sanction  of  the  senate 
ceased  to  be  thought  necessary  as  early  as  the  fifth  century  before 
Christ,  and  the  people  in  the  Comitia  Tributa  assumed  the  right  to 
grant  triumphs  (Liv.,  iii.  03 ;  Dionya,  xi.  50) ;  and  there  are  instances 
of  generals  triumphing  in  defiance  of  the  senate  and  the  people.  In 
later  times  a  general  to  whom  a  triumph  in  the  city  was  refused,  used 
to  celebrate  it  on  the  Alban  Mount.  (Liv.,  xlii.  21.)  If  however  the 
senate  granted  it,  a  sum  of  money  was  voted  as  a  contribution  towards 
defraying  the  expenses  of  the  triumph,  and  the  general  was  for  the  day 
of  his  triumph  invested  with  the  Imperium  in  the  city.  During  the 
triumphal  procession,  the  genera],  standing  in  his  chariot,  wore  a 
purple  toga  embroidered  with  gold ;  his  bro\v  was  adorned  witli  a 
wreath  of  bay  (laurus),  and  in  his  hand  he  carried  a  sceptre  with  the 
Roman  eagle.  On  reaching  the  temple  of  Jupiter  he  deposited  hid 
wreath  in  the  lap   of  the  god.    Banquets  and  other  entertainments 


B'_ar_  _- 


381 


TRIUMVIRI 


TROCHOIDAL  CURVES. 


883 


<5oncliided  the  solemnity,  which  was  generally  brought  to  a  close  |n  one 
day,  though  in  later  times  we  meet  with  instances  m  which  it  lasted 
for  three  days.    (Liv.  zxxix.  52.) 

I>uring  the  time  of  the  empire,  the  emperor  himself,  being  the 
chief  general  of  all  the  armies,  was  the  only  person  that  could  claim  a 
triumph,  and  it  was  rarely  if  ever  granted  to  any  one  else  but  a  member 
of  the  imperial  family.  Other  generals  received  other  compensations. 
All  the  triumphs  that  had  been  celebrated  at  Rome  were  carefully 
recorded  in  the  Fasti  triumphales,  and  their  total  number,  from  the 
earliest  times  down  to  the  last,  that  of  Belisarius  over  the  Vandals,  has 
heen  calculated  to  amount  to  350. 

A  leeser  kind  of  triumph  was  called  ovcUio,  perhaps  from  "  ovis/*  a 
sheep,  which  the  general  offered  to  Jupiter,  instead  of  a  bull.  It  was 
granted  after  victories  which  were  not  of  sufficient  importance  to 
deserve  the  solemn  triumph.  The  principal  difference  between  the 
two  was  that  in  an  ovation  the  general  entered  the  city  on  foot,  and  in 
later  times  on  horseback ;  he  wore  only  the  toga  praetexta,  and  his 
hrow  was  adorned  with  a  wreath  of  mvrtle.  He  carried  no  sceptre;, 
and  was  frequently  not  accompanied  by  his  army. 

(O.  FanviniuB,  De  Triumpho,  in  Qraevius,  Thetaurm  Antiq.  Horn,, 
vol.  ix.) 

TRIU'MVIRI,  or  TRETSVIRI,  that  is,  "three  men."  A  great 
number  of  offices  at  Rome,  both  ordinary  and  extraordinary  (com- 
miaaoDs)  were  held  by  three  persons  in  conjunction,  who  thus  formed 
a  board  which  was  intrusted  with  the  management  or  administration 
of  certain  things.  The  office  itself  was  called  triumvirate  (triumvi- 
ratus).  Extraordinary  triumviri  were  appointed  on  various  occasions 
and  emergencies ;  for  example,  when  a  new  colony  was  to  be  founded, 
the  whole  management  of  the  business,  together  with  the  distributibn 
of  lands  among  the  colonists,  was  usually  intrusted  to  triumviri,  whose 
full  title  was  "  triumviri  coloniaD  deducendas,"  or  "  agro  dividundo." 

The  triumvirate  which  has  acquired  the  greatest  celebrity  in  the 

history  of  Rome  is  that  which  was  established  towards  the  end  of  the 

republic  by  Octavianus,  Antonius,  and  Lepidus.    After  the  repubUc 

had  been  for  years  distracted  by  a  series  of  civil  ware,  the  three  men 

mentioned  above  met  near  Mutina,  in  b.o.  48,  and  assumed,  under  the 

title  of  "  triumviri  reipublicec  constituendse,'*  the  supreme  power  for 

five  years,  under  the  pretext  of  settling  the  affaire  of  the  state.    Their 

power  and  its  duration  was  sanctioned  by  a  senatus  consultum.    They 

so  distributed  the  administration  of  the  state  among  themselves,  that 

Antonius  received  the  greater  part  of  Gaul;  Lepidus,  Spain  and  a 

small  portion  of  Gaul;  and  Octavianus,  Africa,  together  with  the 

islands  of  Sicily  and  Saidinia.    Lepidus  was  to  govern  Rome  and  Italy, 

while  he  exercised  his  power  in  Spain  by  proxy.    His  two  colleagues 

endeavoured  to  get  rid  of  the  republican  party  by  proscriptions,  in 

which  2000  equites  and  300  senatora  are  said  to  have  been  put  to 

death.     Whole  towns  were  robbed  of  their  property,  and  their  lands 

distributed  among  the  veteran  soldiera  of  the  triumvira,  and  hosts  of 

people  flocked  around  the  standards  of  Brutus  and  other  republican 

leadera,  to  escape  an  ignominious  death.     Consuls  were  elected  during 

this  period  as  before,  but  they  were  either  the  creatures  and  friends  of 

the  triumvire,  or  one  of  the  triumvire  himself  held  the  consulship.    In 

B.C.  38  the  time  of  their  office  expired,  and  it  was  renewed  for  five 

years  more  without  any  opposition.    About  the  end  of  this  second  term 

the  secret  enmity  among  the  triumvire  burst  out  into  open  hostilities ; 

a  new  civil  war  began,  which  ended  in  the  destruction  of  republican 

freedom.     The  triumvirate  of  Octavianus,  Antonius,  and  Lepidus  is 

usually  csJled  the  second  triumvirate.    The  first  triumvirate,  if  we 

may  call  it  so,  was  merely  a  private  coidition,  or,  as  it  is  called  in 

Livy*s  *  Epitome '  (103),  a  conspiracy  entered  into  by  Caesar,  Pompeius, 

and  Crassus,  in  B.C.  60 :  the  title  triumviri  was  perhaps  never  borne 

by  them ;  it  was  certainly  not  recognised  either  by  the  senate  or  the 

people. 

The  triumviri  who  were  regular  magistrates  belonged  to  the  minor 
magistrates.  Among  them  we  shall  mention,  1,  the  triumviri  Capitiiles, 
who  were  instituted  about  the  year  v.c.  292,  and  were  in  many  respects 
the  successore  of  the  qutestores  parrici<liL  They  inquired  into  capital 
offences,  apprehended  criminals  and  committed  them  to  prison,  where- 
ever  they  discovered  them,  and  also  carried  into  effect  the  sentence 
passed  upon  them.  2,  The  triumviri  Monetales,  or  the  inspectora  of 
the  mint.  3,  The  triumviri  Noctumi,  whose  duty  it  was  to  super- 
intend the  watchmen  in  the  city  at  night,  and  to  prevent  or  put  out 
fires  in  the  city. 

TROCHAIC  VERSE,  a  kind  of  verse  used  by  the  Greek  and  Latin 
poets,  especially  by  the  tragedians  and  comedians.  The  foot  from 
which  it  takes  its  name  and  of  which  it  principally  consists  is  the 
trochee  (—  >-*),  which  is  combined,  like  the  iambus  and  anapaest,  into 
mtrei  of  two  feet  each.  The  most  common  form  of  the  Trochaic  verse 
is  that  which  is  composed  of  a  perfect  dimeter  followed  by  a  dimeter 
wanting  the  last  half-foot. '  This  form  of  verse  is  the  '  Trochaic  Tetra- 
meter Catalectic  'of  the  Greeks,  which  was  also  called  by  the  Romans 
quidratua,  from  its  containing  four  metres,  and  septcnarius,  from  its 
containing  seven  complete  feet.  The  following  is  an  example  in 
English : — 

Alexander  bited  thinking, 

Drink  arotind  the  council  b<&ard, 
H^  subdiked  the  xsdtld  by  drinking, 

M6re  than  b^  bis  c6nqtiering  evrdrd. 


In  the  Greek  tragedians  the  following  are  admitted  as  variations  on 
the  pure  Trochaic  verso : — 

1.  The  syllable  at  the  end  of  the  line  may  be  short,  since  its  time  is 
filled  up  to  that  of  a  long  syUable  by  the  slight  pause  which  occui:s 
in  that  place. 

2.  The  trochee  may  be  resolved  into  a  tribrach  {^^  ^^  >-')  in  any 
place ;  but  the  final  long  syllable  may  not  be  reaolveid  into  two  short 
ones. 

3.  A  spondee  ( )  maybe  substituted  for  the  trochee  in  the 

second  place  of  each  metre,  that  is,  the  even  places  of  the  verse  (2nd, 
4th,  and  6th). 

4.  The  spondee  may  be  resolved  into  an  anapeest  (>*-'  "^  — ).    But 

5.  If  there  is  a  tribrach  in  the  seventh  place,  neither  a  spondee  nor 
an  anapaest  is  allowed  in  the  sixth. 

6.  A  dactyl  (—>^>^)  is  allowed,  but  only  in  9k  proper  name,  in  any 
place. 

The  following  table  represents  the  different  forms  of  the  verse : — 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

—  Nm^ 

—  s.^ 

>m' 

—  >,^ 

—  >■.« 

—  >-* 

S-* 

\m-f 

^^    ^^    ^^ 

Vm'^M'  

^^w  — 

>««  Sm^ 

P.K.  —  >-'>-' 

—  >«.«'*.^ 

>m'  >m^  «iM            >m0^ 

—  >^>^ 

>m'>m^ 

—  \m^>^ 

The  firet  dimeter  ought  to  end  at  the  end  of  a  word.  Often  also 
each  metre,  and  sometimes  each  foot,  ends  at  the  end  of  a  word.  If 
the  first  metre  ends  with  a  word  after  which  there  is  a  slight  pause  or 
break  in  the  sense,  then  the  second  foot  of  the  first  metre  is  a  trochee 
or  tribrach,  not  a  spondee  or  anapaest.  The  same  restriction  applies  to 
the  sixth  foot  when  it  ends  with  a  word  followed  by  a  slight  break  in 
the  sense.  These  niceties  of  structure  are  exemplified  in  the  following 
lines: — 

Phoen,  636.  *Cis  Srifios,  |  oherpii  wdur^vy,  i^9\a6yofuu  x^oi^s. 
646.  *£At(5cs  5*  oHvw  KoBtiAow^  tits  wiwoiBa,  \  tr^0€Ois, 

The  comic  tetrameter  resembles  the  tragic  in  every  respect,  except 
that  sometimes,  though  very  rarely,  a  tribrach  in  the  seventh  place  is 
preceded  by  a  spondee  in  the  sixth,  and  that  the  niceties  of  structure 
just  mentioned  are  not  always  observed. 

The  points  of  difference  between  the  Greek  and  Latin  trochaic  verse 
are  similar  to  those  which  exist  in  the  iambic  verse,  and  are  explained 
in  the  article  TEBEzrriAir  Metres.  The  chief  point  to  be  attended  to 
is,  that  in  Plautus  and  Terence  a  spondee  which  has  the  accent,  or 
icttu  metricus,  on  the  first  syUable,  is  allowed  to  stand  for  a  trochee  in 
any  place  except  the  seventL    The  following  line  is  from  Terence : — 

Kumqoam  cniquam  nostrum  v^bum  f^it  n^ne  id  »gr4  tnlit. 

The  idui  metricus  of  the  trochaic  tetrameter,  both  in  tragedy  and 
comedy,  is  as  follows  (according  to  the  notation  used  in  the  article 
Abbis)  : — 


// 


*/ 


// 


that  is,  the  arsis  falls  on  the  first  syllable  of  each  foot,  and  of  the  two 
ones  in  each  metre  the  second  is  the  stronger. 

The  trochaic  verse  is  rapid  in  its  movement,  and  is  generally  used 
where  stronger  emotions  are  expressed  than  in  the  ordinary  iambic 
.trimeter.  It  is,  however,  closely  connected  in  rhythm  with  the  iambic 
verse.  If  we  prefix  to  the  trochaic  tetrameter  catalectic  an  intro- 
ductory short  syllable,  we  obtain  an  iambic  tetrameter :  if  from  the 
trochaic  tetrameter  catalectic  we  cut  off  the  first  foot  and  a  half,  we 
have  the  iambic  trimeter;  and  it  must  be  observed  that  these  results 
are  not  only  true  with  respect  to  quantity,  but  that  the  licences  and 
restrictions  of  the  trochaic  verse  become,  by  thus  altering  the  order  of 
scansion,  the  very  licences  and  restrictions  of  the  iambic  verse.  Thus 
the  spondee  in  the  even  places  of  the  trochaic  verse,  the  anapce^  in  tiie 
fourth  and  sixth  places,  the  dactyl  of  a  proper  name.,  and  the  want  of  a 
ccesura  between  tiie  two  dimetere,  produce  respectively,  in  the  iambic 
trimeter  which  we  get  by  cutting  off  the  beginning  of  the  trochaic 
tetrameter,  the  spondee  in  tfie  odd  places,  the  dcu:tyl  in  the  Jlrst  and 
tlUrd  places,  the  anapasi  of  proper  names,  and  Uie  penthemimeral 
cotsura.  The  resemblance  of  rhythm  is  also  seen  by  dividing  each 
veree  at  its  chief  pause,  namely,  the  end  of  the  firet  dimeter  in  the 
trochaic,  and  the  penthemimeral  csesura  in  the  iambic,  when  it  is 
found  that  the  second  portions  of  the  two  are  identical  in  every 
respect;  and  it  is  in  fact  by  these  concluding  portions  that  the 
rhythm  of  a  verse  is  determined. 


Trocb. 
Iamb. 


Further  particulara  respecting  the  tetrameter  catalectic,  and  an 
account  of  other  trochaic  metres,  will  be  found  in  Tate's  '  Introduction 
to  the  principal  Greek  Tragic  and  Comic  Metres/  and  Hermann's 
'  Elementa  Doctrina)  Metricac.' 

TROCHOIDAL  CURVES.  Under  this  term  are  included  all  lines 
produced  by  the  composition  of  two  circular  motions,  including  the 
straight  line,  the  circle,  the  ellipse,  a  class  of  curves  called  epitrochoids, 
of  which  one  particular  case  is  called  the  epicycloid,  and  a  class  called 
hypotrochoids,  of  which  one  particular  case  is  the  hypocloid.    Among 
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these  must  also  be  included  the  extreme  case  in  which  one  of  the 
motions  is  rectilinear,  which  gives  the  common  trochoid,  the  cycloid, 
and  a  class  of  spirals  which  includes  the  involute  of  the  circle,  the 
spiral  of  Archimedes,  and  others. 

There  are  two  ways  of  considering  these  curves.  The  first,  which  is 
unirersally  adopted,  may  properly  be  called  the  trochoidal  mode 
{rpoxos,  a  hoop),  because  in  it  one  circle  is  made  to  roll  like  a  hoop, 
either  upon  a  straight  line,  or  upon  the  circumference  of  another 
circle.  The  second,  which  we  believe  might  be  advantageously  sub- 
stituted for  the  first,  we  shall  propose  to  call  the  planetary  mode, 
because  it  resembles  the  consideration  of  the  manner  in  which  a  planet 
and  its  satellite  move  ro\md  the  sim.  Here  a  circle,  without  any 
rolling,  has  its  centre  carried  round  the  circumference  of  another.  Am 
there  is  no  elementary  work  which  treats  of  these  combined  motions, 
though  some  understanding  of  them  is  necessary  even  for  the  purposes 
of  the  most  elementary  asturonomy,  we  shall  first  enter  into  this  subject 
at  more  length  thui  usual,  endeavouring  to  make  ourselves  understood 
hj  those  who  have  the  first  notions  of  geometry  and  of  the  composition 
of  motion :  we  shall  then,  more  briefly,  consider  the  application  of  the 
differential  calculus. 

liot  the  point  u  {Jg*  1)  be  carried  uniformly  round  the  circum- 

Tig.  I* 


ference  of  the  cucle  a  k,  and  let  H  be  the  centre  of  a  cmxle  whose 
radius  is  mo  ( i- a  B).  Let  a  point  p  be  carried  about  the  moving  circle, 
BO  that  its  angular  velocity  from  a  line  of  fixed  direction  in  the  moving 
circle  (say  MO  parallel  to  ab)  always  bearsagiven  proportion  to  the 
angular  velocity  of  M,  say  that  of  n  :  1 ;  that  is,  when  the  line  om  has 
described  the  angle  a  cm,  the  line  MP  has  described  the  angle  o  M  p, 
which  is  n  times  a  o  m.  It  has  been  supposed  that  when  m  was  at  a,  p 
was  at  B.  The  point  p  will  describe  a  curve  which  is  one  of  those  called 
trochoidal;  or,  on  this  explanation, p^cmefary.  And  the  circle  o  p  being 
always  contained  between  two  fixed  droles,  B  x  and  6e,  the  planetaiy 
curve  is  always  contained  between  those  two  drclea.  We  shall  now 
propose  a  nomenclature  for  the  principal  parts  of  this  system. 

As  in  the  Ptolemaic  mode  of  oonsidenng  the  planets,  let  the  fixed 
circle  a  m  be  called  the  drferent,  the  moving  cirde  o  p  the  qtkycU.  Let 
M  be  the  mean  point,  p  the  planet,  o  the  centre,  and  let  the  pUnet  be 
said  to  be  in  its  apocentre  or  pericenire,  when  it  is  farthest  from,  or 
nearest  to,  the  centre.  And  as  every  apocentre  must  lie  on  B  b,  and 
eveiy  penoentre  on  5  e,  let  these  circles  be  called  respectively  apocentral 
and  pencentraL  Let  o  p,  as  usual,  be  called  the  radius  of  the  curve,  or 
Its  radtye  vector ;  and  the  angle  ao  p  its  vectorial  angU,  When  the 
revolution  is  in  the  direction  from  a  to  M,  let  it  be  called  direct;  when 
in  the  contrary  direction,  retrograde.  Let  angle  a  o  m  be  called  the 
mean  or  deferential  angle,  and  denoted  by  ^ ;  and  let  cm p  be  called  the 
epicydie  angle,  being  denoted  of  course  by  w^.  Let  the  anglu  con- 
tained between  the  pericentral  and  apocentral  radii  be  called  the  angle 
of  deacenL  The  following  theorems  will  be  readily  seen,  as  soon  as 
these  terms  are  understood : — 

1.  The  planetary  curve  beginning  from  its  apocentre  at  B,  and  the 
cpicydic  motion  being  direct,  and  greater  than  Uie  mean  motion,  there 
will  be  a  pericentre  as  soon  as  omp  has  gained  two  right  angles  upon 
CMB  or  AOM,— that  is,  when  ii^-^=180*,  or  ^  is  180^ divided 
by  »— 1, 

2.  But  if  the  epicydie  angular  motion,  being  still  direct,  be  less  than 
the  mean  motion,  so  that  omb  is  greater  than  c  M p,  there  will  be  a 
pencentre  when  o  M  b  has  guned  two  right  angles  upon  c  M  p,  or  when 
^-n^=  180%  or  ^  is  ISO*  divided  by  (1-n) 

8.  And  if  the  epicydio  motion  be  retrograde,  so  that  p  begins  to 
move  the  other  way  from  c,  there  will  be  a  pericentre  when  o  M  b  and 


OMP  together  make  two  right  angles,  or  when  ^  +  fi^sl80%  or  wheu 
^  is  18(?  divided  by  l  +  «. 

4.  When  the  planet  has  coma  to  its  pericentre,  it  will  beg^  imme- 
diately to  ascend  towards  the  next  apocentre,  in  a  curve  of  the  same 
form  as  that  by  which  it  descended,  but  inverted  in  position,  the  parts 
preceding  and  following  the  pericentre  bdng  alike,  and  the  part  pre- 
ceding the  next  apocentre  resembling  that  following  the  last  apocentre. 
As  soon  as  the  second  apocentre  is  gained,  the  curve  will  start  a^ain, 
in  the  same  manner  as  the  first*  If  n  be  a  oommensuiable  nuraber, 
say  p-7-Qt  where  p  and  q  are  integers,  and  the  fraction  be  in  its  lowei»t 
terms,  tne  curve  will  return  into  itself  when  m  has  completed  q  revo- 
lutions: there  will  be,  if  the  epicycle  be  direct,  j> —9  or  q—p  apooentreii, 
and  as  many  pericentres ;  but  if  the  epicycle  be  retrograde,  there  will 
be  J?  +  g  apocentres,  and  as  many  pericentres.  But  if  n  be  incommen- 
surable, the  convolutions  will  go  on  for  ever,  and  the  curve  will  never 
be  completed.  We  have  therefore,  in  order  to  obtain  the  fonn  of  the 
curve,  only  to  consider  one  descent  from  apocentre  to  pericentre,  or 
one  ascent  from  pericentre  to  apocentre:  though  the  geneial  appearance 
of  the  curve  depends  much  on  the  effect  of  many  oonvdutiona. 

5.  Everyplanetary  curve  may  be  described  by  two  distinct  epicydie 
motions.  For  if  we  describe  the  parallelogram  o  M  p  Q,  we  see  that  the 
point  Q  describes  a  fixed  cirde  equal  to  the  epicyde,  while  Q  p  is  the 
radius  of  a  moving  drole  equal  to  the  deferent.  If  then  the  radius  of 
the  deferent  be  a,  that  of  the  epicyde  b,  and  the  epicydie  angular 
velocity  be  n  times  the  deferential  or  mean  velocity,  it  gives  the  same 
planetary  curve  as  if  the  radius  of  the  deferent  were  h,  that  of  the 
epicycle  a,  and  the  epicydie  velodty  1 :  nth  of  the  deferentiaL  If, 
then,  we  take  the  epicyde  to  be  the  least  of  the  two^  we  do  not  limit 
our  investigation,  provided  we  consider  every  possible  osae  of  epicydie 
velodty. 

The  actual  motion  of  the  planet,  compounded  of  both  motions, 
deferential  and  epicydie,  may  be  dther  direct  or  retrograde ;  and  the 
curves  may  be  best  classified  by  observing  whether  the  motions  at  the 
pericentres  and  apocentres  are  direct,  retrograde,  or  ndther.  At  1 
is  represented  a  case  of  each  motion,  pericentral  and  apocentral, 
direct ;  at  2,  a  case  of  each  motion,  when  it  is  neither  direct  nor  retro- 
grade— that  Ib,  directly  towards  the  centre ;  at  8,  a  case  of  each  motion, 
retrograde.  We  shall  now  consider  how  to  xnake  the  separation  of 
these  cases. 

First,  as  to  the  apocentres.  When  the  motion  in  the  epicyde  is 
direct  (for  abbreviation  say  when  the  epicyde  is  direct),  the  two 
motions  conspire ;  the  line  mo,  then  at  a b,  is  being  carried  forward 
with  the  velocity  of  a,  while  p  is  being  carried  from  MO.  Let  angles 
be  measured  in  theoretical  units  [Anqlb],  and  let  the  deferential  or 
mean  velodty  be  1,  then  the  linear  velodty  of  a  is  a,  and  that  of  p, 
when  at  b,  is  the  linear  vdocity  to  an  angular  vdodty  n  and  radius  h, 
or  nb.  Consequently,  a + fi 6  Ib  the  apocentral  vdodty,  whi<^  is  direct ; 
or  the  apocentral  velodty  is  always  direct  when  the  epicyde  is  direct 
But  if  the  epicyde  be  retrograde,  the  line  M  0  is  advandne  vdth  the 
velocity  a,  while  p  is  recedmg  from  it  with  the  vdocity  no.  Conse- 
quently, when  the  epicyde  is  retrograde,  the  apooentm  vdodty  ia 
direct,  ndther,  or  retrograde,  according  as  o  is  greater  than,  equal  to, 
or  less  than,  nb. 

Next,  as  to  the  pericentres.  We  can  make  a  pericentre  by  supposing 
the  planet  to  be  at  6  when  MO  is  on  ab.  Mow,  if  the  epicyde  be 
direct  [Motion,  DnuBoriON  of],  the  line  b  b  being  carried  forward  with 
the  vdodty  a,  the  planet  ia  carried  backwards  with  the  velocity  a  6. 
Consequently,  when  the  epicyde  is  direct,  the  pericentral  motion  ii 
direct,  ndther,  or  retrograde,  according  as  a  is  greater  than,  equal  to, 
or  less  than,  nb.  But  when  the  epicycle  is  retrograde,  the  motion  of 
the  planet  at  6,  as  well  as  that  of  5  b,  is  in  advance,  and  a  +  nb  repre- 
sents the  whole  velocity :  oonsequenUy,  when  tiie  epicyde  is  retro- 
grade, the  pericentral  motion  is  always  direct  Observe  that  we  name 
the  deferential  motion  vrith  respect  to  the  centre,  and  the  epicyelio 
motion  with  respect  to  the  centre  of  the  epic$yde :  as  explained  in  the 
article  cited,  a  motion  may  be  direct  with  respect  to  one,  and  retro- 
grade with  respect  to  the  other. 

We  shall  now  consider  the  trochoidal  mode  of  viewing  the  subject, 
previously  to  combining  the  two.  Let  the  dreumference  of  one  circle 
roll  upon  that  of  another,  any  point  on,  inside,  or  outside  of  the  rolling 
cirole  (if  outside,  of  course  supposed  to  be  fixed  to  it  by  a  canying  arm) 
describes  a  curve  by  the  motion  compounded  of  the  motion  of  the 
rolling  cirole  round  its  own  centre,  and  the  motion  of  that  centre 
round  the  centre  of  the  fixed  cirde.  Three  cases  may  be  supposed,  as 
in  the  following  diagrams  {fig.  2).  The  two  convexities  may  be  opposed, 
that  is,  the  rolling  cirole  may  roll  outside  the  other ;  or  the  concavity 
of  one  may  fit  the  convexity  of  the  other.  This  last  divides  into  two 
cases :  first,  when  the  rolling  cirole  is  the  smaller,  in  which  case  it  rolls 
entirely  inude  the  other ;  next,  when  the  rolling  cirole  is  the  laiger,  in 
which  case  the  fixed  drde  is  always  indde  the  other.  Now  each  of 
these  cases  may  easUy  be  reduced  to  a  much  more  intelligible  planetary 
system,  by  which  much  of  their  difficulty  will  be  removed.  It  shodd 
be  observed,  that  when  the  convexities  are  opposed,  the  trochoidal 
eystem  is  called  <^*-trochoidal,  and  when  concavity  fits  convexity,  kjqxh 
trochoidal  We  call  the  radius  of  the  fixed  cirole  F,  and  of  the  rolling 
drde  r. 

1.  Every  epitrochoidal  system  is  a  planetary  system  in  which  the 
epicyde  is  direct.    Taking  the  cirde  which  rolls  entirely  outside  the 
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other,  P  is  the  point  describuig  the  curve,  wa^  -  4,  ?^  rolled  over  T  v 
since  i*  vraa  at  B.    Now  o  M  is  constant,  \)^S  '  *^  «  ;  bo  that,  since  p 


Fig.  3. 


rolls  uniformly  round  H,  hero  is  a  planetary  system  in  which  o  m  is  the 
radius  of  the  deferent,  M  p  that  of  the  epicycle  (which  is  direot),  and 
the  epicydic  velocity  is  to  the  doferenti^  as  the  angle  0  h  p  to  a  0  M. 
Now  the  arcs  t  w  and  T  v  are  equal,  whence > OT  being  ^,  and  T ic  w 
being  ^,  we  have  f^=b^,  or 


CMP' 


S  +  i)*; 


,        F+R,      , 

80  that  — T"  u  the  ratio  of  the  velocities. 


Hence,  looking  at  the  double  generation  of  every  planetary  system, 
we  have  either 

asr+B,&sKP,n»  I±2. 

B    ' 

0PasrMP,6  =  F+B,W=  j^. 

2.  E^^ry  hypotrochoidal  system  in  which  the  rolling  circle  is  the 
larger  of  Uie  two  is  a  planetiuy  svstem  in  which  the  epicycle  is  direct. 
Here,  in  the  proper  disgram,  w  t  nas  rolled  over  v  t,  as  before,  o  m  and 
UP  are  the  radii  of  the  deferent  and  epicycle,  and  the  epicyclio 
velocity  ia  to  the  deferential  as  the  angles  ohp  and  aou;  and 
o ]|»R— p.  If  A o  H  and  t  u  w  be  ^  and  ^,  we  have,  from  the  equal 
aros  T  w  and  t  y,  b4'=f^,  and 

Z  OMP«^-+=  (l— a)  ^f  whence  -^  is  the  ratio  of  the  velo- 

cities. 
We  have  then  either 


or  a=MP,  5==B— r,  »< 


B 
B-F* 


8.  Every  hypotrochoidal  system  in  which  the  rolling  circle  is  the 
smaller  is  a  planetary  system  in  which  the  epicycle  is  retrograde.  In 
the  proper  figure  it  is  now  evident  enough  that  o  M,  the  radius  of  the 
deferent,  is  F— R ;  and  that  a  o  x  and  w  u  T  being  p  and  ^,  we  have 
Bil^rsF^, from  the  equal  arcs  TvandTW.  It  is  plain  also  that  up, 
the  radius  of  the  epicycle,  moves  with  a  retrognide  velocity.  More- 
over, the  epicyclic  and  deferential  velocities  ore  as  the  angles  0  u  p  and 
A  o  M,  and  {B.^  being  =  f^) 
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F— R 

and  — r—  for  the  ratio  of  the  velocities. 


Either  then 

a»=F— B,  0=MP,«=  ~^'; 

or  a=up,  o««F-B,  n=  r — r. 

To  distinguish  the  two  hypotrochoidal  systems,  which  have  very 
different  properties,  let  that  one  in  which  the  rolling  circle  is  smaller 
than  the  fixed,  so  that  the  curve  lies  entirely  inside  the  fixed  circle,  be 
called  the  internal  hypotrochoidal  system ;  and  that  in  which  the  rolling 
circle  always  contains  the  fixed  circle,  and  in  which  the  curve  is  entirely 
without  the  fixed  circle,  the  txtemal  hypotrochoidal  system.  It  appears 
then  that  a  planetary  system  with  a  direct  epicycle  belongs  to  both  the 
epitrochoid  and  the  external  hvpotrochoid ;  while  one  with  a  retrograde 
epicycle  belongs  to  the  internal  hypotrochoid. 

We  now  take  the  converse  problem — namely,  given  a  planetarr  sys- 
tem, to  find  the  corresponding  troohoidal  systems.  This  might  be 
easily  done  algebraically  from  the  preceding  results,  but  a  simple  geo- 
metrical construction  will  much  assist  the  beginner,  who  rarely  can  get 
the  true  phase  of  a  figure  out  of  formulee.  It  is  required  first  to  con- 
struct the  real  velocity  and  direction  of  a  planet  at  any  point  of  its 
curve.  The  epicycle  is,  at  any  given  instant,  moving  forward  perpen- 
dicularlv  to  the  radius  of  the  deferent  with  the  velocity  a,  while  the 
planet  is  moving  perpendicularly  to  the  radius  of  the  epicycle  with  a 
velocity  n  5.  The  composition  of  these  two  velocities  gives  the  real 
motion  and  direction  of  motion  of  the  planet  for  the  time  being,  and 
shows  us  how  to  draw  the  tangent  of  its  curve. 

Fig.  8. 


Let  0  X  and  x  p  (Jg,  S)  be  radii  of  the  deferent  and  epicycle  vnot 
drawn) ;  and  from  p,  tiie  pluiet,  draw  PZ  and  F  T  perpendicular  to  0  x 
and  X  p.  Make  PXtoPYasaton&,  and  complete  the  parallelogram 
p  z  T  z.  Then  p  z  represents  the  motion,  for  the  instant,  of  the  whole 
epicycle,  and  p  t  the  motion  of  the  planet  in  the  tpicyde ;  whence  pb 
represents  the  planet's  actual  velocity,  and  p  z  is  tangent  to  its  curvOi 
In  the  first  of  the  figures  the  epicydic  motion  is  direct,  and  in  the 
second  retrograde,  the  arrows  showing  the  direct  motion  of  revolution. 
Also,  for  variety,  the  planet  is  placed  much  nearer  to  its  pericentre  in 
the  second  figure  than  in  the  first. 

Draw  p  R  8  perpendicular  to  p  z,  meeting  o  Q  and  o  x  in  a  and  R. 
Then,  the  sides  of  the  triangles  Q  p  s,  p  x  R,  being  severally  perpsndi- 
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colar  to  those  of  p  z  x,  these  three  triangles  are  similar  to  one  another. 
Henoe 

FQ  (sa)  :  QB  : :  pz  :  xz  : :  a  :  n&,  or  qb  »  nb 

a 
PM  (s&)  :  KB  : :  zx  :  XP  : :  n&  :  a,  or  hbb  ~ . 

In  the  second  figure,  or  yrhen  the  epicycle  ii  retrograde,  it  will 
always  be  found  that  R  and  8  are  in  o  M  and  0  Q  produced ;  but  the 
first  figure,  as  drawn,  is  good  only  for  the  case  in  which  n  \b  greater 
than  1,  as  was  supposed  in  the  construction,  and  is  Been  in  the  result, 
since  q  s  (or  ft  ft)  is  greater  than  Q  o  (or  b),  and  n  u  (or  a  :  n)  Lb  less  than 
o  H  (or  a).  If  n  had  been  less  than  1,  P  s  would  have  passed  through 
o  Q ;  but  in  all  cases  of  direct  epicycle,  one  of  the  sides  o  u  and  u  Q  is 
cut  externally  and  the  other  internally  ;  while  in  every  case  of  retro- 
grade epicycle,  both  are  cut  externally.    We  have  then 

f  08  «  6(1  +  «),    QS  =  6» 
Bpioyde  retrograde       <  /        1\ 

loB«o^l  +  -J, 

r  o  8  =  6  (a  —  1),    Q  8  =  6rt 

Epicycle  direct <  \       n/  n 

^  ^  ^  f08  =  6(l-n),    Q8-6» 

n<l\  (I        X  a 

1  0B=  olr  — 1)»  QB  «  z 


with  a  circle  of  no  radius,  which  revolves  on  a  oirole  of  the  radiu«  b,  ov 
o  K.    This  is  one  of  those  extreme  cases  which  are  rather  interpreted 


a 

1IB=  - 

n 


We  can  now  immediately  show  that  every  planetary  curve  can  be 
trochoidally  described  in  two  ways,  it  being  already  known  that  every 
trochoidal  curve  can  be  planetarily  described  in  two  wavs.  It  appears 
that  o  B  and  o  s  are  the  same  for  every  position  of  the  planet  in  a  given 
system,  since  they  depend  only  on  a,  6,  and  n.  Consequently,  while 
the  planet  moves,  B  and  8  revolve  in  circles  about  o ;  and  if  we  now 
pass  to  a  trochoidal  system  in  which  o  R  is  the  radius  of  the  fixed,  and 
u  B  of  the  revolving  circle,  the  point  p,  connected  with  the  revolving 
circle  by  the  arm  u  p,  will  describe  a  trochoidal  curve  which  is  identi- 
cal with  the  planetary  curve,  from  the  elements  of  which  its  circles  were 
obtained.  Or  o  s  may  be  made  the  radius  of  the  fixed  circle,  and  q  8 
of  the  revolving  circle,  the  arm  of  connection  being  q  p.  For  instance, 
if  we  take  the  retrJ^grade  epicycle,  and  make 

B 

p=6(l-hn),  B=6»;  then6=p-B  n=  - — r^ 

which  are  the  equations,  already  found,  of  connection  between  the 
internal  hypotrochoidal  system  and  its  corresponding  planetary  one ; 
and  similarly  for  the  other  cases.  And  the  result  is,  as  appears  from 
the  figure,  tnat  every  direct-epicycle  planetary  system  is  both  epitro- 
choidal  and  externally  hypotrochoidal,  while  every  retrograde-epicycle 
planetary  system  is  in  two  different  ways  internally  trochoidal.  We 
are  thus  enabled  to  refer  the  description  of  all  the  trochoidal  curves  to 
their  corresponding  planetary  systems,  which  are  much  more  easily 
followed,  especially  when,  as  is  always  in  our  power,  we  make  the 
radius  of  the  epicycle  not  exceeding  that  of  the  deferent.  It  has  ap- 
peered  that  when  a  =  6 »,  the  planet  has  no  motion  of  revolution,  at 
the  apocentre  in  a  retrograde  epicycle,  and  at  the  pericentre  in  a  direct 
epicycle ;  the  motion  must  then  at  those  epochs  be  all  from  or  to  the 
centre,  giving  curves  with  such  cusps  as  ara  shown  in  a  former  diagram. 
Now,  looking  at  the  corresponding  trochoidal  systems,  we  see  that  when 
a  =  n&,  q8=:qp,  and  m b  =  k p,  or  the  point  which  describes  the 
trochoid  \Boniht  circumferenee  of  the  roUing  cirde.  In  this  case  the 
epitrochoid  is  called  an  epicycloid,  and  the  hypotroohoid  an  hypo- 
cycloid.  And  since  in  all  cases  the  line  which  joins  P  with  the  point 
of  contact  of  the  circles  (r  or  8)  is  normal  to  the  curve,  or  perpendicu- 
lar to  the  tangent,  it  follows  that  in  the  epicycloid  and  hypooydoid, 
the  two  chords  which  join  the  point  that  traces  out  the  curve  with  the 
two  extremities  of  the  central  diameter  of  the  roUing  circle  are,  one 
tangent,  and  the  other  normal,  to  the  curve. 

We  shall  now  pass  on  to  the  consideration  of  the  varieties  which 
planetary  curves  ofier ;  and  first  we  have  to  separate  some  extreme 
or  critical  cases  from  the  rest.  These  are  when  n  =  1,  0,  or  —  1,  for 
we  shall  now  begin  to  distinguish  direct  from  retrc^grade  epioydic 
motion  by  making  n  negative  in  the  latter  case.  When  »  =  1,  p  {jSg.  1) 
will  be  always  in  the  continuation  of  o  M,  either  at  b  or  e,  as  it  was  first 
placed ;  consequently  the  planetary  curve  is  here  only  the  apocentral 
or  pericentral  circle  of  other  cases.  If  n  »  0,  p  will  always  coincide 
with  0 ;  now  c  describes  a  circle  equal  to  the  deferent,  but  having  its 
centre  at  x,  o  K  being  equal  to  the  radius  of  the  epicycle.  If  n  s  —  1, 
the  angle  o m v  (Jig,  4)  is  always  equal  to  M o  N,  and  the  triangles  EON, 
o  M  p|  are  similar ;  whence  x  p,  or  twice  L  p,  is  always  a  given  proportion 
of  b  v,  the  ordinate  of  a  circle :  it  follows,  then,  that  the  planetanr 
curve  is  an  ellipse  when  n  =  —  1,  But  when  a  =  6,  the  point  P  u 
always  at  h,  in  the  line  o  h,  and  the  planetary  curve  is  as  mudi  of  the 
straight  line  o  B  as  extends  from  twice  o  M  on  one  side  to  twice  o  m  on 
the  other.  Looking  at  the  trochoidal  character  of  these  varieties,  we 
have,  when  n  =  1,  either  p  =  0,  b  =  &,  or  f  =  0,  b  =  a ;  that  is,  the 
curve  then  described  is  made  by  a  circle  revolving  round  a  point  in  its 
droumference ;  in  both  cases  we  have  a  circle.  But  when  «  «  0,  we 
have  P  =  i,  B  =s  0,  or  the  trochoidal  curve  belongs  to  a  point  coimected 


Fig.  4. 


than  perceived  [iNTEaPBETATiON]  :  if  a  drcle  of  no  radius  revolve 
from  K,  it  can  never  make  any  progress,  and  the  arm,  K  o,  which  carries 
the  moving  point,  is  always  describing  a  cirole.  It  is  the  extreme  case 
of  the  following  suppodtion : — Let  a  cirde  of  extremdy  smalt  radius 
revolve  on  the  circle  of  radius  o  K,  carrying  with  it  the  arm  k  a ;  it  will 
make  but  little  progress  on  the  larger  drde  in  many  revolutioDs, 
during  which  o  mil  describe  many  nearly  droular  folds  very  dose  to 
each  other.  Lastly,  when  n  =  I  retrograde,  we  have  p  «  26,  b  =  6,  or 
the  fixed  cirde  has  twice  the  radios  of  the  rolling  drde.  When  a  =  5, 
the  point  which  describes  tiie  curve  is  on  the  drcumferonce  of  the 
rolling  drde ;  and  thus  we  have  the  following  theorem : — ^When  a 
cirde  rolls  indde  another  of  double  its  diameter,  every  point  attached 
to  that  eurde,  internally  or  externally,  describes  an  elHpse ;  but  every 
point  on  the  droumference  of  the  rolhng  drde  describes  a  straight  line, 
the  extrome  limit  of  an  ellipse. 

Since  we  can  always  suppose  the  lesser  of  the  two  drdes  to  be  the 
epicyde,  and  the  greater  the  deferent,  when  there  is  a  lesser  and  a 
greater,  there  is  yet  another  extrome  case  in  which  the  epicyde  and 
deferent  are  equal,  so  that  all  the  pericentres  aro  in  the  centre  o  itself, 
for  now  the  epicycle  always  passes  through  that  centre.  This  case  will 
be  best  conddered  after  the  several  other  cases  of  which  it  ia  the 
extreme.  We  now  go  on  to  the  general  question,  namdy,  having  an 
epicycle  less  than  the  deferent,  and  having  both  radii  given,  required 
the  forms  of  all  the  varieties  of  the  planetiuy  curve  wmch  ariae  from 
giving  different  values  to  n. 

We  may  recapitulate  the  formulas  first  given  with  their  algebraical 
character,  as  follows : — The  radius  of  the  deferent  is  a,  that  of  the  epi- 
cycle j6,  the  ratio  of  the  angular  vdodty  <^  the  planet  in  the  epicyde  to 
that  of  the  epicyde  round  the  deferent  is  «,  which  is  negative  when  the 
epicyde  is  retrograde.  The  angle  moved  through  by  the  centre  of  the 
epicyde  since  the  last  epoch  when  the  planet  was  at  its  apocentre  being 
p,  that  moved  through  by  the  planet  round  the  epicyde  in  the  same 
time  is  n^,  and  when  the  planet  has  come  to  its  pericentre,  ^  is 
180*  ~  (n  —  1),  this  meaning,  when  podtive,  that  the  radius  of  the 
epicyde  has  0uned  180*  in  direction  upon  that  of  the  deferent ;  and, 
when  negative,  that  the  radius  of  the  deferent  has  gained  180*  upon 
that  of  tiie  epicyde.  And  the  apocentral  velocity  of  the  planet  is 
a  +  nb,  n  having  its  proper  sign,  its  absolute  revolution  round  the 
centre  being  direct  or  retrograde,  aoooiding  as  a  -M»  6  is  podtive  or 
negative.  The  pericentral  vdodty  is  a  —  no,  to  be  interpreted  in  the 
same  marmer.  In  the  corresponding  trochoidal  systems,  f  and  b  being 
the  radii  of  the  fixed  and  rolling  circles,  and  o  uie  length  of  the  arm 
which  carries  the  moving  point,  measured  from  the  centze  of  the  roUing 
cirde  to  whidi  it  is  attadied,  we  have  either 


cirde  to  which  it  is  attaehed,  we  nav( 

rs5(l~ii),  VL^bn,  c— a,  orP»a  (^■"«)» 
whore  n  is  to  have  its  proper  sign,  and 


B  =  - 


p  positive,  B  podtive,  denotes  an  epitrodioidal  system ; 

p  negative,  b  podtive  ....  external  hypotrochoidal  system 

p  podtive,  B  negative  •    .    •    .  internal  hypotrochoidal  system ; 

or,  in  fact,  that  drole  only  which  sees  the  concavity  of  the  other,  ii  to 
have  its  radius  counted  as  negative.  This  is  an  induction  from  the 
various  previous  cases,  such  as  the  student  of  algebra  wiU  readily 
make. 

I.  When  n  diminiahet  from  a  great  value  down  to  a  ~  b.    Let  us 
first  suppose  n  vexy  great  and  podtive,  so  that  the  angle  from  apocentre 


to  pericentre  is  small,  the  apocentral  revolution  direct,  the  periccntml 
retrograde.    Pasdng  to  the  trochoidal  systems,  both  circles  are  laiige  in 
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the  extemnl  h;rpo-ByBteui ;  uid  tlis  Gied  drds  nearly  equal  to  the 
deferent,  and  the  rolling  ohde  imftU,  in  the  api-aTBtem ;  alio  the 
planet  is  iar  within  the  oircumfereoce  ol  the  rolling  ciicla  in  the  exter- 
nal hypo-BjBtem,  and  far  without  it  in  the  epi-eyetem.  All  thii  miut 
ba  collected  from  the  fortnulca.    The  ourre  is  then  of  the  foregoing 

The  angle  during  whieh  the  revolution  of  the  planet  ii  abeolutel; 
retn^jndo  ii  itlmya  thns  found : — Determine  f ,  from  the  equation 
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00.  {•-!)♦,= - 


aHCn 


radii  of  both  dKJee  In  tile  ezten 


e  eztemu  hypotiochDidal  aivtein  i 
the  fixed  cinile  gnnn  Imh,  and  0 


grow*  Boall  anou^  heing  (till  bo  large  that  a  <«(,  t 


interiaoe,  and  become  Mparately  visible.  Thia  goea  on  nntil  «  la  so  far 
reduced  In  value  that  a  =  »&,  when  the  perinential  vdooity  vaniehee, 
both  the  trodioidal  Kjiteme  have  the  planet  upon  the  rolling  circle,  the 
Ioo|i«  depmeiate  into  enapa,  and  we  have  epioyeloida,  aa  fcUowa . — 


The  wa;  to  find  theea  pointa  of  conttst;  fiexure  u  as  followa  :^Fuid 
^  from  the  equation ; 


Aa  *  dhniniahM,  tbeee  poinfa  of  fiexure,  after  approaching  aomewbat 
towaida  the  apocentra,  oeaae  that  approach,  and  begin  to  return  to- 
waitla  the  peiicentre,  in  whidi  they  are  lost  when  n  haa  come  down  to 
the  equare  root  of  a-i-b.  But  thie  time  liie;  do  not  unite  in  the  ouap 
from  which  the;  came,  but  the  convex  part  of  the  curve  dieappears,  in 
such  a  majwer  aa  to  give  a  remarLable  Btcalgfatneea  to  the  parte  adjoin- 
ing the  pericentrea. 

When  n  ia  leea  than  -Jia-i-b)  the  curve  ia  always  convex,  and  the 
angle  from  apooentre  to  perioentre  perpetually  inoreasiag,  the  descent 
may  be  made  m  slow  aa  we  please,  ae  in  the  following : — 


Towaida  Uie  end  of  thia  division  the  character  of  the  curve  may  be 
nmoh  afleoted  by  the  relative  value  of  b  and  a.  At  the  epitycloid, 
wheu»^a-i-i,the  angle  from  apocentre  to  pericentrea  aa  subtended 
at  the  centre,  ia  180'' -^  («- 1)  or  180  b^{a-b)  in  degreea.  The 
nearer  a  .^  b  is  to  unity  tlie  greater  does  thla  •ogle  beoeue,  and  if  a 
be  near  enough  to  b,  it  may  be  iocreaeed  to  anj  amount :  so  that  a 
planet  might  descend  from  apooentre  to  pericentre  through  thowtuidi 

-'  "- -1«  of  rerolutiana  befon  it  formed  its  loop  or  cusp,  and 

— '  '« in  the  following  flgorea : — 


If  a  be  actDall;  equal  to  (,  all  these  curve*  have  tb*  lower  pointa  of 
tiiefr  loop*  in  the  caotre  itaeU,  but  aa  n  diminishea  down  to  imity,  the 
dsaoeDt  iMoomes  slower  and  elower;  and  when  «=a-i-i,orl,  oeaeee 
altogether,  the  apocentnl  circle  iteelf  being  the  hypDayclaid  of  tids 

IL  What  a  dimiaiiAu  fi-oia  a-;-b  dnm  U>  1.  When  ■  hsa  bsoome  a 
little  leaa  than  a~b,  the  angle  trom  apooentre  to  perioentre  haa  in- 
creaaed,  the  vdocitiea  at  boUi  places  are  direct,  or  the  planet  la  never 
retrograde.  In  the  trocboidal  systems,  it  in  now  without  the  rolling 
uirde  of  the  external  bypo-ayxtem,  but  within  that  of  the  epi-eyatem. 


At  the  limit  of  thla  caae,  when  n  becomes  1 ,  all  deaeent  cnaes,  and  the 

apocentral  or  pericentral  circle  ia  all  that  ia  left,  as  before  deeaibad. 

At  the  bi^inning  of  thia  eectlou  of  curvee,  the  planet  was  upon  the 
rolling  circle  in  both  trochoidal  ^sterns:  it  immediately  paawa  out- 
side Uie  rolling  circle  in  the  extenul  hypo-aj>Btem,  and  inside  the 
rolliug  drcle  in  the  epi-tnttem.  Moreover,  in  the  former  the  fiied 
drde  Keta  smaller,  and  the  rolling  circle  approaches  the  ^ilcycle,  so 
that  when  n  =  I,  the  external  hypo-nstem  a  merely  the  epicycle  re- 
votring  round  a  point  in  lis  dnmmfeienoe.  But  in  the  latter,  as  M 
approaches  to  1,  the  rolling  circle  approaohee  the  deferent  in  Bise,  while 
the  filed  circle  becomes  smaller  and  smaller :  ita  extreme  caae  coin- 
cides with  the  eitrei 


^e  foimer  ■ynem. 

I  1  to  0.    'nie  angle  from  apocentre  it 


at  the  end  of  the  laat  smtion.  Immediately  beoomea  vei7  great 
and  negative  when  n  is  a  little  leaa  than  1 ;  Indjaethig  that  the  deaeent 
U  perfoimed  by  the  ndiua  of  the  deferent  gaining  upon  that  of  the 
epicycle,  instead  of  the  contrary.  The  curve  ia  always  concave  to  the 
cenlBe,  and  at  fint,  in  Ita  long  folds,  mnoh  reeambke  that  of  the  last 
diagram.  But  as  n  diminishes  towards  0,  the  angle  of  descent  beoomea 
less  and  less,  and  la  oidy  — 180°  when  ■>=  0 ;  and  during  this  time,  the 
deaoent  becomea  more  and  more  circular,  until,  when  n^  0,  we  have 
nothing  but  the  oirde  with  centre  K  and  tadius  KB,  ss  before  ai[dalned 
IM  1).  Ab  to  the  trochoidal  systems,  tiie  external  hywreystem  and 
the  epi-mtem  have  changed  formuto  :  in  the  Utter,  the  fixed  radiua 
changa  from  0  to  £,  sod  the  rolling  radiua  from  A  to  0,  the  planet 
being  always  outaida  the  rolling  circle  :  the  extreme  caae  haa  alrea^ 
been  explained.  But  in  the  former  lyotem  both  radii  increase  without 
limit,  and  beoome  infinite  when  n=0,  the  planet  being  always  vrithin 
the  rolling  circle-  The  extreme  case  must  be  thus  exphuned  [iNTI- 
HITX]  :  to  construct  a  planetary  curve  in  which  the  epic^Jie  motion  is 
reiy  alow  compared  with  the  deferentlBl,  b;  meana  of  its  external 
trochoida' 
laive,  am 

iv.  IV^cnninerHiKin^twdyframOlo-l.  The  angle  of  de«ent, 
which  left  off  at  —180',  now  dimmiahaa  In  amount,  being  rtiU  iioga- 
tive ;  and  by  the  time  Ji=  - 1,  it  brings  ue,  as  we  have  eaen,  to  *» 
ellipss,  which  givea  — fiO*.    Thn  innnentral  and  DericentrsI  veloc 


bypo-trochoidal  system,  we  must  take  both  radii,  fixed  and  rolling, 
very  iai^,  and  the  Uiger  the  slower  the  relative  epiojclio  motion 

■t  ntgathtlgfromO  to  —1.    Theai 
I*   Tiow  dimmiahaa  In  amount,  b« 

=  -  ],  it  brings  ue,  as  we  ha  -         ^ 
The  i^ooentral  and  pericentral  velociUt 
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are  still  positive  throughout  this  sectiozi,  and  the  carve  ia  a  series  of 
shorter  eoncave  descents.  The  final  ellipse  has  a +6  and  a—b  for  the 
semi-axes. 


Both  the  trochoidal  systems  are  internal  hypo-systems,  the  planet 
being  inside  the  larger  of  the  rolling  circles,  and  outside  the  smaller. 
At  i£e  extreme  case,  the  ellipse,  the  two  systems  are  the  sune,  and  in 
both  cases  the  fixed  circle  becomes  double  of  the  rolling  circle  in 
diameter.  Before  the  extreme  case,  the  greater  roUmg  oirde  belongs 
to  the  greater  fixed  eircle,  and  the  less  to  the  less. 

V.  When  n  inereeuet  negatively  from  —  1  to  —  a  :  b.  Something 
resembling  the  last  continues  (the  angle  of  descent  still  diminishing) 
until  that  angle  is  too  small  to  allow  of  a  descent  wholly  concave.  By 
the  time  n  becomes  —  V  (a-i-h)  the  descent  is  almost  a  straight  line, 
except  very  near  the  apooentre,  and  when  n  is  greater  than  V  (a-T-6), 
taken  negatively,  there  are  points  of  contraiy  flexure  dividing  the 
convex  from  the  concave  part  as  before. 


These  points  of  contrary  flexiu-o  do  not,  as  before,  return  to  the  peri, 
centre  at  which  they  begin;  but  as  n  varies  from  —  V  (a-S-&)  to 
—a-T-b,  they  run  up  the  too  of  the  curve,  and  unite  at  the  apooentre, 
when  n»  — 6-^a,  in  a  cusp.  This  cuspidated  curve  is  the  hypooydoid, 
and  up  to  this  point  both  apooentnl  and  pericentral  motiomi  are 
direct 


The  only  change  that  has  taken  place  during  this  time  in  the  tro- 
choidal systems  is  a  continual  increase  of  both  circles  in  one  of  them, 
and  a  continual  diminution  of  both  in  the  other.  At  the  hypocydoid 
both  the  rolling  circles  are  thus  brought  to  pass  through  the  planet, 
and  the  fixed  circles  become  e^uaL  The  common  radius  of  the  fixed 
circles  is  a  •«•  &,  those  of  the  rollmg  circles  are  a  and  b, 

VI.  When  n  increcuea  negatively  from  —  a  :  b.  We  left  off  with  the 
hypocydoid  at  which  ^e  apocentral  motion  (in  revelation)  ia  nothing. 
This  apocentral  motion  afterwards  becomes  retrograde,  the  pericentral 
continuing  ^rect,  so  that  apocentral  loops  b^gin  to  be  formed;  and  the 
central  angle  of  retrogradation,  in  which  the  planet  passes  through  the 
higher  part  of  a  loop,  may  be  f oimd  from  a  preceding  formula. 


As  n  increases,  these  loops  become  nearer  and  nearer,  and  at  last 
begin  to  interlace,  the  angle  of  descent  continually  diminishing.  In 
the  trqchoidal  systems^  both  cirplea  o|,one  of  the  hypo^iyiteaia, in- 


crease without  limit  with  n,  while  in  the  other  the  fixed  drdo  per- 
petually becomes  more  nearly  equal  to  the  deferent,  while  the  rolling 


drde  diminishes  without  limit.  As  n  increases,  each  of  the  loops 
more  and  more  nearly  coincides  with  the  epicyde,  and  the  extreme 
limit  ia  a  drole  of  no  racUut,  carrying  the  planet  on  an  arm  equal  to 
the  radius  of  the  epicyde,  and  revolving  on  a  cirde  equal  to  the 
deferent :  or  a  revolution  in  an  epicyde  whose  centre  is  fixed.  This 
limit  of  course  is  never  attained ;  or  perhaps  the  analyst  would  say, 
that  when  n  is  infinite,  the  planet  goes  over  the  whole  space  between 
the  apocentral  and  pericentral  cireles. 

When  the  deferent  and  epicyde  are  equal,  or  a=&,  the  epicydoid 
becomes  the  apocentral  cirele,  and  the  hypooydoid  the  straight  line. 
The  other  curves  take  various  extreme  forms,  as  in  the  following 
diagiams :- 


There  is  never  any  sensible  arc  of  retrogradation ;  all  the  retrognda- 
tion,  as  it  were,  takiiag  place  suddenlv  at  Hie  pericentre,  that  is,  at  the 
centre.  We  shall  leave  the  farther  investigation  of  these  cases  to  the 
student. 

When  ns2,  the  an^^e  of  descent  is  always  180°,  and  the  epimloid 
has  the  rolling  and  fixed  trochoidal  drdes  equal,  and  is  a  ourre  soaped 
somewhat  like  a  heart,  whence  it  is  called  the  cardioide. 


On  these  curves  generally  we  may  remark,  that  their  minor  modi- 
fications of  form  are  very  various.  The  descent  throu^  a  point  of 
contrary  flexure,  for  example,  gives  two  curves  of  veir  different  figures, 
according  as  the  angle  of  descent  is  more  or  less  toan  a  right  angle ; 
and  the  loops  may  be  made  very  small  or  verv  large,  compared  with 
the  rest  of  the  curve.  It  must  be  particularly  noticed  also,  that  by 
the  angle  of  descent  we  mean  simply  the  angle  between  the  apocentral 
and  pericentral  distances,  not  the  vectorial  angle  described  in  going 
from  one  to  the  other :  the  latter  mav  become  greater  than  this  angle 
of  descent  before  the  pericentre  is  amved  at,  and  then  HimmiA  down 
to  the  angle  of  descent 

Let  us  now  suppose  the  deferent  to  become  a  straight  line,  or  a=  oo , 
and  let  the  centr^  of  the  epicyde  be  carried  along  this  hne  with  a 
vdocity  a,  while  the  planet  moves  in  the  epi^de  with  an  angular 
vdodtv  p  in  theoretiod  units.  Curves  will  now  be  described  which 
are  called  trochotdi,  among  which  the  Ctcloid  has  the  same  place  as 
the  epicydoid  among  the  epitrochoids^  or  the  hypooydoid  among  the 
hypotrodioids.  The  forms  can  be  readily  imagined  hj  ooncdving  the 
deferent  to  be  a  drde  of  great  raditis.  It  is  now  of  no  consequence 
whether  the  epicydic  motion  be  direct  or  retrograde.  If  y  be  very 
fipreat,  we  have  a  series  of  interlacing  loops ;  when  v  beoomes  less,  these 
loops  separate;  when  a=yb,  the  loops  degenerate  into  cusps,  and  we 
have  the  cydoid ;  and  when  a  is  greater  man  pb  we  have  only  a  aeries 
of  undulations  with  points  of  contrary  flexure.  AH  this  may  be  repre- 
sented by  a  trochoidal  system  in  which  a  cirde  rolls  upon  a  straight 
line,  carrying  with  it  an  arm  to  which  the  planet  is  attached ;  and  the 
trochdd  is  looped,  cycloidal,  or  wavy,  according  as  the  planet  is  with- 
out, on,  or  within,  the  rolling  cirde.  It  will  be  a  good  exercise  for 
the  student  to  deduce  the  centre  and  radius  of  the  rolling  drde  from 
a  construction  similar  to  that  hereinbefore  employed  ror  deducing 
the  d«Bie0ts  Of  Ihe  irochbSdal  from  thoee  of  the  planetary  systein. 


!?— r*»fc 


•»«• 
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The  dlAgnm  in  Motion,  col  796,  exemplifiee  the  three  Bpecies  of 
trochoids. 

To  Buppoae  the  epicycle  infinite  leads  to  nothmg:  hut  if  we  now 
take  a  trochoidid  system,  and  suppose  the  rolling  cirde  infinite,  we  have 
what  18  equivalent  to  a  straight  line  rolling  round  a  circle  to  which 
it  is  always  tangent,  and  carrying  a  planet  a£  the  end  of  an  ann  which 
is  supposed  fixed  to  the  straight  line.  If  the  planet  be  on  the  straight 
line,  we  have  obyiously  the  ikvoLUTB  of  a  curde ;  for  the  unrolling 
thread  described  in  ^e  article  cited  may  be  considered  as  the  part  of 
the  rolling  tangent  which  has  been  in  contact  with  the  circle  since  the 
beginning  of  we  motion.  If  the  planet  can  pass  through  the  centre 
of  the  fixed  circle,  the  curve  becomes  the  spiral  of  Archimedes.  These 
spirals  must  be  made  complete  by  using  both  positive  and  negative 
ralues  of  the  radius  vector.  [Spibal.]  They  are  not  of  much  use 
except  to  the  mathematician. 

The  various  classes  of  trochoidal  curves  must  be  studied  to  aid  in 
forming  a  proper  conception  of  the  effect  of  combined  circular  motions : 
one  remarkable  instance  of  their  application  is  that  of  the  apparent 
motions  of  the  planets.  These  apparent  motions  must  be  exactly 
what  would  te^e  place  if  the  earth  were  at  rest,  the  sun  revolving  in 
an  orbit  about  the  earth,  which  orbit  is  the  deferent ;  while  the  sun 
itself  is  the  centre  of  an  epicycle  equal  to  that  of  the  planet's  orbit,  in 
which  epicycle  the  planet  moves.  And  since  the  epicycle  and  deferent 
are  convertible,  we  may  in  the  case  of  one  of  the  superior  planets  use 
the  planet's  larger  orbit  as  a  deferent,  and  the  sun's  smaller  orbit  as  an 
epicycle.  Again,  since  the  planet  of  the  smaller  orbit  always  has  the 
greater  angular  velocity,  the  ratio  of  the  epicydic  to  the  deferential 
velocity,  or  »,  is  always,  the  smaller  orbit  being  the  epicycle,  greater 
than  unity.  Hence,  when  the  planet  is  retrograde,  the  loop  of  its 
apparent  orbit  is  always  turned  towards  the  earth,  so  that  the  apparent 
magnitude  of  the  planet  is  always  greatest  in  the  middle  of  its  retro- 
gradation.  To  test  these  thinss,  we  ought  to  have  angles  of  longitude 
measured  in  the  plane  of  the  pumet's  orbit ;  but  since  the  inclinations 
of  those  planes  to  the  ecliptic  are  not  very  great  (with  the  exception  of 
the  new  planets),  angles  measured  on  the  ecliptic,  or  longitudes  com- 
monly so  called,  will  do  as  well  for  illustration. 

When  the  planet  begins  and  ends  its  retrogradation,  the  tangent  of 
the  apparent  orbit  passes  through  the  earth,  and  the  planet,  moving  in 
that  tangent,  does  not  sensibly  change  its  apparent  position  in  the 
heavens  for  several  days :  it  is  then  called  ttoHonarif,  The  angle 
between  these  two  stationary  points  is  the  angle  of  retrogradation, 
for  which  a  formula  has  been  given.  But  we  shall  simply  notice  the 
general  figure  of  the  apparent  orbits,  giving  the  ratio  of  the  radius  of 
the  deferent  to  that  of  the  epicycle,  when  the  smaller  of  the  two 
orbits  (sun's  round  thto  earth,  and  planet's  round  the  sun)  is  the  <n>i- 
cycle,  and  the  lai:^^  the  deferent,  and  also  the  ratio  of  the  angular 
motions. 

Mercury  • 
Teniu         • 
Mars        • 
BmaU     1     •    •    2*4 
Flanets  j       to    3-8 

AU  these  must  belong  to  looped  curves,  going  round  for  ever,  and 
never  reuniting,  in  consequence  of  the  practical  incommensurability  of 
the  values  of  n.  The  angles  of  the  descent  are — ^for  Mercury,  180*— 
(4*15—1)  or  57*;  for  Yenus,  280°;  for  Man,  205**;  for  the  small 
planets,  from  70*  to  50*;  for  Jupiter,  16*;  for  Saturn,  64°:  for 
Uranus,  2^,  The  doubles  of  these  angles  will  be  the  angular  distances 
between  the  lower  points  of  two  loops.  Thus,  to  construct  the  orbit 
of  Mercury,  take  a  deferent  of  which  the  radius  is  about  2  4  times  that 
of  the  epicycle,  draw  the  apocentral  and  pericentral  circles,  lay  down  a 
Buccessioi/  of  radii  each  at  57*  to  the  preceding,  draw  the  ascents  and 
descents  in  the  manner  of  the  figure  in  §  L,  and  the  result  will  give  a 
sufficient  idea  of  the  orbit  for  mental  purposes.  The  time  of  the 
planet  moving  from  the  lower  part  of  one  loop  to  that  of  the  next  is, 
roughly,  a  revolution  in  the  epicycle  ;  that  is,  a  year  of  the  inferior 
planet  for  each  inferior  planet,  and  a  year  of  the  earth  for  each 
superior  planet. 

In  the  case  of  the  moon  we  have  a  the  radius  of  the  earth's  orbit,  b 
that  of  the  moon  round  the  earth,  a-^&  is  about  400  and  n  is  about  18 ; 
whence,  since  13  is  less  than  y/iOO,  or  20,  the  moon's  real  orbit  roimd 
the  sun  has  neither  loops  nor  fiexures,  but  is  always  concave  to  the 
sun.    [Moon.] 

The  mathematical  part  of  this  subject  labours  under  the  same  dis- 
advantage as  the  more  popular  explanation,  namely,  the  adoption  of  the 
trochoidal  mode  of  viewing  the  curves,  which,  tiiough  it  gives  reaUy 
the  same  equitions  as  the  planetaiy  mode,  embarrasses  the  question 
by  introducing  more  complicated  formuln.  If  we  take  the  line  drawn 
from  the  centre  to  an  apocentre  of  the  curve  for  the  positive  part  of 
the  aus  of  x,  and  as  before,  let  ^  be  the  deferential  angle,  n^  the 
epicylic  angle,  x  and  y  the  rectangular  co-ordinates  of  a  point  in  the 
curve,  r  and  $  the  polar  co-ordinates,  a  and  b  the  radii  of  the  deferent 
and  epicycle,  we  have  (1) 

x-»aooap+b  ooBwp,    y^asin  ^+6sinn^ 
which  Are  the  fundamental  oquations  of  t|ie  curve.    Here  a.  ahd  b  ore 


a-^h       n 

o^» 

n 

S-ftS        4*15 

Jupiter 

•      8*30 

11*86 

I'SS        1*6S 

Saturn 

>    •      9*54 

3A'78 

1*63        1'88 

Uraniis 

•    19-18 

84*01 

2*4          8*6 

3-8      to  4*6 

both  positive,  p  (and  also  $)  vanishes  at  the  apocentre,  which  is  on  the 
positive  side  of  the  axis  of  x,  and  n  has  its  proper  sign.  But  if  we 
place  a  perioentre  on  the  positive  side  of  the  axis  of  x,  other  things 
remaining  the  same,  we  have  (2) 

«~aoo6^— boosfi^,  yaasin^-ftsinfi^. 

If  the  last  terms  stand  thus,  (8) 

xsa  cos  ^ +  &  COS  fi^,  y  sarin  ^  ip  sin  N^ 

they  may  be  reduced  to  (4) 

arsa  oos  ^±  6  cos  (  — n^),  y =a  rin  ^  +  &  sin  ( -  91^) 

or  the  case  is  one  of  the  preceding,  the  ratio  of  the  velocities  being  -  n 
and  not  n.  If  the  first  terms  be  negative,  change  the  signs  of  x  and  y, 
and  let  the  curve  thus  found  make  a  half  revolution^  but  if  the  first 
terms  differ  in  sign,  the  equation  is  reduced  to  one  of  the  preceding 
cases  by  changing  the  sign  of  ^  (and  of  n,  if  necessary),  which  shows 
that  what  we  had  was  the  equation  to  the  curve  as  described  by  a  con- 
trary motion  of  the  deferent.  AU  this,  however,  has  only  reference  to 
the  reduction  of  a  particular  equation  to  the  form  (1),  which  we  shall 
use  throughout,    from  (1)  we  readily  find 

r«=o*  +  6*  +  2o5coB(n-l)^  .    ,    (5) 

or  the  passage  from  apocentre  topericentre,  or  from  r=a-hb  to  r^sa-^ 

bi  is  performed,  while  cos  (n— 1)  ^  changes  from  1  to  —1,  orn— 1  ^ 
from  0  to  T,  or  to  — ir,  according  as  n  is  >  or  <  1.    We  also  have 

osin^+6sinn^ 
**^*=aoofl^+6coBii^    ....    (6) 

To  determine  the  period  of  retrogradation,  if  ony,  we  must  differentiate 
the  preceding,  which  gives 

»^5^ -a«+ Wi+a6(l+ii)  cos  (n-1)^  •    .    .(7) 

and  there  is  retrogradation  when  the  second  ride  is  negative,  from 
whence  the  formula  already  given  is  deduced,  and  the  condition  that 
nb  must  be  numerically  greater  than  a  {a  being  throughout  supposed 
greater  than  6).  The  following  formula  will  help  to  obtain  this 
condition:— 

r  a^+lAn  \i        _  (a«-62)  (»»6«-a«) 

ta6(l  +  fi);  "'^ 


(8) 


a««»(l+»)» 

From  the  preceding  formula  (7),  it  is  easy  to  obtam  {/i^dB^  the 

area  included  between  two  radii  and  the  curve.  But  this  is  subject  to 
the  intopretation  of  that  part  of  Jhe  area  which  is  contained  between 
two  radial  tangents  to  a  loop,  and  the  lower  part  of  tiie  loop  bring 
negative :  the  total  result  of  which  is  that  the  area  inride  the  loop  is 
counted  twice,  and  all  the  rest  once. 

To  find  the  arc  and  points  of  oontrazy  flexure  we  most  deduce  the 
following  equations  (9, 10) : — 

dx^        djT 

a^  +  5^=a«+J2n«+2aJ»ooB(fi-l)^ 

dx  d^v        dy  cPx 

The  second  formula  changes  sign  at  the  {joints  of  contrarv  flexure, 
whencelthe  criterion  before  given  is  determined,  by  hrip  of  the  follow* 
hig  (11) :- 


{ 


o»-f6'»' 


\9_ ,       (&«w^-g«)(yn<^a«) 
J  ■*■        a>6«(i»«+ii)«       • 


The  various  double  points  are  thus  determined.  Let  ^  and  ^'  be 
the  two  deferential  angles  belonging  to  a  double  point,  the  first 
when  the  curve  passes  through  it  the  first  time,  and  the  second 
for  the  second.  Since  the  value  of  r  is  the  same  at  points,  we  have 
cos  (n— 1)  ^a-cos  (n— 1)  ^',  whence  we  have 


(i»-l)^'=2fcir±(»-l)^ 


(12) 


h  being  a  whole  number,  positive  or  negative.  If  v-4-(n — 1),  the  angle 
of  descent,  be  called  fi,  we  have  ^^2k/i+^;  and  if  we  substitute 
this  in  the  equations  (1)  remembering  that  n/i  =  r  +  m,  we  find,  by 
ordinary  trigonometrical  development,  that  the  following  equations 
exist  between  the  co-ordinates  of.  every  double  point : 

X  =  coB2k/i,xJi^am2kfi.y,     y  »  Bin2i&f4«^dl  ^^^  ^^M'^* 

These  two  equations  should  be  really  the  same,  and  they  are  so 
if  we  take  the  lower  signs,  in  which  case  they  amount  to  the 
following: 

y  »iBnkfi,x,    0^  h/i,  or  kf/t  +  ir. 

If  the  higher  rigns  be  examined,  it  will  be  foimd  that  the  two 
equations  are  not  identical  except  when  2kfi^2lv,l  being  a  whole 
number,  which  can  be  true  only  when  n  is  a  commensurable  fraction. 
But  this  case  being  further  examined,  shows  that  no  double  points  aro 
indicated,  but  only  that  the  curve  itself  is  repeated  in  all  its  point* 
after  a  proper  number  of  revolutions  of  the  d^erent,  as  is  otherwise 
sufficientiy  obvious*    Ck>n0equenUj  all  ihe  double  ppiat^  f>i  a  trochoidal 
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curve  lie  in  apocentral  or  pericentral  radii,  or  in  the  radii  oppoaito  to 
them.  Substitute  for  y  and  x  their  values  in  y  »  tan  fc/i.ar,  and  this 
equation  is  easily  reduced  to 

from  vrhich  the  values  of  ^  which  belong  to  double  points  answer- 
ing  to  different  int^er  values  of  it;  are  to  be  obtained  by  apppon- 

The  radius  of  curvature  of  any  trochoidal  curve  is  obtained  from  the 
formula)  (9, 10),  and  is  as  follows  :— 

{a-  -f  h^n^  +  2ahn  cos  (ii  -  I)  ^}* 

o-  +  6*n»  +  ab  (n2  +  n)  cos  (i»  —  1)  ^ 

It  never  becomes  nothing  except  at  the  cusps  of  the  epicycloid  or 
hypocyoloid ;  nor  infinite  except  at  the  points  of  contrary  flexure,  or 
at  the  pericentre  in  the  case  of  great  approach  to  straightness  already 
alluded  to.  The  equation  of  the  Evolute  [Involute  xju>  EvoluteJ, 
I  and  i|  being  co-ordinate*  of  a  pomt  in  it,  is  involved  in  the  following 
equations ; — 

1 3B  a  (1  —  k)  cos  4»  +  6  (1  —  nic)  cos  n^ 
a*  +  fi^n*  +  2a&ncos  (it— 1)» 
jcbeinS 


a*  +  J*n^  +ab  (»'  +  n)  cos  »  —  I)  ^ 

The  evolute,  then,  of  a  trochoidal  curve  may  be  described  as  of  an 
extended  sort  of  planetaxy  character,  having  an  epicycle  of  variable 
fiize,  and  radius  6  (1-nic),  which  moves  upon  a  deferent,  also  of  vanable 
sise,  whose  radius  U  a  (1-ic).  In  one  remarkable  pair  of  cases  this 
variation  of  the  elements  of  the  evolute  ceases,  namely,  for  the  epicy- 
cloid and  hypooydoid.  If  »»»«=a«,  we  find  that  k  becomes  the  con- 
Btant  24-(l  +»),  and  the  equations  of  the  evolute  become  those  of  a 
new  epicycloid  or  hypocydoid,  havmg  its  vertices  at  the  cusps  of  the 

original  involute.  ,       , .  .     ,      .^i.     j.  xv 

The  arc  of  the  trochoidal  curve  cannot  be  obtained  without  the 
previous  rectification  of  an  elKpee,  except  in  the  case  of  an  hypocydoid 
or  epicydoid.  In  the  former  case  the  arc  measured  from  the  apo- 
oentra  or  cuspi  formed  whUe  the  deferential  angle  ^  Ib  produced,  is 

and  the  whole  are  of  descent  is  4a6-^(a+6).  The  same  for  the 
ejdcydoid^  the  apooentre  being  now  a  vertex,  is 

7=^6  ■^-^♦' 

the  whole  arc  of  descent  being  4  aft -^  (a -6).  All  the  preceding 
formuto  may  be  reduced  to  thoee  of  the  trochoidal  form  by  the 
general  equations  before  given. 

The  equations  of  the  cycloid  and  simple  trochoids  may  be,  m  an 
artide  like  the  present,  best  deduced  from  those  of  the  double  cutjular 
mtem.  Remove  the  origin  from  the  centre  to  the  circumference  of 
tie  deferent,  we  have  then  for  the  equations— 

dps~a(l— cos^)  +6oosfi^,  y=asin^+OBmn^. 

Let  a  increase  without  Umit,  and  let «  be  the  arc  of  the  deferent, 
described  with  a  vdodty  a,  while  p  is  the  absolute  angular  velocity  of 
the  planet  round  the  epicycle.  We  have  then  «  « o4>,  and  a  :  »  : :  y :  »^. 
Substitution  gives 

05-— a  (1- cos -^+6  cos- #,     y««sm- +  68m-»; 

of  whidi^  when  a  is  inoeased  without  limit,  the  ultimate  equations 


10  cos-*  a. 

CI 


ymt-^h  Bin -»; 


which  ore  the  equations  of  the  common  trochoidal  ifystem.  Here  an 
opicyde  moves  up  Uie  axis  of  y  with  a  vdodt;^  a,  while  a  planet 
revolves  in  t^  epicvde  with  the  angular  velocity  v,  When  rb  is 
numerically  greater  than  o,  there  is  a  curve  with  loops ;  when  y6=o, 
one  with  cusps ;  and  when  pb  is  less  than  a,  one  with  undulations  and 
contrary  flexures. 

To  get  the  equations  of  the  other  extreme  case,  we  must  reduce 
the  planetary  form  of  the  general  equations  to  the  trochoidal,  which 
gives 


into  their  binomial  forms,  and  thea  i^kcroase  the  rolling  efrde  withoat 
limit.    The  ultimate  equations  will  be  found  to  be 

y»(F+H)  sin^^— i^oos^ 

Here  a  tangent  rolls  over  the  fixed  drde,  carrying  with  it  a  point 
attadied  by  a  perpendicular  arm  of  the  length  H.  If  hbO,  we  have 
the  involute  of  the  fijLed  circle;  but  if  Hs  — F,  in  vdiich  ease  tho 
moving  point  begins  from  the  centre  of  the  fixed  drde,  we  can  dednoe 
r»Tf,  B'^p—^r,  whidi  gives  the  spiral  of  Archimedes.  ^  We  have 
touched  slightly  on  these  extreme  cases,  but  the  mathematical  student 
will  find  it  a  useful  exercise  to  develop  them  more  fully. 

In  condunon,  we  wish  to  call  attention  to  the  fact  that  the  sped- 
mens  of  curves  in  this  artide  are  all  entirely  the  production  of 
machineiy.  We  axe  indebted  for  them  to  the  kmdness  of  Mr.  Henry 
Perigal,  a  gentleman  who  practises  the  higher  branches  of  turning;  as  an 
amateur,  and  has  devoted  much  time  and  money  to  the  investigation 
of  the  effects  of  double  and  treble  motions,  as  shown  in  various 
interesting  publications.  Most  of  those  given  in  this  article  were 
executed  m  his  lathe  bv  means  of  Ibbetaon's  geometric  chuck,  a 
contrivance  the  results  of  which  are  well  known  to  turners,  but  whieh 
have  never  been  exhibited,  as  far  as  we  know,  in  any  artide  professix^ 
to  give  a  mathematical  classification  of  them. 


a:«B(»  +  K)  cos^+ocos  I   "JjJ"  ^y 

(P  +  R     \ 


Let  o=H— R  :  that  is,  let  h  be  the  distance  of  the  planet  from  the 
circumference  in  contact  of  the  rolling  drde.  Substitute  for  c, 
devdop 


The  pieoeding  is  the  curve  called  the  trisectriz  in  the  artide  Tbi- 
SEonov :  it  is  a  wood-cut  made  in  the  usual  way  from  a  drawing  made 
in  the  lathe ;  all  tiie  rest  are  out  in  the  lathe. 

TROMBONE  {Ittk^Bn,  great  trumpet).  This  andent  instrument  was 
formerly  known  in  England  under  we  name  of  saobut^  from  the  old 
French  $aqu^te.  It  is  a  deep-toned  trumpet,  composed  of  sliding 
tubes,  by  means  of  which  every  sound  in  the  diatonic  and  chromatic 
scales,  being  within  its  compass,  is  obtained  in  perfect  tune.  The 
trombone  is  of  three  khids,— the  alto,  the  tenor,  and  th«  bau,  and 
these,  in  ordiestral  music,  are  generally  used  together,  forming  a  com- 
plete humony  in  themselves. 

The  scale  of  the  cUto-trombone  is  from  o,  the  second  space  in  the  base, 
to  0,  an  octave  above  the  treble  def : — 


^^ 


The  BoOe  <rf  die  (eit(r4>«mi(me  is  from  B,  tbeseoond  liiM  b  tlis  Imm 
to  A,  the  Moond  space  in  the  treble : — 


3 


The  scale  of  the  bate'trmbone  is  from  o,  an  octave  below  the  aeeond 
space  in  the  baae,  to  o,  the  second  line  in  the  treble : — 


^pa 


BC03 


V*+iV        •ndRBin(^<?»+ -ty 


The  trombone,  when  judiciously  employed,  as,  for  instance,  m 
Mozart's  'Requiem,*  and  in  his  *  Don  Giovanni,'  is  most  efficacious  m 
producing  great  and  sublime  effects;  but,  by  the  followere  of  the 
ultrarmodem  school,  its  power  is  exceedingly  abused,  •  especially  in 

Italian  operas.  ^  .     xi.  x      ^v    «     i. 

TROPHY  (rpSwcuov,  tropaeum)  contains  the  same  root  as  the  Greek 
verb  rphttiv,  **  to  turn  or  to  put  to  flight,"  and  was  therefore  originally 
a  sign  or  memorial  erected  on  the  spot  where  an  enemy  had  been  con- 
quered or  put  to  flight.  The  custom  of  erecting  such  memorials  of 
victories,  either  on  the  fidd  of  battle  or  in  the  capital  of  the  conquering 
nation,  has  been  more  or  less  common  to  all  nations  from  the  moat 
remote  to  the  most  modem  times.    It  was  most  general  among  the 
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TROPICS. 


TROVER, 


sra 


Greeks,  wbo  used  to  erect  trophies  even  alter  flUgU  advantages;  and 
it  aometimeB  happened  that  both  the  belligereat  ptfUes^  owing  to  aome 
adyantagee  they  Bad  gained,  oonaidered  themBelvw  entitled  to  erect 
trophies  (Thucyd.  i,  54 ;  il,  92).  It  ¥n»  farther  a  praetioe  among  the 
Qreeks  seldom  to  erect  trophies  in  any  other  plaee  than  the  field  of 
battle,  and  that  immediately  after  the  victory  was  gained :  when  an 
enemy  had  been  conquered  at  sea,  the  trophy  was  erected  on  the  point 
of  the  coast  nearest  to  the  p]ace  whero  the  victory  was  gained^  A 
trophy  in  Greece  after  a  victoiy  on  land  appears  to  have  consisted  of  a 
trunk  of  a  tree  fixed  on  some  eminence  and  adorned  with  the  spoils 
and  armour  of  the  vanquished.  An  inscription  usually  recorded  the 
names  of  the  conqueror  and  the  conquered,  and  the  whole  trophy  was 
dedicated  to  aome  divinity.  It  was  customary  not  to  make  trophies  of 
very  durable  material,  in  order  not  to  perpetuate  the  disgrace  of  a 
defeated  enemy  or  to  keep  up  any  iU-feeling  for  too  long  a  period. 
But  this  was  not  always  observed.  After  a  naval  victory  the  trophy 
was  usually  adorned  with  the  beaki  of  the  captured  ships  of  the  enemy, 
and  this  custom  was  adopted  by  the  Romans  at  an  early  period.  The 
Romans  down  to  the  Utter  penod  of  the  ropublio  never  erected  any 
trophies  on  the  field  of  battle :  the  spoils  of  a  vanquished  enemy  were 
partly  distributed  among  the  soldiers,  puily  dediciMl  in  the  temples 
of  the  gods,  and  partly  applied  as  onuunents  lor  other  public  buildmgs 
and  places.  When  however  the  Romans  adopted  the  custom  of  raising 
trophies  on  the  field  of  battle,  they  usually  coBsisted  of  move  solid 
structures  than  the  Greek,  such  as  towers,  oolumiui,  fte. 

TROPICS  (rparfi,  a  tumimg),  the  drdes  ol  the  earth  parallel  to  the 
equator  which  pass  through  tiiose  places  to  which  the  sun  is  veitioal  at 
the  stjstioes,  being  the  extreme  boundaries  of  the  torrid  sone.  The 
latitude  of  any  qpot  upon  either  tropic  ia  therefore  the  same  as  the 
obliquity  of  Uie  ecliptic,  and  the  interval  between  the  northetn  and 
southern  tropics  comprehends  eveiy  part  ol  the  earth  at  which  the  sun 
is  ever  vertical.  The  northern  tropic  is  called  the  tropic  of  Cancer, 
and  the  southern  that  of  Capricorn,  since  the  sun,  when  vertical  at 
places  in  the  first,  is  At  the  commencement  of  the  astronomical  sign  of 
Cancer ;  and  when  vertical  at  places  in  the  second,  is  at  the  commence- 
ment of  Capricomua 

TROUBADOURS,  the  name  given  to  those  poets  in  the  Bomanoe 
language,  or  Langue  d'Oc,  who  lived  in  southern  France,  eastern 
Spain,  and  northern  Italy,  during  the  12th  and  18th  centuries. 
[Romance  Lahguags.]  The  name  is  a  French  form,  from  the  Fh>- 
ven^al ''  trobador,"  a  derivative  of  the  verb  **  trobaro,"  "  to  find,"  and 
means  an  "  inventor."  The  word  "  Trouv^,"  in  northern  French, 
had  the  same  meaning,  and  served  to  designate  the  poets  of  northern 
France,  or  of  the  Langue  d'OiL  The  troubadours  were  distinct  from 
the  jongleurs :  the  former  were  the  real  poets,  and  many  cf  them  were 
knights  and  men  of  noble  birth,  who  occasionally  occupied  themselves 
vritE  poetical  composition;  whilst  the  jongleurs  were  strolling  min- 
stn^,  who  did  not  compose  poetry,  but  sang  the  lays  of  the  tronba. 
boura,  and  accompanied  them  with  their  musical  instruments,  and 
thence  derived  their  snbnstence.  Many  of  the  troubadours  however 
were  skilled  both  in  music  and  singing ;  but  those  who  were  not,  re- 
tained a  jongleur  in  their  service^  Acoiording  to  the  spirit  of  chivalry, 
the  noUes  kept  open  house  for  aU  the  wandering  f ollowen  of  war  and 
minstrelsy,  and  often  requited  munificently  both  poota  and  musieians 
for  their  exertions  to  amuse  them. 

It  was  in  the  south  of  France  that  the  poetry  of  the  troubadours 
originated.  That  fertile  region,  blessed  with  a  genial  climate,  had 
suffered  less  from  the  irruptions  of  the  barbarians  than  the  northern 
provinces  of  the  kingdom,  and  had  retained  more  of  its  old  Roman 
civilisation :  it  hardly  felt  the  civil  wars  ol  the  Merovingian  dynasty, 
and  escaped  tiie  devastations  of  the  Nonnans ;  and  during  the  decline 
of  the  Carlovingians  it  became  independent  of  the  French  crown  by 
the  revival  of  the  kingdom  of  Bouigogne,  or  of  Aries,  and  by  the 
power  of  the  great  vassals,  the  counts  of  Toulouse  and  of  Poitou  and 
the  dukes  of  Aquitaine.  At  the  beginning  of  the  12th  centuxy  the 
counts  of  Baroelona  acquired  by  marriage  &e  possession  of  Provence; 
and  the  whole  region  bwdering  on  the  Meditenanean  on  both  sides  ol 
the  Pyrenees,  from  the  Ebro  to  the  Var,  became  subject  to  one  dynasty, 
whilst  the  people  q)oke  the  same,  or  nearly  the  same,  Romance  dialect. 
It  waa  in  the  12th  century  that  tiie  poetry  of  the  troubadours  attaloed 
its  perfection :  that  poetry  was  essentially  lyrical  and  moetiy  amorous, 
and  waa  characterised  by  sLmplidty,  or  rather  paucity,  of  ideas,  and  by 
a  strained  refinement  of  expression,  and  peculiarify  of  form,  which 
made  it  quite  distinct  from  the  classical  models.  In  that  age  and 
country  of  chivalry,  every  noble  beauty  had  in  her  train  some  admiring 
poet ;  and  every  poet  selected  some  fahr  lady — sometimes  the  daughter, 
but  oftener  the  vrife,  of  the  nobleman  to  whose  retinue  he  was  attached 
— for  the  object  of  his  poetical  passion  and  the  subject  of  his  song. 
It  was  a  poetical  attachment,  although  it  sometimes  ended  in  a  real 
one :  its  expression  was  artificiaL  These  remarks  apply  generally  to 
troubadour  amatory  poetry,  to  which  however  there  are  exceptions. 
(Sismondi, '  Litt^rature  du  Midi  de  TEurope.') 

The  troubadours  wrote  also  at  times  of  loftier  themes.  Some  of 
them,  who  had  followed  the  Crusades  and  shared  the  dangers  of 
Eastern  campaigns,  sang  after  their  return  the  valiant  deeds  of  the 
soldiers  of  the  Cross.  Others  wrote  to  animate  the  Christian  princes 
to  deliver  Palestine  from  the  yoke  of  the  Moslems.  Others,  especially 
about  the  time  of  the  persecution  c^  tiie  Albigenses,  wrote  bitter 


satu-es  against  the  persecutors,  the  Inquisitors,  against  the  priesthood, 
the  hierurohy,  and  against  Rome  itself.  That  persecution  was  one  of 
the  causes  of  the  decay  of  troubadour  poetry  in  the  13th  century. 
M^y  of  the  troubadours  perished,  or  fled  and  died  in  foreign  lands. 
Afterwards  Charies  of  Anjou,  who  hod  become  count  of  Provence  by 
marriage  with  the  heiress  of  the  house  of  Baroelona,  having  removed 
to  Najues,  took  with  him  many  Provencal  knights  and  ladies  to  grace 
his  new  court.  There  they  found  a  new  limguage,  the  Sicilian  or 
Italian,  which  was  rising  into  maturity  and  was  well  calculated  for 
poetry,  and  it  became  the  favourite  language  of  the  Anjou  court. 
When,  in  the  following  century,  Queen  Joanna  L,  being  obliged  to  fly 
from  Naples,  returned  to  Provence,  ahe  endeavoured  but  in  vain  to 
revive  the  skidy  of  Proven^  poetry ;  and  when,  many  years  later,  she 
adopted  Louis,  son  of  Ejng  John,  and  the  head  of  the  third  house  of 
Anjou,  that  prince,  who  thus  be<^e  possessed  of  Provence,  spoke  the 
liSBgue  d'Oil,  or  northern  French,  ana  had  no  taste  for  the  Provencal 
His  grands<m  Rend,  duke  of  Anjou,  count  of  Provence,  and  nominal 
king  of  Naples,  made  in  the  following  century  some  attempts  at  re- 
viving the  poetry  of  the  Langue  d'Oc,  but  the  race  of  the  troubadours 
was  now  extinct,  and  the  only  result  of  his  exertions  was  the  collecting 
and  commling  the  lives  of  the  old  troubsdours  by  the  monks  of  the 
isles  of  Hy&ree,  and  after  them  by  Hugues  de  St.  Cdsaire. 

At  Toulouse  however  efforts  were  inade  to  revive  troubadour  poetry. 
The  **  Capitouk,"  or  municipal  magistrates  of  that  dty,  establi«ied  an 
academy  called  **  Del  Gal  Saber,"  or  "  of  the  gay  science ; "  and  seven 
of  the  best  rhymers  of  the  place,  styled  "  the  Seven  Troubadours  of 
Toulouse,"  were  placed  at  the  head  of  it.  They  fixed  unon  the  let  of 
May  foir.  holding  an  annual  public  festival,  to  which  tney  gave  the 
name  ol  "  Floral  Games.*'  Tne  first  meeting  was  held  in  1824,  and 
was  attended  by  many  poets  from  various  parts  of  Languedoc.  Moistre 
Amaud  Yjdal  de  ChAteanneuf  d' Arri  obtained  the  priae,  and  graduated 
as  doctor  of  the  gay  science  in  consequence  of  a  song  in  honour  of  the 
Virgin.  The  morality  of  troubadour  poetry,  however,  underwent  a 
reform  under  this  new  institution.  It  was  forbidden  by  the  statutes 
of  the  Academy  to  redte  any  composition  on  the  subject  of  unlawful 
or  adulterous  love,  a  frequent  theme  of  the  old  troubadours.  The  old 
language  ol  the  troubodoiufi  has  long  since  fallen  into  disuse,  and  has 
given  way  to  various  patois,  the  Languedocian,  Provencal,  Poitevin, 
and  others. 

See  lor  a  thorough  examination  of  troubadour  poetrr,  with  example^, 
Raynouard,  'Choix  des  Poesies  Originales  des  Troubadours/  6  vols. 
8vo.,  Paris,  1816-21 ;  '  Lexique  Roman,  avec  un  nouveau  Choix  des 
Podsies  OriginaleB  des  Troubadours,'  Paris,  188d;  also  the  work  of 
Professor  Dies, '  Die  Poeide  der  Troubadours.' 

TROUS  D£  LOUP,  m  the  military  art,  are  pits  dug  in  the  ground 
in  the  form  of  inverted  cones  or  pyramids,  in  order  to  serve  as  ob* 
stadea  to  the  advance  of  an  enemy :  each  is  mode  about  six  feet  in 
diameter,  or  in  breadth,  and  as  many  in  depth,  and  a  pointed  stake  is 
planted  upright  in  the  bottom.  The  pits  should  be  disposed  checquer- 
wise  in  two  or  three  rows,  their  centres  beinff  at  distances  of  about  ten 
feet  from  one  another ;  and  their  sides  should  have  such  a  slope  that 
the  enemy's  riflemen,  should  they  attempt  to  occupy  them,  may  not 
be  concealed  in  them  from  the  view  of  the  troops  whom  the  pits 
protect 

The  earth  obtained  from  the  excavations  should  be  formed  into  a  sort 
of  glaois  within  the  line  of  pits,  in  order  that  the  enemy  may  not  use  it 
to  fill  them  up.  Trous  de  loup  are  generally  formed  before  the  salient 
points  ol  field-works  or  in  the  intervals  between  them;  end  they  are 
sometimes  executed  in  rear  of  such  works  in  order  to  protect  the 
gorges  when  these  sre  without  parapets. 

TROVER  (from  the  French  word  trouvefj  '*  to  find  "),  the  name  of 
an  action  invented  for  the  purpose  of  ascertaming  the  right,  as  between 
the  plaintiff  and  defendant,  to  the  personal  chattels  which  are  the 
subject  of  itk  This  action  is  maintainable  by  one  who  has  either  an 
absolute  or  spedal  property  in  the  chattels  and  also  a  right  to  posses- 
sion. Thus  it  may  be  brought  either  by  the  actual  owner  or  an  occa- 
sional bailee,  a  carrier,  ftc,  or  a  mere  finder  as  against  oil  except  the 
rightful  owner.  The  declaration  formerly  stated  that  the  plaintiff  was 
lawfully  possessed  as  of  his  own  property  of  certain  personal  chattels, 
naming  mem.  distincUy,  their  amount  and  value ;  that  he  afterwards 
casually  lost  them,  and  that  they  came  into  the  possession  of  the  de- 
fendant by  Jkdmg,  who,  afterwards  converted  them  to  his  own  use ; 
for  which  the  plahitiff  claimed  damages.  This  form  and  the  fiction 
respecting  the  loss  and  finding  of  the  goods  were  contrived  for  the 
purpose,  by  assuming  a  right  of  possession  in  the  defendant,  of  enabling 
the  parties  to  try  the  bare  question  of  rigkL  These  fictions  sre  not 
now  used;  and  the  fact  of  eonvemon,  which  is  the  gist  of  the  action, 
is  proved  by  showing  that  the  defendant  upon  request  refused  to 
deliver  up  the  goodc^  or  has  destax>yed  them,  or  haa  assumed  the  right 
to  dispose  of  them.  When  an  act  of  conversion  hss  once  been  com- 
pleted, no  subsequent  act  by  the  defendant  can,  as  is  said,  "  purge  the 
conversion ; "  that  is,  the  right  of  action,  having  once  vested  in  the 
phuntiff  by  the  act  of  conversion,  vrill  not  be  divested  by  any  subse- 
quent act  of  the  defendant.  But  such  a  subsequent  act,  as  for  instanoo 
toe  return  of  the  goods,  may  reduce  the  dama^pes  to  a  merely  nominal 
character.  The  action  ia  not  maintainable  by  one  joint  tenant,  or 
tenant  in  common,  or  partner  against  another,  unless  in  the  case  where 
the  chattel  has  been  destroyed  by  the  other.    This  rule  is  founded  on 
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the  principle  that  the  poeseBsion  of  one  is,  by  reason  of  the  joint  pro' 
perty  of  all,  held  to  be  the  possession  of  all,  and  therefore  no  act  of 
oonvendon  can  be  said  to  have  been  oommittedp 

The  answers  to  this  action  are,  a  denial  of  the  property  of  the  plain* 
tiff  in  the  chattel ;  or  the  statute  of  limitations,  namely,  that  six  years 
have  elapsed  since  the  act  of  conversion  was  committed;  or  any  cir- 
sumstances  showing  that  the  defendant  has  a  right  to  detain  the  goods, 
as  from  having  a  lien  upon  them,  &c. 

The  plaintiff  must  prove  that  the  nature  and  value  of  the  goods  are 
as  stated  in  the  declaration.  If  he.  succeed  in  obtaining  a  verdict,  the 
jury  iDAj  give  damages  to  the  amoimt  of  the  value  of  the  goods,  and 
also  such  sum  in  addition  as  may  cover  the  amount  of  interest  during 
the  time  subsequent  to  the  conversion.  This  action  differs  from  the 
action  of  detinue  as  being  brought  to  recover  damages,  while  the 
object  of  the  action  of  detinue  is  to  recover  the  actual  goods  in  specie. 
[Detivub.] 

TROY  WEIGHT.  Neither  the  etymology  nor  the  time  of  intro- 
duction of  this  denomination  is  well  known.  The  received  opinion  is 
that  it  took  its  name  from  a  weight  used  at  the  fair  of  Troyes :  this  is 
likely  enough,  since  we  find  more  than  one  Urge  town  i^ie  weights  of 
which  becune  standards:  thus  we  have  the  pound  of  Cologne,  of 
Toulouse,  and  perhaps  also  of  Troyes. 

That  there  was  a  veiy  old  English  standard  pound  of  twelve  ounces 
is  a  well  determined  fact ;  and  uso  that  this  pound  existed  lonff  before 
the  name  Troy  was  given  to  it,  another.  There  were  also  ulb  mer- 
chants' pound  of  fifteian  ounces,  and  the  Tower  pound,  having  twelve 
ounces  of  its  own,  but  lees  than  the  Troy  pound  by  three-quarters  of 
an  ounce.  Though  the  troy  pound  was  mentioned  as  a  known  weight 
in  2  Henry  V.,  cap.  4  (1414),  and  2  Henry  YL,  cap.  18  (1423),  the  term 
troy  was  not  applied  to  the  legal  standaid  pound  till  12  Henry  YII. 
(1495).  The  merchants'  pound  seems  to  have  been  the  origin  of 
Avoirdupois  weight 

The  troy  pound  has  continued  to  be  the  legal  standard  down  to  the 
bresent  time,  though  only  actually  used  in  weighing  precious  metals 
^d  stones,  and  apothecaries'  drugs.  It  had  precisely  the  same  limi- 
tation of  use  in  the  time  of  Fleta,  who  is  supposed  to  have  lived  in  the 
reign  of  Edward  I.  There  is  no  doubt  that  it  was  originally  the  pound 
of  silver,  the  pound  sterling,  and  there  is  evidence  that  this  pound  was 
sometimes  described  sa  divided  into  twenty  parts  called  shilhngs.  The 
famous  statute  of  Henry  I.  (1266)  makes  a  standtfd  for  it  from  the 
weight  of  ears  of  wheats 

The  pound  troy  is  now  divided,  for  gold  and  silver,  into  twelve 
ounces,  eaeh  ounce  into  twenty  pennyweights,  and  each  pennyweight 
into  twenty-four  grains.  But  for  mediciDes,  it  is  divided  into  tw^ve 
ounces,  each  ounce  into  eight  drams  or  dnchms,  each  drachm  into 
three  scruples,  and  each  scruple  into  twenty  grains.  A  cubic  foot  of 
water  weighs  76'7874  pounds  troy.    [Weights  and  Mbasubbb.] 

TRUCK  SYSTEM.  TRUCK  ACT.  Truck,  which  means  exchange 
or  barter,  has  come  to  be  appropriated  to  signify  the  payment  of  wages 
of  labour  in  goods,  and  not  in  money.  By  the  truck  system  is  meant 
this  mode  of  paying  wages,  tc^ther  with  the  mass  of  its  tendencies 
and  results.  The  Truck  Act,  1  &  2  Wm.  I Y.,  cc.  86,  87,  is  an  act 
passed  in  1881,  which,  repealing  all  the  previous  acts  passed  for  the 
same  purpose,  provided  anew  and  more  s^ingently  for  the  prevention 
of  payment  of  wages  in  truck  in  the  departments  of  indus^  therein 
enumerated.  The  wages  of  agricultural  labourers  and  domestic  servants 
are  exempted  Irem  the  operation  of  the  act^ 

It  is  to  be  observed,  in  the  outset,  that  the  chief  part  of  the  evil  of 
what  is  called  the  truck  system  is  incidental,  and  not  essential  to  the 
payment  of  wages  in  truck,  and  arises  out  of  the  power  of  the  master 
over  the  workman,  which  enables  the  former  to  use  this  mode  of 
paying  wages  to  defraud  and  oppress  the  latter.  A  master  may  pay 
the  wages  of  his  workmen  wholly  or  in  part  in  truck,  in  articles  of 
food,  clothing,  &o.,  either  by  agreement  or  with  the  understood  con- 
sent of  his  workmen;  and  if  he  supply  these  articles  at  prices  no 
higher  than  those  at  which  they  are  to  be  procured  elsewhere,  and 
study  to  meet  the  various  wants  of  the  workmen  and  their  fanulies, 
the  utmost  harm  that  can  result  is  the  loss  to  the  workmen  of  the 
moral  and  econonucal  lessons  which  the  disburBement  by  themselves 
of  weekly  money-wages  is  fitted  to  supply,  and  the  interference  with  the 
business  and  profits  of  neighbouring  retul  shopkeepers ;  and  there  will 
always  in  such  cases  be  some  advantage  to  set  agamst  these,  so  far  as 
they  go,  evil  results.  Where  the  tmck  svstem  acts  beneficially,  it  is 
owing  entirely  to  the  justice  and  benevolence  of  the  individiuu  truck- 
masters.  On  the  character  of  the  master  everything  depends.  In  the 
hands  of  masten  of  opposite  character,  and  under  circumstances, 
whether  of  scarcity  of  employment,  of  isolated  situation,  or  of  combi- 
nation among  masten  in  the  same  business,  or  through  an  extensive 
district,  which  place  the  workman  more  or  less  at  the  mercy  of  Wb 
employer,  the  payment  of  wages  in  truck  may  be,  and  continually  has 
been,  and  is  still,  extensively  used  for  the  defrauding  and  oppressing 
of  workmen. 

The  following  is  a  summary  of  the  Truck  Act,  often  known  as  Mr. 
LitUeton's  Act,  which  was  passed  in  1881.  It  declares  all  contracts  for 
huring  of  the  artificers  afterwards  enumerated,  by  which  wages  are 
made  payable  wholly  or  in  part  otherwise  than  in  the  current  coin  of 
the  realm,  or  which  contain  regulations  as  to  the  expenditure  of  wages, 
to  be  illegal,  null,  and  void.    All  payment  of  wages  is  to  be  in  money 


entire ;  and  any  payment  of  wages  in  goods  ia  declared  illegal    Wages 
which  have  beeoi  paid  otherwise  than  in  the  current  coin  of  the  realm 
are  made  recoverable ;  and  in  an  action  brought  for  the  recovery  of 
wages,  no  set-off  is  to  be  allowed  for  goods  given  in  payment  of  wages, 
or  for  goods  sold  at  any  shop  in  which  the  employer  has  an  interest. 
Employen  are  denied  an  action  in  return  against  artificen  for  goods 
which  have  been  supplied  in  payment  of  wages.    If  workmen  or  their 
wives  or  children  become  diiurgeable  to  the  parish,  overseers  may 
recover  from  their  employen  wages  which  have  been  earned  within 
three  months  previous,  and  have  not  been  paid  in  money,  llie  penalty 
on  employera  making  Uie  illegal  contracts  or  illegal  payments  of  wages 
to  be,  for  the  first  offence,  a  sum  not  greater  than  IQL  not  leas  than  51,; 
for  the  second,  a  sum  not  greater  that  202.  nor  less  than  1(U. ;  and  the 
third  offence  is  declared  a  misdemeanor,  and  the  employer  who  haa 
been  convicted  to  be  punishable  by  fine  within  the  discretion  of  the 
convicting  magistrates,  but  not  in  a  sum  greater  than  lOOt    The  con- 
victing justices  are  empowered  to  award  a  portion  of  the  penalty,  which 
shall  never  exceed  20^.,  to  the  informer.    The  penalties  may  be  sued 
for  and  recovered  by  any  one  before  two  justices  of  the  peace  having 
jurisdiction  in  the  county,  riding,  city,  or  place  vrithin  which  the 
offence  has  been  committed.    No  justice  of  the  peace  being  engaged  in 
any  of  the  trades  or  manufactures  enumerated  in  the  act,  or  the  fiither, 
son,  or  brother  of  such  person,  shall  act  as  a  justice  of  the  peace  under 
this  act ;  and  provirion  is  made  for  county  magistrates  taking  the  place 
of  borough  magistrates  thus  disqualified.    Justices  sre  empowered  to 
compel  attei:^anoe  of  witnesses.    Power  is  given  to  levy  the  penalties 
by  cUstress.   A  member  of  a  partnership  is  not  liable  personally  for  the 
offence  of  hui  partner,  but  distress  may  be  made  on  the  partnership 
property.   The  19th  clause  thus  enumerates  the  artificen  to  whom  the 
act  relates:— ''Artificen  employed  in  or  about  the  making,  casting, 
converting,  or  manufacturing  of  iron  or  steel,  or  any  parts,  branches,  or 
processes  thereof ;  or  in  qr  about  the  working  or  getting  of  stone,  salt, 
or  clay ;  or  in  or  about  the  making  or  preparing  of  salt,  bricks,  tiles,  or 
quames ;  or  in  or  about  the  making  or  manufacturing  of  any  kinds  of 
nails,  chains,  rivets,  anvils,  vices,  spades,  shovels,  screws,  keys,  locks, 
bolts,  hinges,  or  any  other  articles  or  hardwares  made  of  iron  or  steel, 
or  of  iron  and  steel  combined,  or  of  any  plated  articles  of  cutiery, 
or  of  any  goods  or  wares  made  of  brass,  tin,  lead,  pewter,  or  othet 
metal;  or  of  any  japanned  goods  or  wares  whatsoever;  or  in  or  about 
the  making,  spinning,  throwing,  twisting,  doubling,  winding,  weaving, 
ooinbing,  Imitting,  bleaching,  dyeing,  printing,  or  otherwise  preparing 
of  any  woollen,  worsted,  yarn,  stuff,  jersey,  linen,  fustian,  doth,  serge, 
cotton,  leather,  fur,  hemp,  flax,  mobaar,  or  sUk  manufacttuvs ;  or  in  or 
about  any  manufactures  whatsoever  made  of  the  said  last-mentioned 
materials,  whether  the  same  be  or  be  not  mixed  one  with  another,  or 
in  or  about  the  miJung  or  othenrise  preparing,  ornamenting,  or  finish- 
ing of  any  glass,  porocuain,  china,  or  earthenware  whatsoever ;  or  any 
parts,  branches,  or  processes  thereof;  or  any  materials  used  in  anv  of 
such  last-mentioned  trades  or  employments ;  or  in  or  about  the  making 
or  preparing  of  bone,  thread,  silk,  or  cotton  lace,  or  of  lace  made  of  any 
ipixed  materials."    Domestic  servants  and  servants  in  husbandry  are 
exempted  from  the  act    The  28rd  clause  dedares  that  nothing  in  the 
act  shall  prevent  the  supplying  to  artificen  of  medicine  or  medical 
attendance;  or  fuel,  mat^nab,  tools,  or  implements  to  be  used  in  his 
trade  or  occupation,  if  a  miner ;  or  of  htkj,  com,  or  other  provender  to 
be  consumed  by  any  horse  or  beast  ox  burden,  or  the  letting  to  any 
artificer  the  whole  or  part  of  any  tenement,  or  the  supplying  o|  victuals 
dressed  under  the  roof  of  any  employer  and  there  consumed;  and 
mnHtig  deduction  of  wages  on  any  of  the  above  accounts,  or  on  account 
of  money  advanced, "  provided  always  that  such  stoppage  or  deduction 
shall  not  exceed  the  r^  and  true  value  of  such  fuel,  materials,  tools, 
implements,  hay,  com,  and  provender,  and  shall  not  be  in  any  case 
made  from  the  wages  of  such  artificer  unless  the  agreement  or  contract 
for  such  stoppage  or  deduction  shall  be  in  writing  and  signed  by  such 
artifioer.**    Tne  interpretation  dause  (25th)  gives  a  most  extensive 
meaning  to  the  woxd  contract :   "  Ajiy  agreement,  imderatanding, 
device,  contrivance,  oondusion,  or  arrangement  whatsoever  on  the 
subject  of  wages,  whether  written  or  oral,  whether  direct  or  indirect, 
to  which  the  employer  and  artificer  are  parties  or  are  assenting,  or  by 
which  they  are  mutually  bound  to  each  other,  or  whereby  either  of 
them  shall  have  endeavoured  to  impose  an  obligation  on  the  other." 

Such  are  the  provisions  of  the  Truck  Act.  Well  adapted,  as  it  would 
appear,  for  the  purpose  of  protecting  the  workman  against  this  species 
of  oppression  by  his  master,  it  is  yet  extensivdy  violated  and  evaded. 

TRUE.  (Astronomy.)  This  word  is  used  in  a  somewhat  technical 
sense.  The  place  which  a  star  or  planet  appeara  to  occupy  in  the 
heavens  is  not  called  its  trao  placOf  but  that  which  it  would  occupy  if 
the  effects  of  refraction,  paiaUax,  &c.,  were  removed,  that  is,  if  the 
spectator  saw  from  the  centre  of  the  earth,  and  without  the  light 
passing  through  any  refracting  medium. 

TRUMPET,  a  musical  instrument  of  the  highest  antiquity,  which, 
under  different  names  and  forms,  has  been  known  in  all  ages  that  have 
left  any  records,  and  in  all  countries,  however  remote  from  dvilisation. 
Menage  derives  the  word  from  arp6fjLfios,  turbo,  a  shell,  and  this  etymo- 
logy indicates  the  origin  of  tjie  instrument,  which  still  appeara  in  what 
probably  was  its  pristine  shape  among  many  barbarous  tribes  in  dif- 
ferent parts  of  the  £^obe.    [Buccina.] 

The  trumpet  is  a  smgle  tube  eight  feet  long^  less  in  diameter  than 
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tho  horn,  doubled  up  in  a  parabolic  form,  BOttilded  by  means  of  a 
mouth-piece,  and  subject  to  the  same  acouaticai  »aw8  which  govern  all 
instruments  of  this  class.  [Horn  .]  The  natural  scale  of  the  trumpet, 
as  given  by  Karl  Bai^gans,  is  as  follows : — 
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"  By  the  assistance  of  a  small  brass  tube,  called  the  tuning-pipe,  or 
shaok,  by  which  the  tube  of  the  trumpet  is  lenffthened,  the  above 
number  of  notes  may  be  increased."    [Harmonics.] 

Music  for  the  trumpet,  as  in  the  instance  of  the  horn,  is  always 
written  in  the  natural  key  of  o,  and  the  key  to  which  the  instrument 
is  to  be  adapted  is  pointed  out  by  the  composer. 

TRUNCATED,  cut  off,  or  abridged.  Thus  the  part  of  a  cone  or 
pyramid  which  remains  when  the  vertex  and  parts  adjacent  are  sepa- 
rated from  the  rest  by  a  plane  section,  is  called  a  truncated  cone  or 
pyramid.  

TRUNNIONS.  When  a  heavy  body  has  to  be  supported  so  as  to 
be  freely  moveable  in  a  vertical  plane,  it  is  furnished  with  a  couple  of 
strong  cylindrical  pins,  or  trunnionSf  projecting  from  its*  sides,  and 
resting  in  semi-cylindrical  grooves  placed  at  equal  heights  in  the  sup- 
porting pillars,  so  that  a  line  connecting  the  trunnions  is  horizontaL 
In  this  way  the  body  may  be  placed  in  any  position  in  a  vertical  plane 
at  right  angles  to  such  line. 

TRUSS.    [Hernia.] 

TRUSSING.  The  principle  of  trussing,  as  applied  to  the  timber 
framework  of  roofs,  is  explained  under  Roof.  It  remains  to  notice 
some  of  the  methods  in  which  that  principle  is  applied  to  the  support 
or  strengthening  of  beams  or  girders,  which  may,  by  their  judicious 
application,  be  made  available  for  much  larger  spans,  and  for  the 
support  of  much  greater  weights,  than  simple  beams  of  any  attainable 
dimensionB. 

The  rods  or  bars  which  are  added  to  a  girder  for  the  pm-pose  of 
trussing  or  supporting  it  may  be  applied  in  two  sets,  one  on  each  side 
of  the  girder,  and  connected  together  by  short  cross-pieces  at  the 
necessary  points ;  or  the  beam  or  girder  itself  may  be  divided  longi- 
tudinally into  two  halves,  orfiitches,  separated  just  so  far  as  to  admit  a 
single  truss  between  them,  and  held  in  the  right  position  by  tho 
insertion  of  small  blocks.  In  trussed  girders  formed  in  the  latter  way 
it  is  well  to  reverse  the  position  of  one  of  the  flitches,  so  that  the 
weaker  end  of  one  may  lie  alongside  the  stronger  end  of  the  other. 
One  of  the  simplest  methods  of  trussing  girders  is  that  represented  in 
jig.  1,  in  which  a  6  is  the  beam,  resting  upon  walls  or  other  fixed  points 
of  support  at  its  extremities,  and  c  d  and  d  e  are  two  inclined  struts, 
resembling  the  rafters  of  a  roof.  These  abut,  at  their  lower  extremi- 
ties, c  and  e,  upon  iron  plates  inserted  in  the  timber ;  and  they  sustain 
the  centre  of  the  beam  by  means  of  a  king-hcU,  df,  suspended  from 
their  apex,  and  passing  through  an  iron  plate  which  bears  against  the 
under  side  of  the  beam.  This  bolt  corresponds  with  the  king-post  in 
the  truss  of  a  roof,  and  the  lower  part  of  the  beam,  between  c  and  e, 
acts  the  part  of  a  tie-beam. 

Flg.l. 


By  screwing  up  the  nut  /,  on  the  lower  end  of  the  king-bolt,  the 
beam  is  cambered,  or  slightly  curved  upwards,  as  shown  in  the  cut, 
and  so  long  as  it  retains  this  curvature  the  weight  laid  upon  it  must 
eventually  press  upon  the  trussing-bars,  being  transmitted  to  them 
through  the  king-bolt.  The  defecto  of  this  mode  of  trussing  consist  in 
the  circumstance  that  the  beam  will  not,  so  long  as  it  retains  the 
cambered  form,  sustain  any  part  of  the  load,  but  will  of  itself  throw 
considerable  strain  on  the  truss ;  and  that  the  lower  edge  of  the  beam, 
although  required  to  be  in  a  state  of  tension,  to  act  as  a  tie  con- 
necting the  abutments  c  uid  e,  is  really  in  a  state  of  compression, 
because  it  forms  the  inner  part  of  the  curve,  which  is  necessarily 
shorter  than  the  outer  line  formed  by  the  convex  top  of  the  beam. 
"Notwithstanding  these  obvious  defects,"  observes  t&i,  Ainger  in  a 
communication  to  the  Society  of  Arts  ('Transactions,'  vol.  xlviii  p. 
101), ''  this  mode  of  trussing  continued  to  be  much  employed  till  about 
the  year  1816,  when  Mr.  Barlow,  among  other  valuable  experiments, 
compared  girders  trussed  on  the  principle  above  described  with  a  plain 
piece  of  timber  of  the  same  size,  and  found  the  latter  to  be  on  the 
average  not  considerably  weaker."  These  defects  are  remedied  by 
connecting  the  lower  ends  of  the  inclined  bars,  which  are,  though  not 
very  properly,  called  braces,  by  an  iron  rod  staretching  in  a  pe^ectly 
straight  line  from  e  to  0,  and  capable  of  being  brought  to  any  required 
degree  of  tension  by  means  of  screws  or  keys.  This  addition  makes 
the  truss  perfect  in  principle,  its  strength  being  limited  only  by  that 
of  the  materials  employed,  which  may  be  either  iron  alone,  or  iron  and 
wood.  In  some  cases  the  inclined  bars  are  not  continued  upwards 
until  they  meet  in  an  apex,  and  a  third  bar,  in  a  horizontal  position, 
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is  placed  between  their  upper  ends.  This  horizontal  piece  resembles 
the  straining-sill  of  a  truncated  roof,  and  the  vertical  bolts,  of  which 
two  are  used,  take  the  place  of  queen-posts. 

In  the  paper  by  Mr.  Ainger  above  referred  to,  it  is  observed  that 
trusses  on  the  above  principle  are  difficult  and  somewhat  expensive  to 
make  in  an  effectual  manner;  and  a  more  economical  plan  is  described 
which,  though  not  equally  efficient,  adds  very  greatly  to  the  strength 
of  the  timber.  The  description  is  illustrated  by  a  representation,  of 
which  )%r.  2  is  a  copy,  of  a  girder  thirty-four  feet  long,  used  to  support 

Fig.  2. 
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a  leaden  flat,  and  which  had  been  found  to  stand  without  sensible 
alteration  for  two  years.  The  beam  a  6  is  cambered  in  a  similar  degree 
to  that  shown  in  ^.  1,  and  the  trussing  consists  of  a  series  of  iron 
rods,  aCfCd,  and  d  6,  pulling  against  iron  plates  or  abutments  notched 
into  the  timber  at  a  and  6,  and  connected  together  at  the  joints  e  and  d, 
by  bolts  similar  to  those  used  in  the  chains  of  a  suspension-bridge,  the 
rods  c  d  being  double,  and  embracing  the  ends  of  a  c  and  d  b  between 
them.  The  truss  forms,  in  fact,  a  suspension-bridge,  supporting  the 
middle  of  the  beam  at  c  and  d  by  means  of  sm^  blocks  inserted 
between  it  and  the  connecting-bolts.  The  ends  of  the  truss,  a  and  b, 
are  prevented  from  approaching  each  other  by  the  upper  part  of  the 
beam,  which  should  therefore  be  in  a  state  of  compression ;  and  in 
order  that  it  may  be  so,  notwithstanding  the  extension  of  the  fibres  by 
the  cambering  of  the  beam,  notches  may  be  cut  about  one-third 
through  the  substance  of  the  wood,  as  at  e,c,«,e,c,  which,  after  the 
curving  of  the  beam,  are  filled  in  with  wedges  of  hard  wood  or  iron. 
The  upper  edge  of  the  beam  is  thus  enabled  effectually  to  resist  the 
tension  of  the  rods,  the  strength  of  which  forma  the  oiJy  limit  to  that 
of  the  girder.  Several  varieties  of  this  plan  of  suspension-trussing  are 
given  in  Hebert's  'Engineer's  and  Mechanic's  Encydopsedia,'  voL  i., 
pp.  158-161.  It  may  be  applied,  like  the  former  system,  either  to 
single  girders  or  to  those  consisting  of  two  flitches.  Ainger  gives  a 
formula  for  calculating  the  size  of  the  iron  trussing-rods,  which,  for  a 
beam  thirty-four  feet  long,  should  have  a  cross-section  of  rather  more 
than  a  square  inch  for  every  ton  weight  to  be  sustained  in  the  centre 
of  the  beam.  It  was  found  by  experiment  that  a  fir  beam  eight  inches 
square  and  twelve  feet  long  between  the  supports,  strengthened  by 
iron  rods  one  inch  square,  applied  as  in  fij,  2,  would  support  between 
4000  and  5000  pounds,  which  is  more  than  double  the  weight  it  would 
sustain  without  trussing.  A  girder  of  the  same  dimensions,  trussed 
with  iron  braces  on  the  principle  of  fy,  1,  but  with  the  addition  of  a 
horizontal  tie-bar  one  inch  square,  appeared  to  possess  no  greater 
strength  to  resist  fracture,  although  its  deflection  under  similar  loads 
was  less,  owing  to  the  iron  braces  being  less  compressible  than  the 
fir-wood,  which,  on  the  suspension  principle,  has  t6  resist  the  tension 
of  the  rods. 

The  late  Mr.  Qeorge  Smart,  inventor  of  the  ingenious  truss  called 
the  "  bow-and-string-rafter,"  in  experiments  tried  to  ascertain  how  far 
the  strength  of  a  beam  is  increased  by  confining  its  ends,  so  as  to 
prevent  them  from  approaching  each  o^er  when  the  centre  is  heavily 
loaded,  found  that  a  lath  which,  when  simply  laid  on  two  points  of 
support,  broke  with  a  load  of  11  lbs.  placed  in  the  middle,  would 
sustain  270  lbs.  when  the  ends  were  firmly  secured  by  wedges.  These 
experiments  led  him  to  the  construction  of  trussed  beams  of  imusual 
li^tness,  in  wrought-iron  as  well  as  in  wood.  In  1826  he  submitted 
to  the  Society  of  Arts  a  wrought-iron  beam  adapted  for  use  in  bridges^ 
roofs,  floors,  and  other  constructions  in  which  stiffiiess,  strength,  and 
lightness  are  required,  for  the  invention  of  which  he  was  rewarded 
with  their  silver  Vulcan  medaL  This  beam  or  girder  is  made  by 
welding  the  ends  of  an  arched  bar  of  wrought-iron  to  a  longer  straight 
bar,  and  then  turning  the  ends  of  the  straight  bar  either  up  or  down^ 
as  may  be  most  convenient  for  fixing,  according  to  the  particular  use 
to  which  it  is  to  be  applied.  Blocks  of  well-seasoned  wood  are  then 
inserted  at  intervals  between  the  arch  and  the  straight  bar,  to  prevent 
buckling,  and  the  whole  is  held  together  by  iron  straps  inclosing  the 
blocks  and  the  iron  bars.  Mr.  Smart  conceived  that  wrought-iron 
beams  made  in  this  way  would  support  so  much  more  wei^t  than 
those  of  cast-iron  of  siinilar  dimensions,  that  they  might  be  made  of 
any  given  strength  for  one-half  the  cost  of  cast-iron  girders ;  and  he 
refers  to  the  application  of  such  a  beam  to  sustain  a  very  heavy  mass 
of  brickwork  over  a  gateway  leading  from  the  Poultry,  under  circum- 
stances which  would  have  precluded  the  use  of  timber.  Very  light 
timber  beams  were  made  by  Mr.  Smart  upon  the  same  principle ;  and 
so  strong  was  his  confidence  in  the  application  of  trussing  upon  an 
extensive  scale,  that  he  published  a  design  for  a  foot-bridge  of  trussed 
timber  to  cross  the  river  Thames  at  Hungerford  by  a  single  span. 

Cast-iron  beams  are  frequently  trussed  with  wrought-iron  rods,  in  a 
simikr  manner  to  those  of  wood,  and  are  applied  to  purposes  for 
which  great  strength  is  required.  The  brest-summers  used  over  large 
shop-windows,  to  sustain  the  front  wall  of  the  house,  are  often  made 
in  this  way;  and  similar  girders  are  much  used  in  the  construction  of 
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railway  bridges.    The  bridge  which  supports  the  London  and  Blackwall 
Railway  across  the  street  called  the  Minories  is  a  remarkable  example.  ' 
It  has  a  clear  span  of  sixty-three  feet,  and  is  supported  by  six  massive  ' 
trussed  beams,  weighing  about  fifteen  tons  each.    When  used  in  floors  , 
or  roofing,  timber  may  be  applied  on  each  side  of  the  iron,  supported  , 
by  ledges  formed  for  the  purpose,  to  render  the  fitting  of  the  joists 
and  other  timbers  easy.     Smart  recommends  the  use  of  bridging  and 
ceiling  joists  formed  of  wide  hoop-iron  riveted  together,  with  a  &p  of 
poplar  between  them  to  hold   the  flooring  or  lath-nails;    and  he 
observed  that  neither  fir  nor  oak  will,  when  thin,  receive  nails  near  so 
well  as  poplar,  without  splitting  :  in  addition  to  which  he  says  that, 
besides  being  very  durable  if  kept  dry,  it  has  the  advantage  of  being 
much  less  combustible. 

Trudsing  has  been  applied  with  advantage  to  the  raising  of  sunken 
flooni,  and  the  repair  of  beams  which,  from  sagging  or  from  the  ravages 
of  dry-rot,  have  become  dangerous.  In  the  forty-second  volume  of  the 
'Transactions  of  the  Society  of  Arts,'  pp.  149-152,  is  an  account  of  a 
method  of  raising  a  sunken  floor,  which  had  been  successfully  practised 
by  Mr.  F.  RichmaUf  and  for  which  he  was  rewarded  with  the  large 
silver  medal  of  the  Society.  The  floor  on  which  he  had  operated  haid 
sunk  in  the  middle  to  the  extent  of  five  inches,  and  had  become  very 
tremulous,  in  consequence  of  the  removal  of  a  trussed  partition,  in 
order  to  throw  two  rooms  into  one.  The  ceiling  and  cornice  of  the 
room  below  being  valuable,  it  was  desirable  to  apply  a  remedy  from 
above,  which  was  accomplished  by  removing  the  floor,  and  applying 
to  each  side  of  the  sagged  beam  a  cast-iron  arch,  of  which  the  span 
was  equal  to  the  length,  and  the  height  or  spring  equal  to  the  depth, 
of  the  beam.  The  ends  or  abutments  of  these  arches  were  united  by 
tie-rods  of  wrought-iron.  Four  equidistant  holes  were  then  cut  trans- 
yersely  through  the  beam  near  its  lower  edge,  and  in  each  of  these  was 

? laced  a  short  bar,  having  an  eye  projecting  on  each  side  of  the  beam, 
'hrough  these  eyes  were  passed  vertical  bars  or  trussing-bolts,  which 
rose  above  the  top  of  the  beam,  and  were  there  connect^  together  by 
cross-pieces,  which  rested  upon  blocks  attached  to  the  cast-iron  arches. 
By  screwing  down  nuts  upon  the  upper  ends  of  these  bolts,  as  the 
arches  themselves  could  not  yield,  the  beam  was  compelled  to  rise,  and 
was  so  restored  to  its  original  straightness.  The  cast-iron  arches  and 
their  tie-rods  were  formed  of  several  small  pieces,  so  that  they  might 
be  veiy  conveniently  applied ;  but  for  the  method  of  accomplishing 
this,  and  for  other  matters  of  detail,  we  must  refer  to  Mr.  Richman's 
accoimt,  which  is  illustrated  with  engravings.  In  the  same  volume 
(pp.  153-164)  is  an  account  of  the  means  adopted  by  Mr.  Alfred  Ainger 
for  supporting  the  decayed  timbers  of  the  roof  of  the  church  of  St. 
Mary  Aldermary,  in  the  city  of  London,  by  means  of  cast-iron  trusses 
or  cradles.  This  operation  was  performed  under  circumstances  of 
unusual  difficulty,  some  of  the  besuns  being  so  much  decayed  by  the 
dry-rot  as  to  have  lost  all  bearing  upon  the  walls.  The  ingenious  con- 
trivances adopted,  which  were  rewarded  by  the  Society  of  Arts  with 
their  large  gold  medal,  prevented  the  necessity  for  destroying  a  richly- 
ornamented  celling,  the  restoration  of  whicn  would  probablv  have 
cost  5000^.  ^  ^ 

TRUST  AND  TRUSTEE.  A  trust,  which  is  in  fact  only  a  new 
name  given  to  a  use,  is  well  defined  by  Lord  Coke  in  the  words 
employed  by  him  for  the  definition  of  the  latter  term,  namely :  "  A 
confidence  reposed  in  some  other,  not  issuing  out  of  the  land,  but  as  a 
thing  collateral,  annexed  in  privity  to  the  estate  of  the  kind,  and  to 
the  person  touching  the  land,  for  which  ctHui  que  lue  has  no  remedy 
but  by  tubpcena  in  Chancery."  (Co.  Litt.  272  b.)  The  explanation  of 
the  terms  of  the  above  definition,  and  an  account  of  the  origin  of  uses 
and  trusts,  and  their  connection  with  each  other,  will  be  found  under 
Uses.  The  purpose  of  this  article  is  to  give  a  general  account  of  the 
nature,  constitution,  and  objects  of  trusts,  of  the  duties  and  liabilities 
of  trustees,  and  of  the  rights  and  estate  of  the  ceHid  que  trutts,  that  is, 
of  the  persons  beneficially  entitled  under  trusts. 

The  first  division  of  trusts  is  into  simple  and  special.  The  simple 
trust  corresponds  exactly  with  the  ancient  use,  and  is  where  property 
IS  simply  vested  in  one  person  for  the  benefit  of  another,  the  terms  of 
the  trust  not  being  specified,  but  left  to  the  construction  of  law.  The 
special  trust,  on  the  other  hand,  is  where  property  is  vested  in  a 
trustee  for  purposes  particularly  pointed  out,  and  where  therefore  he 
]s  not  the  simple  depositary  of  the  estate,  but  is  bound,  in  his  character 
of  trustee,  to  the  active  performance  of  certain  duties.  Special  trusts 
are  further  subdivided  into  niinisterial  and  discretionary;  the  former 
being  such  as  require  for  their  performance  onlv  the  ordinary  qualities 
of  a  rational  agent,  the  latter  such  as  involve  the  exercise  of  more  or 
less  judgment  and  discretion. 

I.  Of  the  creation  of  trusts. 

1.  And  first,  as  to  trusts  created  by  the  act  of  a  party. 

A  declaration  of  a  trust  is  regarded  in  equity  as  a  gift  or  conveyance 
of  property  to  the  persons  who  are  the  objects  of  the  trust,  and  there- 
lore  the  capacity  to  declare  a  trust  is  limited  by  the  same  rules  as  the 
power  of  disposing  of  property  at  law.  Thus  persons  under  the 
disabihties  of  coverture,  infancy,  lunacy,  or  idiot^yy  are  incapable  of 
creatmg  trusts  wherever  they  would  be  incapable  of  conveying  at  law. 

By  the  common  law,  trusts  might  be  created  by  parole,  but  by  the 
seventh  section  of  the  Statute  of  Frauds  (29  Car.  II.  c.  S)  it  was 
enacted  that  ''all  declarations,  or  creations  of  trusts  or  confidences  in 
any  lands,  tenements,  or  hereditaments,  shall  be  manifested  and  proved 


by  some  writing,  signed  by  the  party  who  is  by  law  enabled  to  declare 
such  trust,  or  by  his  last  will  in  writing,  or  else  they  shall  be  utterly- 
void  and  of  none  efiect."  The  words  "  lands,  tenements,  and  heredita- 
ments "  in  this  clause  can  have  no  application  to  personal  estate,  trusts 
relating  to  which  are  therefore  not  affected  by  the  statute ;  but  they 
comprise  chattels  real  (3  Yes.  696)  and  copyholds  (Amb.  151.)  It  is 
to  be  observed  that  the  statute  does  not  require  trusts  to  be  declared 
in  writing,  but  only  to  be  manifested  and  proved  by  writing;  and 
therefore,  though  the  language  of  the  9th  section  as  to  grants  and 
assignments  of  trusts  renders  it  probable  that  the  intention  of  the  act 
was  that  the  declaration  itself  should  be  in  writing,  it  is  established 
that  the  statute  is  satisfied  if  the  trust  be  manifested  by  any  subsequent 
acknowledgment  on  the  part  of  the  trustee,  however  informal  or 
indirect,  as  by  a  letter  under  his  hand,  his  answer  in  Chancery,  or  by  a 
recital  in  a  deed,  &c. ;  and  though  the  writing  itself  must  be  signed, 
the  terms  of  the  trust  may  be  collected  from  a  paper  not  signed,  pro- 
vided it  can  be  clearly  connected  with  the  signed  writing.  (3  Yes. 
69C;  2  Yem.  288;  2  P.  W.  412.) 

The  enactments  of  the  Statute  of  Frauds  with  respect  to  wiUs,  as 
now  modified  by  1  Yiot.  c.  29,  also  indirectly  affect  the  creation  of 
trusts.  As  wills  must  be  executed  according  to  certain  formalities,  it 
follows  thut  a  trust  of  realty  or  personaltv  cannot  be  created  by  will 
without  the  observance  of  the  proper  solemnities;  and  it  has  been 
determined  that,  if  the  legal  estate  be  efiectually  devised,  but  the 
declaration  of  trust  be  not  duly  attested,  the  devisee  of  the  legal  estate 
will  be  entitled  to  the  beneficial  interest  (3Atk.  141);  though  if  there 
be  mala  fides  on  the  part  of  the  devisee  or  legatee,  as  if  there  be  an 
express  or  implied  undertaking  to  execute  the  intent,  a  court  of  equity 
will  establish  the  trust  notwithstanding  the  statute.     (2  Yem.  559.) 

A  trust  may  be  created  either  directly,  by  express  declaration,  or 
indirectly,  without  mention  of  a  trust  in  words,  by  the  expression  of 
an  intention,  which  the  court  of  equity  will  execute  as  a  trust. 

In  direct  declarations  of  trust,  technical  words  are  not  necessary ; 
but  it  is  established  as  a  general  rule  that,  where  they  are  employed, 
they  are  to  be  taken  in  their  legal  and  technical  sense.  A  distinction 
however  is  made  in  this  respect  between  what  are  called  trusts 
executed,  in  which  the  limitations  are  complete  and  final,  and  trusts 
executory,  in  which  the  expressed  limitatiuns  are  not  intended  as 
complete  in  themselves,  but  only  as  directions  or  instructions  for  a 
settlement  to  be  afterwards  executed.  To  the  former  the  rule  is 
strictly  applicable,  while  with  respect  to  the  latter  a  court  of  equity 
will  endeavour  to  execute  what  appears  to  Ije  the  intention  of  the 
parties,  notwithstanding  the  use  of  inappropriate  technical  words ;  and 
the  only  diflerence  in  this  respect  between  executory  trusts  in  marriage 
articles  and  in  wills  is,  that  the  known  objects  and  purposes  of  the 
former  afford  a  clue  to  the  intention,  which  in  the  latter  can  in  general 
be  collected  only  from  the  language  of  the  instrument  (Feame, 
'Cent.  Rem.*  94, 114.) 

When  the  owner,  or  the  person  otherwise  entitled  to  the  disposition 
of  property,  shows  an  intention  to  exercise  it  in  favour  of  another, 
the  court>  unless  where  there  is  a  want  of  consideration,  will  execute 
that  intention,  however  informally  expressed.  Thus  when  a  person 
has  contracted  with  another  for  the  sale  of  his  estate,  he  becomes 
thereby  a  trustee  of  the  estate  for  the  purchaser ;  or  if  a  testator, 
without  expressly  devising  his  lands,  direct  them  to  be  sold  for  pay- 
ment of  debts  and  legacies,  the  lands  will  descend  to  the  heir  as  a 
trustee  for  the  creditors  and  legatees. 

Trustees  being  considered  merely  as  the  instruments  through  which 
a  trust  is  to  be  carried  into  execution,  the  Court  of  Chancery  will  not 
allow  a  trust  to  fall  to  the  ground  from  the  want  of  trustees,  or  their 
refusal  to  act,  but  will  appoint  proper  persons  to  administer  the  trust. 

In  general  all  peraons  capable  of  acquiring  the  legal  estate  in  property 
are  capable  of  being  trustees,  and  ore  bound  by  the  trusts  declared  of 
it;  though  an  exception  should  perhaps  be  made  with  respect  to 
property  vested  in  the  king,  against  whom  there  is  no  remedy  in 
Chancery,  though  the  subject  might  sue  the  crown  by  preferring  a 
petition  of  right.  (Hardres,  467 ;  1  Yes.  446.)  The  fitness  of  a 
person  for  the  office  of  trustee  however  depends  on  his  capacity  to 
discharge  the  discretionary  part  of  the  trust,  and  to  join  in  the 
requisite  assurances  relating  to  the  property  :  femes  covert  and  infants, 
on  account  of  the  disabilities  they  labour  under,  are  not  proper  persons 
to  select  for  the  office  of  trustees.  An  alien  may  discharge  the  office 
of  trustee  of  personal  chattels,  though  not  of  lands  or  chattels  real,  as 
he  could  not  sue  or  be  sued  respecting  such  property ;  beside  which, 
the  legal  estate  of  the  property  so  conveyed  to  the  alien  would  vest,  on 
inquisition  found,  in  the  king.     (Gilb. '  On  Uses,'  43 ;  2  Mer.  481.) 

2.  As  to  trusts  created  by  operation  of  law. 

Trusts  of  this  kind  may  arise  in  three  ways  :  Ist.  Where  the  trust 
originally  derives  its  existence  from  operation  of  law ;  2ndly.  Whero 
a  trust  already  in  existence  is  revived  by  operation  of  law,  as  against 
a  particular  property ;  and,  3rdly.  Where  a  trust  already  in  existence, 
and  annexed  to  a  particular  subject-matter,  arises  de  novo  by  operation 
d  law  as  against  a  particular  person. 

Trusts  of  the  first  kind  arise  either  where  an  estate  is  purchased  in 
the  name  of  one  person,  and  the  consideration  is  paid  by  another,  in 
which  case  a  trust  of  the  legal  estate  arises  for  the  peraon  who  advances 
the  purchase-money ;  or  where,  upon  a  conveyance  or  will,  the  grantee, 
devisee,  or  legatee  is  intended  to  take  the  mere  legal  estate,  and  the 
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beueficial  interest  ia  left  wholly  or  partially  ^T^^posed  of :  in  which 
case  a  trust  of  bo  much  of  the  beneficial  intereat  aa  ia  undisposed  of 
results  to  the  settlor  or  his  heir,  if  the  subject  b«  real  estate,  and  if  it 
be  personal  estate,  to  himself  or  his  personal  representative.  The 
intention  to  exclude  the  person  to  whom  the  legal  estate  is  given  from 
the  beneficial  interest  may  either  be  presumed  from  the  circumstances 
or  actually  expressed  upon  the  instrument.  Whenever,  upon  a  con- 
veyance or  will,  a  tru^t  is  declared  of  part  of  the  estate,  and  no 
mention  is  made  of  the  residue,  the  partial  declaration  is  considered  to 
have  been  the  sole  object  of  the  settlor,  and  the  remaining  interest 
results  to  him  or  his  representative.  But  if  no  trust  be  expressed  of 
any  part  of  the  estate,  the  grantee  or  devisee  must,  in  the  absence  of 
mala  fidet  on  his  part,  be  considered  as  beneficially  entitled  to  the 
whole.    (2  Bro.  C.  C.  689 ;  1  Atk.  4i8.) 

A  trust  of  the  second  kind  arises  when  the  estate  is  converted  by 
the  trustee  from  one  species  of  property  to  another,  either  in  pursuance 
or  in  breach  of  his  duty.  If  the  property  in  its  original  form  was 
subject  to  a  trust,  the  ceaivi  que  trust's  interests  cannot  be  afiected  by 
any  change  in  that  form.  Thus  where  trust-money  has  been  laid  out 
in  the  purchase  of  land,  and  where  the  rents  and  profits  of  land  have 
been  laid  out  in  the  purchase  of  stock,  the  land  and  stock  have  been 
held  bound  by  the  same  equity  to  which  the  money  laid  out  in  the 
purchase  was  subject.  (8  Yes.  46 ;  1  Atk.  id.)  In  the  same  manner, 
if  a  trustee  or  other  person  invested  with  a  fiduciary  character  obtain 
a  renewal  of  a  lease  in  his  own  name  and  at  his  own  expense,  the  trust 
which  was  annexed  to  the  original  term  will  attach  upon  the  renewed 
lease,  and  the  trustee  will  be  entitled  only  to  the  amount  of  expense 
mcurred.     (11  Ves.  391 ;  1  Eden,  453.) 

The  third  kind  of  trust  by  opesation  of  law  arises  wherever  the 
property  passes  from  the  trustee  into  the  hands  of  a  person  who  takes 
by  a  derivative  title.  The  heir,  devisee,  or  personal  representative  of 
a  deceased  k'ustee  takes  the  property  in  the  same  character,  and  is 
bound  by  the  same  equity.  Where  the  trust  estate  has  passed  to  a 
stranger  by  conveyance,  if  he  be  a  volunteer, — that  is  to  say,  if  there 
was  no  proper  consideration  for  the  conveyance, — he  will  be  bound  by 
the  trust,  whether  he  had  notice  of  it  or  not*  (2  P.  W.  678.)  If, 
however,  the  grantee  was  the  purchaser  of  the  estate  for  an  adequate 
consideration,  then,  if  he  took  with  notice  of  the  trust,  he  will  be 
bound  by  it,  in  the  same  manner  as  the  person  from  whom  he  pur- 
chased ;  but  a  bond  fale  purchaser,  without  notice  of  the  trust,  is  not 
affected  by  it ;  and  his  title,  even  in  equity,  cannot  be  impeached. 
(15  Yes.  350;  2  B.  &  B.  818.) 

II.  Of  the  estate  and  office  of  trustees. 

1.  Of  their  estate. 

Whenever  a  trust  is  created,  it  is  a  general  rule  that  a  legal  estate, 
sufficient  for  the  purposes  of  the  trust,  shalf,  if  possible,  be  implied ; 
and  also  that  the  legal  estate  limited  to  trustees  shall  not  be  construed 
to  extend  beyond  what  the  purposes  of  the  trust  require.  Thus  the 
court  has  in  many  cases  extended  the  estate,  so  as  to  make  it  commen- 
surate with  the  objects  to  be  effected,  and  even  supplied  the  estate 
when  it  was  altogether  wanting.  (1  Yes.  495.)  On  Uie  other  hand, 
the  court  has  frequently  restricted  the  estate  which  trustees  would 
have  taken  by  the  wording  of  the  instrument.  (7  T.  B.  483.)  But 
these  rules,  so  f ar  aa  they  relate  to  devises,  must  now  be  considered 
with  reference  to  the  1  Yict.  c.  26,  by  the  SOth  section  of  which  it  is 
declared  that  where  any  real  estate,  other  than  a  presentation  to  a 
church,  is  devised  to  a  trustee  or  executor,  such  devisee  shall  be  con- 
strued to  pass  the  whole  estate  which  the  testator  had  power  to 
dispose  of  in  the  property,  unless  a  definite  term  of  years,  abisolute  or 
determinable,  or  ,an  estate  of  freehold,  be  thereby  given  to  him 
expressly  or  by  implication. 

The  legal  estate  vested  in  a  trustee  haa  in  general  the  same  pro- 
perties and  incidente  as  if  the  trustee  were  the  beneficial  owner.  Thus 
it  is  liable  to  curtesy,  dower,  and  free-bench,  and  at  the  common  law  it 
was  subject  to  forfeiture  to  the  king  and  escheat  to  the  lord ;  but  the 
law  is  now  altered,  and  the  devolution  of  such  estetes  is  not  affected  by 
the  attainder  or  conviction  of  the  trustee  or  mortgagee.  The  legal 
estate  in  the  property,  whether  real  or  personal,  may  be  conveyed  or 
assigned  by  the  trustee,  who  may  likewise  devise  or  bequeath  it  by  his 
will,  though  trust-estates  will  not  always  pass  in  a  will  by  the  same 
worda  as  other  property,  and  the  question  in  each  case  is  one  of 
presumed  intention.     (8  Yes.  417.) 

2.  Of  the  general  properties  of  the  office  of  trustees. 
Acceptance  of  the  office  by  a  trustee  may  either  be  by  express 

declaration  or  be  implied  from  his  proceeding  to  perform  the  duties  of 
it.  No  general  rule  can  be  laid  down  as  to  what  particular  acte  will 
constitute  an  acceptance  of  the  office  by  a  trustee,  which  is  a  question 
to  be  determined  by  the  circumstances  of  the  particular  case  :  it  may, 
however,  be  stated  generally  that  every  voluntary  interference  with 
the  trust-estete  will  be  construed  aa  an  acceptance  of  the  trust ;  and 
that  where  a  truatee  acte  ambiguously  he  will  not  be  allowed  after- 
wards to  take  advantage  of  the  doubt,  and  deny  that  he  acted  in  the 
character  of  trustee.    (2  Yes.  Jun.  678 ;  1  Yes.  552.) 

But  as  no  one  in  compellable  to  undertake  a  trust,  it  is  in  the  power 
of  the  person  appointed  a  trustee  to  renounce  the  office  by  what  is 
called  a  disclaimer,  which,  if  he  intend  to  decline  the  office,  he  ought 
to  execute  without  delay.  A  disclaimer  ought  to  be  made  by  deed, 
and  should  purport  to  be  a  disclaimer,  and  not  a  conveyance,  which,  as 


it  transmits  the  estate,  would,  strictly  speaking,  imply  a  previous 
acceptance  of  the  trust,  though  instruments  of  this  kind  leceivo  % 
liberal  construction.     (2  Swanst.  372 ;  2  M.  &  K.  278.) 

The  general  properties  and  qualities  of  the  trustee's  office  may  be 
stated  under  the  following  heads : — 

(1.)  A  trustee  having  once  accepted  his  office  cannot  afterwards 
renounce  it  The  only  modes  by  which  he  can  be  released  are  a 
decree  of  a  court  of  equity,  a  power  reserved  on  the  inatrument 
creating  the  trust,  or  the  consent  of  all  the  persons  beneficially 
interested  in  the  estate.    (2  Sch.  and  Lei  245.) 

(2.)  The  office  of  trustee,  which  implies  personal  confidence,  cannot 
be  delegated  (2  Yes.  640),  though  a  trustee  may  sometimes  perform  % 
mere  ministerial  duty  through  an  attorney  or  proxy.    (1  Yea.  413.) 

(3.)  When  there  are  several  trustees,  the  administration  of  the  estate 
is  vested  in  all ;  and  therefore  if  one  refuse  to  act,  the  others  cannot 
proceed  without  his  concurrence,  and  the  Court  of  Chancery  must  take 
upon  itself  the  administration  of  the  trust    (2  '  Eq.  Ca.  Ab.'  742.) 

(4.)  Where  one  of  several  trustees  dies,  the  joint  office  may  be  exer- 
cised by  the  survivors.  This  is  a  consequence  of  Uie  general  maxim  of 
law,  that  though  a  bare  authority  given  to  several  determines  by  the 
death  of  one,  if  the  authority  bo  coupled  with  an  interest  it  surviveo. 
(Co.  Litt.  113  a,  181  b.) 

(5.)  One  truatee  ia  not  liable  for  the  acts  of  hia  co-truatee  in  which 
he  haa  not  joined,  and  this  ia  equally  true  whether  there  ia  a  proviso 
to  that  efiect  in  the  settlement  or  not.  (Bridg.  35;  18  Yes.  254.) 
And  even  if  a  trustee  joins  in  a  receipt  for  money  required  for  the 
purposes  of  the  trust,  for  the  sake  of  conformity  only,  he  will  not 
thereby  become  responsible  for  the  application  of  it,  though  it  will  bo 
upon  lum  to  prove  that  his  co-trustee  was  the  peraon  by  whom  the 
money  was  received.  (11  Yes.  324 ;  1  Ed.  147.)  The  rule  is  different 
with  respect  to  co-executors,  each  of  whom  has  an  absolute  control 
over  the  property,  and  who  are  therefore  under  no  obligation  to  join  in 
giving  receipte  (Amb.  219;  3  Swanst  64);  though  whenever  their 
joining  together  in  doing  any  act  is  necessary,  the  same  rule  applies  to 
them  aa  to  other  truateee.  (7  Yes.  197.)  But  if  a  trustee  allows 
money  to  remain  improperly  in  the  hands  of  hia  co-trustee,  or  ia  cogni^ 
sant  of  a  breach  of  trust  committed  by  him,  and  takes  no  measures  to 
protect  the  estate,  he  will  become  himself  responaible.   (11  Yea.  319.) 

(6.)  Truatees  cannot  derive  any  private  advantage  from  the  adminia- 
tration  of  the  trust,  and  therefore  all  profite  made  by  the  trustee  in 
the  management  of  the  trust  estate,  in  whatever  manner,  belong  not  to 
him,  but  to  the  cestui  que  trust,    (2  M.  &  K.  664.) 

III.  Of  the  duties  of  trustees. 

Truateea  of  personal  estate  are  bound  to  use  all  due  diligence  in 
getting  in  and  reducing  into  possession  all  parte  of  the  trust  estate 
that  may  happen  to  be  outstanding  at  the  time  of  the  commencement 
of  the  truat  (1  Mad.  290),  and  in  providing  for  the  safe  custody  of  the 
property.  (1  Ed.  148.)  They  are  also  bound,  where  truat-money 
cannot  be  applied  immediately,  to  invest  it  on  proper  security,  so  aa  to 
render  it  productive  to  the  cestui  que  trust.  In  the  absence  of  any 
specific  direction  aa  to  investment  in  the  trust-deed,  the  rule  ia  that 
the  trustees  ought  to  invest  in  the  public  funds. 

Where  a  trust-estate  conaiata  of  renewable  leaseholds,  it  is  in  general 
the  duty  of  the  trustee  to  provide  for  renewals.  If  there  be  an 
expresa  truat  to  provide  for  the  fines  out  of  the  rente  and  profite,  the 
truateea  ahould  lay  aaide  a  proper  proportion  of  the  annual  income  for 
the  purpose.  (17  Yes.  485.)  If  there  be  no  express  direction  for 
payment  of  the  fines,  the  estate  may  be  charged  with  the  amount  of  the 
fine,  and  the  rule  of  the  court  is  that  the  tenant  for  life  and  remainder- 
man must  apportion  the  fine  between  them  according  to  the  value  of 
their  respective  intereste.    (1  Bro.  C.  C.  440 ;  9  Yes.  560.) 

Trustees  for  sale,  whether  expressly  such  or  by  implication,  have,  in 
the  absence  of  any  expresa  restriction  on  their  powera,  the  right  to 
use  all  reasonable  diacretion  aa  to  the  time  and  manner  of  effecting  a 
sale.  They  cannot  be  compelled  to  enter  into  any  other  covenant 
than  that  againat  incumbrances  by  their  own  acte.  The  general  rule 
is,  that  a  trustee  for  sale  cannot  become  the  purchaser  of  the  trust 
property  either  for  himself  or  as  agent  for  another ;  and  the  cestui  que 
trust  ia  at  liberty  to  set  aaide  any  auch  purchase,  however  fair,  and 
though  no  advantage  should  have  been  gained  by  tiie  truatee.  (8  Yes. 
750.)  But  a  trustee  is  not  absolutely  prohibited  from  purchasing  from 
Uie  cestui  que  trust  under  certain  circumatancea,  though  the  tranaaction 
ia  at  all  timea  one  of  great  difficulty,  and  looked  upon  with  great 
suspicion  by  the  court.  .  (9  Yes.  244.)  Upon  setting  aside  a  piurchase 
by  a  trustee,  the  court  will  in  general  allow  for  all  repairs  and  improve- 
mente  effected  on  the  property.  (11  Yes.  226.)  The  cestui  que  trust 
will  not  be  entitled  to  relief  unless  he  make  hia  application  within  a 
reaaonable  time ;  and  if  while  sui  juris,  and  with  fuU  knowledge  of  hia 
righte  he  expressly  confirms  the  purchase,  he  will  not  be  allowed  after- 
wards to  set  it  aside.     (5  Ym.  680 ;  12  Yea.  855.) 

lY.  Of  the  powers  of  trustees. 

The  powera  of  trustees  are  either  general  or  special.  It  ia  impossible 
to  define  exactly  the  general  powera  of  truateea,  the  extent  of  which 
dependa  in  each  case  upon  the  particular  circumstances  of  the  truat- 
estate.  It  may  however  be  laid  down  as  a  general  rule,  that  whatever 
is  compellable  by  suit  is  equally  valid  if  done  by  the  truatee  without 
suit  (4  Yes.  369) ;  though,  if  a  suit  has  already  been  instituted  for  the 
execution  of  the  trust,  whereby  the  inanagement  ia  token  out  of  the 
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liands  of  the  trustee,  he  ought  to  take  no  step  without  the  sanction  of 
the  court.    (10  Ves.  104.) 

V.  Of  allowances  to  trustees. 

It  is  a  settled  rule  that  a  trustee  is  not  entitled  to  chai^ge  for  his  time 
and  trouble  in  the  management  of  the  trust-estate,  whether  he  be  a 
professional  person  or  not ;  and  the  rule  applies  not  only  to  trustees 
expressly  nominated,  but  to  all  persons  bearing  a  fiduciary  character, 
such  as  executors,  mortgagees,  receivers,  and  committees  of  lunatics' 
estates.  (10  Yes.  103.)  Exceptions  to  this  rule  have  been  admitted 
in  the  cases  of  trustees  for  the  estates  of  absentees  in  the  West  Indies 
and  executors  in  India ;  but  the  rule  against  such  allowances  to  trus- 
tees is  only  a  general  one  in  the  absence  of  express  directions  by  the 
settlor  to  the  contrary,  and  there  is  no  objection  to  a  trustee's  receiving 
remuneration  for  his  services,  or  to  his  being  allowed  to  make  profes- 
sional chaises,  if  the  intention  of  the  settlor  to  that  effect  be  clearly 
expressed.  (7  Yes.  480;  3  Beav.  338.)  A  trustee  may  even  bai^iiain 
with  his  cesluit  que  trust  for  an  allowance,  though  bargains  of  this  kind 
are  very  narrowly  watched  by  the  court.  Trustees  not  being  allowed 
to  charge  for  their  own  trouble,  may  on  proper  occasions,  and  where 
the  business  of  the  trust  is  troublesome  or  complicated,  call  in  the 
assistance  of  agents  at  the  expense  of  tiie  estate. 

A  trustee,  though  not  allowed  to  charge  for  his  trouble,  is  entitled 
to  all  his  expenses  out  of  pocket;  and  even  a  specific  remuneration 
given  by  the  settlor  to  the  trustees  is  no  reason  for  their, not  receiving 
an  allowance  for  expenses.  (7  Yes.  480.)  The  expenses  incurred  by  a 
trustee  in  the  management  of  the  trust-estate  are  considered  as  a 
charge  upon  the  estate,  to  the  satisfaction  of  which  the  trustee  is 
entiUed  before  he  can  be  compelled  to  convey. 

The  general  rule  with  respect  to  the  costs  of  trustees  incurred  in 
legal  proceedings  is,  that  they  shall  be  allowed  as  between  solicitor 
and  client,  if  there  be  a  fimd  under  the  control  of  the  court  out  of 
which  they  may  be  paid.  (1  Swanst.  201.)  But  this  rule  is  subject 
to  numerous  exceptions,  depending  upon  the  circumstances  of  the  case, 
and  the  propriety  or  otherwise  of  the  conduct  of  the  trustee,  either  in 
the  course  of  the  suit  itself  or  in  the  matters  out  of  which  it  arose.  A 
trustee  who  disclaims  by  answer  in  chancery  is  entitled  to  costs  as 
between  party  and  party  only.    (2  M.  &  K.  278.) 

YI.  Of  the  relinquishment  of  office  by  trustees. 

A  trustee  may  be  discharged  from  his  office  by  the  consent  of  the 
^estuia  que  trust,  but  for  this  purpose  the  consent  of  all  must  be  obtained, 
however  numerous  they  may  be ;  and  if  any  of  the  cestuis  qiie  trust  be 
incompetent  to  consent,  or  be  not  yet  in  esse  as  in  the  case  of  a  limita- 
tion to  unborn  children,  no  complete  discharge  can  be  obtained. 

A  trustee  may  be  discharged  in  virtue  of  a  special  clause  to  that 
effect  contained  in  the  instrument  under  which  he  is  trustee.  A 
proviso  to  this  effect  is  usually  introduced  into  settlements  combined 
with  a  power  either  to  the  cestui  que  trust,  or  to  the  co-trustees,  to 
nominate  a  new  trustee  in  the  event  of  any  of  the  number  happening 
to  die,  or  being  desirous  of  being  discharged  from,  or  refusing  or 
declining,  or  becoming  incapable  of  acting  in  the  trusts.  The  transfer 
of  the  trust  is  not  complete  until  the  new  trustee  has  been  nominated 
by  the  donee  of  the  power,  and  a  conveyance  or  assignment  of  the 
property  has  been  executed.  Powers  of  appointing  new  trustees  are 
strictly  construed,  and  cannot  be  properly  exercised  except  under  the 
precise  circumstances  contemplated  in  the  power,  and  it  is  always  con- 
sidered that  the  original  number  of  trustees  ought  to  be  maintained. 
For  this  reason  it  would  be  improper  to  appoint  one  trustee  to  do  the 
duty  of  two  retiring  trustees  (2  M.  &  K.  682) ;  and  where  there  is  a 
direction  that  upon  the  trustees  being  reduced  to  a  certain  number 
others  should  be  nominated  by  the  survivors,  it  has  been  determined 
that  they  might  supply  vacancies  before  the  numbers  were  so  far 
reduced,  but  th&i  then  they  were  compellable  to  do  so.    (5  Yes.  826.) 

Two  recent  acts,  known  as  the  "  Trustee  Relief  Acts,"  have  pro- 
vided facilities  for  b-ustees  wishing  to  discharge  themselves  from  the 
responsibility  of  administering  funds  which  may  have  come  into 
their  hands. 

YII.  Of  the  estate  and  rights  of  the  cestui  que  trust. 

1.  As  to  what  it  consists  of.  In  cases  of  the  simple  trust  the  whole 
rights  of  equitable  ownership  consist  in  the  right  of  possession  and  the 
right  of  disposition. 

The  equitable  owner  has  in  general  a  right  to  the  possession  of  the 
estate,  but  where  there  are  several  parties  interested  either  contem- 
poraneously or  in  succession,  it  is  in  the  discretion  of  the  court  of 
equity  to  determine  whether  possession  ought  to  remain  with  the 
trustee  or  be  given  up  to  the  cestui  que  trust.  '  The  right  of  possession 
of  the  cestui  que  trust  is  recognised  in  a  court  of  equity  only,  for  at  law 
the  trustee  is  considered  as  the  owner,  and  the  cestui  que  trust  as  tenant 
at  will  only.  The  trustee  as  tenant  of  the  legal  estate  may  recover  in 
ejectment  from  his  own  cestui  que  trust,  who  has  no  defence  to  the 
action  at  law,  and  is  only  entitled  to  apply  for  an  injimction  in  equity. 
(8  T.  R.  122;  1  B.  &  B.  445.)  ' 

Upon  the  ground  that  the  cestui  que  trust  is  the  beneficial  owner  of 
the  estate,  he  is  entitled,  either  by  the  express  language  or  by  the 
equitable  construction  of  statutes,  to  various  privileges  connected  with 
real  estate.  Thus  the  2  Hen.  Y.  st.  2,  c.  3,  and  the  subsequent  statutes 
relating  to  persons  entitled  to  serve  as  jurors,  have  been  construed 
to  apply  to  the  cesluis  que  trust,  and  not  to  the  trustee.  By  7  &  8 
Will.  III.  c.  25,  s.  7,  the  right  of  voting  as  a  freeholder  of  a  county 


was  conferred  on  the  cestui  que  trust,  if  in  possession  ;  and  by  the 
2  Will.  lY.  c.  45,  s.  19,  the  cestui  que  trust  of  copyliolds  or  of  any 
lands  whatever  except  freehold,  of  the  required  yearly  value,  is 
entitled  to  vote  at  elections  of  members  of  parliament  mrliether  iu  pos- 
session or  not. 

The  cestui  que  trust  of  chattels  is  also  entitled  to  tbe  use  and  pos- 
session of  them  during  the  continuance  of  his  interest ;  and  upon  this 
ground  they  do  not,  upon  the  bankruptcy  of  the  tenant  for  life,  fall 
under  the  rules  as  to  goods  in  the  order  and  disposition  of  the  bank- 
rupt with  the  consent  of  the  true  owner.   (19  Yes.  491.) 

A  cestui  que  trust  who  is  entitled  to  the  whole  equitable  interest  may, 
in  virtue  of  the  jus  disponendi,  call  upon  the  trustee  for  a  conveyance 
of  the  estate.  But  he  has  no  such  right  when  the  trustee  Holds  upon 
trust  for  the  benefit  of  others,  or  even  when  he  is  entitled  to  the 
whole  usufructuary  interest,  but  the  continuance  of  th.e  estate  in  the 
trustee  is  necessary  to  answer  some  ulterior  purpose  relating  to  the 
trust,  such  as  to  preserve  contingent  remainders.  (5  Mad.  429.) 

In  cases  of  special  trust,  the  right  of  the  cestui  que  tritst  is  to  have  a 
specific  execution  of  the  intention  of  the  settlor  to  the  extent  of  that 
cestui  que  trust*s  interest.  If  there  be  but  one  cesttU  que  tru^t,  and  he 
capable  of  consent,  the  specific  execution  of  the  trust  may  be  departed 
from ;  and  so  where  there  are  several  cestui^  que  trust,  who  all  agree ; 
but  no  variation  can  be  made  so  as  to  affect  the  interest  of  any  cestui 
que  trust  without  his  consent. 

2.  Of  the  nature  and  properties  of  the  estate  of  the  cestui  qtte  trust. 

Equitable  interests  may  be  assigned,  and  the  assignee  may,  like  the 
original  cestui  que  trust,  compel  a  conveyance  from  the  trustee  by  bill 
in  equity,  without  making  the  assignor  a  party.  (3  Rubs.  583.) 

Femes  covert  entitied  to  equitable  interests  iu  lands  and  equitable 
tenants  in  tail,  might,  before  the  Fines  and  Recoveries  Act  (3  &  4 
Will.  lY.  c.  74),  have  passed  their  equitable  estates  by  those  as- 
surances, and  may  now  do  so  under  that  act  by  the  same  modes  of 
assurance  and  with  tbe  same  formalities  as  if  the  estates  were  legaL 

The  purchaser  of  an  equitable  interest  should  take  care  to  inquire 
of  the  trustee  whether  he  has  had  notice  of  any  prior  incumbrance 
upon  the  equity  of  the  vendor,  which  will  give  the  purchaser  a  remedy 
against  the  trustee  in  case  of  his  misrepresentation  (10  Yes.  470} ;  and 
the  purchaser  should  also,  upon  the  execution  of  the  conveyance,  give 
notice  to  the  trustee  of  his  own  equitable  titie,  whereby  he  will 
secure  precedence  of  all  prior  incumbrances  who  have  not  given  such 
notice.    (3  Russ.  30.) 

Equitable  interests  in  property  are  transmiasible  by  devise,  and 
require  the  same  solemnities  as  legal  interests.  (1  Yict.  c  26,  s.  3.) 
Possession  or  receipt  of  the  rents  and  profits  of  equitable  estates  in 
considered  in  equity  equivalent  to  seisin  at  law,  and  adverse  posses- 
sion of  the  one  is  attended  with  the  same  effects  on  the  tiUe  aa 
disseisin  of  the  other.    (2  J.  &  W.  1, 153.) 

A  trust  of  freeholds  or  copyholds  is  subject  to  the  courtesy  of 
the  husband,  but  was 'until  lately  exempt  from  dower  and  freebench : 
now,  however,  by  the  3  &  4  Will.  lY.  c.  105,  the  title  of  dower  attaches 
upon  equitable  in  the  same  manner  as  upon  legal  estates,  though 
subject  m  either  case  to  be  defeated  by  the  alienation,  devise,  or  other 
declaration  of  intention  on  the  part  of  the  husband. 

The  effect  of  marriage  is  the  same  upon  equitable  as  upon  legal 
interests,  and  therefore  a  husband  may  assign  the  k'ust  of  a  term  of 
years  belonging  to  his  wife,  in  the  same  manner  that  he  may  assign  her 
chattels  real  at  law.    (9  Yes.  99.) 

Judgment  creditors  have,  by  the  Statute  of  Frauds,  sec  10,  execu- 
tion at  law  agaiDst  the  equitable  freehold  estate  of  a  debtor  in  tho 
hands  of  his  trustee,  when  the  debtor  has  the  whole  beneficial  interest; 
but  if  he  have  a  partial  interest  only,  or  the  estate  be  not  freehold,  the 
judgment  creditor  has  no  execution  at  law,  but  he  may  in  a  court  of 
equity  obtain  the  same  satisfaction  out  of  the  beneficial  interest  as  he 
would  be  entitled  to  at  law  out  of  a  legal  estate.    (4  Mad.  504.) 

The  estate  of  the  cestui  que  trust  is  governed  as  to  descent  by  the 
rules  of  the  common  law. 

Trusts  of  chattel  interests  were  always  considered  as  assets  in  equityi 
but  it  was  a  question  whetiier  a  trust  of  a  freehold  was  assets  in  the 
hands  of  the  heir  until  the  Statute  of  Frauds,  by  the  10th  section  of 
which  a  trust  in  fee-simple  was  declared  to  be  assets  by  descent,  in  the 
same  manner  as  a  legal  estate.  The  enactment  however  applies  to 
simple  trusts  only,  and  not  to  special  trusts  or  equities  of  redemption 
(2  Atk.  293) ;  but  now,  by  the  3  &  4  Wm.  lY.  c.  104,  aU  a  persons' 
estate  or  interest  in  lands,  tenements,  or  hereditaments,  corporeal  or 
incorporeal,  or  other  real  estate,  whether  "  freehold,  customaryhold,  or 
copyhold "  (which  words  apply  equally  to  legal  and  equitable  estates), 
are  made  assets  for  the  payment  of  debts  as  well  by  simple  contract  as 
on  specialty.  Trusts  of  chattel  interests  will  be  le^  assets  in  the 
hands  of  the  executor.  (Mod.  858;  4  Yes.  541.)  Simple  trusts  of 
real  estate  are  made  legal  assets  by  the  above-mentioned  section  of  the 
Statute  of  Frauds ;  and  it  seems  that  complicated  trusts  and  equities 
of  redemption,  which  are  not  within  the  statute,  will  be  considered 
legal  assets  )is  to  specialty  creditors  by  analogy  to  law.  (2  '  Ch.  Rep.' 
143.)  It  appears  that  imder  the  3  &  4  Wm.  lY.  c.  104,  real  estates 
are,  with  respect  to  simple  contract  debts,  to  be  taken  as  equitable 
.issets,  but  that  the  act  does  not  alter  the  mode  of  administration  of 
;  trusts  of  chattels  nor  of  equitable  freehold  interests,  in  so  far  as  they 
,  were  assets  before  the  act* 
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3.  It  ia  a  maxim  of  equity  that  a  trust  shal^  tlot  f^n  f^r  want  of  a 
trvistee.      If  the  intention  of  the  settlor  be  clear,  but  lie  has  omitted 
to  name  a  trustee,  or  the  trustee  dies  or  becomes  incapable  of  taking 
tho  estate,  the  trust  attaches  upon  the  person  on  whom  the  legal  estate 
lias  devolved.    (Wilm.  21,  22.)    When  powers  given  to  trustees  are 
not  discretionary,  but  imperative,  they  are,  as  above  mentioned,  con- 
sidered as  trusts,  and  the  court  will  protect  the  cestui  que  trust  from 
the  failure  or  neglect  of  the  donee  of  the  power.    Where  the  discretion 
of  the  trustee  was  to  be  governed  by  a  rule  which  the  court  can  apply, 
it  will  do  so ;  but  where  there  is  no  rule  or  measure  by  which  the 
discretion  of  the  trustee  was  to  be  governed,  the  court  executes  the 
power  in  the  manner  which  appears  most  reasonable,  and  in  general 
proceerls  upon  the  principle  that  equality  is  equity.    (2  £d.  332 ;  '  Eq. 
Ca.  Ab.'  194.)    Where  a  discretion  is  given  to  the  ^ustee  in  respect 
of  the  objects  to  whom  an  appointment  is  to  be  made,  questions  some- 
times arise,  when  the  power  comes  to  be  executed  by  the  court,  as  to 
the  objects  to  be  included  and  the  mode  of  distribution.     When  the 
power  is  in  favour  of  "  relations,"  the  court,  except  under  particular 
circumstances,  appoints  to  relations  within  the  statute  of  distribu- 
tiona^  when  it  seems  that  the  distribution  will  be  made  per  capita^ 
and  not  per  stirpes  (1  Bro.  C.  C.  33) ;  and  the  words  "  next  of  kin  " 
occurring  in  such  a  power  are  settled  to  mean  '*  nearest  of  kin,"  to  the 
exclusion  of  those  who  would  take  by  representation  under  the  statute. 
(2  M.  &  K.  780.) 

4.  The  cestui  que  trust  is  entitled  to  have  the  administration  of  the 
trust-estate  placed  in  proper  hands.  Thus  the  court  will  dismiss  a 
trustee  upon  its  being  shown,  upon  application  by  bill  to  the  Court  of 
Chancery,  that  he  has  acted  improperly,  or  has  become  incapable  of 
executing  his  office  (4  Ves.  592 ;  5  Ves.  707) ;  and  where  the  original 
number  of  trustees  has  been  diminished,  the  cestui  que  tntst  may  have 
the  vacancies  supplied.  (5  Yes.  772.)  The  cestui  que  trust  may  also 
file  a  bill  against  his  trustee,  either  for  the  purpose  of  compelling  him 
to  the  execution  of  an  act  of  duty,  or  to  restrain  him  from  doing  any 
act  not  within  the  scope  of  the  trust,  or  which  would  be  prejudicial 
to  the  estate.    (1  Bro.  *  C.  C  177;  6  Mad.  10.) 

5.  If  a  trustee  aliens  the  trust-estate,  the  cestui  que  trust  may  follow 
the  estate  into  the  hands  of  any  person  who  has  acquired  it,  whether 
he  had  notice  of  the  trust  or  not ;  and  even  into  the  hands  of  a  pur- 
chaser for  valuable  consideration,  if  he  had  notice  at  the  time  of  hia 
purchase.  The  limit  of  time  and  extent  within  which  the  cestui  que 
trust  may  institute  proceedings  for  the  recovery  of  his  estate  is  fixed  by 
the  3  &  4  Will.  IV.  c.  27. 

In  case  of  a  breach  of  duty  by  the  trustee,  the  cestui  que  trust  has 
also  a  remedy  against  him  personally  by  way  of  compensation.  The 
amount  of  the  loss  is  considered  as  a  simple  contract  debt  against  the 
estate  of  the  trustee,  and  payment  of  it  may  be  enforced  in  the  same 
manner  as  for  any  other  similar  debt.  The  circumstance  of  the 
trustee  having  derived  advantage  or  not  from  the  breach  of  trust, 
makes  no  difference  as  to  his  liability.  Where  trustees  are  jointly 
implicated,  it  was  formerly  thought  that  the  cestui  que  trust  might 
proceed  against  any  of  them  singly ;  but  the  contrary  has  since  been 
settled.  (8  Sim.  219.)  But  the  cestui  que  trust  will  not  be  entitled  to 
any  remedy  against  his  trustee,  if  he  himself,  being  under  no  legal 
incapacity,  has  concurred  in  the  breach  of  trust,  or  subsequently 
acquiesced  in  it,  or  d  fortiori  if  he  has  executed  a  formal  release  to 
the  trustee.    (3  Swanst.  64.) 

Owing  to  the  inadequacy  of  the  law  to  meet  the  case  of  defalcations 
and  frauds  of  trustees,  bankers,  and  other  persons  entrusted  with  the 
care  and  management  of  the  property  of  others,  a  statute  was  passed 
(20  &  21  Vict.  c.  54)  whereby  offences  of  this  kind  were  made  mis- 
demeanours punishable  with  penal  servitude  for  three  years,  or  im- 
prisonment not  exceeding  two  years,  with  or  without  hard  labour. 

YIII.  There  are  two  rules  of  equity  with  respect  to  trust-estates 
which  are  of  very  general  application.  The  first  is,  that  what  the 
settlor  has  directed  to  be  done  shall  be  considered  as  done ;  so  that  it 
shall  not  be  in  the  power  of  trustees,  by  neglecting  the  performance  of 
their  duty,  to  affect  in  any  way  the  interests  of  the  cestuis  que  trust. 
Thus  where  money  is  directed  to  be  laid  out  in  land,  or  land  is  directed 
to  be  sold,  equity  will  consider  the  conversion  to  have  taken  place,  and 
deal  with  the  property  accordingly.  This  constructive  conversion, 
however,  subsists  only  imtil  a  ceM,ui  que  trust,  competent  both  from 
interest  and  personal  capacity  to  elect,  declares  his  iatention  as  to  the 
character  in  which  he  will  tsJce  the  proi)erty.    [Election.] 

The  second  rule,  which  is  almost  a  consequence  of  the  first,  is,  that 
no  act  of  the  trustee  shall  alter  the  nature  of  the  cestui  que  trust's 
estate.  This  rule,  of  course,  is  to  be  understood  only  of  acts  not 
authorised  by  the  trust ;  and  with  respect  to  cestuis  que  trust,  who  are 
9ut  juris,  is  universal,  but  is  subject  to  some  exceptions  with  respect 
to  trust-estates  belonging  to  lunatics.  The  court,  though  it  will  not 
in  general  alter  the  condition  of  the  lunatic's  property  to  the  prejudice 
of  his  representatives,  will  not  refuse  to  do  so  if  it  appear  to  be  clearly 
for  the  benefit  of  the  lunatic  himself.  '(2  Ves.  Jun.  72.)  It  was 
formerly  thought  that  the  court  might  exercise  a  similar  discretion 
with  respect  to  the  estates  of  infants,  but  it  is  now  settled  otherwise. 
(19  Ves.  122.) 

(Sanders,  '  On  Uses  and  Trusts ; '    Lewin's  '  Law  of  Trusts  and 
Trustees  *\ 
TRUSTS,  CHiVRITABLE.    [Uses,  Chabitable.] 


TRYTYLENE.    [Proptlenk  ] 

TUBE.  The  surface  of  a  tube  is  generally  a  cylinder,  but  this  word 
may  be  made  use  of  in  mathematics.  When  a  tube  is  bent,  there  is  no 
distinct  geometrical  name  for  its  surface,  but  the  following  definition 
might  do  very  well :  Let  a  surface  be  called  a  tube  when  it  is  formed 
by  a  circle  which  moves  with  its  centre  upon  a  given  curve,  and  its 
plane  always  perpendicular  to  the  tangent  of  that  curve.  This  weuld 
include  the  straight  tube,  or  common  circular  cylinder,  and  every 
species  of  bent  tube. 

TUBE-DRAWING.  There  are  certain  peculiarities  in  the  fabrica- 
tion of  metal  tubes  which  place  them  in  a  separate  rank  from  other 
manufactures  in  metaL 

Some  varieties  of  lead-pipe  are  produced  by  casting  a  thick  cylinder, 
of  which  the  internal  bore  corresponds  with  the  intended  bore  of  the 
pipe,  and  then  reducing  the  external  diameter  by  drawing  through  a 
series  of  dies,  smaller  and  smaller  as  the  process  proceeds,  as  described 
in  Lead  Manufacture.  Mr.  Hick  has  devised  a  mode  of  making 
tapering  tubes;  that  is,  tubes  which  taper  or  diminish  in  diameter 
from  one  end  to  the  other.  They  are  first  made  parallel  or  cylindrical 
and  are  tapered  afterwards;  the  machine  employed  effects  this  by 
rotating  grooved  rollers ;  and  a  greater  or  loss  degree  of  taper  is  ob- 
tained by  varying  the  proportion  between  the  rate  at  which  the  tube 
is  drawn  through  the  machine  and  that  at  which  the  rollers  revolve. 
The  tubes  for  many  locomotives  are  made  in  this  way,  taper  within  and 
cylindrical  on  the  outside ;  the  metal  is  cast  hollow,  and  is  drawn  on 
a  taper  mandril  through  a  plate ;  when  used,  the  thick  end  is  placed 
nearest  to  the  fire-box.  One  of  the  early  ways  of  making  wrought  iron 
tubes  was  to  provide  a  strip  of  sheet  iron,  and  beat  it  up  by  hand 
hammers  and  swages  nearly  to  a  cylindrical  form ;  this  was  then  laid  in 
a  semi-cylindrical  cavity,  with  a  mandril  running  through  it ;  and  then 
many  blows  were  given  by  a  heavy  tilt-hammer,  the  lower  face  of  which 
had  a  hemispherical  or  rather  semi-cylindrical  fonn.  An  improvement 
upon  this  was  to  draw  the  tube  through  grooved  rollers  after  having 
been  thus  far  fashioned.  Another  mode  afterwards  adopted  was  that 
of  raising  a  strip  of  iron  to  a  welding  heat ;  beating  up  one  end  of  i^ 
nearly  to  a  cylindrical  form ;  drawing  the  whole  piece  through  a  kind 
of  tongs  having  bell-shaped  jaws ;  and  welding  without  the  aid  of  any 
mandril.  This  method  has  been  found  available  for  tubes  up  to  six 
inches  diameter.  Common  brass  tubes  are  often  made  by  beating  a 
strip  of  brass  round  into  a  cylindrical  form,  soldering  the  edges,  and 
drawing  it  through  holes  to  make  the  exterior  true ;  without  paying  much 
regard  to  the  interior.  Telescope  tubes,  &c.  are  drawn  inside  and  out, 
and  are  hardened  at  the  same  time ;  the  soldered  tube,  being  placed 
upon  a  steel  mandril,  is  drawn  through  a  draw-plate,  by  which  the  tube 
is  lengthened,  pressed  everywhere  close  to  the  manc&il,  and  rendered 
smooth  and  dense.  Fluted  tubes  for  pencil-cases  are  drawn  through  a 
fluted  hole,  upon  a  mandril  usually  cylindricaL  Very  small  tubes, 
used  by  silversmiths,  are  drawn  upon  steel  wire  as  a  mandril.  Many 
kinds  of  brass  tubes  are  made  exactly  in  the  same  way  as  the  lead  pipes 
described  in  Lead  Manufacture  ;  that  is,  by  casting  a  thick  cylinder, 
and  then  drawing  it  by  machinery  through  a  series  of  holes,  smaller  and 
smaller  in  regular  order,  so  as  to  elongate  the  thick  cylinder  into  a  thin 
tube.  Mr.  Muntz  patented  a  few  years  ago  a  process  for  making  tubes  of 
the  Muntz  metal  introduced  by  him,  which  metal  consists  of  about  2 
parts  of  zinc  to  3  of  copper.  A  short  thick  tube  is  cast,  and  is  then  rolled 
out  to  a  great  length  and  reduced  thickness ;  but  having  no  mandril 
within  it,  it  is  squeezed  flat;  the  proper  shape  is  afterwards  given  to 
it  by  drawing  through  a  circular  hole.  There  is  something  in  the 
quality  of  the  metal  which  enables  it  to  be  elongated  in  this  way, 
inapplicable  to  most  other  kinds.  TAx.  Webster,  of  Birmingham,  has 
a  curious  method  of  making  elastic  metal  tubes,  suitable  for  forming 
the  junctions  of  pipes  exposed  to  variable  temperature ;  or  of  pipes 
which  are  otherwise  strained  or  required  to  bend,  such  as  the  tube- 
couplings  connecting  locomotives  with  their  tenders,  hose  with 
fire-engines,  or  the  like.  The  tubes  are  made  with  transverse  corruga- 
tions, so  as  to  yield  to  shght  bendings,  contractions,  &c.  Each 
corrugation  is  very  narrow  and  deep.  A  plain  tube  is  made  first,  and 
is  then  corrugated  by  degrees ;  this  is  effected  by  rolling,  the  rollers 
successively  used  being  gradually  deeper  and  deeper  in  ti^eir  grooves, 
until  the  exterior  of  the  tube  is  well  puckered.  Such  a  tube  may  be 
stretched,  contracted,  or  bent  within  certaui  limits,  without  injury  to 
its  strength  or  soundness;  they  imitate  in  a  humble  way  the 
snake-like  structure.  Triangular  and  rectangular  tubes  are  much 
used  in  France  for  sliding  scales  and  measures ;  these  are  made  nearly 
in  the  same  way  as  ordinary  cylindrical  tubes,  the  sectional  form  being 
dependent  on  the  draw-hole  and  the  mandril.  The  small  collapsible 
colour-tubes,  so  much  used  by  artists,  were  at  first  made  like 
common  brass  and  lead  pipes,  by  successively  drawing  a  thick  tube 
till  it  becomes  very  long  and  very  thin ;  but  they  are  now  made  more 
quickly  by  a  peculiar  kind  of  stamping,  only  possible  with  such  a  soft 
metal  as  tin.  Mr.  Ritchie  has  devised  a  mode  of  making  tubes  thicker 
at  the  middle  than  the  ends,  by  giving  them  a  reciprocating  motion 
between  rollers,  half  way  thrMigh  and  back  again« 

Plans  have  been  devised  for  making  copper  tubes  by  electro-deposit. 
The  method  will  be  understood  from  the  principles  explained  under 
Electro-Metallu  rg  y. 

TUBERCLE  is  the  name  given  to  that  form  of  deposit  which  is 
observed  in  the  tissue  previous  to  scrofulous  ulceration  [Scrofula], 
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and  also  in  the  lungs  when  they  are  affected  with  phthisiB  [Phthisis] 
or  pulmonary  consumption. 

TUBERCULOSIS.    [Scrofula.] 

TUBULAR  BEAMS.  In  addition  to  what  has  been  said  on  the 
subject  of  the  resistance  of  hollow  girders,  [under  Qirdbrs  akd 
Resistance],  it  may  be  desirable  to  state  that  the  investigations  by 
Mr.  Tait  of  the  experiments  made  by  Mr.  Fairbaim  have  led  to  the 
recognition  of  the  following  laws  upon  the  subject : — 1.  The  strength 
varies  nearly  as  the  area  of  the  top,  or  of  the  bottom  flange,  multiplied 
by  the  depth,  divided  by  the  distance  between  the  pointo  of  support, 
ind  affected  by  a  coefficient  determined  by  experiment.  2.  When  the 
depth  and  distance  between  the  points  of  support  are  the  same,  the 
breaking  weights  are  as  the  areas  of  the  top,  or  of  the  bottom  parts. 
Mr.  Tait  gives,  as  the  practical  formula  derived  from  these  laws ;  calling 
w  the  breaking  weight  of  a  rectangular  tubular  beam ;  a,  the  area  of 
the  bottom  web ;  d,  the  depth  of  the  beam ;  I,  the  clear  bearing,  and 
c,  a  coefficient  found  to  be  equal  to  18  tons;  all  the  dimensions 

being  in  inches ;  then  w= — - —  3.  In  hollow  cylindrical  beams  formed 

* 

of  thin  plates,  the  breaking  weight  in  tons  is  equal  to  the  continued 

product  of  the  sectional  area,  by  the  depth,  and  by  a  constant  (HJ  tons), 

divided  by  the  distance  between  the  supports ;  and  Mr.  Tait  asserts  that 

square  tubular  beams  possess  ]  I  times  the  strength  of  cylindrical  ones : 

if  this  be  correct,  rectangular  cells  at  the  top  of  a  large  tubular  girder 

are  preferable  to  circular  ones.  4.  In  hollow  elliptical  beams  the  breaking 

weight  in  tons  is  equal  to  the  continued  product  of  the  sectional  area, 

the  depth  and  a  constant  (15  tons)  divided  bytiie  distance  between  the 

supports  :  all  these  dimensions  being,  as  before,  in  inches.    The  formula 

becomes  of  course,  with  the  change  in  the  value  of  the  coefficients,  the  same 

as  above,  w= — — ;  and  as  it  is  so  much  easier  in  rectangular  beams  to 

modify  the  area  of  the  bottom  flange,  so  as  to  ensure  in  it  the 
requisite  ratio  between  it  and  the  top  flange,  there  must  evidently  be 
on  advantage  in  their  use. 

The  tubular  girders  for  beams  of  wrought  iron  appear  to  have  been 
used  on  a  lai^ge  scale,  for  the  first  time,  in  the  bridge  over  the  turn- 
pike road  at  Blackburn,  by  Mr.  William  Fairbaim ;  since  that  period, 
the  system  has  been  extended  by  other  engineers  in  a  most  extra- 
ordinary manner,  as  in  the  instances  of  the  Britannia  and  of  the  Salt- 
ash  bridges ;  and  at  the  present  day  the  tubular  wrought  iron  beams 
are  very  often  substituted  for  the  cast  iron  girders  which  were, 
previously  so  much  used  in  general  construction.  In  the  latter  case, 
the  superior  lightness  of  the  wrought  iron  tubular  gilders,  and  their 
greater  powers  of  elasticity,  render  them  preferable  to  the  weightier, 
and  more  brittle  and  uncertain,  cast  iron;  but  the  wrought  iron  tubes 
do  not  admit  of  artistic  treating  in  the  same  manner  that  cast  iron 
ones  do,  and  therefore  are  less  fitted  for  picturesque  structures.  The 
works  of  Messrs.  Hodgkinson,  Tate,  Clark,  Fairbaim,  Morin,  Love,  &c. 
must  be  consulted  by  the  student  of  this  branch  of  the  arts  of  con- 
struction; and  in  the '  Annales  des  Fonts  ct  Chauasdes,'  and  in  the 
'  Journal  des  Travaux  Publique  de  la  Belgique/  may  also  be  found 
some  interesting,  practical,  and  theoretical  articles  on  the  subject 
The  Swiss  and  American  engineers  have  for  many  years  used  species 
of  tubular  girders  in  their  timber  bridges  of  large  span ;  but  these 
were  designed  upon  the  ordinary  principles  of  carpentry  as  applied  to 
ordinary  framing,  and  did  not  depend  for  their  strength  in  any 
important  manner  upon  the  cross  bracing  and  roof  which  converted 
them  virtually  into  tubular  beams. 

TUCA'NUS  (the  Toucan).  A  southern  constellation  of  Bayer, 
situated  between  Phoenix  and  the  south  pole,  and  near  to  the  bright 
star  in  Eridanus.  The  following  are  the  principal  stars  in  this  con- 
stellation : — 


Character. 
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of  British 
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TUESDAY.    [Week.] 

TULIP.  Of  all  the  plants  which  have  obtained  attention  on  account 
of  the  beauty  of  their  flowers,  perhaps  tulips  have  had  the  most.  In 
estimating  the  excellence  of  a  particular  flower,  the  florist  is  not  so 
much  guided  by  its  beauty  of  form  and  colouring  as  by  its  rarity ;  and 
sorts  which  have  at  one  time  obtained  great  prices  on  account  of  their 
rarity  have  become  little  thought  of  when  they  became  more  abundant. 
There  are,  however,  several  points  considered  by  florists  as  essential  to 
the  character  of  a  fine  tulip.  "  The  stem  should  be  strong,  elastic,  and 
erect,  and  about  30  inches  above  the  surface  of  the  bed.  The  flowers 
should  be  large,  and  composed  of  six  petals  (ph^Ui) :  these  should  pro- 
ceed  a  httle  horizontallv  at  first,  and  then  turn  upwarfs,  forming 
almost  a  perfect  cup,  with  a  round  bottom,  rather  widest  at  the  top. 
The  three  exterior  petals  should  be  rather  larger  than  the  three  inte- 
rior ones,  and  broader  at  their  base :  all  the  petals  should  have  perfectly 
entire  edges,  free  from  notch  or  serrature ;  the  top  of  each  should  be 
broad  and  weU  rounded ;  the  ground  colour  of  the  flower,  at  the  bottom 
of  the  cup,  should  be  clear  white  or  yellow,  and  the  various  rich- 


coloured  stripes,  which  are  the  principal  ornament  of  a  fine  tulip, 
should  be  regular,  bold,  and  distinct  on  the  margin,  and  terminate  in 
fine  broken  points  elegantly  feathered  or  pencilled.  The  centre  of  &ych. 
leaf  or  petal  should  contain  one  or  more  bold  blotches  or  stripes,  inter- 
mixed with  small  portions  of  the  original  or  breeder  colour,  abruptly- 
broken  into  many  irr^^r  obtuse  points."  ('  Cyc.  of  Qard.')  For  the 
botanical  character,  see  Tulifa  in  Nat.  Hibt.  Dnr. 

The  varieties  of  cultivated  tulips  have  been  divided  by  florists  in 
many  ways  for  the  sake  of  convenience.  Parkinson,  who  wrote  in 
1629,  enumerates  140  varieties,  which  were  divided  into  praooces,  early 
blowers ;  sertina,  late  blowers ;  and  dubias  media,  doubtful  or  middle 
blowers.  The  first  division  consisted  principally  of  varieties  of  TuUpa 
maveolens ;  the  latter  divisions  were  chiefly  composed  of  varieties  of 
T,  Oemeriana.  Amongst  modem  florists  in  Qreat  Britain,  the  varieties 
of  the  latter  tulip,  of  which  upwards  of  600  are  enumerated  in  modem 
catalogues,  are  divided  into  four  families — Bizarres,  Bybloemens,  Roses, 
and  Selfs. 

Bizarre  tulips  have  a  yellow  ground  marked  with  purple  or  scarlet 
of  different  shades.  BybUemen  tulips  have  a  white  ground,  lined, 
marked,  striped,  or  variegated  with  violet  or  purple  only  of  various 
shades.  Jtose  tuUps  are  marked  or  variegated  with  rose,  scarlet,  crim- 
son, or  cherry  colour  on  a  white  ground.  Selfs,  or  plainrcoloured  tulips, 
are  those  which  have  a  white  or  yellow  ground  without  any  marks. 
The  first  three  of  these  families  are  again  divided  into  feathered  and 
fiamed,  according  as  the  intermingled  colours  are  in  narrow  stripes  or 
pencillings,  or  in  a  broad  central  stripe. 

It  is  from  amongst  the  last  family  of  tulips,  the  Selfs,  that  what  are 
called  breeders  are  selected.  In  a  state  of  nature  the  tulip  is  mostly  a 
self,  that  is,  it  has  but  one  colour ;  but  under  certain  circumstances 
all  the  other  colours  that  are  found  in  tulips  will  be  developed  in  these 
simple-coloured  tulips.  It  is  thus  that  the  last  variety  of  tulips  has 
been  obtained  that  at  present  exists ;  and  as  each  variety  can  be  propa- 
gated by  offshoots  from  the  parent  bulb,  and  as  the  colours  of  tulips 
will  admit  of  an  infinity  of  modes  of  blending,  there  is  hardly  a  limit 
to  the  number  of  varieties  of  these  flowers  which  may  be  obtained. 
Selfs  are  always  raised  from  seeds,  but  the  circumstances  which  are 
most  favourable  to  the  "  breaking  "  of  the  8el&,  as  the  development  of 
other  colours  is  called,  are  not  well  understood.  A  florist  will  have  to 
wait  sometimes  twenty  years  without  having  the  pleasure  of  seeing  his 
Self  "  break." 

To'^develope  all  the  beauty  of  form  and  colour  of  which  the  tulip  is 
susceptible,  requires  the  greatest  care  in  its  cultivation,  and  perhaps  it 
is  only  amongst  the  amateurs  of  Holland  and  Belgium  that  this  flower 
can  be  seen  in  all  its  glory.  Tulips  are  mostly  planted  in  beds,  which 
should  be  made  in  an  open,  airy  situation.  A  bed  of  tulips  is  planted 
in  what  are  technically  called  rows,  consisting  uniformly  of  seven, 
arranged  with  regard  to  the  harmony  of  their  colours,  the  tallest  occu- 
pying the  centre,  and  the  bed  may  be  thus  of  any  length,  while  the 
row  always  consists  of  seven.  The  soil  should  be  dug  out  for  about 
20  inches  deep,  and  the  bed  filled  in  with  a  mixture  of  about  two  parts 
of  a  fresh,  rich,  loamy  soil,  rather  of  a  sandy  character,  and  one  part  of 
well-rotted  cow-dung.  The  best  time  for  planting  the  bulbs  is  from 
the  end  of  October  to  about  the  10th  of  November.  They  should  be 
planted  about  seven  inches  apart,  and  about  four  inches  deep,  or  less 
according  to  their  size,  in  the  ground.  The  leaves  will  appear  in  Feb- 
ruary, and  the  blossoms  in  April  or  May.  The  bed  of  flowers  should 
be  protected  by  an  awning,  wMch  must  not  be  used  till  the  flowers  are 
opened,  and  should  be  so  constructed  that  the  light  and  air  may  be  freely 
admitted  during  the  intervals  between  the  coolness  of  the  night  and 
the  brightness  of  the  sun  at  noonday.  Tulips  should  never  be  arti- 
ficially watered.  When  the  petals  fall  off,  the  seed-vessel  should  be 
removed,  as  its  remaining  on  weakens  the  bulb.  When  the  top  of  the 
stem  begins  to  wither  and  dry  up,  and  the  leaves  become  brown,  the 
bulbs  should  be  taken  up  and  placed  in  a  dry  situation.  In  the  follow- 
ing August  or  September  the  loose  skins  and  fibres  and  the  easily  sepa- 
rable ofiBsets  should  be  taken  off  the  bulbs,  and  they  should  be  depo- 
sited in  drawers.  In  propagating  the  tulip  from  seeds,  they  shotild  be 
sown  in  deep  boxes,  filled  with  good  garden-mould  mixed  with  sand. 
The  young  plants  will  not  require  water,  and  they  may  be  expected  to 
blossom  by  the  fourth  or  fifth  year,  or  at  latest  the  seventh. 

(Loudon,  Cyolopcedia  of  Plants  ;  Cyclopoedia  of  Oardening  ;  Macin- 
tosh's Book  of  the  Oarden;  Diction,  des  Sciences  NahtrelUt;  Paxton's 
Botanical  IHclionary  ;  Redouts,  lAliades ;  Hogg,  8upp,  to  PracticQl 
Treatise,  &c.) 

TUMBKEL,  or  TUMBRIL,  a  machine  formerly  used  for  the  punish- 
ment of  scolding  women,  consisting  of  a  stool  or  chair  attached  to  the 
end  of  a  long  pole,  mounted  in  such  a  manner  that  the  chair,  with  the 
offender  placed  in  it,  might  be  swung  over  a  pond,  and  immersed  as 
often  as  might  be  necessary.  Several  notices  of  the  use  of  this  appa- 
ratus, which  was  also  called  a  trebuchei,  a  cucking-stool,  or  a  ducking- 
stool,  are  given  in  Brand's  '  Popular  Antiquities,'  art.  '  Cucking-BtooL' 
It  appears  to  have  been  used  as  early  as  the  era  of  the  Saxon  govern- 
ment in  England,  and  to  have  been  a  common  punishment  in  some 
places  at  least  as  late  as  the  time  of  Qay,  who  mentions  it  in  his 
'  Pastorals.'  The  tumbrel  was  also  used  as  a  punishment  for  brewen 
and  bakers  who  transgressed  the  laws  relating  to  them.  Fabian 
(quoted  in  Strutt's  '  Horda  Angel-cynnan,'  vol.  ii.,  p.  9)  says  that,  in 
the  42nd  year  of  Henry  III.,  bakers  were,  for  "  lack  of  si«e/'  punished 
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by  the  tomherell,  whereas  Uiore  that  time  they  «BCd  to  be  ptinished  hy 
the  pillory ;  and  he  adds,  that  the  tombereU^^a*  &  Vind  of  pillorye, 
made  foure-square,  that  turned  round  abottW  l>ue  name  tmnbril  is 
also  applied  to  the  covered  carta  used  to  carry  tools,  &o.,  in  a  train  of 
artillery. 

TUMOUR.  It  is  not  possible  to  define  exactly  tbe  diseasee  which 
are  commonly  dasBed  under  the  name  of  Tumours,  and  any  definition 
in  which  the  character  of  swdUng  (which  is  the  true  meaning  of 
tumour)  is  included  is  unnatural ;  for  there  are  several  diseases  which 
agree  in  the  most  important  respects  with  some  of  those  called  tumourSi 
but  are  not  attended  by  any  obvious  enlargement  or  swelling  of  the 
part  in  which  they  are  situated  ]  and  the  same  disease  eidsts  in  some 
cases  with  and  in  others  without  swelling.  The  greater  part  of  the 
diseases  which  have  been  classed  as  tumours  are  examples  of  a  large 
class  of  what  may  be  called  morbid  or  parasitic  growths;  diseased 
structures,  which  are  not  mere  alterations  of  previously  existing  ports, 
but  new  organisms  or  living  substances  which  have  grown  within  the 
tissues  of  the  body  by  powers  of  development  peculixur  to  themselves, 
and  which  depend  upon  the  surrounding  parts  only  for  their  supply  of 
blood  or  other  nutritive  fluid.  In  this  class  are  included  all  those 
diseases  described  as  solid  or  sarcomatous  tumours,  and  those  which 
are  closely  related  to  some  kinds  of  tumours,  but  are  not  accompanied 
by  swelling,  such  as  tubercle,  certain  forms  of  diffused  cancerous 
growths,  and  some  others. 

The  diseases  called  Encysted  Tumours  are  entirely  different  from  aU 
others  of  the  class  in  their  pathological  characters,  and  are  considered 
in  a  separate  article.  [Wen.]  The  chief  capcerous  growths  are  treated 
of  under  their  appropriate  heading  [Oances  ;  Melanosis]  ;  and  tuber- 
culous growths  imder  the  name  pf  the  disease  which  is  consequent  on 
their  development  [Phthisis  ;  Scrofula].  The  present  article  will  be 
chiefly  devoted  to  the  history  of  those  morbid  growths  which  are 
commonly  described  as  innocent  tumours. 

All  morbid  parasitic  growths  may  be  divided  into  malignant  and 
innocent.  The  practical  distinction  between  the  two  cla^s,  from 
which  they  derive  their  names,  is  that-  an  innocent  growth  or  tumour 
is  not  likely  to  recur  after  being  removed  by  operation,  but  a  malig- 
nant growth  is  likely  to  recur  in  the  same  or  some  other  part.  These 
two  names  may  safely  be  retained  to  mark  the  two  chief  divisions  of 
morbid  growths  ;  for  although  the  test  of  the  result  of  a  surgical 
operation  cannot  be  applied  to  those  which  from  their  locality  do  not 
admit  of  extirpation,  yet  the  names  indicate  important  characteristics 
in  the  progress  of  the  two  kinds  of  growth,  wherever  seated.  Inde- 
pendently of  the  practical  distinction,  the  most  essential  characters  of 
msdignant  growths  are  : — 1.  That  they  may  occur  in  almost  any  part  of 
the  body,  sSthough  some  parts  are  more  liable  than  others,  and  each 
kind  of  growth  seems  to  find  its  most  appropriate  seat  in  a  certain 
organ,  as  cancer  in  the  breast,  tubercle  in  the  lungs,  melanosis  in  the 
liver,  &C.  2.  That  they  have  a  tendency  to  infect  the  adjacent  parts, 
and  to  propagate  themselves  from  one  part  to  another,  probably  by 
germs  carried  from  the  primary  disease  into  the  blood,  with  which 
tittey  drccdate  till  they  meet  with  an  organ  in  a  fit  state  to  supply 
them  with  the  means  of  increase.  3.  That  they  tend,  through  an 
intermediate  process  of  softening  (which  appears  to  be  consequent  on 
^e  death  of  tneir  constituent  particles),  towards  ulceration ;  that  this 
ulceration  is  of  a  kind  which  is  at  present  incurable ;  and  that  in  its 
progress  it  involves  almost  without  distinction  of  tissue  all  the  adjacent 
natural  structures  of  the  body,  the  particles  of  which,  by  their  contact 
or  combination  with  those  of  the  malignant  growth,  seem  first  to 
assume  a  nature  similar  to  their  nature,  and  then  to  perish  with  them. 
4.  That  in  general  the  minute  structures  of  which  they  are  composed 
are  dissimilar  to  those  of  the  natural  organs  of  the  body ;  and  that 
their  development  does  not  proceed  to  the  formation  of  any  structure 
similar  to  the  fully  developed  tissues. 

The  distinctive  characters  of  innocent  growths  are  chiefly  negative. 
Certain  of  them  may  present  one,  but  they  rarely  present  more  than 
one,  and  never  all,  of  the  characters  just  described  Thus  : — 1.  The 
number  of  tissues  in  which  innocent  growths  occur  is  comparatively 
few  :  in  many  parts  in  which  malignant  growths' are  common  they  are 
never  seen ;  and  when,  as  sometimes  happens,  many  innocent  tumours 
exist  in  the  same  body,  they  are  (at  least  as  a  general  rule)  all  found  in 
the  same  tissue,  or  in  or  near  the  same  organ.  Thus,  many  fatty 
tumours  may  grow  at  the  same  time,  but  they  all  lie  in  the  tissue  of 
the  natural  fat :  many  fibrous  tumours  may  occur  together,  but  all  are 
in  or  near  the  uterus.  On  the  contrary,  when  many  cancerous  growths 
co-Gxist,  they  are  commonly  found  in  many  different  organs  and  tissues. 
2.  The  tissues  adjacent  U>  innocent  growths  are  not  further  altered 
than  in  consequence  of  the  pressure  and  the  inflammation  which  the 
growth  excites ;  neither  is  there  any  evidence  that  such  growths  propa- 
gate themselves  from  one  part  to  another.  8.  Innocent  growths  have 
no  natural  tendency  to  ulcerate  or  slough ;  those  changes  happen  to 
them  only  in  the  same  manner  and  under  the  siune  circumstances  as  to 
the  natural  tissues  of  the  bodv.  Moreover,  in  ulcerating  or  sloughing 
they  have  no  more  tendency  than  the  natural  tissues  in  similar  con- 
ditions have  to  involve  the  adjacent  parts  in  their  destruction.  4.  The 
tissue  of  an  innocent  growth  is  in  general  similar  to  that  of  some 
natural  and  fully-developed  tissue  of  the  body. 

The  class  of  innocent  growths  includes  most  of  those  to  which  the 
name  of  Sarcoma  is  now  commonly  given.    Their  appearances  are  so 


various,  that  the  moet  practised  morbid  anatomists  frequently  meet  with 
examples  which  they  cannot  certainly  refer  to  any  described  variety  : 
yet  there  are  some  well-characterised  forms,  within  the  descriptions  of 
which  may  be  included  a  great  majority  of  those  which  occur  in  the 
human  body;  aud  these  we  shall  describe  under  the  names  of  the 
Fatty  Tumour,  or  Growth;  the  Cellular;  the  Fibrous,  or  Tendinous; 
the  Cartilaginous ;  the  Osseous ;  the  Fibro-cartilaginous. 

The  Fatty  or  Adipose  Tumour,  to  which  the  name  of  Lipoma  is 
often  given,  is  the  most  common  of  all  the  tumours  occurring  in  the 
human  body,  and,  happily,  the  most  innocent,  and  the  most  usiially 
capable  of  remedy  by  extirpation.  Its  general  seat  is  in  the  sub- 
cutaneous cellular  adipose  tissue ;  but  in  rare  cases  it  is  situated  more 
deeply,  and  then  has  a  more  compact  structure  and  more  intimate 
connection  with  the  surrounding  parts.  It  usually  occurs  singly ;  but 
sometimes  twenty  or  more  of  various  small  sizes  are  seen  in  the  same 
person.  Its  elementary  tissue  is  exactly  like  that  of  the  fat  in  which 
it  lies,  but  from  which  it  is  separated  by  a  layer  of  compact  cellular 
tissue,  and  is  generally  distinguished  by  the  smallness  and  distinctness 
of  the  lobes  composing  it.  Its  blood-vessels  are  few  and  of  small  size, 
and  usually  enter  it  at  its  base,  where  it  is  more  closely  than  elsewhere 
connected  with  the  adjacent  tissues.  It  is  insensible,  and  commonly 
grows  very  slowly,  without  producing  pain,  or  any  other  inconvenience 
than  is  due  to  its  weight  or  its  pressure  on  adjacent  parts.  When  left 
to  itself,  the  adipose  tumour  may  grow  to  an  enormous  size.  Mr. 
Copeland  removed  one  weighing  22  lbs. ;  Sir  Astley  Cooper,  one  of 
87  lbs.  10  0Z& ;  and  M.  Dagom  of  Morlaix,  one  which  weighed  46 
FVench  pounds.  The  size  of  the  wound  necessarily  made  in  the 
removal  of  tumours  of  such  magnitude  renders  the  operation  some- 
what dangerous ;  but,  except  for  this  circumstance,  the  extirpation  of 
fatty  tumours  may  usually  be  undertaken  with  full  confidence  of 
success.  If  not  removed,  they  are  apt,  through  the  distension  and 
thinning  of  the  skin  over  them,  to  give  rise  to  ulceration  and  other 
more  painful  affections. 

The  Cellular  Tumour,  which  derives  its  name  from  the  similarity  of  its 
tissue  to  that  of  the  common  cellular  tissue  of  the  body,  is  a  very  rare 
disease.  It  is  composed  of  a  compact  substance,  infiltrated  by  a  serous 
or  half-gelatinous  fluid,  and  may  attain  a  great  size.  Mr.  Lawrence,  in 
his  '  Lectures  on  Surgery,'  has  described  the  best  example  yet  known 
of  it :  perhaps  also  the  disease  which  Mr.  Abernethy,  in  his  '  Classifi- 
cation of  Tumours,'  named  Common  or  Vascular  Sarcoma,  was  of  this 
kind.  But  altogether  veiy  little  is  known  of  this  form  of  tumour :  the 
great  enlargements  of  the  skin  of  the  scrotum,  supposed  by  some  to  be 
of  the  same  nature,  are  widely  different  from  it. 

The  Fibrous  or  Tendinous  Tumour  (the  fleshy  tubercle  of  Dr. 
Baillie)  is  a  very  frequent  and  well-marked  growth.  Its  ordinary, 
perhaps  its  only,  seat  is  in  the  waUs  or  in  the  neighbourhood  of  the 
uterus.  Its  natural  form  is  almost  exactly  globular;  but  when  it 
hangs  in  a  dependent  position  it  generally  becomes  pyriform.  Its 
tissue  has  the  same  microscopic  character  as  that  of  the  natural  fibrous 
and  tendinous  tissues,  and  is  equally  little  vascular.  Its  section  pre- 
sents a  very  compact  and  firm  semi-transparent  basis,  intersected  by 
numerous  shining,  tough,  fibrous  fasciculi,  arranged  sometimes  in  rays 
proceeding  from  its  centre,  but  more  frequently  in  irregularly  arched 
and  undulating  lines.  It  grows  slowly,  and  at  first  without  pain ;  but 
when  it  has  attuned  some  size  it  usually  excites  painful  and  dangerous 
affections  of  the  uterus ;  and  this  is  especially  the  case  when  the 
tuiQour  projects  into  the  cavity  of  that  organ.  One  such  tumour  may 
grow  alone  in  the  uterus ;  but  more  commonly  two  or  more  grow 
together,  and  sometimes  there  are  from  ten  to  twenty.  They  may 
increase  so  as  to  form  masses  nearly  a  foot  in  diameter,  and  in  this 
case  they  usually  end  fatally  by  their  pressure  on  important  organs,  or 
by  haemorrhage  when  they  project  externally.  In  advanced  stages  of 
their  growth,  or  at  any  time  if  they  cease  to  increase  in  size,  they  are 
apt  to  be  calcified ;  earthy  matter  being  deposited  around  or  within 
them,  so  as  to  form  a  shell  or  a  coral-like  mass  of  hard  substance, 
which  bears  some  resemblance  to  ivoxy,  but  has  none  of  its  micro- 
scopic characters. 

The  Cartilaginous  Tumour  is  that  which  has  been  named  Chondroid 
or  Cartilaginous  Sarcoma :  it  is  the  Enchondroma  of  Mtiller,  and  one 
of  the  numerous  forms  of  growths  which  have  been  heaped  together 
under  the  term  osteo-sarcoma.  Its  usual,  and  perhaps  its  only,  place 
of  growth  is  within  or  upon  the  bones,  and  it  occurs  in  connection 
with  the  bones  of  the  fingers  and  the  last  phalanx  of  the  great  toe 
more  frequently  than  in  any  other  part  It  grows  slowly,  and  usually 
without  any  pain,  and  may  continue  to  increase  for  thirty  or  more 
years.  It  is  most  commonly  isolated,  but  somecimes  two  or  more 
tumours  of  the  same  kind  occur  on  one  or  both  hands.  The  most 
usual  form  of  the  cartilaginous  tumour  is  globular,  with  an  irregular 
nodulated  surface;  and  a  section  shows  that  it  is  composed  of  nume- 
rous round  masses  of  a  grayish-white  semi-transparent  substance, 
closely  resembling  the  cartilage  compoaing  the  skeletons  of  cartila- 
ginous fishes,  and  presenting  all  the  microscopic  characters  of  ordinary 
foDtsd  cartilage.  The  component  masses,  which  are  especially  obvious 
when  the  tumour  is  large,  vary  in  size  from  two  lines  to  half  an  inch 
in  diameter,  and  in  different  specimens  vary  much  in  consistence:  they 
are  held  together  by  portions  of  tough  fibro-cellular  tissue,  in  which 
blood-vessels  run,  but  are  themselves  little,  if  at  all,  vascular  before  the 
process  of  osnfication  has  commenced  in  them. 
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The  cartilaginous  tumour  may  grow^  to  an  eDonnous  size:  one  in 
the  College  of  Surgeons,  which  hod  almost  completely  ossified,  mea- 
sures a  yard  in  circumference.  It  is  situated  on  the  upper  part  of  the 
tibia.  But  even  in  the  most  advanced  states  they  may  be  removed  by 
the  amputation  of  the  part  on  which  they  are  situated,  without  fear  of 
their  recurring ;  and  this  is  always  an  advisable  proceeding :  for  be- 
sides the  inconvenience  produced  by  their  weight  and  pressure  on 
adjacent  parts,  large  cartUaginous  or  osseous  tumours  are  apt  to  pro- 
duce ulceration  and  sloughing  by  their  distension  of  the  skin  which 
covers  them. 

The  greater  number  of  those  called  Osseous  Tumours,  or  osseous 
exostoses,  are  only  ossified  cartilaginous  tumours, — examples  of  what 
may  be  called  the  second  stage  of  the  disease  last  described.  It  is 
doubtful  indeed  whether  any  tumour  possessing  the  true  osseous 
microscopic  structure  is  formed  xcept  through  a  preceding  carti- 
laginous state.  Many  other  kinds  of  tumours  connected  with  bones 
are  incorrectly  called  osseous  or  osteo-sarcomatous.  Such  are  those 
connected  with  medullary  or  soft  cancerous  diseases,  of  which  some 
are  only  the  osseous  skeletons  upon  which  the  malignant  disease  w^as 
fixed ;  others  are  the  remains  of  the  original  bone  expanded  and  broken 
out  by  the  growth  of  the  malignant  disease  in  the  interstices  of  its 
tissue.  And  again,  other  hard  tumours  connected  with  bones  result 
from  what  should  be  called  the  calcification  rather  than  the  ossification 
of  a  previous  softer  growth :  for  in  these  the  earthy  matter  is  deposited 
irregularly,  and  they  never  acquire  the  structure  of  true  bone.  Most 
or  all  of  these  calcified  tumours  are  of  a  malignant  nature.  One  of 
the  best  characterised  forms  is  that  of  which  Dr.  Baillie  ('Morbid 
Anatomy ')  gives  the  history,  in  a  case  in  which,  after  Mr.  Hunter  had 
amputated  the  patient's  leg,  calcareous  masses,  similar  to  that  which 
had  formed  within  and  around  the  femur,  were  developed  within  the 
lungs  and  upon  the  ribs. 

The  history  of  the  Fibro-cartilaginous  Tumour  i£  as  yet  more  im- 
perfect than  that  of  any  of  the  preceding,  except  the  cellulai*.  It  is 
most  frequently,  or  always,  connected  with  the  bones,  and  is  most 
commonly  met  with  upon  the  jaws,  from  which  it  may  be  removed 
without  fear  of  recurrence.  It  has  usually  a  round  or  oval  form,  and 
its  surface  is  less  deeply  nodulated  than  that  of  the  cartilaginous 
tumour.  It  may  attain  a  great  size^  and  commonly  leads  to  sloughing 
and  ulceration  of  the  tissues  over  it,  if  not  timely,  removed.  It  is 
composed  of  a  very  ^rm,  compact,  pale,  whitish  or  yellovrish,  albu- 
minous tissue,  in  which  small  spicula  of  bone  are  often  scattered,  but 
which  does  not  become  truly  or  entirely  osseous.  It  may  grow  within 
a  bone,  but  more  usually  it  commences  on  its  exterior  :  in  the  former 
case  it  generally  expands  the  shaft  or  body  of  the  bone  into  a  shell 
around  it;  in  the  latter  the  surface  of  the  bone  la  broken  up,  and 
seems  to  coalesce  with  the  tissue  of  the  tumour. 

In  di£ferent  examples  the  fibro-cartilaginous  tumour  presents  various 
degrees  of  consistence,  and  not  a  few  apparent  diversities  of  internal 
structure.  In  some  examples  its  substance  is  homogeneous,  in  others 
obscurely  fibrous ;  and  from  these  last,  which  are  the  most  frequent, 
it  derives  its  name,  which  is  intended  to  express  its  general  aspect 
rather  than  its  minute  structure,  for  the  firm  tissue  of  which  it  is 
chiefly  composed  has  not  the  microscopic  or  chemical  characters  of 
cartilage.  In  other  examples  again  the  fibrous  structure  rather  pre- 
dominates over  that  which  resembles  cartilage ;  and  in  others  nume- 
rous cells,  containing  a  glairy  or  a  serous  fluid,  are  scattered  through 
the  interior  of  the  mass.  From  the  existence  of  such  diversities,  it  is 
not  unlikely  that  more  than  one  kind  of  tumour  is  included  in  this 
name ;  but  the  gradations,  from  the  examples  in  which  the  tissue  is 
most  nearly  homogeneous  to  those  in  which  it  is  most  fibrous,  or  con- 
tains most  cells,  are  so  numerous  and  gradual,  that  it  seems  more  pro- 
bable that  they  are  all  of  one  kind,  modified  by  accidental  circum- 
stancesy  or  examined  in  different  stages  of  their  development 

The  treatment  of  the  tumours  whose  natural  history  has  been 
described  may  be  summed  up  in  a  few  words.  There  is  no  remedy  for 
them  but  tiieir  removal :  not  one  of  the  medicines  proposed  for  exciting 
their  absorption  is  worthy  of  a  trial.  Of  the  means  of  removing  them 
(when  removal  is  possible),  none  is  so  safe,  so  expeditious,  or  productive 
of  so  little  pain  or  inconvenience,  as  the  knife ;  and  whenever  it  can 
be  employed,  the  sooner  it  is  used  the  better,  for,  in  general,  delay  can 
only  increase  the  severity  of  the  operation.  For  the  operation  itself, 
the  only  general  rule  is,  that  the  whole  of  the  diseased  mass  must  be 
removed ;  any  portion  which  is  left  will  most  probably  become  the 
nucleus  of  a  similar  growth.  The  particular  proceedings  must  be 
varied  according  to  the  size,  locality,  and  other  circumstances  of  the 
tumour. 

TU'MULUS  (or  Harrow),  a  Latin  word,  signifying  a  "  Uttle  hill." 
Tumuli,  or  artificial  mounds  of  earth,  of  various  sizes  and  forms,  are 
found  in  many  parts  of  the  globe,  and  are  for,  the  most  part  tombs,  or 
sepulchral  memorials  of  persons  of  distinction,  or  of  warriors  slain  in 
battle.  That  some  of  these  artificial  mounds  were  originally  raised 
for,  or  at  least  appropriated  to,  other  objects  than  that  of  sepulture,  is 
probable ;  but  of  this  we  have  no  satisfactory  evidence.  We  limit  our 
present  remarks  to  the  consideration  of  tumuli  as  sepulchral  monu- 
ments. 

In  the  book  of  Joshua  mention  is  made  of  heaps  of  stones  [Cairns] 
raised  over  dead  persons,  which  in  course  of  time  would  assume  nearly 
the  appearance  of  barrows  at  the  present  day.    This  practice  seems. 


however,  to  have  been  done  in  the  case  of  enemies  only,  and  waa 
doubtless  intended  as  a  mark  of  abhorrence.  The  earliest  account  of 
tumuli  as  honorary  memorials  of  the  dead  is  by  Homer.  His  descrip- 
tions of  the  funerals  of  Patroclus  and  of  Hector,  in  the  '  Iliad,'  differ  in 
very  trifling  particulars ;  but  in  each  the  same  mode  of  inhumation  is 
commemorated.  The  ceremony  of  burning  the  body  took  place  during 
the  night,  and  at  the  dawn  the  embers  were  quenched  with  wine.  The 
ashes  of  the  deceased  were  inclosed  in  an  urn,  placed  near  the  centea 
of  the  space  occupied  by  the  pjrre,  which  was  surroimded  by  an  arti- 
ficial substructure,  or  a  foundation,  and  the  loose  earth  was  heaped 
above  it.  The  word  used  by  Homer  to  denote  the  throwing  up  of 
such  loose  earth  (x^vw)  is  strikingly  picturesque;  and  its  propriety 
will  be  readily  acknowledged  by  persons  who  have  seen  the  outline  of 
many  of  those  primitive  sepulchres,  which  has  evidently  resulted  from 
the  loose  earth  being  aUowed  to  settle  at  the  an^e  which  it  would 
form  when  thrown  up. 

In  later  ages  we  find  accounts  of  immense  scpulchi'al  tumuli.  Such 
was  that  of  Alyattes,  the  father  of  Croesus,  which  is  described  by 
Herodotus  and  by  Strabo.  A  sepulchral  mound  which  still  exists  near 
the  site  of  Acanthus  was  raised  by  the  army  of  Xerxes,  in  memory  of 
a  noble  Persian  who  had  superintended  the  construction  of  the  canal 
which  was  cut  across  the  isthmus  of  Athos. 

Tacitus,  from  whom  we  derive  the  first  satisfactory  account  of  the 
Germans,  observes  that  their  funerals  were  distinguished  by  no  empty 
pomp.  "The  bodies  of  illustrious  men  were  consumed  with  ax^ar- 
ticuiar  kind  of  wood ;  but  the  funeral  pile  was  neither  strewed  with 
costly  garments  nor  enriched  with  fn^grant  spices.  The  arms  of  the 
deceased  were  committed  to  the  flames,  and  sometimes  even  his  horse. 
A  mound  of  earth  was  then  raised  to  his  memory,  as  a  better  sepulchre 
than  those  elaborate  structures  which,  while  they  indicate  the  weak- 
ness of  human  vanity,  are  at  best  but  a  burthen  to  the  dead." 
('  Germania,'  xxvii.) 

Whether  the  body  was  preserved  entire  or  committed  to  the  flames, 
the  cuftom  of  depositing  the  remains  of  dead  bodies  under  a  mound  of 
earth  has  been  observed  in  nearly  every  part  of  the  world ;  by  the 
ancient  Scythians  on  the  banks  of  the  Borysthenes  (HerodL,  iv.  71),  and 
by  the  aborigines  of  North  America  on  the  banks  of  the  Ohio  and 
Mississippi  (Jefferson,  *  Notes  on  the  State  of  Virginia' ;  Squire  and 
Davis, '  Ancient  Monuments  of  the  Mississippi  Valley,');  and  such 
mounds  are  still  to  be  seen  in  great  numbers  in  Denmark^  Sweden, 
Germany,  France, 'Spain,  Portugal,  and  Great  Britain. 

Of  the  sepulchres  of  the  Scythian  nations,  many  are  found  in  the 
Kuban.  They  are  described  as  perfect  tumuli,  sometimes  of  great 
height,  on  a  base  formed  by  a  square  wall  of  large  stones.  In  some 
cases  the  earth  is  excavated  to  a  considerable  depth;  in  others  it 
merely  covers  the  body.  The  deposits,  with  the  remains  of  the  dead« 
are  weapons  and  implements  of  war,  domestic  utensils,  and  idols. 

Vast  numbers  of  the  tumuli  scattered  over  various  parts  of  Ger- 
many have  been  examined.  They  have  been  distributed  by  the 
antiquaries  of  that  country  into  four  classes: — 1.  Tumuli  without 
bodies,  or  urns.  2.  Tumuli  with  bodies,  but  without  urns.  3.  Tumuli 
without  bodies,  but  with  urns  baked.  4.  Tumuli  with  both  bodies  and 
urns.  Of  the  last  class,  several  were  ox)ened  in  the  neighbourhood  of 
Sinzheim,  and  skeletons  were  found  in  them,  with  rings  of  brass  and 
iron  about  the  arms,  feet,  and  fingers,  ear-rings,  and  chain  or  other 
ornament  surrounding  the  neck.  (Meidinger, '  Die  Deutschen  Volk- 
stamme  geographisch  und  gcschichtlich  belaiichtet,'  p.  208,  &c.) 
Mr.  Kemble,  who  "  opened  at  least  three  thousand  interments  in  Kortli 
Germany,"  and  found  in  the  whole  only  two  skeletons,  whibt  in  another 
part  (Sinzheim)  he  found  in  14  barrows,  "  70  interments  and  not  one 
sure  case  of  cremation,"  thinks  that  the  appearance  of  the  barrows 
hitherto  opened  proves  that  the  custom  of  cremation  was  at  one  time 
general  among  all  the  Teutonic  racra,  and  that  it  only  slowly  disap- 
peared before  the  progress  of  Christianity,  which  imposed  the  practice 
of  burying  the  bodies  of  the  dead  unburnt.  For  a  time  it  seems  to 
have  been  usual  to  inter  the  unburnt  bodies  in  the  tribal  inclosures, 
and  even  to  open,  for  their  reception,  the  old  barrows  to  which  family 
and  other  associations  had  given  a  kind  of  sanctity.  This  custom  seems 
to  have  continued  as  low  down  into  Christian  times  as  the  7th  century, 
and  in  many  places  much  later,  but  eventually  the  custom  became  uni- 
versal among  the  German  races  to  inter  their  dead  within  the  precincts 
of  their  churches,  and  hence  every  churchyard  became  a  phice  of  sepul- 
ture. We  have  quoted  above  Tacitus's  description  of  the  ancient 
German  manner  of  burning  and  burying  the  dead ;  and  there  can  be 
little  doubt,  from  the  appearances  presented  by  the  major  part  of  the 
more  conspicuous  barrows  which  have  been  opened  that,  at  least  as 
regards  distinguished  persons,  his  account  is  sufficiently  accurate ;  but 
Mr.  Kemble,  who  investigated  this  point  with  great  zeal  and  diligence, 
has  shoiism  that  one  and  perhaps  the  ordinary  mode  was  to  bum  the 
body  upon  a  stone  structure  raised  for  the  purpose.  As  the  result  of 
numerous  explorations  of  previously  unopened  barrows,  and  a  com* 
parison  of  passages  and  allusions  in  old  German  and  Scandinavian 
literature,  he  infers  that  "  a  heap  of  stones  was  built,  having  a  hollow 
for  the  body ;  the  materials  for  a  fire  were  laid  in  this,  and  the  stones 
made  red-hot,  and  then  the  corpse  placed  in  the  trough,  and  covered 
over  with  combustible  materials  till  all  was  consumed.  The  hollow 
was  then  filled  up  with  more  stones,  and  the  whole  surmounted  with 
earth  to  form  a  bwrrow."    (*  Archaeological  Journal,'  vol.  xiv.) 
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Of  late  years  great  attention  has  been  P^^y  the  northern  anti- 
quaries to  the  primeval  remains  of  Denmark,  Sweden,  and  Norway,  and 
the  barrows  of  those  countries  have  been  careiully  and  systematically 
explored.  Along  with  certain  local  peculiarltiea  they  bear  a  general 
reaemblance  to  the  barrows  occurring  throughout  the  north  of  Ger- 
many, Holland,  parts  of  France,  and  in  our  own  country.  From  their 
contents  the  Danish  antiquaries  have  classified  them  into  barrows  of 
the  Stone,  the  Bronze,  and  the  Iron  periods — a  division  already  sug- 
gested to  English  antiquaries  by  the  contents  of  English  baxrowa 
Those  of  the  Stone  period  are  the  oldest.  They  are  often  of  great  size^ 
and  are  "  peculiarly  distinguished  by  their  important  circles  of  stones 
and  large  stone  chambers,  in  which  are  found  the  remains  of  unbuitit 
bodies,  together  with  objects  of  stone  and  amber."  (Worsaae, '  Prime- 
val Antiquities  of  Denmark,'  Thoms's  Trans.,  p.  93.)  The  earth  has  been 
removed  from  many  of  the  more  remarkable  of  these  barrows,  so  as  to 
leave  only  the  stone  circles,  chambers,  or  cromlechs,  exposed;  but  enough 
remains,  as  Mr.  Worsaae  observes,  to  show  that  they  must  have  been 
w^orks  of  enormous  labour ;  and  they  afford  a  proof  that  the  people 
who  formed  them,  and  who  were  'probably  the  earliest  inhabitants  of 
Denmark,  however  rude,  "  could  scarcely  have  led  a  mere  nomadic 
life,  but  must  have  had  settled  habitations,  and  that  they  were  a 
vigorous  people,  who  cherished  care  and  reverence  for  the  departed." 

The  tumuli  of  the  Bronze  period,  according  to  the  same  author, 
"  have  no  circles  of  massive  stones,  no  stone  chambers,  in  general  no 
large  stones  on  the  bottom,  with  the  exception  of  stone  cists  placed 
together,  which,  however,  are  easily  to  be  distinguished  from  the  stone 
chambers.  They  consist,  as  a  general  rule,  of  mere  earth,  with  heaps 
of  small  stones,  and  always  present  themselves  to  the  eye  as  mounds  of 
earth,  which,  in  a  very  few  rare  instances,  are  surrounded  by  a  small 
circle  of  stones,  and  contain  relics  of  bodies  which  have  been  burned 
and  placed  in  vessels  of  clay  with  objects  of  metal."  These  tumuli 
belong  evidently  to  a  later  period  than  the  preceding,  and  to  a  people 
more  advanced  towards  civilisation.  In  the  rudest  ages  the  people 
usually  bury  their  dead ;  later,  the  practice  of  cremation  is  resorted  to 
and  accompanied  with  much  religious  ceremony  ;  and  it  is  only  "when 
the  pagan  rites  yield  before  the  progress  of  Christianity  that  a  return 
is  made  to  the  simpler  custom  of  interring  the  corpse  unbumt.  In  the 
Scandinavian  burials  of  the  Bronze  period,  the  body  seems  to  have  been 
burnt  on  a  pile  of  wood ;  the  bones  and  ashes  were  then  collected,  and, 
together  with  various  bronze  implements  and  omamenta  belonging  to  the 
deceased,  put  into  an  earthen  vessel,  or  rude  stone  chest  (cist),  which 
formed  the  nucleus  of  the  intended  barrow.  This  central  vessel  was 
surrounded  with  small  stones,  and  then  covered  with  earth,  so  as  to 
form  a  barrow.  (Worsaae.)  Only  persons  of  eminent  rank  or  merit 
seem  to  have  had  an  entire  barrow ;  in  most  cases  the  barrows  seem 
to  have  belonged  to  families,  while  some  are  evidently  the  ordinary 
burial-places  of  the  poor,  excavations  being  made  in  the  barrows  in 
order  to  insert  urns  containing  bones,  probably  burnt  at  a  common 
burning-place,  as  described  by  Mr.  Kemble.  The  barrows  of  this 
period  are  usually  formed  on  high  ground,  and,  whenever  pracUcable, 
so  as  to  be  seen  far  at  sea.  They  are  especially  numerous  in  the  islands, 
and  in  Jutland,  Sleswig,  and  Holstein. 

Of  Danish  barrows  of  the  Iron  period  the  examples  are  comparatively 
few,  and  their  date  is  evidently  comparatively  recent.  In  external 
form  they  resemble  those  of  the  Bronze  period,  and  they  are  not  unlike 
them  in  their  internal  arrangement ;  but  they  contain  only  unbumt 
bodies.  Swedish  and  Norwegian  barrows  occur,  however,  in  which 
burnt  bodies  are  found.  A  distinctive  feature  of  the  barrows  of  this 
period  is  that  they  contain  "  not  only  remains  of  the  warrior  but  also 
those  of  his  horse,"  together  with  his  trappings.  Some  of  them  have 
chambers  of  wood,  and  all  display  traces  of  costly  habits  and  compara- 
tive refinement  of  manners  in  trinkets  of  gold,  silver,  and  glass,  figures 
not  inelegantly  canned  and  engraved  of  birds  and  other  animals,  runic 
inscriptions,  &c. ;  and  in  some,  as  indeed  in  some  of  the  Bronze  period, 
trunks  of  oaks,  rudely  hollowed  out  like  a  coffin,  have  been  found. 

The  first  careful  investigations  into  the  tumuli  of  this  country  were 
made  by  Dr.  Stukeley  in  the  neig^hbourhood  of  Stonehenge  a  century 
and  a  quai-ter  ago.  (Stukeley 's  '  Account  of  Stonehenge,'  fol.,  1740.) 
The  attention  of  the  public  was  a  second  time  drawn  to  the  subject  by 
Douglas,  in  his  '  Noonia  Britannica/  published  in  1793  :  his  researches 
were  confined  to  the  southern  coast  of  England,  and  chiefly  to  the 
county  of  Kent.  The  investigations  begun  by  Stukeley  and  Douglas 
were  prosecuted,  with  ample  means  to  carry  them  into  effect,  by  the 
late  Sir  Richard  Colt  Hoare,  whose  attention  was  first  directed  to  the 
subject,  and  who  was  materially  assisted  in  his  researches  and  literary 
labours,  by  Mr.  Cunnington,  a  tradesman  and  self-taught  antiquary  of 
Wiltshire.  In  no  pai*t  of  Europe  had  tumuli  been  so  completely 
explored  as  by  Sir  li.  C.  Hoare  in  Wiltshire,  and  he  minutely  and 
carefully  explained  their  contents  in  his  '  Ancient  Wiltshire,'  2  vols, 
fol.,  ISIO,  1821.  The  classification  of  tumuli  according  to  their  shape, 
proposed  by  Sir  R.  C.  Hoare,  has  been  so  generally  adopted  by  English 
and  French  antiquaries  that  it  may  be  usefid  to  give  it  at  length,  with* 
out  however  accepting  the  conclusions  which  the  author  arrived  at, 
and  which  Indeed  are  scarcely  consistent  with  the  present  state  of 
archaeology.  "We  must  not,"  he  observes,  "consider  every  barrow 
as  a  mere  tumulus,  or  mound,  loosely  and  fortuitously  thrown  up,  but 
must  rather  view  them  as  works  of  evident  design,  and  executed  with 
the  greatest  symmetry  and  precision.    The  Long  barrow  (see  No.  1^ 
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annexed  illustration),  from  its  singular  form  and  largo  size,  claims  the 
first  notice.    These  barrows  differ  considerably  in  form  as  well  as  mag 


nitude.  Some  resemble  the  half  of  an  egg  cut  down  the  middle ;  some 
are  almost  triangular;  some  form  a  ridge  of  equal  breadth  throughout; 
but  the  greater  number  are  wider  at  one  end  than  the  other,  and  that 
end  is  usually  turned  towards  the  east  They  are  commonly  placed  on 
elevated  situations,  and  stand  singly.  They  differ  materially  from  cir- 
cular barrows  in  their  contents ;  for  brass  weapons,  or  trinkets,  are  never 
found  in  them.  With  few  exceptions,  bodies  appear  to  have  been  laid 
on  the  floor  of  the  barrow,  at  the  broadest  end,  in  an  irregular  manner  ; 
and  near  one  or  two  cists,  cut  in  the  native  chalk,  and  covered  with  a 
pile  of  stones  or  flints.    The  Bowl  barrow  (No.  2)  is  the  shape  most 


usually  found.  It  abounds  on  the  Mendip  Hills,  in  Somersetshire, 
and  is  sometimes  surrounded  with  a  shallow  ditch.  Dorsetshire  also 
contains  many  barrows  of  this  class.  The  Bell  barrow  (No.  3),  from 
the  symmetry  of  its  shape,  is  probably  an  improvement  on  tiie  bowl 
barrow.     It  occurs  in  the  vicinity  of  Stonehenge. 

Of  the  Druid  barrow,  as  it  was  miscalled  by  Stukeley,  Sir  R.  C. 
Hoare  distinguishes  three  varieties  (Nos.  4,  10,  and  11).  The  out- 
ward vallum,  with  the  ditch  within,  is  moulded  with  great  care.  In 
tbe  area  are  sometimes  one,  two,  or  three  small  mounds,  which  in 
most  cases  have  been  found  to  contain  small  articles,  such  as  cups,  and 
lance-heads,  also  amber,  jot,  and  glass  beads.  Two  other  varieties  of 
the  Druid  barrow  have  been  casually  observed.  One  is  a  low  mound, 
inclosed  within  a  vallum,  and  occupying  almost  the  whole  area  (No.  5). 
In  the  other,  the  area  is  perfectly  fiat,  and  rises  in  a  curved  line  from 
the  vallum  (No.  9). 

The  Tunn  barrow  (No.  7)  consists  of  two  conical  mounds  within  a 
foss.  The  Broad  barrow  (No.  9)  resembles  the  bowl  barrow,  but  is 
wider  and  flatter  at  top.  All  these  are  regarded  as  belonging  to  the 
Celtic  or  ancient  British  period. 

Two  other  forms  are  mentioned — the  Pond  barrow  (No.  6)  and  the 
Cone  barrow  (No.  S).  Of  the  cone  barrow,  only  a  single  example  has 
been  noticed,  near  Everleigh^  on  Salisbury  Plain.  Small  cone-shaped 
barrows  placed  together  in  groups  are  usually  of  Saxon  date :  lai^ 
numbers  of  them  occur  in  the  eastern  parts  of  Kent. 

Another  kind  appears  to  have  escaped  the  notice  o£  Sir  Richard  0. 
Hoare.  These  bsurows  are  so  slightly  elevated  that  they  can  scarcely 
be  discovered,  except  in  the  morning  and  evening,  when  the  shadows 
are  broad  and  marked.  Their  contents  show  them  to  belong  to  an 
early  period. 

No.  12,  a  tumulus — or  rather  the  ruins  of  a  tumulus— called  MiU- 
barrow,  near  Avebury,  Wiltshire,  set  round  with  stones,  was  represented 
and  described  by  Dr.  Stukeley,  in  his  work  on  Avebury,  fol.,  1743  :  it 
is  fully  described  and  figured  under  Aveburt,  in  Qeoo.  Div. 

Tumuli  frequently  occur  arranged  in  a  row.  iMjig.  17  is  shown  a 
series  of  four  known  as  the  Bartlow  Hills,  in  the  county  of  Essex,  on 
the  south  border  of  Cambridgeshire.  They  vary  in  size,  as  indicated 
in  the  diagram.  The  largest,  a,  measuring  142  feet  in  diameter  by 
44  feet  in  height,  was  explored  in  1835  by  Mr.  J.  G.  Rokewode  and 
other  gentlemen,  who  excavated  a  passage  or  gallery  on  the  surface  of 
the  natural  earth,  from  the  extreme  base  to  near  the  centre  of  the 
barrow.  This  line  or  gallery  is  marked  (No.  18)  a,  extending  56  feet, 
where  the  workmen  were  oxtered  to  extend  the  open  space  on  each 
side ;  and  at  the  distance  of  13  feet  they  came  to  a  square  indoaure^  or 


chest  {c),  which  was  found  to  contain  various  antique  relics  of  genuine 
Roman  or  of  Brito-Roman  manufacture.  These  were  glass  urns  or 
bottles,  a  bronze  lamp  and  cup,  a  patera^  a  prsefericulum  (a  long  or 
tall  vase,  with  a  particular  handle),  glass  vessels,  a  folding  chair,  bronze 
stiigils,  an  enamelled  vase,  &c.    The  last  and  the  bronze  pnefericulum 
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are  elegant  and  extraordinary  vessels,  and  tlie  only  examples  of  the 
kind  ever  found  in  any  of  the  tumnli  of  Great  Britain.  A  particular 
account  of  these  objects  is  given  in  the  '  Archreologia,'  vol.  xxvii. 

At  a  place  called  the  New  Grange,  near  Drogheda,  Ireland,  there 
was  a  remarkable  tumulus,  which  was  explored  in  1770  by  Governor 
Pownall,  who  wrote  an  account  of  the  barrow,  and  of  other  objects  in 
the  vicinity,  for  the  Society  of  Antiquaries  of  London,  and  published 
the  same  in  vol  ii.  of  the  *  Archaeologia.'  He  states  that  the  mound 
consists  mostly  of  large  pebble  stones,  which  must  have  been  conveyed 
about  12  or  14  miles;  and,  by  calculation,  the  whole  weighed  at  least 
189,000  lbs.  The  height  is'  70  feet,  and  the  diameter  about  400  feet. 
Surrounding  its  base  waa  a  series  of  rudo  stones,  placed  in  a  circular 
form,  on  their  ends,  as  indicated  (No.  14).  A  gallery  formed  of  upright 
stones,  c  c,  with  others  placed  on  their  tops,  extended  from  the  outer 
edge  to  near  the  centre  of  the  tumulus,  where  there  was  an  area 
surroundrd  by  other  stones,  and  covered  by  a  dome  or  cupola,  a. 
Branching  from  this  area  were  three  squjvre  recesses,  6,  ft,  6.  The 
accompanying  diagrams  show  a  plan  and  section  of  the  gallery. 


Silbury  Hill,  near  Marlborough,  Wiltshire,  is  one  of  the  largest 
bsuTOWB  lA  the  world,  [Avebury,  in  Geoq.  Drv.]  See  the  cut  in  the 
preceding  column,  No.  13. 

Some  very  remarkable  examples  of  tumuli,  cromlechs,  and  stone 
chambers  in  Jersey,  Guernsey,  and  other  of  the  Channel  Islands, 
have  been  explored  and  described  with  great  acumen  by  Mr.  Lukis. 
(*  Archscol.  Journal,'  &c.)  They  bear,  in  many  particulars,  a  curiously 
dose  affinity  to  the  Scandinavian  barrows,  as  described  by  Worsaae  and 
the  Royal  Society  of  Antiquaries,  Copenhagen.     [Cromlech.] 

Sir  Richard  C.  Hoare  considers  the  deposition  of  the  body  entire, 
and  its  reduction  to  ashes  by  fire,  to  have  been  practised  in  England  at 
the  same  time.  There  are,  however,  varieties  of  both.  In  the  most 
ancient  interments  the  body  is  inclosed  in  a  cist,  with  the  legs  and 
thighs  drawn  up,  tind  the  head  generally  turned  towards  the  north. 
The  second  is  of  later  date.  The  body  is  deposited  at  full  length ;  but 
the  head  is  pkced  in  no  particular  position,  and  arms  and  various 
instruments  of  iron  accomi)any  the  skeleton  :  these  burials  of  unbiunt 
bodies  in  English  barrows  bear  in  all  respects  a  close  similarity  to  those 
described  by  Mr.  Kemble  in  North  Germany.  In  the  same  manner, 
two  modes  of  depositing  the  remains,  after  they  were  burnt,  have  been 
practised.  In  the  more  ancient,  the  fragments  of  the  burnt  bones 
were  collected  and  laid  on  the  floor  of  the  barrow,  or  in  a  cist  exca- 
vated in  the  native  soil.  In  the  second,  which  is  clearly  the  later, 
the  bones  and  ashes  were  inclosed  in  a  funeral  urn,  which  was  placed 
in  a  cist,  usually  with  the  mouth  downward.  In  these  cases  portions 
of  the  cloth  which  enveloped  the  urn  have  occasionally  been  dis- 
covered, as  well  as  small  brass  pins,  by  which  the  cloth  was  apparently 
fastened. 

Of  urns,  many  varieties  have  been  found  in  exploring  the  tumuli. 
The  first  or  largest  class  was  properly  the  sepulchral  urn,  and  is  always 
found  to  contain  bones.  The  second  is  (Afferent  both  in  shape  and 
design :  it  contained  neither  ashes,  bones,  nor  trinkets ;  and  as  the 
custom  prevailed  of  depositing  articles  of  food  with  the  dead,  these" 
have  received  the  name  of  drinking-cups,  from  a  supposition  that  they 
were  intended  to  hold  fluids.  Such  vessels  are  frequently  found  with 
skeletons,  and  are  placed  either  at  their  head  or  feet.  They  are 
always  ornamented  with  patterns,  and  would  contain  about  a  quart. 
The  third  are  smaller  still,  and  more  fantastic  in  shape.  They  are  too 
diminutive  to  liave  been  receptacles  for  ashes.  They  were  probably 
intended  for  perfumes,  and  have  somewhat  fancifully  been  named 
incense-cups.  At  one  time,  there  can  be  little  doubt  that  barrows 
might  have  been  found  throughout  the  country ;  but  they  have  been 
destroyed  as  cultivation  advanced.  Yet  even  now  they  are  traceable 
over  a  large  part  of  the  land,  and  they  exist  in  considerable  numbers 
where  the  land  remains  untilled — largely,  for  example,  in  such  widely- 
separated  places  as  Wiltshire,  Derbyshire,  Kent,  and  the  Channel 
Islands. 

We  may  add  that  the  remains  found  in  the  British  barrows,  equally 
with  those  of  the  barrows  of  other  Teutonic  races,  indicate  three  distinct 
stages  or  eras  of  society.  The  first  was  before  the  introduction  of  metals, 
when  arms  and  implements  consisted  of  spear-heads  of  flint,  and  arrow- 
heads of  flint  or  bone  ;  the  second,  when  these  articles  were  of  bronze  ; 
and  the  latest,  when  iron  instruments,  arms,  and  utensils  accompany 
the  deposit.  Of  the  sepulchral  urn  also  there  are  two  varieties,  indi- 
cating different  periods  of  mechanical  art.  In  the  first  the  urn  is 
&Bhioned  by  hand,  without  ornaments,  or  with  those  of  the  rudest 
kind,  and  dried  by  the  heat  of  the  sun.  In  the  second,  it  was  evidently 
wrought  on  the  lathe,  ornamented  by  the  application  of  some  instru- 
ment with  zigzags  and  other  patterns,  and  hnished  and  baked  with 
different  degrees  of  skill  and  attention.  Possibly  the  first  of  these 
may  belong  to  the  earliest  known  inhabitants  of  Britain;  and  the 


others  may  perhaps  be  assigned  to  the  latest  Belgic  colonists.      The 
later  Saxons  buried  their  dead  in  cemeteries  of  considerable  extent,  and 
without  barrows. 
TUN.    [Ton.]  ^  .^^  _ 

TUNE,  in  Music,  a  short  ah-,  or  melody,  with  both  or  either  of 
which  terms  it  is  synonymous.  A  vogilYwiK  is  a  song,  or  a  bn-Uad,  in 
England;  an  anc<fc,  a  vaudeville,  in  France;  9kgaangm  Germany;  a 
canzonetta,  an  arietta,  in  Italy ;  a  seguidiUu  in  Spain  ;  &c  In  instru- 
mental music  a  Tune  ia  variously  denominated,— dance,  hornpipe,  jig, 
gigue,  giga ;  waltz,  vaUe,  teaUzer,  fandango,  &c.,  according  to  the 
country  in  which  it  had  its  origin  or  is  naturalised.  [Air  ;  Mei,oi>y. J 
TUNGSTEN  (W).  Woffmmium.  This  element  waa  discovered  by 
Scheele  in  1781,  but  was  not  isolated  till  some  few  years  later.  The 
name  indicates  "  heavy  stone,"  in  allusion  to  the  high  specific  gravity 

of  its  Swedish  ore. 

The  chief,  if  not  the  only  form  in  which  tungsten  occurs  m  nature, 
is  that  of  tungstic  acid;  sometimes  free,  but  more  often  combined  :  it 
is  usually  found  in  company  with  tin-stone,  and  till  within  the  last  few 
years  has  been  regarded  only  as  a  mineralogical  curiosity.  Recently, 
however,  tungsten  has  been  combined  with  iron,  and  the  alloy  found 
to  possess  the  properties  of  the  best  steel. 

Tungsten  may  easily  be  obtained  from  tungstic  add,  by  reducuig 
with  hydrogen  or  carbon  at  a  high  temperature.  The  most  convenient 
method  is  to  knead  a  mixture  of  tungstic  acid  and  charcoal  into  a  paste 
with  oil,  and  expose  the  mass  in  a  carbon  crucible  to  the  heat  of  a 
blast  furnace.  It  is  a  steel-gray  metal,  susceptible  of  considerable 
lustre,  exceedingly  hard  and  infusible,  and  of  specific  gravity  17*6.  It 
does  not  readily  oxidise  in  the  air,  and  is  not  magnetic.  It  is  a  go<xl 
conductor  of  heat  and  electricity,  and  by  strong  oxidising  acids  is 
converted  into  tungstic  acid. 

The  equivalent  of  tungsten  is  92. 

Tungsten  and  oxtjgen  form  two  definite  compounds ;  hinoxide  (WO9) 
and  teroxide,  or  tungstic  acid  ( WOs).  A  dark  indigo-blue  coloiired  oxide 
(W^Os)  has  also  been  described,  but  it  is  probably  a  mixture,  or  pos- 
sibly a  compound  of  binoxide  and  teroxide  (Wy04=  WO,,  WO5). 

mmxide  of  tungsten,  or  tungstous  oxide  (WO,),  is  a  dark  copper- 
coloured,  almost  black  powder,  obtained  on  passing  hydrogen  over 
tungstic  acid  at  a  low  red  heat.  It  has  also  been  formed  in  lustrous 
scales.  Binoxide  of  tungsten  has  a  great  tendency  to  absorb  oxygen, 
but  forms  with  soda  a  compound  that  is  not  acted  upon  by  any  acid, 
except  hydrofluoric.  .        ,    ,  .. 

Tungstic  acid  (WOg).— The  anhydrous  acid,  or  tungstte  amydnde, 
may  be  procured  by  decomposing  Wolfram  (timgstate  of  iron  and 
manganese  MnO,  WOj  +  SFeO,  WO,),  with  aqua  regia,  evaporating 
to  dryness,  digesting  the  residue  in  ammonia,  re-crystallising  the 
tungstate  of  ammonia,  drying,  and  heating  to  redness.  It  is  a  yellow 
powder,  insoluble  in  water  and  acids,  but  soluble  in  alkalies,  and  In 
alkaline  carbonates  with  effervescence. 

Hydratcd  tungstic  acid  (HO,  WO3)  is  a  yellow  precipitate,  formed  on 
adding  excess  of  hydrochloric  acid  to  a  solution  of  tungstic  anhydride 

in  alkali.  .  . 

Tuiigstatcs. — Those  of  the  alkalies  are  formed  m  the  manner  just 
indicated,  and  others  may  be  obtained  by  double  decomposition. 
Tungstate  of  soda  (NaO,  WO3  +  2Aq.)  possesses  the  important  property 
of  rendering  fabrics  uninflammable.  Muslin  §oaked  in  a  solution  of  20 
parts  of  this  salt  with  3  of  phosphate  of  soda  in  100  parts  of  water 
may  readily  be  ironed  and  otherwise  prepared  for  wear,  and  is  then 
only  charred  when  brought  into  contact  with  fire ;  it  does  not  itself 
bum  with  flame  and,  therefore,  does  not  propagate  its  combustion. 
Tungsfate  of  lead  rivals  the  carbonate  as  a  pignaent.  A  modification  of 
tungstic  acid  in  which  two  equivalents  combine  with  one  of  base  has 
been  termed  mciatungstic  acid  (HO,  W3O0). 

Tungsten  and  phosphorus  form  two  compounds.  The  first  is  a  dark 
gray  powder  (W3P..)  produced  when  phosphorous  vapour  is  passed 
over  the  metal.  Tlie  second  (W^P)  occurs  ia  crystalline  groups  of 
lustrous  prisma,  and  is  obtained  on  reducing  two  equivalents  of  phos- 

Ehoric  acid  and  one  of  tungstic  acid  in  a  carbon  crucible  at  a  very 
igh  temperature. 

Tungsten  and  sulphur  form  bi^dphide  (WS,)  and  termphtd^  (WSg). 
The  former  is  a  bluish-black,  crystalline,  plumbago-like  powder,  which 
remains  undissolved  when  a  well  fused  mixture  of  equal  parts  of 
bitungstate  of  potash  and  sulphur  is  treated  with  water.  The  ter- 
Bulphide  is  produced  on  dissolving  timgsticacid  in  an  alkaline  sulphide, 
and  precipitating  by  an  acid  :  it  is  slightly  soluble  in  water,  and  is  a 
powerful  sulphur  acid. 

Tungsten  and  chlorine  combine  in  two  proportions.  On  passmg  the 
dry  gas  over  the  heated  metal,  both  chlorides  are  formed,  the  rclatiro 
proportions  depending  on  the  amount  of  chlorine.  The  bichloride 
(WCl,)  is  less  volatile  than  the  terchloride  (WCl,).    Both  of  them  crys- 

tallise. 

The  compounds  of  tungsten  are  not  poisonous.  Their  solutions  are 
not  precipitated  by  sulphide  of  hydrogen,  or  sulphide  of  ammonium. 
Sulphuric  acid  and  zinc  when  added  to  a  solution  of  tungstic  acid  pro- 
duce a  deep  blue  coloration  in  the  liquid.  With  borax  in  the  blow- 
pipe flame,  the  compounds  of  tungsten  yield  a  yellow  bead,  becoming 
blood-red  on  cooling.  The  metal  is  estimated  in  the  state  of  tungstic 
anhydride,  which  contains  79'32  per  cent,  of  metal. 

TUNGSTIC  ACID.    [Tungsten.] 
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TUNING.  [Tkmpebament  iOJD  Tusl^^'^  ^U  column  118  we 
alluded  to  the  prospectua  of  certain  tuiuag-io*^JJ*»  ^*^  which  it  waa  btated 
that  each  one  was  tuned  to  the  true  atandard  by  %  **  aciontific  process." 
We  have  received  an  explanation,  by  which  it  appears  that  this  is 
the  advertiser's  way  of  saying  that  a  good  standard  tuning  fork  having 
been  first  constructed  by  a  scientific  process,  every  tuniog  fork  sold 
was  carefully  compared,  by  ear,  with  that  originaL  This  is  quite  as  it 
should  be ;  but  the  terms  used  express  something  different. 

TUNING-FORK.  A  steel  instrument  with  two  prongs  springing 
out  of  a  handle,  and  so  adjusted  as  to  length  that  when  struck  a  certain 
fixed  note  is  produced,  by  which  the  pitch  of  the  voice  or  of  musical 
instruments  is  regulated.  In  England  the  tumng>fork  is  made  with 
parallel  prongs,  and  is  vibrated  by  striking  one  of  the  prongs  when 
both  unite  and  reinforce  each  other ;  the  note  becomes  much  more 
resonant  by  placing  the  handle  on  a  sounding-board,  or  even  on  a 
table.  In  France,  where  the  instrument  is  called  a  diapcuoUf  and  in 
Germany  a  diaspaaon,  the  prongs  are  bent  into  the  form  of  an  exag- 
gerated horse  shoe,  and  a  cylinder  of  wood  being  placed  in  the  widest 
part  of  the  opening,  is  moved  quickly  upwards  so  as  to  separate  the 
prongs  further  apart,  and  they  continue  to  vibrate  for  some  time. 
The  fork  is  usually  tuned  to  a  or  o  in  the  tenor,  a  separate  fork  being 
provided  for  each  pitch  required.  Mr.  Klein  has,  however,  introduced 
a  fork  which  admits  of  adjustment  for  pitch  by  means  of  a  small  brass 
olamp,  which  slides  on  one  of  the  prongs,  and  can  be  fixed  in  certain 
positions  by  means  of  a  clamping  screw.  By  varying  the  place  of  the 
clamp  upon  the  prong  the  pitch  of  the  fork  can  be  raised  or  lowered, 
and  certain  marks  are  engraved  upon  the  prong,  showing  the  position 
for  the  clamp  for  giving  the  pitch  adopted  by  each  of  the  principal 
orchestras  in  Europe. 

It  would  be  very  desirable  if  a  uniform  pitch  could  be  agreed  on  in 
the  musical  world ;  but  so  long  as  each  natio^  continues  to  use  its 
own  weights  and  measures,  it  will  naturally  claim  the  privilege  of 
regulating  its  own  musical  pitch.  Under  Acoustics,  Concebt  Pitch, 
and  Temperament  and  Tuning,  some  remarks  are  made  on  this  sub- 
ject, by  which  it  appears  that  for  many  years  past  the  pitch  has  been 
rising,  to  the  injury  of  the  voices  of  our  public  singers.  Messrs. 
Broadwood,  the  well-known  pianoforte  makers,  employ  three  tuning- 
forks,  all  of  different  pitch :  the  first  is  the  philhaumonic  standard 
of  thirty  years  ago,  and  is  used  for  tuning  pianos  which  give  the 
accompaniments  at  vocal  concerts ;  secondly,  a  fork  higher  in  pitch, 
used  for  tuning  pianos  that  take  part  in  orchestral  compositions ;  and 
thirdly,  a  fork  of  still  higher  pitch,  used  as  the  opera  and  philharmonic 
standard  of  the  present  day.  Indeed  there  is  a  difference  of  about  a 
semitone  between  the  first  and  third  of  these  forks. 

It  is  stated  that  the  middle  o-fork  used  in  Paris  in  1699  was  equal 
to  489  vibrations  per  second,  while  in  1859  it  bad  increased  to  536. 
In  the  last-named  year  the  operar  standard  fork  used  in  London,  St. 
Petersbui^,  and  Berlin,  was  ev6n  somewhat  higher  than  that  of  Paris ; 
and  cases  have  frequently  occiurred  in  which  a  band  intended  to  take 
part  with  a  cathedral  organ,  such  as  that  of  St.  Paul's,  London,  found 
it  impossible  to  tune  down  all  their  instruments  to  the  pitch  of  the 
organ.  The  object  of  thus  raising  the  pitch  has  been  to  improve  the 
brilliancy  of  the  instruments.  Opera  bands  and  military  bands  have 
both  raised  their  pitch.  The  conductor  of  the  band  of  the  Guides  of 
Brussels  employe  two  forks,  one  which  is  too  high  for  vocal  music, 
being  used  to  give  brilliancy  to  military  instruments. 

Attempts  have  been  made  at  various  times  to  settle  the  standard 
of  pitch  by  reference  to  scientific  principles.  Fischer's  experiments,  or 
rather  their  results,  obtained  in  1823,  are  noticed  under  Acoustics. 
About  thirty  years  ago  the  Philharmonic  Society  adopted  a  fork  of 
a  certain  pitch,  which  for  a  time  seemed  to  check  the  tendency  to 
rise  in  the  standard.  The  maker  informed  us  that  this  fork  was 
entirely  settled  by  ear,  and  that  Sir  George  Smart  directed  him  to 
make  it  a  little  irharper  or  a  little  flatter  until  in  the  course  of  about 
half  an  hoiu*,  a  pitch  was  hit  upon  which  satisfied  Sir  George's  musical 
ear.  In  1834  some  of  the  leading  musicians  of  Germany  met  at 
Stuttgard,  and  agreed  upon  an  A-fork  of  880  vibrations  per  second, 
corresponding  with  528  for  the  tenor  o.  The  next  attempt  to  secure  a 
uniform  standard  was  made  by  Mr.  HuUah,  in  1842.  When  this 
gentleman  introduced  the  system  of  teaching  singing  on  the  Wilhem 
method,  under  the  sanction  of  the  Committee  of  Council  on  Education, 
it  was  quite  necessary  to  secure  a  common  standard  of  pitch  for  the 
sake  of  uniformity  in  the  various  classes,  and  among  the  teachers 
instructed  by  Mr.  Hullah,  who  themselves  had  classes  in  various  parts 
of  the  kingdom.  The  great  and  successful  gatherings  in  Exeter  Hall, 
where  1500  or  2000  pupils  under  this  method  united  their  voices, 
would  evidently  have  been  impossible  unless  a  standard  of  pitch  had 
been  adopted.  Accordingly,  Mr.  Hullah  and  his  publisher,  Mr.  Parker, 
applied  to  Mr.  Tomliu;30u  to  prepare  a  new  fork ;  the  necessity  for 
which  will  be  further  apparent  when  it  is  considere<l  that  the  A-fork 
or  the  c-fork  of  one  maker  did  not  by  any  means  imply  the  same  A-fork 
or  c-fork  of  another  maker ;  nay,  even  forks  of  the  same  name,  and 
bought  at  the  same  shop,  were  not»  as  a  rule,  in  umson.  Mr.  Uullah 
expressed  great  anxiety  that  the  pitch  should  be  kept  down  as  much 
as  possible,  but  he  left  it  to  Mr.  Tomlinson  to  decide  what  number  of 
vibrations  per  second  should  be  assigned  to  the  note  which  it  was 
agreed  should  be  the  middle  c  of  the  pianoforte.  In  a  letter  addressed 
to  Mr.  Hullah  on  April  18, 1842,  Mr.  Tomlinson  stated  his  reasons  why 


the  number  512  should  be  adopted.  We  will  quote  a  few  remarks 
from  the  printed  description  which  was  written  when  this  fork  was 
issued,  and  which  has  been  given  with  every  fork  that  has  been  sold, 
ever  since:— 

"  The  tuning-forks  now  in  use  are  themselves  regulated- -not  upon 
any  definite  principle — but  by  the  imperfect  system  of  copying  ;  each 
one  being  attuned  in  (apparent)  umson  with  others.  The  workman, 
having  no  test  but  his  ear  to  depend  upon,  is  liable  to  fall  into  inac- 
curacies, the  precise  amount  of  which  he  has  no  means  of  determining : 
hence  the  standard  itself  may  vary  from  time  to  time ;  and  indeed  it 
is  known  to  musicians  that  the  standard  of  musical  pitch  is  higher  in 
this  country  at  the  present  time  than  formerly,  any  given  note  being 
now  a  little  tliarper  than  the  similarly-named  note  in  the  times  of  our 
earlier  composers.  And  not  only  so,  but  different  vocalists  of  dis- 
tinction, instrumental  performers,  and  musical  instrument  makers, 
adopt  certain  standards  of  their  own,  which  often  differ  considerably 
one  from  another.  These  discrepancira,  and  the  rapid  extension  of 
vocal  music  in  England  under  the  auspices  of  the  Conmaittee  of 
Council  on  Education,  have  led  to  the  opinion  that  the  present  is  a 
favourable  time  to  attempt  the  formation  of  a  rtyorous  itandard  of 
pitch ;  one  which,  by  depending  on  an  unchanging  scientific  principle, 
will  be  independent  of  local  and  temporary  usages.  The  principle 
here  alluded  to  is  that  on  which  the  pitch  wholly  depends — namelyi 
the  number  of  vibrations  per  second  which  produces  the  given  noie.  The 
great  rapidity  of  these  vibrations  renders  the  determination  of  the 
number  a  point  of  much  difficulty  :  but  science  furnishes  many 
resources  whereby  this  determination  can  be  made  with  great  nicety. 
Any  note  might  be  chosen  as  a  stand^urd,  but  the  note  "  Do  "  or  c, 
represented  musically  thus,  has  been  selected  as  the  one  most  gene- 
rally useful : — 
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This  note  in  the  new  standard  tuning-forks,  is  produced  by  512 
vibrations  per  second,  a  number,  the  simplicity  of  which  renders  it 
peculiarly  valuable.  It  forms  part  of  the  geometrical  series,  1^  2,  4,  8, 
16,  32,  64,  128,  256,  512,  1024,  2048;  each  term  of  which  thus 
becomes  a  representative  of  the  natural  note  "  Do  "  (except  the  first 
five  terms,  which  vibrate  too  slowly  to  produce  musical  sounds) ;  every 
term  being  the  octave  of  the  next  below  it.  Under  such  a  system  the 
lowest  0  on  a  grand  pianoforte  would  be  due  to  32  vibrations  per 
second ;  the  highest  o  to  2048,  and  the  highest  note  of  the  instrument 
to  2780.  By  careful  experiments,  made  expressly  for  the  present 
object,  it  has  been  recently  determined,  that  the  philharmonic  c, 
the  most  authoritative  standard  in  this  country,  vibrates  a  smaller 
number  of  times  per  second  than  512;  while  Fischer,  of  Berlin, 
found,  a  few  years  ago,  that  the  average  of  the  pitch  note  a,  in  four 
celebrated  Continental  orchestras,  gave  a  number  which  would  raise 
the  0  to  about  516  vibrations  per  second.  Thus  the  numbers  of 
vibrations  per  second  of  the  pitch-note  a  at  the  principal  Berlin  and 
Paris  theatres  were  as  follow  : 


Berlin  Theatre  •  • 
Paris  Grand  Opera  Fran^aia.  431^ 
Opera  Comiqne  .  .  .  427  ^^'^ 
Opera  Italicn       •         .         .  424^^. 


VibratioiiB 
per  Sec. 

.,w  3.    which  would  give 
•  *a'Tl]fe        tiie  note  C 
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"  In  selecting,  therefore,  the  number  512,  we  not  only  obtain  that 
which  is  theoretically  most  correct,  but  one  which  is  also  a  convenient 
mean  between  various  existing  standards  ;  it  gives  a  very  trifling 
elevation  to  the  general  English  pitch,  and  furnishes  a  standard,  which, 
for  the  first  time  in  this  country,  can  be  numerically  expressed  in 
connection  with  the  tuning-fork." 

It  is  further  stated  that  '*  every  fork  is  tested  by  an  uniform  standard, 
and  stamped  with  a  device  expressive  of  the  velocity  of  its  vibrations 
=  512  per  second." 

It  is  remarkable  that  this  fork  should  have  been  almost  entirely 
confined  to  the  use  of  Professor  Hullah's  singing-classes,  and  that  when 
the  Society  of  Arts  committee  was  appointed  the  existence  of  a  stan- 
dard for  nearly  twenty  years,  of  wluch  many  thousands  had  been 
issued  to  the  public,  should  have  been  known  only  to  a  few  of  the 
members  of  that  committee.  This  committee  seems  to  have  been 
appointed  in  consequence  of  the  imperial  government  of  France  having 
in  1858  appointed  a  commission  to  inquire  into  the  best  mode  of 
settling  a  diapason  normoL  The  commissioners,  among  whom  were  some 
eminent  composers,  as  well  as  men  of  science,  presented  their  report 
early  in  1859,  in  which  it  was  admitted  that  the  standard  of  pitch 
differs  in  different  countries ;  that  it  differs  among  different  musical 
establishments  in  the  same  country ;  that  there  is  a  tendency  every- 
where to  an  elevation  in  pitch ;  and  that  great  confusion  arises  from 
these  circumstances.  It  was  agreed  that  the  Paris  Opera  standard 
ought  to  be  lowered ;  and  in  order  that  existing  musical  instruments 
might  be  readily  adapted  to  a  lower  pitch,  about  half  a  semitone  of 
diminution  was  recommended :  namely,  that  the  Opera  a  fork  should 
be  lowered  from  896  to  870  vibrations  per  second,  equivalent  to  a 
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lowering  of  the  tenor  o  from  538  to  522.  A  decree  of  the  Emperor 
sanctioned  this  standard,  and  made  it  compulAory  on  all  musical 
establishments  in  any  way  supported  by  the  state  to  adopt  this  stan- 
dard at  Paris  from  the  Ist  of  July,  1859,  and  in  the  provinces  from  the 
1st  of  December  following. 

The  preUrainary  meeting  of  the  Society  of  Arts  was  held  on  the  3rd 
of  June,  1859.  A  large  number  of  musical  gentlemen  and  one  lady, 
Madame  Goldtichmidt  (Jenny  Lind),  attended,  together  with  a  few 
scientific  men.  It  was  agreed  that  the  pitch  had  gradually  risen,  was 
still  rising,  that  it  ought  to  be  checked,  and  that  the  settlement  of  a 
definite  standard,  once  for  all,  was  very  desirable.  Madame  Gold- 
schmidt  stated  that  within  the  short  space  of  twelve  years  the  pitch 
had  risen  sufficiently  to  make  the  change  painful  to  the  singers  of 
soprano  music.  A  committee  was  appointed  to  examine  and  report  on 
the  question  :  the  deliberations  lasted  twelve  months.  It  is  worthy  of 
remark  that  Sir  John  Herschel  addressed  a  letter  to  the  committee,  in 
which  he  expressed  his  astonishment  that  the  French  commission 
should  have  fixed  upon  the  number  870  for  their  a  fork,  or  522  for  c ; 
and  he  expressed  his  conviction  that  sooner  or  later  the  mathemati- 
cally simple  and  easily  calculated  512  must  be  adopted.  His  proposal 
was  to  re-form  the  pitch  effectually,  and  once  for  all,  by  the  adoption 
of  that  number.  The  instrument-makers,  he  remarks,  would  be  some- 
what puzzled  by  any  change,  but  that  the  embarrassment  would  not 
be  increased  by  making  the  full  required  alteration  at  once.  The 
committee,  however,  reported  in  favour  of  a  number  between  the  two 
extremes — namely,  528^  or  the  pitch  established  by  the  Stuttgard 
mxisicians  in  1834.  The  instrumental  performers  stated  to  the  com- 
mittee that  they  could  lower  the  Opera  pitch  of  546  down  to  528,  but 
if  they  had  to  lower  it  to  512  some  of  them  would  have  to  purchase 
new  instruments.  On  the  other  hand,  the  vocalists  who  would  have 
preferred  512  were  content  to  accept  528  as  a  compromise  in  the  right 
direction.  Besides  this^  528  was  recommended  as  a  good  number  for 
the  fundamental  note  of  the  octave,  since  it  admits  of  the  other  notes 
of  the  scale  being  expressed  in  whole  numbers  without  fractions.  At 
the  presentation  of  the  report  a  strong  attempt  was  made  to  obtain  a 
vote  in  favour  of  512,  but  without  success ;  so  that  for  some  time  to 
come  this  number  will  probably  only  reign  in  Professor  HuUah's 
singing-classes. 

The  scientific  process  by  which  the  number  of  vibrations  per  second 
is  determined,  consists  in  the  use  of  one  of  three  or  four  methods. 
The  first  is  by  means  of  the  monochord,  a  string  of  known  length  and 
diameter,  stretched  by  a  known  weight  usually  in  a  horizontal  position. 
The  length  of  the  string  is  the  vibrating  portion  between  two  well-defined 
edges  or  bridges,  and  the  weight  is  guided  over  a  very  small  pulley. 
Fischer  was,  we  believe,  the  first  to  point  out  a  source  of  error  in  this 
arrangement,  namely,  that  in  the  horizontal  position  the  string  is 
prevented  by  friction  from  experiencing  the  full  effect  of  the  weight, 
and  the  calculation  will  give  the  number  of  vibrations  in  excess  of 
the  true  value.  The  string  must  therefore  be  in  a  vertical  position. 
The  formula  convenient  for  calculation  results  from  the  mathematlca] 
theory  of  the  vibrations  of  a  stretched  cord : — 

Let  I  =■  the  length  in  inches  of  the  cord  or  wire. 

e  =  the  length  aho  in  inches,  whose  weight  would  be  equal  to 
that  by  which  it  is  stretched. 

Then  the  number  of  vibrations  per  second  will  be 

N=:^^x  9-8257, 

in  which  9*8257  is  i  y/ff,  g  being  the  accelerative  force  of  the  gravity 
of  the  earth  at  its  surface,  expressed  in  inches. 

Mr.  Woolhouse  ('Essay  on  Musical  Intervals')  took  a  piece  of  the 
stoutest  plain  string  of  the  pianoforte,  weighing  very  nearly  2  grains 
to  the  inch  :  272  inches  weighed  just  9  drams  or  540  grains.  A  length 
of  7"28  inches,  stretched  in  a  vertical  position  by  a  weight  of  28  lbs. 
avoir.,  sounded  the  common  pitch-note  a  :  hence,  according  to  the 
preceding  formula,  c  =  98726  inches;  Vc=  8142  inches;  Vex  9-8257 

=  8087-2  inches ;  and  n= 525^!? = 424.    "  We  therefore  conclude  that 

7-28 

the  pitch-note  a  vibrates  about  424  times  in  one  second.    This  may 

differ   one    or   two  vibrations  from  the  truth,  on  account  of  the 

unavoidable  small  defects  of  the  materials  used  in  the  experiment." 

According  to  this  determination  the  notes  of  the  octave  have  the 

following  values  :~c  254,  d  286,  B  318,  p  339,  o  382,  a  424,  B  477,  and 

c  509  vibrations  per  second  respectively. 

The  second  mode  of  determining  the  pitch  of  a  given  note  is  by 

means  of  the  Syren,  and  the  method  of  doing  so  is  briefly,  but  perhaps 

sufficiently,  described  under  that  head.    For  the  method  of  Beats, 

we  may  refer  to  that  head,  and  likewise  to  t)ie  articles  Acoustics,  and 

Temperament  and  Tdnino.    But  the  most  rapid  and  striking  method 

of  determining  the  number  of  vibrations  in  a  given  note  is  that 

recently  introduced  by  M.  Lissajoux  [Nodal  Points  and  Lines].    By 

means  of  an  electro-magnetic  machine  a  disc  one  metre  in  circumference 

moves  with  strict  uniformity,  and  makes  one  revolution  in  one  second. 

This  disc  is  covered  with  a  thin  layer  of  copperplate  printer's  ink,  and 

the  fork  is  furnished  with  a  small  ivory  point.    On  vibrating  the  fork 

and  bringing  the  point  up  to  the  rotating  disc,  it  will  engrave  a  number 


of  tooth-like  waves,  which  have  only  to  be  counted  in  order  to  deter- 
mine the  number  of  vibrations  per  second  of  the  fork. 

The  law  which  regidates  the  vibrations  of  a  tongue  of  metal  &xed  at 
one  extremity,  and  free  to  vibrate  at  the  other,  is  that  the  number  of 
vibrations  of  similar  tongues,  but  of  difierent  lengths,  are  in  the  inverse 
ratio  of  the  squares  of  those  lengths.  Thus  if  one  tongue  be  twice  aa 
long  as  the  other,  the  shorter  will  perform  four  times  as  many  vibra- 
tions in  a  given  time  as  the  longer.  The  method  of  tuning  a  fork  by 
a  standard  is  to  sound  the  fork  with  that  standard,  and  if  it  agrees 
with  it,  the  two  notes  will  sound  in  unison  as  one ;  if  it  do  not  agree, 
a  system  of  beats  will  be  heard  more  or  less  rapid  according  to  the 
divergence.  The  tuner  then  adopts  one  of  two  methods :  by  means  of 
a  flat  file  he  rubs  off  a  portion  from  the  ends  of  the  prongs,  thus 
reducing  them  in  length,  and  making  them  vibrate  quicker;  or  he 
introduces  a  rat's  tail  file  and  removes  a  portion  from  between  the 
prongs,  thus  increasiog  their  effective  length  and  causing  them  to 
vibrate  slower. 

It  is  undoubtedly  true,  that  the  pitch  even  of  the  tuning-fork  is 
liable  to  slight  variations  from  change  of  temperature.  While  writing 
this  article  we  have  performed  the  following  experiment :  two  forks 
were  sounded  together  and  found  to  be  strictly  in  imison ;  one  of  them 
was  plunged  into  hot  water  for  a  few  seconds,  then  wiped  dry,  and 
again  sounded  with  the  other  fork,  when  a  very  painful  beat  was 
evident. 

On  striking  a  tuning-fork  briskly  on  a  hard  substance,  other  notes 
besides  the  fundamental  note  may  sometimes  be  heard.  This  arises 
from  nodal  divisions  in  each  limb,  after  the  manner  of  strings  and  tubes 
[Pipe],  but  not  following  quite  the  same  laws.  Where  there  is  one 
node  it  is  at  a  distance  from  the  fixed  point,  a  little  greater  than  two- 
thirds  the  length  of  the  prong ;  the  note  then  given  by  this,  which  is 
called  the  second  moae,  is  much  sharper  than  when  there  is  no  node 
(or  by  the  first  mode),  and  the  relative  number  of  vibrations  is  V-  A 
still  higher  note  corresponds  to  two  nodes  (third  mode),  and  one  still 
higher  to  three  nodes  (fourth  mode).  These  subdivisions  of  vibrating 
rods  may  also  be  produced  in  tubes.  The  squares  of  the  odd  numbers 
3,  5,  7,  9,  &c.,  represent  with  sufficient  exactness  the  relations  of  the 
number  of  vibrations  corresponding  to  the  second  mode,  third  mode, 
fourth  mode,  &;c.  Under  all  these  circumstances  it  may  be  stated  : — 
1.  That  the  number  of  vibrations  of  similar  springs  of  different  lengths 
is  in  the  inverse  ratio  of  the  squares  of  the  lengths;  2.  That  the 
number  of  vibrations  of  springs  of  the  same  length,  but  of  different 
lliicknesses,  is  proportional  to  their  thicknesses ;  8.  That  the  width  of 
a  spring  has  no  influence  on  the  number  of  its  vibrations,  provided  it 
be  small  with  respect  to  its  length,  and  that  it  vibrates  after  the  first 
mode ;  4.  That  springs  of  equal  size,  but  of  different  material,  such  as 
wood,  glass,  steel,  &c.,  do  not  give  the  same  note,  because  the  number 
of  the  vibrations  depends  upon  the  density  and  rigidity  of  matter. 

A  tuning-fork  may  be  made  to  furnish  several  beautiful  illustrations 
of  interference.  [Interference.]  If  a  vibrating  tuning-fork  be  held 
to  the  ear  and  turned  gradually  round,  the  sound  will  increase  and 
diminish  in  a  remarkable  manner;  when  the  prongs  are  presented  9t 
an  angle  of  45"  the  sound  is  scarcely  if  at  all  perceptible.  In  such 
cases,  when  the  prongs  coincide,  or  are  equally  distant  from  the  ear,  the 
waves  of  sound  combine  their  effects,  whilst  in  intermediate  positions 
they  reach  the  ear  in  different  phases,  and  interfere  and  produce  total 
or  partial  silence.  A  similar  effect  is  produced  by  fixing  the  fork  to 
the  mandril  of  a  lathe,  the  length  of  the  fork  coinciding  with  the  axis 
of  motion ;  if  the  fork  be  vibrated  no  sound  will  be  heard  while  it  is 
rotating.  If  a  vibrating  tuning-fork  be  held  with  its  handle  obliquely 
in  contact  with  the  table,  ti^e  resonance  of  the  table  is  heard  while  the 
fork  is  at  rest ;  but  if  the  fork  be  moved  parallel  to  itself  along  the 
surface  of  the  table,  the  resonance  ceases,  from  the  interference  of  the 
planes  of  vibration  with  each  other.  The  moment  the  handle  is 
brought  to  rest,  the  resonance  is  again  heard.  If  the  tuning-fork  be 
held  vertically^  the  resonance  is  not  interrupted  by  moving  it  about, 
since  the  planes  of  vibration  coincide.  If  a  vibrating  tuning-fork  be 
held  over  a  cylindrical  glass  vessel  of  suitable  length,  the  air  in  ihe 
glass  will  be  made  to  vibrate  and  produce  a  tone.  If  a  second  glass 
cylinder  bo  held  at  right  angles  to  the  first,  so  that  the  respective 
openings  of  the  two  vessels  form  a  right  angle,  the  musical  tone  pre- 
viously heai-d  will  cease,  but  will  sound  again  on  removing  the  second 
vessel,  an  effect  which  arises  from  the  interference  of  the  vibrations  of 
the  air  in  the  two  vessels. 

TUNNEL,  in  civil  engineering,  an  arched  passage  formed  under- 
groimd  to  conduct  a  canal  or  road  on  a  lower  level  thsm  the  natiural 
surface.  The  derivation  of  this  word,  which,  in  the  sense  above  given, 
is  unnoticed  by  most  lexicographers,  is  rather  uncertain.  Richardson 
places  it  among  the  derivatives  of  tun,  and  defines  it  as  "  any  inclosure, 
inclosed  way  or  passage;"  as  a  cMmney-tunnel,  or  passage  for  smoke, 
in  which  sense  the  word  tannd  or  tonnell  is  used  by  Spenser  and  other 
early  English  writers ;  a  passage  for  liquor,  in  which  sense,  as  well  as 
in  that  last  mentioned,  it  is  convertible  with /unneZ;  or  a  net  shaped 
like  a  tunnel  for  liquids,  wide  at  the  mouth,  and  diminishing  to  a  point. 
He  also  observes  that  "Tooke  thinks  tun  and  its  diminutive  tunnd 
(Anglo-Saxon,  Toend,  tenet)  are  the  past  participles  of  the  [Anglo- 
Saxon]  verb  tpn-an,  to  enclose,  to  encompass." 

Long  tunnels  are  usually  made  through  hills  in  order  to  avoid  the 
inconvenience  and  loss  of  power  occasioned  by  conducting  a  canal,  road. 
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or  railway  over  elevated  ground,  and  tlie  enoitttO^S  expense  of  such  an 
open  excavation  as  would  be  necessary  in  orde'^  to  preserve  the  re- 
quisite level  Those  of  less  extent  are  frequently  constructed  to  avoid 
the  opposition  of  landowners,  or  to  afford  unintemipted  passage  under 
a  road,  canal,  or  river.  Many  tunnels  of  the  latter  character  differ  in 
no  material  point  from  bridges ;  but  in  the  case  of  oblique  crossings  a 
tunnel  is  distinguished  from  an  oblique  or  skew  bridge  by  its  feces 
being  at  right  angles  with  the  direction  of  the  lower  passage,  instead  of 
being  parcel  with  the  direction  of  the  upper  passage.  Of  this 
character  are  the  tunnels  under  the  Hampstead  Koad,  between  Euston 
Square  and  Camden  Town,  and  the  Kensall  Oreen  tunnel,  under  the 
Harrow  Koad,  both  on  the  line  of  the  Loudon  and  North-Western  rail- 
wny ;  and  on  the  West  London  railway,  passing  under  the  Paddington 
canal  at  Wormholt  Scrubbs.  The  Thames  tunnel  is  the  most  re- 
markable example  of  tunnelling  under  a  river,  and,  although  far  less 
extensive  than  many  other  tunnels,  it  is,  from  the  almost  insuperable 
difficulties  of  its  situation,  perhaps  the  most  astonishing  work  of  the 
kind  ever  executed.  Another  class  of  tunnels  are  those  made  under 
towns,  in  order  to  form  a  canal  or  railway  communication  with  points 
which  are  inaccessible  by  an  open  passage,  except  at  great  expense. 
The  Regent's  canal,  for  example,  passes  under  Islington,  London,  by  a 
tunnel  three-quarters  of  a  mile  long;  and  the  Liverpool  and  Man- 
chester railway  is  conducted  from  the  station  at  Edge  Hill,  on  the 
outskirts  of  Liverpool,  to  the  dockq  at  Wapping,  for  goods  traffic,  and 
to  Lime  Street,  in  the  centre  of  the  town,  for  passenger  traffic,  by  two 
tunnels,  each  of  wluch  is  about  a  mile  and  a  quarter  long. 

The  construction  of  tunnels  is  by  no  means  of  recent  origin,  although 
it  is  only  of  late  that  they  have  become  common.  The  outlet  for  the 
drainage  of  the  lake  Copiis  in  Boootia  [Bceotia,  in  Geoo.  Div.]  is  one 
of  the  oldest  monuments  of  the  labour  of  man.  The  great  tunnel  in 
Samos,  which  was  seven  stadia,  or  4200  Greek  feet,  in  length,  was 
driven  through  a  mountain  900  feet  high,  for  the  purpose  of  serving 
as  the  bed  of  a  channel  to  convey  water  from  a  natural  source  to  the 
city  of  Samos.  (Herod.,  iii.  60.)  The  Posilipo  near  Naples,  which  is 
at  least  as  old  as  the  beginning  of  the  reign  of  Tiberius,  is  a  tunnel 
three-quarters  of  a  mile  long.  The  tunnel  which  was  made  at  an 
early  period  in  the  Roman  republic  for  the  partial  drain<ag:e  of  the 
Alban  Lake  is  above  a  mile  in  length.  Of  ancient  works  of  this 
character  there  is  a  remarkable  example  in  the  subterranean  canal  from 
lake  Fucinus,  or  the  lake  of  Celano,  to  the  river  Siris,  originally  formed 
by  the  emperor  Claudius,  and  cleared  out  some  years  since  by  order  of  the 
Neapolitan  government.  This  extensive  tunnel,  which  is  about  three 
miles  long,  thirty  feet  high  and  twenty-eight  wide  at  the  entrance,  and 
nowhere  less  than  twenty  feet  high,  passes  in  part  through  solid  rock, 
and  is  lined  in  other  places  with  masonry ;  and  it  appears  to  have  been 
constructed  in  a  manner  resembling  that  now  usually  followed,  the 
excavation  having  been  carried  on  by  several  parties  or  gangs  simulta- 
neously, by  means  of  vertical  shafts,  and  inclined  passages  or  galleries 
from  the  sides  of  the  mountain.  A  minute  account  of  the  tunnel, 
as  it  appeared  during  the  clearing-out,  is  given  in  the  thirty-eighth 
volume  of '  Blackwood's  Edinburgh  Magazine  *  (p.  657),  in  a  paper 
entitled  '  Eight  Days  in  the  Abruzzi.'  The  object  of  this  tunnel  is  to 
carry  off  the  supertiuous  waters  of  the  lake ;  but  in  more  recent  times 
similar  works  have  been  executed  for  navigable  canals.  These  are 
generally  in  England  of  small  transverse  dimensions,  being  calculated 
for  the  passage  of  single  boats,  and  very  often  without  towing-paths, 
in  which  case  the  boats  are  either  hauled  through  by  a  rope  or  chain, 
worked  by  a  steam-engine,  or  propelled  by  men  lying  on  their  backs 
on  the  deck,  or  on  projecting  boards  provided  for  the  purpose,  and 
thrusting  against  the  sides  or  roof  of  the  tunnel  with  their  feet.  This 
dangerous  practice  has  occasioned  much  loss  of  life,  and  is  also  objec- 
tionable on  account  of  its  tediousness,  as  boats  are  often  detained  for  a 
long  time  at  one  end  of  the  tunnel  while  a  boat  is  comiug  from  the 
opposite  end.  In  the  evidence  before  the  House  of  Lords  on  the 
Great  Western  Railway  bill,  in  1835,  it  was  stated  that  great  delays 
were  experienced  at  the  Islington  tunnel  when  any  accidental  derange- 
ment prevented  the  steam-engine  and  chain  from  working ;  because, 
although  boats  were  occasionally  'Mcgged"  through  in  as  little  as 
seventeen  minutes,  the  ordinary  time  required  for  working  a  light 
barge  through  the  tunnel,  by  two  men,  was  half  an  hour,  and  for  a 
loaded  barge  three-quarters  of  an  hour,  or  frequently  an  hour.  In 
such  cases  boats  arriving  in  the  opposite  direction  had  to  wait  at  the 
mouth  of  the  tunnel,  until,  frequently,  as  many  as  half  a  dozen  were 
collected,  which,  when  tiieir  turn  arrived,  passed  through  in  a  train. 
At  some  of  the  longer  tunnels  this  inconvenience  was  even  greater. 
At  the  Harecastle  tunnel,  on  the  Trent  and  Mersey,  or  Grand  Trunk 
canal,  two  hours  were  formerly  required  to  effect  a  passage  of  little 
more  than  a  mile  and  a  half.  "  This  place  is  so  frequented,"  observes 
the  Baron  Dupin,  in  his  '  Commercial  Power  of  Great  Britain,*  "  that 
at  the  moment  when  the  passage  begins,  a  file  of  boats  a  mile  long  is 
often  seen."  To  prevent  confusion,  those  going  towards  Liverpool 
were  allowed  to  pass  in  the  morning  only,  and  those  in  the  contrary 
direction  in  the  evening.  This  tunnel,  which  was  formed  by  Brindley, 
and  was  one  of  the  earliest  works  of  the  kind  executed  in  this  country, 
was  commenced  about  the  year  1766.  It  is  2830  yards  long,  12  feet 
wide,  and  9  feet  high,  and  is  in  some  parts  as  much  as  70  yards 
beneath  the  surface.  It  is  lined  with  a  semicircular  brick  arch,  and 
was  completed  for  the  small  sum  of  8/.  10s,  Sd.  per  yard.    Increased 


traffic  upon  the  canal  having  rendered  it  necessary  either  to  construct 
a  new  tunnel  or  to  enlarge  the  old  one,  the  former  alternative  was 
adopted ;  and  in  1822  Telford  was  engaged  to  superintend  the  work. 
The  new  tunnel,  which  runs  imrallel  with  that  of  Brindley,  is  2926 
yards  long,  14  foet  wide,  and  16  feet  high;  and,  notwithstanding  its 
greater  dimensions,  it  was  executed  in  less  than  three  years :  the 
original  tunnel  occupied  eleven  years.  The  new  tunnel  has  an  iron 
towing-path,  so  supported  as  to  allow  the  water  to  play  freely  beneath 
it,  which  gives  the  advantage,  so  far  as  the  play  of  the  waves  is  con- 
cerned, of  a  waterway  of  the  full  width  of  the  tunnel.  It  is  perfectly 
straight,  and  the  light  can  be  seen  from  end  to  end ;  and  so  agreeable  is 
the  travelling  through  it,  that  one  of  the  bargemen  said,  after  passing 
it,  that  he  wished  it  extended  all  the  way  to  Manchester. 

Although  ia  some  cases  the  adoption  of  a  tunnel  on  a  line  of  railway 
or  canal  may  be  decided  by  the  necessity  of  non-interference  with  pro- 
perty on  the  surface,  it  is  more  generally  a  question  of  expediency, 
which  involves  the  consideration  of  many  important  points,  among 
which  the  nature  of  the  ground  is  one  of  the  first.  The  ground  should 
be  examined  by  numerous  borings,  because  sudden  breaks  or  faults  in 
the  strata,  which  may  occasion  great  difficulty  and  expense  in  tunnel- 
ing, may  otherwise  escape  notice.  The  Kilsby  tunnel,  on  the  London 
and  North- Western  Railway,  presents  a  case  in  point ;  the  trial  shafts 
having  been  accidentally  sunk  just  beyond  the  limits  of  a  bed  of 
sand  and  gravel,  so  full  of  water  as  to  resemble  a  quicksand,  occa- 
sioned BO  much  difficulty  that  the  contractors  had  to  relinquish  the 
work,  which  had  been  let  for  99,0002.,  but  ultimately  cost  upwards  of 
320,0002.,  or  about  1832.  per  yard.  If  the  first  small  borings  appear 
satisfactory,  shafts  of  at  least  four  feet  diameter  should  be  sunk  along 
the  line  of  the  tunnel,  down  to  its  extreme  depth ;  and  the  quantity  of 
water  which  appears  in  these  shafts  in  a  given  time  be  noted,  in  order 
to  ascertain,  as  nearly  as  possible,  what  draining  power  is  requisite.  If 
the  trial  shafts  be  judiciously  placed,  they  may  subsequently  be  used 
as  working  shafts,  which  will  render  the  expense  of  forming  them  of 
large  diameter  immaterial.  When  the  quantity  of  water  and  the 
nature  of  the  strata  have  been  thus  tested,  the  engineer  possesses  data 
for  calculating  the  comparative  cost  of  a  tunnel  and  an  open  cutting, 
in  doing  which  it  is  necessary  to  consider  the  adjoining  works  of  the 
line.  If  embankments  be  required  within  a  reasonable  distance  of  the 
proposed  tunnel,  it  may  become  a  question  whether  it  will  be  more 
economical  to  make  a  cutting,  and  to  carry  the  excavated  earth  to  the 
embankment,  or  to  adopt  a  tunnel,  and  to  obtain  the  required  quantity 
of  earth  for  the  embankment  from  side-cutting,  or  in  any  other  way. 
Sometimes  it  may  be  necessary  to  deposit  the  material  taken  out  of 
the  tunnel  in  spoil-banks,  in  which  case  the  power  of  obtaining  sites 
for  them,  and  of  making  convenitnt  temporary  roads  or  tramways  for 
the  removal  of  the  earth,  must  be  considered  in  selecting  the  positions 
for  the  working  shafts.  These  are  only  a  few  of  the  points  to  be  con- 
sidered in  estimating  the  expense  of  a  tunnel,  among  the  less  prominent 
of  which  is  the  probability  of  being  called  upon  for  damages  owing  to 
the  intersection  of  springs,  which  may  occasion  mischief  at  a  great  dis- 
tance. Cases  have  occurred  in  which  the  water  has  been  drawn  from 
wells  a  mile  from  the  tunnel.  This  evU  may  often  be  remedied  by 
sinking  the  wells  to  a  greater  depth,  but  in  some  cases  it  is  better  to 
offer  compensation  at  once.  The  cost  of  the  actual  making  of  the 
tunnel  varies  very  greatly,  according  to  the  nature  of  the  ground  and 
the  amount  of  brickwork  required.  Lecount,  in  the  article  '  Tunnel' 
in  the  '  Encyclopaedia  Britannica/  states  that  many  of  the  old  canal 
tunnels  were  made  for  less  than  42.  per  lineal  yard,  and  that  railway 
tunnels  of  the  ordinary  dimensions  vary  from  about  202.  per  yard,  in 
sandstone  rock,  which  is  at  once  easy  to  excavate,  and  able  to  stand 
without  ^any  lining  of  brickwork  or  masonry,  up  to  from  1002.  to  1402. 
per  yard  in  very  loose  bad  ground,  such  as  a  quicksand,  which  may 
require  a  lining  of  brickwork  twenty-seven  inches  thick.  The  cost 
of  the  Thames  tunnel  was  about  12002.  per  yard ;  but  in  this  case,  in 
addition  to  the  unparalleled  difficulties  attending  the  excavation,  the 
amount  of  brickwork  is  much  greater  than  in  ordinary  tunnels,  and 
there  are  two  arches,  each  of  which  may  be  considered  a  distinct 
tunnel. 

Rocky  strata,  i£  the  stone  be  of  a  nature  to  work  freely,  are  usually 
the  cheapest  for  tunnelling,  owing  to  the  absence  of  lining,  and  the 
power  of  saving  labour  by  the  use  of  gunpowder.  In  the  extraordinary 
tunnels  and  rock  excavations  at  Bishopton,  on  the  Glasgow,  Paisley, 
and  Greenock  railway,  314  tons  of  gunpowder  were  used  in  a  length  of 
2300  yards  in  hard  whinstone,  some  veins  of  which  were  so  hard  that 
the  rate  of  progress  at  each  face  of  the  excavation  varied  from  three 
feet  six  inches  to  six  inches  only  per  diem.  The  Box  tunnel,  on  the 
Great  Western  railway,  passes  for  a  considerable  distance  through 
strata  of  Bath  freestone,  geologically  termed  the  great  oolite  formation, 
and  presents  some  features  worthy  of  notice.  Major-General  Pasley 
was  deputed  by  the  Board  of  Trade  to  examine  this  tunnel,  and 
from  his  rex>ort,  dated  August  12, 1842,  the  following  particulars  are 
derived  : — **  The  tunnel  occurs  on  a  gradient  or  inclination  of  1  in  100, 
ascending  from  west  to  east,  while  the  natural  dip  of  the  oolitic 
strata  is  about  the  same  in  the  opposite  direction :  they  are  nearly 
horizontal  in  a  direction  from  north  to  south,  or  transverse  to  that 
of  the  tunneL  The  strata  vary  in  thickness  from  2  4  to  4  feet  and 
upwards,  and  are  intersected  by  vertical  fissures,  of  trifling  width,  but 
of  considerable  height ;  the  direction  of  which  is  generally  at  right 
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angles  iK'itii  that  of  the  tunnel,  but  in  some  cases  ''obliquely  across 
it"  The  eastern  end  of  the  tunnel  is,  for  a  short  distance,  lined 
with  masoui'y ;  beyond  which,  for  about  half  a  mile,  the  excava- 
tion is  left  without  any  support  from  masonry  or  brickwork,  its 
extreme  width  being,  in  this  part,  30  feet,  and  its  height  yarying 
from  30  to  40  feet,  in  order  to  avoid  finishing  above  in  any  stratum 
of  doubtful  character,  which,  though  sufficiently  strong  in  the  sides, 
might  not  be  so  trustworthy  as  a  roof.  The  sides  of  the  excavation 
are  cut  in  the  form  of  an  oblong  cUiptical  or  nearly  a  Gothic  arch ; 
but  the  uppermost  bed  of  oolite,  which  forms  the  roof  of  the  tunnel, 
has  not  been  completed  in  that  form,  but  has,  for  greater  strength, 
been  left  flat  for  a  width  of  two  or  three  feet ;  and  in  order  to  avoid 
the  risk  of  exfoliation  which  would  have  attended  the  cutting  of  the 
edges  of  the  strata  to  a  thin  wedge  shape,  had  the  curved  line  of  the 
tunnel  been  continued  unbroken  where  it  intersects  them  in  the  sides 
of  the  roof,  they  are  cut  in  the  form  of  steps,  each  stratum  presenting 
a  thick  blunt  edge ;  so  that,  in  the  words  of  Pasley's  report,  "  the 
upper  strata  of  the  oolite  being  supported  by  those  below  them,  b^ond 
wnich  they  each  successively  project  in  a  moderate  degree,  like  corbels 
in  architecture,  the  whole  enter  into  that  sort  of  combination  which 
has  the  strength  of  an  arch  without  its  form ;  provided  that  the  vertical 
fissures  do  not  cut  through  them  longitudinally,"  of  which  no  symp- 
tom was  apparent.  The  remaining  portion  of  the  Box  tunnel,  passing 
in  the  centre  through  beds  of  fullers'-earth  and  clay  below  the  great 
oolite  formation,  and  towards  the  western  extremity  through  the  infe- 
rior oolite,  is  arched  over  with  brickwork,  varying  in  thickness  from 
four  to  seven  concentric  half -brick  rings,  and  at  the  western  entrance 
containing  nine  such  rings.  An  inverted  arch  is  introduced  excepting 
where  the  oolite  forms  the  foundation  or  bottom  of  the  tunnel ;  and  in 
some  parts  a  portion  of  the  side  walls  has  been  formed  of  the  inferior 
oolite,  improtepted  by  brickwork,  although  it  has  not  in  any  instance 
been  trusted  for  the  rool  The  judicious  adoption  of  such  changes  in 
the  amount  of  masonry  forms  an  important  part  of  the  duty  of  the 
eogineer,  and  is  essential  to  the  construction  of  tunnels  at  a  moderate 
expense,  although  it  may  occasionally  lead  to  failure,  as  in  the  case  of 
the  Summit  tunnel  at  Littleborough,  on  the  Manchester  and  Leeds 
railway,  where,  in  passing  through  a  stratum  of  blue  shale,  the  invert 
had  been  discontinued  for  a  short  distance ;  but  the  shale,  although 
apparently  hard  and  firm,  was  so  affected  by  the  atmosphere  as  to  soften 
and  yield  under  the  pressure  of  the  sides,  rendering  it  necessary  subse- 
quently to  put  in  a  strong  invert  of  masonry. 

Tunnelling  in  clay  is  frequently  attended  with  formidable  difficulties 
which  render  it  very  expensive.  It  is,  when  tough,  a  difficult  material 
to  remove,  blasting  being  of  no  use,  and  spades  and  pickaxes  being 
almost  inapplicable.  Lecount  states  that  in  such  cases  hatchets  may 
be  used  to  advantage,  but  that  cross-cut  saws  answer  best.  The 
Primrose  Hill  tunnel,  on  the  London  and  North-Western  railway, 
passing  through  the  London  clay,  is  an  example  of  the  difficulties  of 
such  a  mater^.  The  engineers,  warned  by  the  failure  of  the  tunnel 
attempted  some  years  before  through  the  same  material  at  Highgate, 
on  what  is  now  called  the  Archway  road,  which  fell  in  owing  to  the 
insufficiency  of  the  brick  lining,  adopted  unusual  precautions  in  the 
first  instance,  excavating  only  nine  feet  in  advance  of  the  brickwork, 
and  supporting  the  clay  by  very  strong  timbering  until  the  arching 
was  complete.  Owing  however  to  the  extraordinary  mobility  of  the 
moist  clay,  the  pressure  upon  the  brickwork  was  so  great  as  to  squeeze 
the  mortar  from  the  joints,  and  to  bring  the  inner  edges  of  the  bricks 
in  contact.  The  evil  was  augmented  by  the  form  of  the  bricks,  which, 
according  to  the  custom  in  and  near  London,  were  made  with  hollow 
surfaces,  and  were  consequently  unfit  to  bear  great  pressure,  because 
their  edges  only  could  come  in  contact.  The  result  was,  as  stated  in 
Lecount's '  History  of  the  Railway,  connecting  London  and  Birmingham,' 
pp.  32,  33,  that  "  by  degrees  the  bricks  were  grinding  to  dust,  and  the 
dimenfflona  of  the  tunnel  insensibly,  but  irresistibly,  contracting." 
This  difficulty  was  overcome  by  the  use  of  very  hard  bricks 
laid  in  Roman  cement,  which,  by  setting  hard  before  the  external 
pressure  became  so  great  as  to  force  the  bricks  into  actual  contact, 
enabled  the  whole  surface  of  the  brick,  instead  of  its  edges  only,  to 
resist  the  pressure.  The  thickness  of  the  brickwork  was  also  increased, 
so  that  in  most  parts  of  the  tunnel  it  amounts  to  twenty-seven  inches. 
The  occurrence  of  a  similar  material  in  the  line  of  the  Fareham  tunnel, 
on  the  Gosport  branch  railway,  occasioned  great  expense,  and  produced 
a  slip  of  the  superincumbent  earth  which  carried  away  about  forty 
yards  in  length  of  the  brick  arching,  although  it  was  of  the  unusual 
thickness  of  three  feet. 

Tunnels  formed  through  chalk  are  often  impeded  by  faults  or  cavities 
filled  with  wet  gravel  or  sand,  which  pour  a  flood  of  semifluid  matter 
into  the  excavation  as  soon  as  they  are  cut  into.  The  irruption  of 
such  loose  materials,  as  well  as  of  water  alone,  has  in  many  cases  occasioned 
difficulties  almost  insurmountable.  In  the  Watford  tunnel,  on  the 
London  and  North- Western  railway,  which  passes  through  the  upper 
chalk  formation,  where  it  is  covered  with  a  thick  irregular  bed  of  gravel, 
such  breaks  occasioned  great  inconvenience.  The  chalk  had  occasional 
fissures,  sometimes  as  much  as  one  hundred  feet  deep,  filled  with  clean 
gi-avel,  "which,"  observes  Lecount  ('History,'  Ac,  p.  114),  "when 
worked  into,  rushed  down  with  such  violence,  as  to  plough  the  walls 
of  the  tunnel  as  if  bullets  had  been  shot  a^pnst  it."  Such  an  accident, 
occurring  at  the  foot  of  one  of  the  workmg  shafts,  overwhelmed  ten 


men  who  were  at  work  in  the  tunnel,  and  led  to  the  construction  of 
the  large  ventilating  shaft  near  the  centre  of  the  tunnel,  wliich  occuj-ies 
the  site  of  the  cavity.     Loose  sand  id  perhaps  the  most   ditlicult  soil 
that  can  be  met  with  in  tunnelling,  but  it  has  been  in  sevei-al  iniitancea 
successfully  passed  tlurough.      In   the  tunnel   on  the   Leicester  and 
Swannington  railway,  one  of  the  earliest  i  ail  way  tunnels,  a  loose  dry 
running  sand  was  encountered  for  a  distance  of  five  hundi-ed  yaixLs,  in 
which  it  was  necessary  to  make  a  wooden  tunnel  to  support  the  soil 
while  the  brickwork  was  executed.     When  water  occurs  with,  the  loo^ie 
soil  the  difficulty  is  still  greater.     This  was  the  case  in  part   of  the 
Wapping  tunnel  at  Liverpool,  a  portion  of  which  fell  in,  to  a  depth  of 
thirty  feet  from  the  surface.     The  Kikby  tunnel,  before  alluded  to,  is 
a  more  striking  example  of  this  kind  of  difficulty.    Mr.  Stephenaon,  the 
engineer,  conquered  this  obstacle  by  sinking  shafts,  a  little  beside  the 
line  of  the  tunnel,  for  pumping  out  the  water,  and  so  draining  the 
sand  imtil  it  was  sufficiently  dry  for  tunnelling.     These  shafts  were 
sunk  through  the  quicksand  by  means  of  wooden  tubbing,  and  from 
them  headings  were  driven  to  collect  the  water  and  to  conduct  it  to 
the  piunps.     Steam-engines  were  erected  to  work  the  pumps,  whioli 
were  used  incessantly  for  nine  months  before  the  sand  was  dry^  enough 
to  allow  the  work  to  proceed :  during  a  great  part  of  that  time  two 
thousand  gallons  of  water  were  removed  per  minute.     When    the 
working  of  the  tunnel  was  recommenced,  headings  were  driven  from 
the  pumping  shafts  to  the  bottom  of  the  working  shafts,  by  means  of 
which  the  tunnel  was  freed  from  water.     The  quicksand  extends  over 
about  four  hundred  and  fifty  yards  of  the  length  of  the  tunnel,  and  its 
bottom  dips  to  about  six  feet  below  the  arch.     On  the  occasion  of  an 
irruption  of  water  in  another  part  of  the  tunnel,  in  which  it  was 
desirable  to  complete  the  arching  of  a  portion  already  executed  before 
it  was  possible  to  get  rid  of  the  water,  that  object  was  effected  by 
floating  the  men  ajod  materials  to  the  spot  upon  a  raft.     Water  ha^ 
been  met  with  in  large  quantities  in  several  other  tunnels.     It  flowed 
so  freely  from  fissures  in  the  freestone  rock  through  which  the  Box 
tunnel  is  driven,  that  in  November,  1837,  the  steam-engine  employed 
in  pumping  proved  insufficient,  and  the  water  filled  one  division  of  the 
tunnel,  and  rose  to  the  height  of  fifty-six  feet  in  the  shaft,  thereby 
suspending  the  work  until  tho  following  July,  when  the  water  was  over- 
come by  means  of  a  second  engine,  of  fifty- horse  power.    After  another 
irruption  in  the  same  tunnel,  the  water  was  pumped  out  at  the  rate  of 
thirty-two  thousand  hogsheads  a  day.    The  progress  of  the  Merstham 
and  several  other  tunnels  was  stopped  for  a  time  in  like  manner.     In 
no  case  however  has  the  irruption  of  water  or  the  badness  of  the  ground 
proved  so  serious  a  difficulty  as  in  the  Thames  tunnel. 

Short  timnels  are  occasionally  excavated  from  the  ends  only,  but 
those  of  considerable  length  are  usually  formed  by  sinking  vertical 
shafts,  about  nine  feet  in  diameter,  down  to  the  level  of  the  tunnel, 
and  excavating  in  each  direction  from  the  bottom  of  those  shafts,  until 
the  several  parties  of  workmen  meet  in  the  intermediate  portions.     By 
this  means  the  work  can  proceed  at  any  required  number  of  points  or 
faces,  so  as  to  bring  the  execution  of  the  tunnel,  whatever  may  be  iU 
length,  within  a  moderate  period  of  time.    The  accurate  junction  of 
these  detached  workings  is  provided  for  in  the  following  manner  : — 
In  setting  out  the  tunnel,  the  engineer  plants  a  transit-instrument  in 
an  observatory  erected  in  the  line  of  the  tunnel,  supporting  it  on  a  pier 
insulated  from  the  building  to  prevent  vibration.    If  a  road  happen  to 
pass  near  the  observatory,  the  ground  should  be  excavated  round  the 
pier  to  a  depth  of  from  six  to  ten  feet,  according  to  the  traffic,  for  the 
same  purpose.    A  distant  mark  should  then  bo  selected  in  the  line  of 
the  tunnel,  and  a  fixed  point  placed  as  an  adjusting  spot  for  the  hue 
of  direction,  which  point  should  be  at  a  considerable  distance.    Inter- 
mediate marks  for  the  working  and  ventilating  shafts  may  then  be  set 
out  correctly ;  and  as  these  shafts  are  sunk,  the  points  determined  by 
the  transit-instrument  are  carried  downwards  by  caiefuUy  suspended 
plummets,  which  should  be  of  iron,  and  let  down  in  buckets  of  water, 
or,  which  is  better,  in  cups  of  mei*cury,  to  check  vibration.     When  the 
shafts  are  cleared  out  at  the  bottom,  other  transit-instruments  may  be 
placed  in  them,  the  plumb-line  and  transit  being  kept  as  far  apait  as 
possible.    The  intersection  of  the  vertical  hairs  in  the  transit  with  the 
plumb-line  will  then  enable  the  engineer  properly  to  set  out  the  work. 
By  these  means  junctions  are  eflected  between  the  several  workings, 
or  shifUf  with  surprising  accuracy.    In  a  length  of  1520  feet  between 
two  shafts  of  the  Box  tunnel,  which  has  a  slope  of  1  in  100,  the 
junction  of  the  two  shifts  was  perfect  in  point  of  level,  and^  did  not 
deviate  more  than  an  inch  and  a  quarter  in  any  place  at  the  sides. 
Even  in  curved  tunnels,  although  the  difficulty  is  increased,  great 
exactness  is  attainable.    In  those  on  the  Glasgow  and  Greenock  railway 
at  Biahopton,  the  deviation  from  perfect  correctness  nowhere  exceeded 
two  inches. 

The  number  of  working  shafts  in  a  given  length  of  tunnel  is  deter- 
mined by  the  natiu:e  of  the  ground  and  the  time  allowed  for  excavation. 
They  should  be  so  near  together  as  to  allow  the  tunnel  to  bo  excavated 
and  lined,  if  brickwork  be  requisite,  for  a  length  equal  to  one-half  of 
the  distance  between  two  shafts,  at  least  two  months  before  the  time 
appointed  for  the  completion  of  the  tunnel ;  that  time  being  desirable 
to  allow  for  accidents,  for  building  the  tunnel -fronts,  ballasting  and 
laying  the  railway,  &c.  The  shafts  are  usually  9  feet  in  diameter  in 
the  clear,  and  lined  with  brickwork  9  inches  thick,  laid  in  cement ;  aU 
the  bricks  bemg  laid  as  headers,  or  with  their  ends  towards  the  centre 
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ft  the  shrft;  but  the  .ulwUnce  ot  th.  t"**,*^^  W"«t  '-="7  «-»>>  ' 
Circuinatancea  im,l  in  -ineiTS  are  by  no  mcona  uW'orin  aa  to  tlie  dimen- 
«i,>n3  ot  their Vhafta.  °Thoje  ot  t'le  Bon  tunoel  Wb  moatly  35  feet  in 
diameter,  while  eiome  tunnels  have  been  ex(»*ated  with  shsfta  ot 
only  3  or  4  feet.  Down  to  n  depth  of  50  or  60  feet  the  earth  may  b« 
reitioTEd  by  means  of  a  eimple  roller  or  winch  worked  by  two  men  j 
anil  when  the  depth  ia  greater  a  horae-gin  toaj  be  erected  to  draw  up 
the  loniled  skipa  or  buckets.  The  depth  at  which  the  horaa-gin  be- 
comes  preferable  is  however  dependent  m  BoraB  degree  upon  the  nature 
ot  the  strata  to  be  excavated  ;  because  when  they  are  hard,  the  men 
above  may  have  to  wait  occaaionsUy  for  the  coming  up  of  tiie  dup; 
and  it  is  better  to  have  only  two  men  at  a  stand-atiU  ioatead  of  a 
horse,  a  liorae-boy,  and  a  banksman  or  skip  lander.  The  roll  or  winch 
ia,  at  the  commencement  ot  the  ehaft,  mipported  by  four  bars  or  cills 
bid  across  each  other  on  the  gronnd ;  and  the  escavation  is  continued 
vuiUI  the  earth  eihibita  signs  of  weakness.  A  wooden  curb  or  riug 
i\li.iiit  3  inchea  thick,  and  as  vride  as  the  brick  lining  ia  to  be,  is  then 
lri;.l  In,  and  vipon  this  the  brickwork  ia  Idd.  When  the  lintog  of  this 
iwrtion  o(  the  shaft,  which  is  frequently  but  half  a  brick,  or  *i  inchea 
in  thickness,  is  completed,  the  eiearBtiim  is  i-ecommenoed,  and  is 
carried  down  in  a  vertical  line  even  with  the  inner  surface  ot  the  brick- 
work, which  is  then  supported  by  the  earth  left  under  the  curb,  which 
may  be  further  supjiortfid  if  necca.'jary  by  diagonal  timber  props. 
When  the  eicavation  has  been  carried  ao  much  deeper  that  the  ground 
again  appcirs  weak,  a  second  curb  is  inierted  in  a  groove  cut  in  the 
earth,  and  the  ground  between  the  two  cvirbs  ia  divi.led  into  four,  sii, 
or  eight  vertical  raii.=scs.  of  which  one  or  two  are  removed  to  a  depth 
equal  to  the  thiekne«s  ot  the  brickwork.  The  wall  is  then  built  np  in 
ita  place,  and  a  further  portion  of  earth  js  remored,  and  so  on  until 
tho  lining  ia  complete.  When  the  shaft  is  carried  down  to  the  full 
depth,  the  minora  b<^n  to  eseavate  laterally  by  forming  a  heading  or 
driftway  along  tho  level  ot  the  upper  part  ot  the  tunnel.  Sometimes 
such  a  drift  ia  formed  throughout  the  whole  length  ot  the  tunnel 
before  any  part  is  opened  out  to  the  full  si^e  ;  but  in  other  caws  it  is 
made  in  abort  portions,  little  esceeding  the  lengths  in  which  the  exca- 
vation of  the  tunnel  itself  ia  carried  on,  which  may  vaiT.  according  to 
the  ground,  from  3  to  15  teet.  In  tho  fonner  case  the  driftway,  which 
is  about  4  feet  wide  and  S  feet  hifih,  affords  a  aatiefactory  test  of  the 
strata  to  be  passed  through,  and  of  the  probable  quantity  ot  water  to 
be  met  with,  for  which  it  may  in  some  cases  serve  as  an  adit  or  drain  ; 
and  for  these  reasons  such  a  heading  is  occasionally  formed  before 
letting  the  contracts  for  the  tunnelling. 

In  addition  to  the  working  shafts,  the  contractor  is  usually  allowed 
to  sink  any  number  ot  email  air-aliatts  ot  3  or  4  feet  diameter,  as  may 
be  neeesiiry  to  prevent  the  accumuhtiun  of  foul  air  in  the  workings  of 
the  tunnel ;  provided  that  no  such  shaft  shall  open  into  a  public  road, 
or  be  within  60  feet  of  a  working  ahaft.  These  are  formed  in  a  similar 
manner  to  the  working  shafts,  and  both  are  finiahed  it  their  lower 
ends  by  resting  upon  a  cast-iron  curb  or  ring  imbedded  in  the  masonry 
of  the  root  ot  tho  tunnel,  and  at  the  upper  ends,  after  the  worka  are 
completed,  by  building  them  about  10  feet  above  the  aurfaco,  and 
coping  tl.em  with  stone.  In  very  long  tunnela  one  or  more  Urge  per- 
manent shafts  are  desirable  for  the  purpose  ol  ventihtion,  and  also  to 
admit  light,  60  as  in  some  degree  to  leaaen  their  gloom.  In  the  Kilaby 
tunnel,  wliich  la  between  a  mile  and  a  quarter  and  a  mile  and  a  half 
long,  there  are  two  such  ventilating  shafts,  00  feet  in  diameter  and  about 
100  and  132  feet  deep  respectively.  These  were  built  from  the  top 
downward",  in  the  manner  above  described,  In  portions  10  teet  deep, 
and  from  6  to  12  teet  wide.  Lecount  gives  the  following  directions 
for  the  brickwork  of  such  a  shaft,  if  maiie  in  unfavourable  ground  : — 
The  tunnel  itself  at  the  point  of  intersection  should  be  of  stone.  The 
lou-.T  part  of  tho  sdaft,  to  Uio  height  of  48  feet,  should  be  8  teet 
thick  ;  the  ncit  17  tret.  2  feet  8  inches  thick  ;  the  nett  portion  of  the 
like  extent,  2  feet  3  inches;  and  tho  uppermost  16  feet,  1  toot  10 
inches.  The  brieka  should  be  laid  in  alternate  courses  of  headois  and 
Btretchers.  and  each  briuk  should  be  well  flushed  up.  The  top  may  be 
finished  with  a  stone  coping  and  an  iron  raihng,  and  protected  by  an 
iron  fence  wall,  to  prevent  the  risk  ot  anything  being  thrown  down  Uie 
shaft  either  by  accident  or  design.  In  some  tunnels  a  largo  obtong  ex- 
cavation, called  an  ei/t,  is  introduced  in  lieu  of  a  circular  ventilating  shafts 
In  the  Biahopton  tunnel  thero  is  such  an  eye  300  feet  long  ;  and  there 
are  two  similar  openinga  in  the  Qlosgow  tunnel  of  the  Edinburgh  and 
Glasgow  Rtilway. 

After  the  completion  oE  the  driftway,  either  through  the  tunnel  or 
to  the  length  of  a  single  stage  only,  tho  miners  enavata  the  tunnel  to 
its  full  dimeni'ions.  beginning  by  cutting  downwards,  and  propping  up 
the  earth  with  timbera  as  they  proceed ;  thoae  which  support  the  roof 
being  at  such  an  cli'vatioii  as  to  allow  the  oentering  to  be  set  up  and 
tho  brick  arch  to  l>e  built  beneath  them.  Tho  bjrs  which  immediately 
support  the  earth,  extending  from  tho  top  or  outside  ot  the  completeil 
brickwork  to  a  framework  placed  against  the  face  of  the  eioavalion, 
are  called  tide  ban,  and  are  in  favourable  earth  required  at  the  upper 
part  of  the  tunnel  only  I  but  in  bod  ground  they  are  required  aome- 
times  as  low  as  the  springing  ot  the  inverted  arch  which  forms  tho 
bottom  of  the  tunnel.  When  a  complete  brick  lining  is  required,  the 
invert  is  tho  part  firat  built,  and  it  is  completed  by  a  course  of  stone 
laid  along  each  aide,  at  the  point  where  the  side  walls  spring  from  it. 
These  courses  of  stone,  which  are  marked  a,  a,  a,  a,  in  the  subjoined 
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and  adjusted  with  wedges  to  the  proper  height,  Laggins,  or  pieces  of 
wood  stretching  longitudinally  from  one  centering  to  another,  are  then 
added,  and  upon  these  the  bricks  are  laid.  In  some  cases  the  cills  an 
supported  upon  trestlee,  instead  of  being  built  into  the  walla;  and 
where  this  is  not  the  case,  the  heles  left  in  the  masonry  mxut,  after 
the  removal  ot  the  cilia,  be  carefully  filled  up.  The  eicavation  should 
always  be  made  as  nearly  as  pocaibla  ot  the  aice  and  shape  of  the 
intended  maaonry  ;  and  as  the  building  proceeds,  ererr  cavity  left  out- 
side the  brickwork  should  be  carefully  filled  up.  Well-pounded  clay 
may  tor  this  purpose  be  rammed  under  the  invert,  and  almoat  any 
other  material  may  be  used  for  the  sidea  and  roof.  The  ramming  ol 
the  sides  may  be  performed  after  the  laying  of  every  aecond  course  ot 
brickwork,  and  that  above  the  arch  as  frequently  as  convenient  The 
timbera  lased  to  support  the  superincumbent  earth  are  in  most  cases 
removed  as  soon  as  the  arch  is  completed  ;  but  in  very  bad  ground  it 
is  sometimes  necessary  to  leave  them  imbedded  in  the  earth.  When 
the  work  has  proceeded  ao  far  that  the  excavations  from  the  two 
adjoining  ahafta  are  within  about  fifty  yards  of  each  other,  if  no  drift- 
way have  been  previously  made  through  the  tunnel,  it  is  advisable  to 
drive  a  heading  through  the  intervening  earth,  to  insure  a  perfect 
Junction  of  tho  two  shifts. 

Many  of  the  earlier  tunnela  were  constructed  with  vertical  sidea  and 
a  semicircular  arch  ;  but  it  is  now  more  usual  to  have  the  aides  curved 
or  battered,  the  degree  ot  curvature,  as  well  as  tho  ahape  ot  the  arch 
which  forms  the  roof,  being  varied  according  to  the  nature  of  the 
ground,  as  soft  semi-fluid  ground  will  press  much  more  equally  in 
every  direction  than  strata  of  a  harder  and  drier  character,  and  will 
therefore  ref^uipe  a  nearer  approach  to  the  circular  form.  The  anneied 
cuts  represent  two  varieties  of  form,  the  details  of  which  are  taken 
from  tho  first  series  of  JJrees's  '  Railway  rractice."  Fiff.  1  is  the  funn 
nf  the  Primrose  Hill  tunnel,  in  movable  London  clay.  The  invert, 
which  consists  of  three  concentric  half-brick  rings,  is  a  curve  of  25  feet 
radius ;  the  arch,  of  four  iialf-brick  rings,*  is  struck  with  a  radius  ot 
11  feet  9  inchea ;  and  the  sides  are  arcs  of  27  teet  9  inches  radius. 
The  width  ot  the  tunnel  is  21  teet  S  inchaa  at  the  springing  of  the 
invert,  and  24  teet  S  inches  at  the  widest  part.  The  clear  height  of 
the  tunnel  ia  21  feet  S  inchea,  the  remaining  depth  of  3  teet  4  inchea 
being  occupied  by  the  ballasting,  drain,  Ac.  The  side  walls  are 
13  inches  thick,  like  the  areh  which  constitutes  the  roof.  IHj.  2, 
which  represents  the  transverse  section  of  the  Linsdala  and  Kilsby 
tunnels,  both  on  the  North- Western  railway,  hai  an  elliptical  arch,  con- 
sisting of  several  circular  arcs,  of  which  ths  lower  pair,  extending  from 
the  invert  to  the  point  marked  b,  are  struck  h-om  radii  of  42  feet 
B  inches,  the  centres  being  upon  an  horizontal  line  8  feet  4  inchea 
above  the  springing  of  the  invert;  the  portion  from  i  to  c  has  radii  of 
21  feet,  the  centres  being  on  the  same  horizontal  line ;  that  from  c  to 
d  has  radii  of  14  teet  41  inchea  ;  and  the  crown  of  the  arch  ia  a  curve 
of  9  feet  radina.  In  this  case  also  the  invert,  instsad  of  being  struck 
from  a  centre  in  the  crown  of  the  arch,  has  ift  centre  some  feet  below 
it.  The  internal  height  ot  this  tunnel  is  altogether  rather  more  than 
27  feet,  and  its  greatest  width  is  24  feet.  These  dimenffiona  are  rarely 
much  exceeded  on  railwaye  of  tho  ordinary  gauge,  where  two  tracl^ 
are  provided  for;  and  fur  a  single  track  perhaps  IS  feet  wide  and 
16  feet  high  may  be  taken  as  an  average.  Both  the  invert  and  the 
arch  should  be  built  in  halfbrick  rings,  care  being  taken  tu  put  in  tho 
proper  number  of  hricka  to  each  ring,  that  the  bearing  may  be  uniform. 
In  tunnels  of  the  ordinary  dimenaiona,  each  ring  ahould  contain  five 
more  bricks  than  that  immedistely  within  it.  The  aide  walia  may  be 
built  in  what  ia  called  English  bond,  consisting  of  alternate  coursee  ot 
headers  and  stretchers.  The  bricks  should  alwaya  be  of  the  liest 
quality,  and,  when  the  form  of  the  tunnel  requires  it,  moiUded  ot  a 
taper  ahape.      In  the  laying  also  care  is  requisite,  and  every  brick 
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should  be  bedded  with  a  wooden  mallet,  and  the  joints,  if  in  mortar, 
"well  flushed  up.  The  thickness  of  the  lining  is  regulat^jd  by  the  nature 
of  the  ground ;  but  Lecount  says  that  27  inches  at  the  top  and  sides, 
and  18  in  the  invert,  if  laid  in  cement,  will  be  sufficient,  even  in  a 
quicksand  :  there  are,  however,  instances  of  a  thickness  of  10  rings,  or 
45  inches.  It  is  sometimes  considered  advisable  to  lay  the  first  or 
inner  ring  of  the  roof  without  mortar,  and  then  to  grout  it,  by  which 
means  an  equable  pressure  is  insured. 

A  brick  (kain,  built  in  Roman  cement,  with  the  joints  left  open  for 
about  half  an  inch  to  admit  water  from  the  ballasting,  should  be  laid 
along  the  centre  of  the  tunnel ;  and  if  the  shafts  let  in  water,  it  should 
be  collected  and  conducted  down  the  inside  of  the  arch  by  pipes. 
Water  should  be  excluded  as  much  as  possible  during  the  buildmg  of 
the  tunnel  and  shafts,  by  puddling  with  clay,  or  such  other  means  as 
the  circumstances  may  dictate;  but  whatever  precautions  may  be 
used,  water  will  frequently  percolate  through  the  brickwork  to  a  serious 
extent.  At  the  Chevet  tunnel,  near  Wakefield,  this  inconvenience 
has  been  remedied  by  lining  the  roof  with  sheet  zinc.  Tu  the  Thames 
tunnel  there  is  an  interior  lining  of  cement,  behind  which  channels 
are  provided  in  the  brickwork  for  the  passage  of  water.  A  remarkable 
instance  of  difficulty  arising  from  this  cause  occurs  in  the  Beechwood 
tunnel,  302  yards  long,  upon  the  London  and  North- Western  railway. 
It  passes  through  alternate  strata  of  rock  and  marl  abounding  in 
'springs ;  and,  in  the  first  winter  after  its  erection,  a  chemical  action 
itook  place,  which  pai'tially  destroyed  many  of  the  bricks.  It  was  pro- 
posed to  line  the  arch  with  cement ;  but  an  apprehension  was  enter- 
taincd  that  it  would  not  adhere,  owing  to  the  constant  dropping,  and 
it  was  determined  to  apply  an  interior  lining  of  brickwork,  9  inches 
thick,  and  to  cut  chases  in  the  old  work,  which,  when  closed  in  by  the 
mew  arch,  should  become  so  many  drains,  44  inches  square,  to  conduct 
the  water  to  the  central  drain  or  culvert.  The  tunnel  was  divided 
longitudinally  by  a  temporary  partition,  and  the  work  was  executed  in 
one-half  of  the  tunnel  at  a  time,  without  stopping  the  passage  in  the 
other  half.  After  executing  as  much  as  possible  of  the  brickwork  in 
this  way,  a  series  of  bearers  wns  laid  overhead  supporting  a  close 
flooring,  on  which  the  men  stood  to  complete  the  arch.  The  details 
of  this  curious  operation,  which  was  completed  in  forty  days,  in  the 
latter  end  of  the  year  1840,  were  fully  detailed  by  Mr.  T.  M.  Smith,  in 
a  paper  laid  before  the  Institution  of  Civil  Engineers. 

In  laying  the  roadway  in  a  railway  tunnel  care  should  be  taken  to 
avoid  the  use  of  any  ballasting  of  a  character  likely  to  retain  water. 
The  ballast  is  sometimes  thrown  down  the  shafts  on  to  an  inclined 
plane  at  the  bottom,  which  conducts  it  in  the  right  direction.  In 
spreading  it,  it  should  be  well  beaten  down  with  wooden  rammers,  and 
tiie  blocks  or  sleepers  should  be  bedded  with  great  care.  As  it  is 
especially  desirable  to  avoid  all  risk  of  accident  in  travelling  through 
tunnels,  while  their  darkness  might  prevent  the  immediate  detection  of 
any  derangement  of  the  rails,  some  engineers,  for  greater  security,  place 
the  sleepers  or  points  of  support  closer  together  in  tunnels  thtui  on  other 
parts  of  the  line.  The  temperature  being  more  uniform  than  in  the 
open  air,  renders  it  easy,  with  proper  care,  to  provide  more  accurately 
thou  usual  for  alterations  in  the  length  of  the  rails  by  expansion  and 
contraction. 

Although^  in  the  majority  of  cases  occurring  in  railway  and  canal 
practice,  tunnels  are  constructed  in  the  manner  just  described,  there 
arc  exceptions  which  require  notice.  In  tunnelling  near  the  side  of  a 
hill  expense  is  occasionally  saved  by  driving  horizontal  or  nearly  hori- 
zontal passages,  which  are  called  galleries,  from  the  face  of  the  hill  to 
the  line  of  the  tunnel,  and  removing  the  excavated  earth  through  them. 
The  double  tunnel  through  the  Shakspere  Cliff,  near  Dover,  on  the 
line  of  the  South-Eaatem  railway,  was  constructed  in  this  way.  A 
benching  or  road  was  formed  along  the  face  of  the  cliff,  to  afford  the 
means  of  access  for  the  workmen ;  and  the  tunnel  was  excavated  by 
means  of  seven  galleries  opening  in  the  face  of  the  cliff,  and  inclinmg 
towards  the  sea  at  the  rate  of  1  in  176.  Their  average  length  was  about 
400  feet;  their  width  6  feet,  and  then- height  7  feet;  and  the  excavated 
chalk  was  conveyed  along  them  in  small  tram-waggons,  and  tipped  into 
the  sea.  There  are  also  seven  vertical  shafts  of  6  feet  diameter,  and  of 
an  average  depth  of  180  feet.  The  tunnel  consists  of  two  arches  or 
passages,  12  feet  wide,  separated  by  a  wall  of  chalk  10  feet  thick ;  they 
are  about  1 9  feet  high  to  the  springing  of  the  arch,  which  is  of  a  Pointed 
or  Gothic  form,  and  about  30  feet  high  in  the  centre ;  and  each  has 
a  single  track  or  line  of  railway  laid  through  it  The  chalk  of  which 
the  cliff  is  composed  is  very  hard,  but  it  consists  in  many  places  of 
sniall  detached  masses,  so  that  brick  lining  is  required  for  about  two- 
thirds  of  the  whole  length  of  the  tunnel  The  arching  consists  gene- 
rally of  three  half-brick  rings,  and  is  strengthened  at  intervals  of  12 
feet  by  counter-forts,  which  are  carried  up  and  stepped  back,  so  as  to 
sustain  the  weight  of  any  flat  beds  of  chalk  that  appear  of  doubtf  id 
stability. 

Another  variation  from  the  ordinary  process  occurs  in  those  tunnels 
which  are  formed  by  means  of  an  open  cutting,  and  subsequently 
covered  in.  Such  are  called  open  tunnels,  and  are  sometimes  preferred 
where  the  object  of  the  tunnel  is  to  avoid  the  permanent  severance  of 
lands  rather  than  to  penetrate  ground  too  elevated  for  an  open  cutting. 
The  short  tunnel  on  the  London  and  North- Western  railway,  at 
Kensall  Green,  and  parts  of  the  Underground  railway,  in  London, 
were  formed  in  this  way.    In  such  cases  the  sides  of  the  cutting  are 


made  nearly  vertical,  and  supported  by  timbers  until  the  brickwork  ia 
executed. 

While*  the  projects  for  some  of  the  earliest  English  railway's  were 
before  parliament,  much  discussion  took  place  relative  to  the  ventila- 
tion and  lighting  of  tunnels,  and  to  the  effect  which  they  miglit  have 
upon  the  health  of  persons  riding  through  them.     Most  of  the  objec- 
tions raised  against  tunnels  during  the  period  referred  to   are  now 
exploded,  and  some  of  them  appear  not  a  little  ridiculous.      It  was 
urged  by  their  opponents  that  the  damp  cold  air  common  to  all  sub- 
terraneous excavations  would  prove  highly  detrimental  to  health  ;  that 
the  noxious  gases  emitted  from  the  locomotive  engines  would  accumu- 
late and  render  the  air  irrespirable ;  and  that  the  sudden  transitions 
from  light  to  darkness,  and  vice  vend,  would  be  very  injuriouB  to  the 
sight.    The  discomfort  arising  from  these  evils,  so  far  as  they  really 
exist,  and  from  the  deafening  noise  of  tunnel-travelling,  are  amply 
sufficient  to  give  a  preference  to  an  open  cutting,  when  such  a  line  ia 
obtainable  at  moderate  expense,  but  they  by  no  means  bear  out  the 
predictions  of  the  alarmists.    Some  interesting  experiments  made  in 
I  the  tunnel  on  the  Leeds  and  Selby  railway  are  recorded  in  a  paper  hy 
Mr.  Walker '  On  Ventilating  and  Lighting  Tunnels/  in  the  '  Transac- 
tions of  the  Institution  of  Civil  Engineers,'  vol.  i.  p.  95.    While  the 
tunnel  alluded  to  was  in  progress,  it  was  determined  to  leave  the 
working  shafts  open,  to  promote  ventilation  and  to  admit  light.     The 
former  object  was  sufficiently  attained  to  prevent  any  serious  incon- 
venience to  passengers,  but,  so  far  as  the  trains  are  concerned,  littie 
benefit  is  derived  from  the  light  admitted  by  them,  although  attempts 
were  made  to  diffuse  it  by  means  of  tin  reflectors.    The  experiment 
succeeded  so  far  as  to  enable  a  person  to  read  the  larger  print  in  a 
newspaper  advertisement  in  any  part  of  the  tunnel ;  but  it  is  stated 
that,  ovring  to  the  rough  and  dirty  state  of  the  walls  and  the  obliquity 
of  the  rays  thrown  upon  them,  the  rays  reflected  from  them  were  too 
feeble  to  be  useful  in  a  case  of  such  sudden  transition  from  the  light 
of  day  as  that  experienced  by  persons  passing  through  with  a  traiiL 
Reflectors  would  also  be  rendered  useless  during  the  passage  of  a  train 
by  the  quantity  of  steam  emitted  by  theenp:ine.  In  order  to  settle  the 
question  as  to  the  supposed  unhealthiness  of  tunnels,  in  February, 
1837,  Dr.  Paris,  Dr.  Watson,  Mr.  W.  Lawrence,  lecturer  on  anatomy 
and  surgery,  Mr.  li.  Phillips,  lecturer  on  chemistry,  and  Mr.  Lucas, 
surgeon,  were  requested  to  visit  and  report  upon  the  Primrose  Hill 
tunnel.    Although  the  ventilation  was  then  imperfect,  owing  to  the 
western  extremity  of  the  tunnel  being  unfinished^  and  the  steam  was 
allowed  to  escape  from  the  engine  for  a  space  of  twenty  minutes, 
during  which  it  remained  stationary  in  the  tunnel,  those  gentleman 
reported  that  for  so  many  feet  above  their  heads  the  atmosphere 
remained  clear,  and  apparently  unaffected  by  steam  or  effiuvia  of  any 
kind,  and  that  neither  damp  nor  cold  was  perceptible.    They  further 
express  their  opinion  "  that  the  dangers  incurred  in  passing  through 
well-constructed  tunnels  are  no  greater  than  those  incurred  in  ordinary 
travelUng  upon  an  open  railway  or  upon  a  turnpike-road ;  and  that 
tiie  apprehensions  which  have  been  expressed  that  such  tunnels  are 
likely  to  prove  detrimental  to  the  health  or  inconvenient  to  the  feel- 
ings of  those  who  go  through  them  are  perfectly  groundless."    These 
opinions  are  fully  corroborated  by  the  observations  of  Drs.  Davy, 
Wilhamson,  and  Keid,  upon  the  Leeds  and  Selby  railway   tunnel, 
which,  as  well  as  the  re][>ort  on  the  Primrose  Hill  tunnel,  were  given 
in  evidence  before  the  Select  Committee  of  the  House  of  Commons  on 
the  London  and  Brighton  railways,  in  1837.    The  objection  arising 
from  darkness  is  obviated  on  the  London  and  Noi-th- Western  and 
many  other  railways  by  the  use  of  lamps  in  the  roofs  of  the  carriages, 
whidi  afibrd  an  agreeable  though  small  degree  of  light  in  the  interior ; 
but  in  a  few  cases  the  tunnels  themselves  are  lighted  by  gas-lamps 
attached  to  the  side  walls. 

The  above  description  of  the  practical  operations  of  tunnelling  is 
founded  upon  the  methods  used  by  railway  engineers ;  but  thei*e  is 
no  difference  between  the  execution  of  a  railway  or  of  a  canal  tunneL 
A  Hst  of  some  of  the  most  important  tunnels  is  added,  and  their 
cost  per  yard  lineal  is  affixed  wherever  it  is  possible  so  to  do.  It 
may,  however,  be  added  that  all  the  works  enumerated  seem  likely 
to  be  surpassed  in  magnitude  by  the  timnel  in  course  of  execution 
under  the  Alps  of  the  Mont  C^nis  range :  it  is  proposed  to  be  about 
13,787  yards  in  length,  under  a  mountain  nearly  9000  feet  above  the 
level  of  the  rails. 
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r^ngth. 

Cost  per  yaid. 

Yards. 

£    «.    d. 

Thames  and  Medvay       •        •        • 

3720 

39    0    0 

Iliirecastlo  (by  Brindlcj)     •        • 

2880 

3  10     8 

Lapal  (Dudley  Canal)      •        •        • 

8776 

Gosty  Hill  (Dadley  Canal)  .        • 

623 

Tipton  Green 

292G 

Kipley  (Cromford  Canal)     .        .        • 

2966 

7     0     0 

BUsworth  (Grand  Junction)     . 

3080 

15  13    0 

Aspcrton  (Hereford  and  Gloucester)     • 

1320 

Oxenhall            „                „             • 

2192 

Mar»dcn  (Huddersfield) 

5500 

Foulbridge  (Leeds  and  Liverpool)     • 

1640 

Fenny  Compton  (Oxford)     . 

1188 

Islington  (Regent's  Canal)       .        . 

900 

MaidaHUl          „               .        .        . 

370 

Sapperton  (Thames  and  Severn) 

4180 

89    0    0 
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TURBARY,  COMMOIJ  O'* 

FmixcxvAL  Caval  Tcmmsub.  l^ajVa. 

YtrdB. 

Nolrleii  (Canal  de  St.  Qoentin)     .  .    .13,128 

BouKftcy  (Canal  de  Bourgogne)          •  .3852 

PoniUy  (Canal  de  Bourgogne)      .  .     .     8660 

MauTages  (Canal  du  Marno  au  Bhin)  .    5320 

St.  Aignan  (Canal  dca  Ardennes)  •    .      288 

PuxcarAL  Baxlwat  TuxmoB. 

Summit  tunnel,  Aahton  and  Manehe^ter 

Railway 5192 

Box  tunnel.  Great  Western         .        .    .  8227 

Lfttleborongh 2869 

Sapperton 2800 

Kilsby 2423 

Watford 1793 

Mersthnm        ...••.  1780 

White  Ball  Hill 1470 

SbakcKpere  tunnel 1300 

Primrose  Hill 1250 

Bletekingley 1086 

Saltwood 1000 

RoUebois  (Paris  and  Rouen)    .        .        .  2890 

Yenables 291 

Pissy  PoTille  (Rouen  and  Harrr}      .         .  2400 

Terre  Noire  (Lyon) 1641 

Cumptieh 1017 

St.  Cloud 554 

Nerthe  (Avignon  to  Marseille)  .        .5032 

Blaisy  (Lyon) 4376 

Rilly  (Khelms) 3829 

Hammarting  (Switserland)          •        .     .  3050 

Hauenstein 2731 


Railway  tuimela  are  ustially  made  about  24  feet  wide,  and  £roxn  28 
to  25  feet  high,  on  the  narrow  gauge ;  those  on  the  Great  Western  line 
are  made  30  feet  wide  by  S5  feet  high ;  canal  tunnels  are  rarely 
executed  of  larger  dimensionB  than  16  feet  6  inches  in  breadth  by  18 
feet  in  height. 

There  had  been  two  or  three  schemes  for  forming  a  tunnel  under 
the  Thames,  prior  to  that  brought  forward  in  1823  by  Mr.  (afterwards 
Sir)  Isambard  Mark.  Brunei : — one  proposing  to  connect  Qravesend  with 
Tilbury,  another  to  commence  at  Rotherhithe,  a  little  below  the  site 
of  the  present  tunnel ;  and  works  had  been  actually  begun  at  both 
these  places  but  soon  abandoned.  Brunei  proposed  to  effect  his  object 
by  means  of  a  framework  or  shield,  which  should  support  the  face  of 
tl»  excavation  and  allow  the  earth  to  be  removed  on  many  points 
simultaneously;  the  frames  or  divisions  of  the  shield  being  then 
moved  slowly  forward,  and  closely  followed  by  a  solid  mass  of  brick- 
work  enclosing  two  arched  passages  16  feet  4  inches  in  height  from 
the  invert  of  the  arch,  and  13  feet  9  inches  span  at  the  springing  of 
the  arch.  Qreat  difficulties  were  experienced  in  the  course  of  the 
"work,  and  some  serious  accidents  happened  from  the  river  breaking 
through  the  moist  sand  and  clay  through  which  the  tunnel  had  to  be 
carried.  But  ultimately  all  obstacles  were  overcome,  and  the  work 
was  in  1842  brought  to  a  successful  termination,  about  seventeen  years 
from  the  commencement  of  the  excavations. 

TURBARY,  COMMON  OF,  is  a  right  to  dig  turf  in  another  man's 
land,  or  in  the  lord's  waste.  This  description  of  common  right  may 
be  appendant  or  appurtenant  to  a  house,  but  not  to  land ;  for  the 
turfs  dug  in  virtue  of  the  right  are  to  be  burnt  in  the  house.  The 
right  is  therefore  confined  to  such  quantity  as  is  sufficient  for  the  con- 
sumption of  the  house  to  which  the  common  of  turbary  is  appendant, 
and  never  extends  to  a  right  to  dig  turf  for  sale. 

Where  common  of  turbary  is  appurtenant  to  a  house,  it  will  pass  by 
a  grant  of  the  house  with  the  appurtenances.    (2  Rep.  87,  C<>mman,) 

TURBINE.  A  turbine  is  a  water  wheel  fixed  upon  a  vertical  revol- 
ving axis,  receiving  and  discharging  water  in  various  directions  round 
its  surface.  This  description  of  prime  mover  consists  of  a  drum, 
bearing  a  number  of  suitably  formed  vanea,  curved  in  such  a  manner 
as  to  allow  the  water  leaving  them,  after  it  has  glanced  off  from  them, 
to  escape  with  as  little  velocity  or  power  as  possible.  Turbines 
possess  the  advantage  of  occupying,  comparatively  with  the  power 
exercised,  a  very  spiall  bulk  ;  and  of  being  equally  efficient  with  large 
or  small  falls. 

There  may  be  considered  to  be  three  classes  of  turbines  :  1st  Those 
in  which  the  water  is  supplied  and  dischaiged  in  a  direction  parallel 
to  the  axis ;  they  are  technically  known  as  the  paraUel-Jlow  turbines, 
according  to  the  classification  proposed  by  Profetssor  Rankine,  in  his 
'  Treatise  on  Prime  Movers.'  2nd.  Those  in  which  the  water  is  sup- 
plied and  discharged  in  currents  radiating  from  the  axis  :  or  the  out- 
ward flow  turbines.  And  3rd.  Those  in  which  the  water  Ib  supplied 
and  discharged  in  currents  converging  radially  towards  the  axis,  or 
the  inward  flow  turbines.  The  leading  principles  affecting  the  working 
of  these  various  machines  are  the  same,  though  the  details  are  neces- 
sarily dissimilar;  they  may  be  briefly  described  as  follows  : — 

Whatever  description  of  turbine  be  used,  it  is  desirable  that  little 
or  no  change  of  velocity  of  flow  should  take  place  in  the  current, 
during  the  passage  of  the  water  through  the  wheel;  and  that  the 
water  should  enter  without  shock,  and  leave  without  a  whirling 
motion.     The  latter  condition  is  attained  when  the  ratio  of  the 
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entering  velocity  is  to  the  outgoing  velocity  in  the  same  ratio  as  the 
radius  of  the  receiving  to  that  of  the  discharging  sides;  or  calling 

this  ratio  »,  it  =1,  in  parallel  flow  turbines;  V2"in  outward  flow 
turbines ;  and  {  in  inward  flow  turbines.  Tlie  angles  of  obliquity  of 
the  blades  to  the  line  of  flow,  differ  according  to  the  velocity  required 
in  the  wheels,  and  to  their  peculiar  form :  thus,  in  the  parallel  flow 
turbines,  the  angle  may  vary  between  20*  and  85** ;  in  the  outward 
flow  turbines,  between  14^**  and  264°  i  <^d  in  the  inward  flow  ones, 
between  36*  and  54*,  the  best  velocity  at  the  middle  of  the  rings 
of  the  vanes  appears  to  be  ascertained  by  the  formula  (for  all  kinds 
of  turbines) — calling  v  the  velocity,  h  the  head  in  the  supply  chamber, 

and  g  the  accelerating  force  of  gravity :  then  v  =  0*655  VS^A. 

From  General  Morin's  experiments  it  would  appear  that  the 
efficiencies  of  the  respective  descriptions  of  turbines,  with  reference 
to  the  powers  exerted  upon  them,  are  comprised  within  the  limits  of 
from  75  to  80  per  cent,  of  the  power  exerted  in  the  parallel  flow 
turbines;  in  inward  flow  turbines  the  limits  approach  closely  the 
average  of  73  per  cent. ;  and  in  outward  flow  ones,  they  are  on 
the  average  68  per  cent. :  on  the  average  then,  the  efficiency  of  all 
classes  may  be  taken  to  be  about  70  per  cent,  of  the  total  power. 
The  reaction  wheel  may  be  considered  to  constitute  a  modification  of 
the  turbine ;  and  it  will  be  discussed  more  fully  under  Water  Power. 

The  best  descriptions  of  this  class  of  engines  are  to  be  found  either 
in  Rankine's  work  before  quoted ;  in  Morin's  *  Lemons  de  Mdcanique 
Pratique ; '  in  Armengaud's  '  Traitd  Pratique  des  Moteurs  Hydrau- 
liques ; '  and  in  several  of  the  practical  papers  on  machinery  by  Mr. 
Fairbaim.  M.  Foumeyron  has  published  a  description  of  the  outward 
flow  turbines  he  himself  invented,  with  full  instructions  for  ascer- 
taining the  proportions  of  the  several  details. 

TURF,  the  sod  which  covers  the  surface  of  pastures,  and  is  composed 
of  a  portion  of  the  soil  with  the  roots  of  natural  grasses  or  other 
plants ;  which  gives  the  whole  a  consistence,  and  allows  of  its  being 
raised  in  slices  by  the  plough,  or  the  paring  tool  made  for  the 
purpose. 

The  word  is  often  also  applied  to  the  substance  which  is  generally 
called  peat ;  and  when  the  latter  is  taken  fmm  the  surface  where  living 
plants  are  growing,  the  name  of  turf  is  very  applicable  to  it.  It  is 
derived  from  the  Dutch  word  iorf^  which  is  generally  applied  to  perfect 
peat  as  well  as  to  turf.  The  origin  and  composition  of  peat  have  been 
described  under  that  head.  [Peat.]  We  shall  here  only  notice  the 
uses  to  which  turf  is  applied,  when  we  mean  a  sod  taken  from  the 
surface  on  which  some  living  plants  are  still  or  have  lately  been 
growing.  Near  extensive  heaths  which  have  never  been  reclaimed, 
and  in  situations  where  no  regular  i^eat-bogs  are  to  be  found,  turf 
becomes  a  very  useful  fuel  It  is  pared  off  the  siu'face  with  the  heath 
growing  on  it,  in  dry  weather,  in  sods  of  a  convenient  size,  generally 
round,  and  about  one  foot  in  diameter.  The  thickness  of  the  sod 
depends  on  the  depth  and  abundance  of  the  roots  found  in  it,  as  they 
are  the  sole  cause  of  the  turf  continuing  to  bum  when  the  blaze  caused 
by  the  burning  of  the  heath  is  over.  As  the  soil  of  the  places  where 
turf  is  usually  cut  is  generally  of  a  sandy  nature,  turf  ashes  are  not  so 
valuable  for  manuring  the  land  as  peat  ashes ;  still  they  contain  por- 
tions of  potash  and  other  vegetable  salts,  and  produce  a  very  good 
effect  when  spread  as  a  top-dressing  on  moist  meadows  the  soil  of  which 
is  chiefly  composed  of  clay.  In  sufficient  quantities  they  are  excellent 
to  raise  turnips ;  and  it  is  genendly  observed  that  where  poor  heathy 
pastures  are  pared  for  the  purpose  of  burning  the  turf  on  the  spot  and 
spreading  the  ashes,  the  turnips  sown  there  seldom  fail.  For  the 
advantages  and  disadvantages  of  this  operation,  see  Paring  and 
Burning. 

Where  the  poor  can  readily  obtain  turf  for  the  trouble  of  cutting  it 
and  drying  it  for  use,  a  degree  of  comfort  is  diffused  through  their  cot- 
tages which  cannot  be  found  where  fuel  is  scarce.  In  the  large  opeu 
chimney  the  whole  family  can  be  seated  by  a  pile  of  turf  burning  on 
the  hearth. 

Turf  is  used  for  many  other  purposes,  as  well  as  for  fuel.  Laid  like 
tiles  on  a  roof,  overlapping  each  other,  they  form  an  excellent  and 
cheap  protection  against  rain.  Cut  somewhat  thicker,  and  in  the  shape 
of  bricks,  they  serve  to  build  the  walls  of  cabins,  which  are  warm  and 
durable,  provided  the  eaves  of  the  roof  project  sufficiently  to  cover 
them.  The  soldier  who  has  served  through  many  campaigns  knows 
from  experience  that  a  conical  hut  of  turf  can  be  raised  in  a  very  short 
time,  if  the  material  is  at  hand. 

When  clay  is  burnt  to  improve  the  texture  of  the  soil,  the  operation 
is  best  performed  in  a  circular  hearth  mivde  of  turf,  with  certain  flues 
to  regulate  the  supply  of  air  to  the  burning  mass.  The  turf  is  a  slow 
conductor  of  heat,  and  by  its  means  the  mass  is  kept  burning  steadily 
in  the  interior  of  the  heap,  without  being  cooled  by  the  effect  of  the 
external  air.  When  the  tiui-wall  itself  begins  to  burn  through,  it  is 
generally  the  proper  time  to  mix  the  whole  and  extinguish  the  fire. 

The  turf  which  we  have  been  considering  is  taken  from  the  surface 
of  uncultivated  land,  and  in  the  course  of  a  certain  number  of  years 
the  wild  heaths  and  other  plants  natural  to  the  soil  spring  up  again, 
and  by  their  stems  and  roots  produce  a  fresh  turf.  To  assist  this 
renovation  it  is  usual  to  cut  the  flat  turfs  of  a  circular  shape  with  a 
thhi  paring  tool,  as  we  observed  before,  so  that  there  remain  portions 
of  the  sur&ce  which  are  not  disturbed,  and  from  which  the  heath  and 
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-wild  pLmts  soon  spread  over  the  surface  which  has  been  cut.  In  this 
way  the  same  spot  may  be  made  to  give  a  fresh  supply  of  turfs  every 
seven  years.  This  is  only  done  where  the  soil  is  absolutely  barren,  and 
where  its  cultivation  is  not  thought  of ;  for  at  last  every  remnant  of 
good  earth  is  carried  ofl  the  grasses  disappear  entirely,  and  nothing  but 
the  common  heaths  can  find  food  for  their  vegetation. 

The  surface  of  good  p:i8ture8,  especially  of  commons,  is  often  pared 
for  the  purpose  of  forming  an  artificial  turf  for  ornament  or  for  the 
purposes  of  pasture.  In  the  first  case  those  spots  are  chosen  where 
the  grass  is  of  the  finest  and  closest  pile.  The  surface  is  pared  as  thin 
as  can  conveniently  be  done,  so  that  the  sward  shall  not  break.  A 
proper  spot  having  been  chosen,  it  is  divided  by  the  spade,  or  some 
sharp  instrument  like  a  knife  stuck  across  a  long  handle,  into  strips 
about  a  foot  wide;  and  a  very  sharp  flat  instrument  with  a  bent 
handle,  so  as  to  work  horizontally,  is  thrust  an  inch,  or  a  little  more, 
below  the  surface,  paring  ofif  the  strip  which  has  been  marked.  As 
the  workman  who  cuts  the  sod  advances,  another  rolls  it  up  before 
him,  until  it  is  of  a  proper  size  to  be  carried  off.  A  cut  is  then  made 
across  the  strip,  and  another  roll  is  begun.  Thus  a  large  space  may  be 
completely  bared,  or  parallel  strips  may  be  cut  out,  leaving  some  of 
the  turf  uncut  between  them.  In  this  case  the  loss  of  the  herbage 
will  be  soonest  repaired  by  the  spreading  of  the  grasses  from  the  strips 
which  are  left.  When  an  ornamental  lawn  is  to  be  formed  by  laying 
down  the  turf,  the  ground  is  levelled,  or  laid  in  any  desired  form. 
It  is  well  rolled  and  bi-aten,  to  make  it  firm,  and,  if  the  weather  be  dry, 
it  is  well  watered  before  the  turf  ia  applied.  As  lawns  require  fretjuent 
mowing,  a  close,  slow-growing  turf  is  a  great  advantage  :  it  should 
therefore  be  taken,  if  possible,  from  a  poor  thin  soil.  The  turf  which 
lies  immediately  over  the  chalk  is  best  adapted  to  this  purpose.  If 
the  ground  to  be  covered  is  of  a  rich  quaUty,  it  is  best  to  remove  the 
soil  and  lay  some  of  the  poorer  subsoil  bare,  to  [)lace  the  turf  on.  A 
rich  moist  soil  would  make  the  grass  grow  too  rank,  and  require  con- 
stant mowing  and  rolling  to  keep  it  down.  Brickbats  and  rubbiah  are 
often  spread  over  the  ground,  where  a  lawn  is  to  l>e  formed  by  turfing 
it  over :  these  not  only  form  a  poorer  soil,  but  also  keep  it  drier  by 
their  porosity.  It  need  not  be  observed,  that  where  turfing  is  re-sorted 
to,  to  cover  bare  places  in  meadows  or  pasture,  the  reverse  of  all  this 
should  be  done,  and  manure  spread  over  the  places  where  the  turf  is 
to  be  laid,  so  that  the  roots  may  be  invigorated,  and  a  rich  pile  of  grass 
may  spring  up. 

When  there  are  banks  and  inequalities  in  pastures,  it  is  often  useful 
to  pare  off  all  the  turf,  rolling  it  up,  from  the  places  which  are  to  be 
levelled.  The  superfluous  soil  is  then  removed,  and  if  it  has  been  long 
in  the  form  of  a  dry  bank,  it  is  spread  over  the  grass,  which  it  greatly 
invigorates.  The  new  surface  is  enriched  with  manure,  if  it  requires 
it,  and  in  moist  weather  or  after  watering  it,  the  turf  is  rolled  over  it 
and  well  beaten  down.  A  heavy  roller  drawn  over  it  will  greatly  assist 
its  rooting,  and  thus  an  unsightly  bank,  on  which  the  grass  was  usually 
either  coarse  or  burnt  up,  according  as  the  season  was  wet  or  dry, 
becomes  a  good  and  neat  pasture.  Another  important  use  of  turf  is  to 
cut  it  into  smidl  strips  and  divide  these  into  pieces  of  a  square  inch  in 
size,  or  somewhat  more,  for  the  purpose  of  laying  land  to  grass  by 
inoculation.  This  is  only  a  partial  turfing,  which  extends  rapidly,  and 
in  the  course  of  a  very  few  years  converts  a  field  which  was  not  very 
productive  as  arable  land  into  a  valuable  meadow,  espedzdly  if  it  is  so 
situated  as  to  be  capable  of  occasional  irrigation. 

The  advantage  of  an  extent  of  fine  turf  for  the  exercise  of  high-bred 
horses  has  given  a  name  to  the  pursuit  of  breeding  and  training  horses 
for  the  purpose  of  rachjg.  The  annals  of  the  turf  record  the  deeds  of 
famous  horses  and  the  success  of  their  owners.  The  turf  has  its  rules 
and  codes  of  laws,  and  the  highest  individuals  in  the  nation  often  sit 
in  judgment  on  some  disputed  point  of  turf  law,  with  as  much  gravity 
as  they  would  decide  the  moat  important  interests  of  the  state. 

TURKISH  CHRONOLOGY.  The  Turks,  like  aU  the  other  Mo- 
hammedans,  have  adopted  the  a^ra  of  the  Hijra,  which  begins  with  the 
16th  of  July,  A.D.  622.  [^.ra.]  The  year  of  the  Hijra  coutiuns  12 
months  of  alternately  30  and  29  days,  or,  more  exactly,  354  days 
8  hours,  and  48  minutes ;  and  32  of  our  (solar)  years  are  equal  to  33 
Mohammedan  (lunar)  years,  6  days,  8  hours,  and  16  minutes.  On 
these  facta  is  founded  the  following  easy  rule  for  finding  the  Christian 
year  which  corresponds  to  any  given  Mohammedan  year  :— 

The  number  of  centuries  contained  in  the  given  Mohammedan  year 
is  multiplied  by  3 ;  to  the  product  are  added  as  many  units  as  the 
period  of  33  years  is  contained  in  the  number  of  those  years  which  are 
in  the  given  Mohammedan  year  besides  the  centuries ;  the  simi  thus 
obtained  is  deducted  from  the  given  year ;  and  to  the  rest  is  atlded 


year  1188  .j-eace  of  Kuchuk  Kainarjl;  I 

1 1  (the  number  of  centuries)  x  3  ... 

2  (the  units  of  the  period  of  33  years  contained 
in  88)  -f-  33        .        .        .        .        .        .    .     = 

1188  v^iie  given  year)  -35       .*,*..!     = 
621  (the  number  of  years  before  the  Hijra)  -i-  1163     = 

Thia  is  correct,  the  peace  of  Kuchuk  Kalnarjl  having  been 
.  -  1774. 
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To  change  a  Christian  year  into  a  Mohammedan  year  requires  only 
an  inversion  of  the  preceding  rule. 

Example:  What  Mohammedan  year  corresponda  to  tlie    ClinstlAn 
year  1774? 

1774-621 ~    1153 

11  (the  number  of  centurie.s  in  1163)  x  3  .    .     =         SS 

1  (the  number  of  times  which  53  contains  33) 

+  33 =         34 

34  +  1153 =    1187 

We  have  seen  above  that  the  Mohammedan  year  corresponding  to 
the  Christuvn  year  1774  was  1188  ;  but  the  re.>>ult  is  correct  notwith- 
standing the  difi"erent  results  in  the  two  cases ;  for  the  beginning  of 
A.D.  1774  falls  in  the  latter  part  of  a.h.  1187,  and  the  be^nning  of 
A.H.  1188  and  the  greater  part  of  this  year  fsdls  in  A.D.  1774.  Thus 
the  latter  rule  is  only  the  complement  of  the  first,  and  by  employing 
both  the  reader  will  always  know  whether  a  given  Mohammedan  year 
falls  entirely  in  one  Christian  year,  or  whether  it  falls  in  part,  of  one 
and  in  part  of  another  Christian  year ;  and  he  will  know  the  £>anie  for 
a  Christian  year  with  regard  to  a  Mohammedan  year.  If  this  be  true, 
the  consequence  will  bo  that,  if  a  Mohammedan  year  falls  entirely  in 
the  course  of  one  Christian  year,  there  will  be  no  diff'ercnce  in  the 
result  obtained  by  employing  successively  both  the  rules.  Tbis  is  in 
fact  the  case,  as  may  bo  seen  by  the  following  example  : 

The  year  a.u.  522  begins  on  the  5th  of  January,  A.D.  1128,  and  ends 
on  the  21th  of  December  of  the  same  year  1128. 

Rule  1 — for  a.ii.  522  :5x3.        .        .        .=       15 

522-15 =     507 

507  +  021 «  1128 

RiUe  2— for  a.d.  1128  :  1123-621  .  .  .  =  507 
6  (centuries)  X  3  .  .  .  .  =  15 
16  +  607 =     622 

from  which  we  may  conclude  that  the  year  522  a.h.  falls  entirely  in 
the  course  of  the  year  1128  a.d.  To  make  this  more  intelligible,  we 
observe  that  the  Mohammedan  year  being  composed  of  lunar  or  move- 
able months,  its  beginning  is  likewise  moveable,  and  in  the  course  of 
33  years  it  goes  successively  through  all  the  twelve  months  of  our 
year.  The  above-mentioned  two  rules  will  be  good  till  a.h.  1401 
(A.D.  1980).  The  determining  of  the  corresponding  days  of  the  two 
eras  presents  considerable  difficulties,  and  cannot  conveniently  be 
given  here. 

TURKISH  LANGUAGES  AND  LITERATURE.  The  Turkish 
languages  form  a  partioulai-  family,  which  differs  from  the  Arabic,  the 
Persian,  the  Mongol,  and  the  Chinese.  The  principal  Turki:sh  lan- 
guages are  the  following  : — 

1.  Uighur.     This  language  is  considered  the  most  ancient  of  all  the 
Turkish  dialects,  and  is  still  spoken  in  eastern  TurkisUin,  especially  in 
the  country  between  Kdshghar  and  Kdmub     The  Uighur  was  origin- 
ally written  with  fourteen,  and  afterwards  with  sixteen  letters,  w^hich, 
according  to  Abel  Rdmusat,  are  an  imitation  of  the  Syriac  alphabet, 
although  there  is  some  reason  to  believe  that  they  have  been  invented 
by  the  Uighurs  themselves.     They  were  afterwards  adopted  by  the 
Mongols,  who  however  have  modified  them.    The  Uighur  language 
was  cultivated  at  a  very  early  period,  and,  as  it  seems,  has  had  con- 
siderable influence  on  the  Chinese  literature.     The  number  of  foreign 
words  introduced  into  the  Uighur  is  not  very  considerable,  and  tills 
language  is  consequently  the  purest  of  all  the  Turkish  dialects.     The 
Bodleian  Library  contains  a  beautiful  Uighur  manuscript,  the  '  Bakh- 
liydr-Ndraeh,'  written  in  ad.  838  (a.d.  1134).      Two  other  Uighur 
manuscripts  on  Mohammedan  divinity  are  in  the  Royal  Library  at 
Paris,  and  a  fourth,  the  '  Kdudat  ku-bilik,'  or  *  The  Science  of  Govern- 
meut,*  was  sent  to  Paris  by  Von  Hammer  Purg.^tiill.     This  work  was 
computed  about  a.h.  4G0  (a.d.  lOCl^),  during  the  reign  of  Alp-Arsldn, 
sultan  of  the  Seljuks ;  but  the  copy  of  Von  Hammer  diites  only  from 
A.1I.  843  (a.d.  1459).    The  Uighur  language  is  very  little  known  in 
Europe. 

2.  Jagat;u,  in  the  gi-eatei*  pai-t  of  independent  Turkistdn.  This 
language,  which  was  originally  written  with  the  Uighur  chai*acters,  and 
which,  in  ancient  times,  greatly  resembled  the  Uighur  language,  is 
remarkable  for  its  strength,  perspicuity,  and  simplicity.  TurkisUln, 
especially  Samarkand  and  Bokhiutk,  having  been  the  centre  of  the 
power  of  the  successors  of  Geuglus-khan  and  Timur,  the  Jagat^'  was 
cultivated  at  an  early  period,  and  many  Arabic  and  Persian  words  were 
introduced  into  it.  The  Arabic  characters  were  substituted  for  the 
Uighur  letters,  but  not  till  a  considerable  time  after  the  Mohammeilan 
religion  hat!  been  introduced  ijito  TurkLstiin.  The  JagaUii  language 
has  a  valuable  literature.  The  '  Wdkititi  Bdbiirl '  is  an  autobiograi>hy 
of  Sultan  Bdber,  the  conqueror  of  Hindustdn  (a.h.  900  till  938;  ad. 
1494  till  1531).  It  has  been  translated  into  English  under  the  title 
*  Memoirs  of  Zehir-ed-din  Muhammed  Baber,  Emperor  of  Hindustan, 
written  by  himself; '  translated  partly  by  the  late  John  Leyden,  M.D., 
and  partly  by  W.  Erskine,  Esq.,  4to.,  Loudon,  1826.  It  has  also  been 
translated  into  PersLin.  The  famous  *  Genealogical  History  of  the 
Turks/  by  'Abii-l-ghjizi  (Bahddiir  IChan,  Sultan  of  Khowaresm),  was 
originally  written  in  the  Jagatdi  language.  The  first  manuscript  al 
thi-j  work  known  to  Europe:ms  was  discovered  by  SwedicJi  officers, 
who,  after  the  battle  of  Pultawa,  were  sent  as  prisoners  to  Siberia. 


437  TURKISH  LANGUAGES  ANX> 


I^^T^Xt 


ATDRE. 


TURNBULL'S  BLUE, 


438 


re- 


One  of  them  translated  it  into  French,  froiu  V^hicli  language  it  was  .^ 
translated  into  English,  under  the  title  *  The  Uenealogical  History  of 
the  Tatars/  which  forms  the  first  volume  of  •  A  General  History  of 
the  Turks,  Moguls,  and  Tatars,'  2  vols.  8vo.,  London,  1730.  The  text 
of  *Ab<i-l-ghiizi  has  been  edited  by  Fnihu.     (Kazan,  1825.) 

3.  Kiptshak  dialects,  in  the  eastern  part  of  European  Russia  and 
"Western  Siberia.  The  purest  among  these  dialects  is  that  of  Kazan, 
in  which  several  books  have  lately  been  printed.  Some  of  these  are 
much  mixed  with  Finnish  words. 

4.  Kirghiz,  the  language  of  the  KKrd  Kirghiz,  and  the  Kirghiz 
Kaisdk,  who  live  a  nomadic  life  between  the  Ural  and  the  Chinese 
frontier. 

6.  Caucaso-Danubian,  in  several  subordinate  dialects  spoken  by  the 
Koghais,  the  Kazi-Kumuks,  and  other  Turkish  tribes  in  southern 
Russia. 

6.  Turkomdn. 

7.  Austro- Siberian  dialects.  They  are  very  numerous,  and  more  or 
less  mixed  with  Mongol  or  Samoyedo  words.  They  are  spoken  by  the 
Turkish  tribes  that  live  in  the  middle,  eastern,  and  southern  ]^)arts  of 
Siberia. 

8.  Chuwash,  spoken  by  the  Chuwashcs,  who  live  between  the  Sura 
and  the  Wolga,  and  in  some  adjacent  countries  of  eastern  Russia.  The 
Chuwash  differs  considerably  from  the  Kiptshak  dialects  in  the  neigh- 
bouring countries,  and  it  contains  a  great  number  of  Finnish  words. 
(Schott,  *  De  Lingua  Tschuwaschorum  Dissertatio.') 

9.  Osmanli,  or  Turkish,  commonly  called  so.  This  dialect,  which  is 
spoken  by  the  Tm-kish  conquerors  of  the  Byzantine  empire,  must  be 
considered  as  a  compound  of  the  ancient  Seljukian  language  and  that 
of  the  tribe  of  the  Kdyi,  from  which  the  Osmanlis  are  descendecL  It 
is  the  richest  and  most  polished  of  all  the  Turkish  dialects ;  and  its 
regularity,  precision,  and  elegance  are  such,  tliat  Jaubcrt  says,  if  any 
ac^emy  were  conmiissioned  to  make  a  language,  it  would  not  form 
one  more  perfect  than  the  Turkish.  Another  principal  feature  of  this 
language  is  its  dignity,  with  regard  to  which  Sir  William  Jones  says, 
"  The  Turkish  language  has  an  admirable  dignity.  The  Persian  is  fit 
for  joyous  and  amatory  subjects,  the  Arabic  for  poetry  and  eloquence, 
but  the  Turkish  for  moral  subjects.  Turkish  is  now  the  the  diplomatic 
and  official  language  not  only  of  Turkey,  but  Egypt,  Tunis,  and  Tripoli, 
and  formerly  of  Algiers.  The  Osmanlis  having  received  their  civilisa- 
tion from  the  Arabs  and  the  Persians,  and  the  Kordn  (which  among 
the  Mohammedans  is  never  translated  from  the  Arabic  into  any  other 
language)  being  still  the  source  of  theology  and  legislation,  a  great 
many  Persian  and  Arabic  words  have  gradually  found  their  way  into 
the  Turkish  Language.  However  the  groundwork  is  Turkish,  and  the 
Turks  pronounce  the  Arabic  words  in  a  much  softer  way  than  the  Arabs, 
a  difference  which  is  principally  remarkable  in  the  pronunciation  of 
the  gutturals  and  the  long  vowels. 

The  Turkish  alphabet  is  composed  of  thirty -three  letters,  twenty- 
eight  of  which  are  taken  from  the  Arabic  alphabet:  iour  {pd,  rkim, 
yd,  and  ghief)  from  the  Persian ;  and  one,  the  "  Saghir  n6n  "  (ii)  is 
exclusively  Turkish.  These  letters  are  written  from  right  to  left. 
Turkish  is  also,  and  very  frequently,  written  with  Armenian  characters, 
especially  by  the  merchants.  There  is  no  article,  but  the  demonstra- 
tive pronoun  "  bu "  ("  that "  or  "  this  "),  and  the  cardinal  number 
"  bir  "  ("  one  ")  sometimes  take  its  place.  There  is  no  gender.  The 
declension  of  the  nouns  is  easy :  the  plural  is  formed  by  annexing 
*'  ler  "  or  "  lar  "  to  the  word,  and  there  are  six  cases  as  in  Latin.  The 
adjectives  have  neither  declension  nor  gender.  The  declension  of  the 
pronouns  is  analogous  to  that  of  the  nouns,  but  not  always  exactly  the 
same.  There  are  eight  kinds  of  verbs,  namely,  auxiliary,  active, 
passive,  negative,  impotential,  causative,  reciprocal,  and  personal  The 
infinitive  of  all  regular  verbs  is  formed  by  means  of  the  syllables 
"  mek  "  or  **  mak ; "  they  become  passive  by  taking  the  syllable  "  il  " 
before  "mek"  or  "mak."  The  verbs  have  six  moods— indicative, 
imperative,  optative,  suppositive,  conjunctive,  and  infinitive  ;  and  there 
are  five  tenses — present,  imperfect,  preterim perfect,  preterperfect,  and 
future.  The  different  kinds  of  verba  are  formed  as  follows  :  seicmek,  to 
love ;  sewmemek,  not  to  love  ;  seicehmcmek,  not  to  be  able  to  love ; 
acwilniek,  to  be  loved ;  sewUmemekf  not  to  be  loved ;  KwiUhmemeJc,  not 
to  be  able  to  be  loved;  tewdiirmeky  to  make  love;  tewildUrmckf  to 
make  that  somebody  is  loved;  BewiahiMk,io  love  each  other;  aacinmek, 
to  love  oneself,  &c.  There  is  a  considerable  number  of  irregular  verbs. 
The  Turkish  construction  resembles  that  of  the  Latin  language,  and 
generally  a  sentence  cannot  be  perfectly  understood  till  the  reader 
comes  to  the  last  word.  The  Turks  form  new  words  by  means  of 
composition  with  as  much  ease  as  the  Greek,  the  German,  and  the 
Persian ;  in  this  respect  the  Turkish  language  difiers  radically  from 
the  Arabic. 

The  Tiu-kish  literature  is  of  ancient  origin.  During  the  reigns  of 
Osman  and  his  successors,  a  great  number  of  Arabic,  Persian,  Greek, 
and  Latin  works  were  translated  into  Turkish.  Mohammed  II. 
ordered  a  translation  of  Plutarch ;  Soliman  I.  had  the  *  Commentaries ' 
of  Cicsar  translated  ;  and  Aristotle  and  Euclid  were  translated  in  the 
commencement  of  Turkish  history.  Mustafa  III.  made  a  translation 
of  the  *  Principe '  of  Machiavelli,  and  of  the  *  Anti-Machiavel '  of 
Frederic  II.,  King  of  Prussia.  Some  of  the  works  of  Boerhaave, 
Sydenham,  Bonnycastle,  Vauban,  Lalande,  Cassini,  and,  in  later  times, 
a  great  number  of  English,  German,  and  French  works  on  history. 


geography,  medicine,  chemistry,  mathematics,  and  the  military  sciences, 
have  likewise  been  translated  into  Turkish.  The  original  literature  of 
the  Turks  is  valuable,  though  less  so  than  the  Arabic.  Jem.  the  brother, 
and  Selim  and  Korkud,  the  sons  of  Bayazid  II.;  Soliman  II.,  Ahmed 
III.,  and  Mustafa  III.,  were  distinguished  poets,  and  their  works  have 
come  down  to  us.  The  oldest  Turkish  poet  of  renown  is  'Ashik-Pnsha. 
who  lived  during  the  reign  of  Osman  and  Urkhan.  The  reigu  of 
Ba3\azid  II.  was  distinguished  by  the  following  poets : — Nejdti,  who 
was  considered  the  fii-st  lyric  poet  of  his  time,  and  who  translated 
.several  Arabic  workrf  into  Turkish;  Mesihi,  whose  'Ode  on  the 
Spring,'  translated  by  Sir  W.  Jones  and  by  Baron  Hammer,  is  known 
as  one  of  the  finest  .'specimens  of  poetry ;  A'fitabI,  Munirl,  Prince 
Korkud,  and  tfio  female  poet  Mihri,  a  native  of  Amasia.  Baki  is  the 
greatest  Turkish  poet.  He  was  three  times  high  judge  of  Riim-ili. 
and  died  in  A.n.  100S(ad.  liiOo);  hLs  *  Diwau,'  or  'Collection  of 
Poems,'  has  been  translated  by  Von  Hammer,  under  the  title  *  B:dtl*s 
dcs  grossten  Tiirkischcn  Lyrikers  Diwan,'  Vienna,  1 825.  Nabi  Efeudi, 
Seyed  Refet,  and  Rdghib-Pasha,  were  renowned  in  the  past  century. 
Hdghib- Pasha,  grand-vizir  under  Osman  III.,  was  equally  renowned  as 
an  historian  and  a  poet,  and  his  countrymen  used  to  call  him  "the 
Sultan  of  the  poets  of  Rtim."  The  number  of  historians  is  very  great, 
and  several  of  them  are  highly  esteemed  for  their  impartiality,  judg- 
ment, and  the  concise  beauty  of  their  style.  Such  are  'Ali,  the  con- 
temporary of  Bakl,  whose  work,  '  Kunhol-Akhbdr '  (Mines  of  History), 
finished  in  a.h.  lOOG  (a.d.  1597),  is  one  of  the  best  souices  concerning 
the  earher  and  middle  periods  of  Turkish  history ;  the  author  speaks 
with  great  impartiality  about  the  Christians.  Solak-zdde  has  written 
'  Tarikhl  'Ali  Osman  li  Solak-zdde,'  a  short,  but  very  exact  history  of 
the  Osmanlis,  which  finishes  with  the  year  ▲.u.  105^  (ad.  1644). 
Pechewi  is  the  author  of  a  history  of  the  period  from  the  accession  of 
Soliman  I.  (II.)  to  the  year  a.h.  1032  (a.d.  1622).  Hdji  Khalfdh,  who 
died  in  a.h.  1068  (a.d.  1658),  is  the  author  of  several  excellent  works 
on  history  and  geography,  which  are  written  partly  in  Arabic,  partly 
in  Turkish.  His  'Takwimuk  Tewdrikh,'  or  'Chronological  Tables,' 
are  classical.  They  were  published  at  Constantinople  by  the  printer 
Ibrdhim,  in  a.h.  1146  (a.d.  1733),  and  an  ItaUan  translation  by  liinaldo 
Carli  was  published  at  Venice  as  early  as  1697.  Hdjl  Khalfah's 
Geography  of  Rtim-ili  and  Bosnia  has  been  translated  into  German  by 
Von  Hammer.  From  the  time  of  Bayazid  II.,  Turkish  history  has 
been  written  by  imperial  historiographers,  a  list  of  whom  is  contained 
in  Hammer-Purgstall'd  'Qeschichte  des  Osmanischen  Reiches,'vol.  viii., 
p.  591-92.  The  best  of  these  historians  are — Edris,  or  Idris  (died  in 
A.H.  930 ;  A.D.  1523) ;  Mustafa  Jelal-zdde  (died  in  a.h.  940 ;  a.d.  1533) ; 
Sead-ed-din,  who  became  Mufti  (died  in  a.h.  1007;  a.d.  1599) ;  *Abdi- 
Pasha  Nijanji  (died  in  a.h.  1102  ;  a.d.  1690) ;  Naima  (died  in  a.h.  1128 ; 
A.D.  1715),  whose  history  contains  the  period  from  a.h.  1000  till  1070 
(A.D.  1592  till  1659);  Raahid  continued  the  history  till  A.U.  1134 
(a.d.  1721) ;  'Asim,  the  continmitor  of  Rashid,  till  a.h.  1141  (a  d.  1728) ; 
Subhi  continued  it  till  a.h.  1156  (a.d.  1743);  Izl  till  a.h.  1163  (a.d. 
1763) ;  and  Wa«if  tUl  a.h.  1188  (a.d.  1774).  The  annals  of  Naima  were 
published  at  Constantinople  in  a.u.  1147  (a.d.  1734) ;  those  of  Raahid 
in  A.H.  1163  (a.d.  1740);  those  of  Subhl  in  a.h.  1198  (a.d.  1784); 
those  of  Izi  in  the  same  year ;  and  those  of  Wassif  in  a.h.  1188  (a  d. 
1774);  and  afterwards  in  ah.  1243  (a.d.  1827).  The  Annals  of 
Wassif  have  been  partly  translated  into  French  by  M.  Caussin  de 
Perceval. 

Among  the  numerous  Turkish  biographers,  Latifi  deserves  particular 
mention.  He  wrote  the  lives  of  about  two  hundred  Turkish  poets, 
one  hundred  and  two  of  which  have  been  translated  into  German  by 
Chabert  (Ziirich,  1800,  8vo).  A  list  of  the  works  published  in  Turkish, 
at  Constantinople,  is  contained  in  Hammer,  cited  above,  vol.  vU. 
p.  583-595 ;  and  a  continuation  of  it,  which  goes  down  to  the  year 
A.D.  1830,  in  vol.  viil,  p.  518-623.  The  •  Wiener  Jahrbucher '  contain 
a  list  of  the  Turkish  works  published  since  a.d.  1830. 

Turkish  literature  has  been  enriched  by  numerous  works  on  moralS| 
divinity,  and  philosophy.  Their  philosophy,  which  originated  from 
the  famous  school  at  Bokhara,  has  a  mystical  character,  and  resembles 
in  many  points  the  speculative  doctrines  of  Schelling,  especially  with 
regard  to  pantheism.  More  than  one  Turkish  sheikh  has  proclaimed 
the  possibility  of  the  identification  of  the  soul  with  God,  and  the 
intellectual  re-creation  of  the  world ;  a  doctrine  which  has  likewise 
been  professed  by  HcgeL 

(Toderini,  Lettcratura  Turcha ;  Hammer-Purgstall,  Encydopadische 
Uebersicht  der  Wistenschafttn  des  Orients,  and  Oeschichte  der  Osmaniacken 
Dicktkunst,  4  vols.  8vo ;  the  TurkisJi  Grammars  of  Davids,  of  Jaubert, 
of  Hindoglu  and  of  Barker ;  and  the  Dictionaries  of  Kiefier,  of  Bianchi, 
and  of  Redhouse ;  as  well  as  the  great  Arabic,  Persian  and  Turkisfi 
Dictionary  of  Meninski.) 

TURMERIC.    [CoLOUBiNO  Matters  ;  Curcuma  Long  a.] 

TURNBULL'S  BLUE.  FcMnjanide  of  Iron,  Professor  Graham's 
account  of  this  variety  of  Pru8.sian  blue  is  nearly  as  follo\\'8 : — It  is 
formed  by  adding  ferricyanide  of  potassium  (red  prussiate  of  potash) 
to  a  protosalt  of  iron.  It  results  from  the  substitution  of  three  equi- 
valents of  iron  for  three  equivalents  of  potassium.  The  same  blue 
precipitate  may  be  obtained  by  adding  to  a  protosalt  of  iron  a  mixture 
of  yellow  prussiate  of  potash,  chloride  of  soda,  and  hydrochloric  acid. 
The  tint  of  this  blue  is  lighter  and  more  delicate  than  that  of  Prussian 
blue.     It  is  occasionally  used  by  the  calico-printer,  who  mixes  it  with 
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perchloride  of  tin,  and  printB  the  nurture,  which  is  in  a  great  measure 
soluble,  upon  Turkey  red  cloth,  raiting  the  blue  colour  afterwards  by 
passing  the  cloth  through  a  solution  of  chloride  of  lime,  containing  an 
excess  of  lime.  The  chief  object  of  this  operation  is  to  discharge  the 
red  and  produce  white  patterns,  where'  tartaric  acid  is  printed  upon 
the  cloth,  but  it  has  also  the  effect  incidentally  of  precipitating  the 
blue  pigment  and  peroxide  of  tin  together  on  the  cloth,  by  neutralising 
the  chlorine  of  the  perchloride  of  tin.  This  blue  is  believed  to  resist 
the  action  of  alkalies  longer  than  ordinary  Prussian  blue. 

TURNER'S  YELLOW.  Catsel  Yellow:  PaUrU  Tdhw.  This  is  an 
oxychloride  of  lead,  which  may  be  prepared  by  different  processes. 
When  litharge,  or  the  protoxide  of  lead,  is  acted  upon  by  a  solution  of 
common  salt,  there  are  formed  soda,  which  remains  dissolved,  and  a 
white  compound,  which  is  hydrated  oxychloride  of  lead ;  and  this, 
when  heated,  loses  water,  becomes  of  a  yellow  colour,  and  is  the  com- 
pound required.  It  is  composed  nearly  of  one  part  of  chloride  and 
nine  parts  of  oxide  of  lead :  it  may  also  be  obtained  by  heating  chloride 
and  oxide  of  lead  together  in  the  requisite  proportions,  or  by  heating  a 
mixture  of  one  part  of  chloride  of  ammonium  with  ten  parts  of  pro- 
toxide of  lead.  In  fusing  these  compounds,  it  is  requisite  to  be 
extremely  careful  to  avoid  any  admixture  of  carbonaceous  or  combus- 
tible matter,  as  that  would  reduce  a  portion  of  the  oxide  of  lead  to  its 
metallic  state,  which  would  injure  the  colour  of  the  product.  [Lead  : 
Ojcj/cklorides  of  Lead.] 

TURNING  is  the  art  of  giving  circular  forms  to  articles  of  wood, 
ivory,  metal,  and  other  materi^.  llie  kinds  of  wood  mostly  used  for 
common  toys  are  alder,  beech,  birch,  and  willow ;  for  the  best  Ton- 
bridge  ware,  holly,  chesnut,  sycamore,  apple,  pear,  and  plum ;  for  hard 
general  turnery — beech,  box,  elm,  oak,  and  walnut ;  and  mahogany  and 
pine  for  various  purposes. 

Nearly  all  kinds  of  turning  are  effected  by  the  aid  of  the  IcUke.  The 
principles  of  this  valuable  machine  may  be  summed  up  in  a  few  words. 
For  every  point  marked  by  the  workman,  it  produces  a  circle ;  and  it 
may  be  described  as  a  machine  for  moving  the  material  to  be  wrought 
in  such  a  manner  that,  being  fixed  opposite  to  the  tool,  any  point  in 
the  circumference  will  act  upon  the  whole  circle  in  precisely  the  same 
way. 

PoU'laihe, — This  is  the  primitive  and  most  simple  kind  of  lathe.  It 
consists  of  two  upright  pieces,  each  having  a  conical  iron  or  steel  point 
fixed  on  the  side  opposite  the  other,  the  two  points  being  exactly  in  a 
line ;  one  of  these  uprights,  or  puppet-heads,  as  they  are  called,  is 
stationary ;  the  other  can  be  moved  along  and  fixed  at  any  part  of 
the  bed  by  a  wedge  beneath.  The  wood  to  be  turned  being  cut  of 
proper  length,  the  centre  of  one  of  its  ends  is  pressed  against  the 
point  of  the  fixed  puppet;  the  point  of  the  other  puppet  is  then 
brought  against  the  centre  of  the  other  end,  and  the  puppet  wedged 
firmly  in  its  place.  Over  the  lathe,  and  at  right  angles  to  it,  is  a  long 
flexible  wooden  pole  or  lath,  whence  the  name  lathe ;  one  end,  fixed 
firmly  overhead ;  the  other,  just  over  the  end  of  the  work  nearest  to 
the  left-hand  puppet,  has  a  cord  or  catgut  attached  to  it,  which  passes 
once  or  twice  round  the  work,  and  is  fastened  at  the  lower  end  to  a 
treadle.  The  depression  of  the  treadle  and  counteraction  of  the  pole 
give  an  alternate  rotatory  motion  to  the  work.  The  cutting  torn  is 
held  upon  the  top  of  a  fixed  piece,  between  the  two  puppets  and  close 
to  the  work,  called  a  rest,  but  can  only  be  applied  dunng  the  fall  of  the 
treadle ;  and  thus  a  great  loss  of  time  is  occasioned.  On  this  account 
the  pole-lathe  is  now  but  little  used.  When  commencing,  a  groove  is 
cut  to  the  extreme  left  of  the  work  for  the  cord  to  work  in ;  and  if 
it  is  required  to  use  that  part,  the  band  is  afterwards  shifted  to  a 
finished  part.  The  beginner  has  one  great  difficulty  to  overcome  in 
turning  soft  wood.  The  tool  requires  to  be  held  firmly  almost  on  the 
top  of  the  work,  and  the  superfluous  material  shaved  off;  while  the 
softness  of  the  wood  and  the  velocity  with  which  it  revolves  cause  the 
work  to  be  easily  spoilt  by  the  least  imsteadiness  of  hand.  In  other 
turning,  the  tool  is  held  nearly  opposite  to  the  centre  of  the  work,  and 
the  superfluous  material  is  scraped  away  with  Uttle  comparative  danger 
of  accident. 

A  modification  of  the  primitive  pole*lathe  is  used  by  watch-case 
makers,  on  account  of  the  facility  with  which  it  can  be  arrested  at 
any  point  of  its  rotation.  Some  case-makers,  the  French  in  particular, 
make  use  of  a  large  iwming'tool  instead  of  a  lathe.  It  coiudsts  of  an 
iron  bar  upon  which  dide  three  puppets,  two  to  support  the  mandril 
^vith  its  back  screw,  and  the  other  the  rest ;  a  long  steel  bow  worked 
by  the  left  huid  serves  instead  of  the  pole  and  treadle.  This  turning- 
tool  works  easily,  costs  but  Uttie,  and  where  many  workmen  are 
employed  effects  a  great  saving  of  room.  Tools  of  this  sort,  from  six 
inches  to  two  feet  long  and  upwards,  are  in  use  among  jewellers, 
goldsmiths,  watch  and  clockmakers,  and  manv  other  artificers;  and 
others  without  any  mandril,  in  whic^  the  work  is  held  between  two 
points,  as  in  the  pole-lathe.  One  of  this  latter  sort  may  be  converted 
into  a  very  useful  lathe  for  small  work  at  a  trifling  expense,  and  still 
answer  as  a  turning-tool  if  required. 

The  Potter* s-wked  is  the  simplest  description  of  rotatory  lathe ;  but 
it  differs  from  other  lathes  in  being  vertical  instead  of  horizontat  c, 
^.  1,  is  an  iron  crank,  upon  the  lower  part  of  whieh  is  placed  a  heavy 
foot-wheel,  F ;  the  lower  end  of  the  crank  works  upon  a  centre,  p,  fixed 
ou  the  floor;  the  upper  in  a  collar,  B,  fastened  to  the  work-bench,  a, 
and  supports  the  tumboard  or  chuck,  d,  upon  which  the  clay  to  be 


worked  is  placed.    Motion  is  given  to  the  crank  by  means  of 
placed  at  the  back,  and  connected  with  the  throw  of  the 


crank  by  a 


hook  or  rod.    For  large  work  the  wheel  is  provided  with  a  winch  and 
bevil  gear,  and  is  turned  by  a  boy.    [Earthenware.] 

Footlathe,-^Fig,  2  is  the  front-view  of  a  foot  lathe,  adapted  to  all 


ordinary  work,  whether  in  metals,  ivory  or  wood.  The  headstock,  H  n, 
is  of  oast-iron,  with  a  conical  steel  ring  let  into  the  front  puppet  within 
which  the  mandril  works.  A  steel-pointed  screw  in  the  back  of  the 
headstock  keeps  the  mandril  steadily  in  its  place.  The  beds  are  of  cast* 
iron,  shown  in  the  end  view,  fy  8,  which  also  shows  the  manner  in 
which  the  headstock  is  fitted  upon  and  between  the  beds,  to  which 


it  is  firmly  fastened  by  two  screws,  a  a,  fig,  2.  The  crank,  c,  is  of 
wrought-iron,  supported  at  each  end  by  a  screw,  B,  fig.  2,  3,  in  the 
standard  of  the  lathe.  The  fly  or  foot  wheel,  F,  has  four  or  five  grooves 
on  its  edge,  and  gives  motion  to  the  mandril  by  means  of  a  catgut  band, 
which  connects  it  with  the  smaller  part  of  the  mandril  pulley,  p.  The 
object  of  having  several  grooves  upon  the  wheel  and  pulley  is  to  allow 
of  the  speed  of  the  lathe  being  regulated  according  to  the  sort  of  work 
to  be  turned.  But  this  arrangement  only  modifies  what  is  called  the 
quick  motion.  It  is  frequently  necessary  that  the  mandril  should 
move  more  slowly  than  the  crank ;  for  which  purpose  a  large  pulley  is 
placed  upon  the  mandril,  and  a  small  one  upon  the  crank,  and  the  two 
are  connected  by  a  band.  The  treadle  is  formed  of  a  long  iron  bar 
suspended  between  two  points  at  the  back  of  the  frame,  D,  fig.  2  and  3, 
and  carries  two  shorter  transverse  bar^  at  right  angles,  passing  under 
the  throws  of  the  crank,  and  being  connected  with  them  by  the  hooks, 
K  E :  the  front  ends  of  these  two  pieces  are  screwed  to  the  treading- 
board,  w.  The  standards  of  the  lathe  are  prevented  from  altering 
their  position  by  a  rod  passing  close  to  the  groimd,  and  screwed  to 
each  standiurdat  Q.  The  front-head,  a,  is  of  cast-iron  fitted  on  to  the 
beds  nearly  in  the  same  manner  aa  the  headstock.    The  |K>iQt  of  the 
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cylinder,  i,  to  support  one  end  of  the  work,  oaust  be  exactly  opposite 
to  the  centre  of  the  mandril  There  are  several  methods  of  arranging 
the  cylmder  and  its  screw ;  but  the  most  convenient  is  as  in  the  figure, 
'with  a  screw  J,  and  a  winch-handle,  k  is  a  small  screw  with  a  binding- 
piece  Ix^neath,  which  rests  upon  a  flat  filed  on  one  side  of  the  cylinder, 
and  prevents  the  latter  from  shaking  during  turning.  The  rest,  b,  has 
a  jointed  lever  binding-screw,  and  several  tops  to  suit  different  pur- 
poses, with  a  small  screw  to  hold  them  steadily  in  the  socket. 

This  completes  the  lathe  itself,  but  many  adaptations  are  necessary 
before  it  is  in  order  for  work.  Of  these  the  principal  are  the  chwUct 
used  to  connect  the  work  with  the  lathe.  The  tcrew-chuck  is  a  circular 
plate  of  metal  with  a  boss  at  the  back,  tapped  to  screw  upon  the  nose 
of  the  mandril :  the  face  is  turned  perfectly  true,  and  in  the  centre  is 
a  coarse  conical  screw  to  hold  any  large  piece  of  wood  to  be  turned. 
The  haUow-chuck  is  a  strong  circular  cup  of  metal  with  perpendicular 
sides :  the  work  is  either  driveu  into  it  with  a  mallet,  or.  if  smaller 
than  the  inside  of  tiie  cup,  held  by  the  ends  of  four  screws  in  its  rim. 
The  driU'Ckuck  is  a  strong  iron  chuck  about  an  inch  in  diameter,  with 
a  square  hole  in  the  centre  to  receive  drills  and  other  tools.  In  drilling, 
a  mark  being  made  with  a  pimch  where  the  hole  is  to  be,  the  work  is 
held  against  the  point  of  the  drill,  and  the  front-head  being  brought 
lip  to  the  back  of  the  work,  the  cylinder  is  pressed  forwani,  as  the 
drill  proceeds,  by  turning  the  screw  J.  The  universal  chuck  is  a  circular 
disc  of  metal,  with  three  narrow  slits  cast  in  it,  extending  nearlv  from 
the  centre  to  the  circumference.  The  face  is  turned  perfecUy  true 
when  on  the.  mandril,  and  the  work  being  laid  upon  the  face  of  the 
chuck,  is  fixed  to  it'by  screws  which  pass  through  the  slits  into  nuts 
at  the  back  of  the  plate.  The  concentric  chuck  is  of  the  same  form  as 
the  last  described,  and  the  face  in  like  manner  must  be  turned  per- 
fectly true  to  the  mandriL  Instead  of  three  slits,  it  has  but  two,  in  a 
straight  line  with  each  other,  and  extending  nearly  the  whole  diameter; 
the  opening  of  these  slits  is  wider  at  the  back  than  front  Within 
these  slits  lies  a  spindle,  having  a  bearing  in  the  centre  and  one  at  each 
extremity,  with  a  right-hand  screw  upon  one  and  a  corresponding  left- 
hand  screw  upon  the  other ;  these  screws  move  two  steel  studs  which 
fit  accurately  within  the  slits,  and  have  projecting  heads  about  an  inch 
square,  that  move  steadily  and  smoothly  along  the  face  of  the  chuck. 
Upon  the  heads  are  fitted  two  other  square  pieces,  having  their  sides 
hollowed  out  in  curves  of  different  diameters  varying  from  two  to  eight 
or  ten  inches,  and  which  can  be  placed  with  either  of  their  sides 
towards  the  centre,  to  fit  the  circumference  of  the  work  to  be  held 
between  them. 

All  the  chucks  that  we  have  described  are  adapted  principally  for 
work  which  does  not  require  supporting  at  both  ends.  When  a  long 
piece  of  wood  is  to  be  turned,  a  chuck  is  used  having  a  piece  of  sted 
with  three  points  standing  out  upon  its  face ;  the  centre  of  one  end  of 
the  work  is  pressed  against  the  middle  point,  and  the  other  end  is 
supported  by  the  cylinder  of  the  front-head. 

The  carrier  is  used  in  metal-work  for  the  same  purpose  as  the  three- 
point  chuck  for  wood.  If  the  ends  of  the  work  are  pointed,  it  is 
supported  between  the  hollow  end  of  thu  cylinder  in  the  front  puppet 
8,  Jij.  i)  and  the  nose  of  the  mandril,  which  is  similarly  shaped  for  the 
purpose :  if,  on  the  contrary,  the  ends  are  hollow,  the  cylinder  is 
reversed  and  the  point-chuck  {fig.  5)  screwed  upon  the  mandril.  The 
carrier  (o,  fig.  4)  is  fixed  upon  ^e  end  of  the  work  by  its  screw,  as 
shown  on  a  larger  scale  in  the  side  view  fig,  6 ;  and  motion  is  given  to 


Fig.  4. 


Fig.  5. 


Fig.  6. 


the  work  by  the  driver  H,  figs,  4  and  6,  either  screwed  upon  the  nose 
of  the  mandril  or  attached  to  the  point-chuck. 

Wood  and  ivory  turners  make  use  principally  of  box  and  other  wood 
chucks  altered  at  the  instant  to  suit  their  purpose.  One  chuck,  how- 
ever, requires  notice,  called  the  spUt  or  rivs^uck,  fig,  7:  a  piece  of 


Fig.  7. 


wood  is  tapped  and  screwed  on  to  the  mandril  and  then  turned  conical; 
it  is  afterwards  drilled  down  the  centre  to  the  bottom,  and  two  slits 
cut  with  a  saw  at  right  angles  to  each  other,  from  the  point  of  the 
chuck  to  the  nose  of  the  mandril ;  the  work,  when  in  the  chuck,  is 
held  in  its  place  by  the  ring  on  the  outside. 

The  tools  used  in  turning  are  numerous  and  varied.  For  soft  wood 
scarcely  any  are  required  besides  gouges  or  round  chisels  with  circular 
points,  to  rough  out  the  work,  and  chisels  with  an  oblique  cutting  edge, 
sharpened  by  being  groucfd  and  rubbed  at  a  very  acute  angle  on  each 
aide.  To  give  the  workman  power  to  prevent  the  Uyol  dipping  or 
trembling,  the  tools  are  set  in  very  long  handles,  the  ends  of  which 


the  turner  holds  between  the  upper  part  of  his  arm  and  his  side.  For 
hard  wood,  ivory,  and  bone,  similar  gouges  and  chisels  are  used  ;  but 
they  are  smaller,  and  sharpened  at  a  less  acute  angle.  Some  of  the 
work,  as  in  gold,  silver,  and  light  brass- work,  is  performed  by  gravers 
with  straight,  oblique,  and  curved  faces,  to  suit  different  sorts  or  parts 
of  the  work.  These  are  sharpened  by  an  angle  on  the  under  side  only, 
and  the  cutting-edge  is  applied  nearly  opposite  to  the  centre  of  the 
work.  For  inside  work,  drills  placed  in  angles  are  used  to  make  the 
first  opening,  which  is  afterwards  enlarged  by  other  tools  with  this 
generad  characteristic,  that  the  stalk  is  maide  narrower  than  the  cutting 
port  of  the  tool,  to  allow  of  undercutting  or  making  the  hollow  within 
larger  than  the  opening  through  which  the  point  of  the  tool  is  intro- 
duced. The  principal  tools  used  for  turning  iron  oi-e  the  hook-tool, 
fig,  8  :  E  is  the  cutting-edge ;  the  heel,  u,  is  placed  firmly  upon  the  top 


Fig.  8. 


of  the  rest  and  the  tool  held  with  both  hands,  the  end  of  the  handle 
resting  against  the  turner's  shoulder.  For  finishing  the  work,  gravers 
of  different  sizes  and  shapes  are  used,  similar  to  those  for  hard  wood, 
gold,  silver,  brass,  and  ivory,  but  stronger,  and  sharpened  at  a  more 
obtuse  angle;  Screw-tools  are  very  important  appendages  to  a  lathe, 
and,  with  the  engineer,  in  constant  use  :  they  are  tiled  up  with  several 
teeth  exactly  the  shape  of  the  spaces  between  the  intended  threads. 
For  inside  screws  the  teeth  are  cut  on  the  side,  instead  of  the  front  of 
the  tool :  taps  however  are  much  more  generally  used.  A  circular  saw 
is  often  fitted  to  a  lathe,  jMirticularly  for  ivory-turning :  the  saw  is 
placed  upon  a  spindle  against  a  projecting  collar,  and  held  in  its  place 
by  a  washer  and  nut.  A  parallel  rule  is  fitted  upon  the  table  by  the 
side  of  the  saw  to  regulate  the  width  of  the  pieces  cut  off. 

In  the  lathe,  as  previously  described,  the  tool  is  held  in  the  hand, 
and  is  consequently  subject  to  any  unsteadiness  in  the  workman.  To 
get  rid  of  this  imperfection  in  certain  cases,  and  so  arrange  that  the 
tool  could  be  withdrawn  at  pleasure  and  replaced  in  the  same  position, 
and  always  be  steady,  was  a  great  desideratum.  This  was  effected  by 
the  invention  of  the  dide-rest,  which  is  now  attached  to  all  but  the 
most  ordinary  kind  of  lathes.  The  prmciple  of  the  sUde-rest  is  that 
the  tool  is  fastened  to  a  plate,  moved  in  the  required  direction  by 
means  of  screws,  instead  of  being  held  in  the  hand.    Fig.  9  shows  a 


Fig.  9. 


very  usual  and  convenient  form,  t  is  the  place  for  the  tool,  which  is 
held  down  by  the  screw  above :  the  tools  are  long  square  pieces  of 
steel  reaching  beyond  the  edges  of  the  plate  upon  which  they  are  fixed. 
This  plate  has  two  small  idips  or  dovetails  screwed  on  to  its  under 
surface  and  fitting  the  sides  of  the  plate  s,  which  has  a  screw  along  its 
centre,  working  in  a  nut  in  the  upper  plate :  so  that  by  turning  the 
winch-handle  the  tool  can  be  moved  backward  or  forward  along  the 
plate  8,  which  is  about  twice  the  length  of  the  upper  or  tool  plate. 
Beneath  the  plate  s  is  a  circular  piece  c,  divided  by  a  line  into  two 
unequal  portions;  the  upper  and  thicker  portion  is  screwed  to  the 
plate  s ;  the  lower  is  in  fact  only  a  circular  fillet  left  upon  the  plate 
below :  in  the  centre  of  the  latter  is  fixed  an  accurately-turned  pin 
fitting  into  a  corresponding  hole  in  the  former,  which  turns  upon  it  as 
a  centre,  and  can  be  set  at  any  required  angle  to  the  lower  plate  (which 
is  graduated  for  the  purpose)  and  fixed  in  its  position  by  two  binding 
screws,  shown  in  the  figure  on  each  side  of  s.  Beneath  are  a  second 
sUde  and  circular  plate,  counterparts  of  those  above,  and  the  whole  is 
mounted  on  a  plate,  p.  The  manner  of  using  the  rest  will  be  easily 
understood.  Hollow  and  spherical  surfaces  may  be  cut  with  the  slide- 
rest  with  equal  accuracy  as  rectangular  figures,  either  by  an  adaptation 
to  the  common  slide-rest,  by  which  the  lower  dide  is  made  to  act  upon 
the  other,  or  by  one  constructed  for  the  purpose.  The  slide-rest  is  of 
great  value  in  producing  any  number  of  pieces  of  work  of  exactly  the 
same  form,  of  opposite  forms  and  fitting  each  other,  or  in  any  given 
proportions ;  each  slide-screw  is  fittevl  with  a  small  circular  graduated 
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plate,  and  Bomctiines  also  with  a  micrometer  screw  and  plate,  so  that 
the  greatest  nicety  can  be  observed. 

It  is,  however,  only  in  conjunction  with  the  prnper-lathe,  that  the 
full  value  of  the  slide-rest  is  exhibited.  The  beds,  headstock,  and 
slide-rest  of  the  power-lathe,  j?<;r.  10,  are  made  in  the  same  manner  as 


B  I 1 


Fiff.  10. 


in  the  foot-lathe,  but  stronger ;  the  mandril  works  in  bearings  to 
allow  the  end  b  to  project  beyond  the  back  puppet  and  carry  a  toothed 
wheel ;  between  the  beds  and  along  their  whole  length  is  a  screw,  £, 
which  works  in  a  nut  attached  to  the  under  part  of  the  rest ;  on  the 
end  of  the  screw  is  placed  another  toothed-wheel  D,  which  is  turned  by 
the  mandril-wheel  b  by  means  of  the  connecting  wheel  c.  By  varying 
the  size  of  the  wheels  B  and  d,  the  rest  can  be  made  to  move  through 
any  required  space  along  the  beds  of  the  lathe  at  each  revolution  of 
the  mandriL  The  spindle  of  the  connecting  wheel  o  fits  in  a  curved 
groove  to  accommodate  it  to  the  different  sized  wheels  used  on  the 
mandril  and  rest-screw;  when  the  rest  is  required  to  move  in  the 
opposite  direction,  two  connecting  wheels  are  used.  The  size  of  these 
connecting  wheels,  having  no  influence  on  the  relative  rates  of  B  and  d, 
may  'be  varied  according  to  circumfitanoes.  The  pulley,  instead  of 
being^ed  upon  the  mandril,  as  in  the  foot-lathe,  is  mounted  upon  a 
mettU  tube  or  cannon  which  fits  and  turns  smoothly  upon  the  maiidriL 
The  lathe,  when  set  in  motion,  will  require  no  more  attention  imtil  a 
fine  spiral  line  is  cut,  enveloping  the  cylinder  along  its  whole  length ; 
the  rest  has  then  to  be  shifted  to  where  it  started  £rom,  or  by  a  simple 
contrivance  be  made  to  work  its  way  back  again,  the  tool  being  set  out 
a  little  deeper  each  time  until  the  surface  is  completed.  In  screw- 
cutting  with  the  power-lathe,  the  point  of  the  tool  is  made  exactly  the 
shape  of  one  of  the  spaces  between  the  intended  threads  and  having 
the  same  rake  or  inclination ;  at  each  revolution  of  the  mandril  the 
rest  must  move  through  the  distance  from  one  thread  to  the  next. 
The  circumference  of  the  screw  has  no  effect  upon  any  part  of  the 
arrangement  but  the  inclination  of  the  tool.  When  the  screw  is 
required  to  be  double  or  treble-threaded,  that  is,  having  two  or  three 
intervening  spirals  upon  the  same  stem,  the  rest  must  be  moved 
forward  a  proportionate  distance  at  the  commencement  of  the  second 
and  third  threads.  In  fig.  10,  F  r  F  is  the  driUing-frame,  for  working 
drills  and  cutters,  fixed  in  the  rest,  by  aid  of  the  pulleys  o,  h,  and  i. 
If  it  ia  required  to  drill  any  number  of  holes  in  a  plate,  the  drill-stock, 
fig.  11,  b  placed  in  the  slide-rest  and  connected  with  the  pulley  i.  By 
drawing  the  drill-frame  to  or  from  the  centre  of  the  work,  holes  may 
be  drilled  in  straight  lines  across  the  centre,  and,  by  shifting  the 
dividing-plate,  in  circles ;  by  the  combination  of  the  two  movements 
the  holes  may  be  placed  in  curves  and  spirals  in  any  direction.    By 
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giving  motion  to  the  mandril,  and  connecting  it  with  the  slide-rest 
screw,  spiral  grooves  may  be  drilled  upon  the  surfaces  of  plates, 
cylinders,  or  cones. 

We  may  here  notice  a  contrivance,  introduced  by  Mr.  Miles  in  1859, 
for  turning  pieces  of  wood  so  long  that  they  would  vibrate  or  swag  if 
operat-ed  upon  in  the  ordinary  way.  The  wood  does  not  rotate.  1  he 
cutters  advance  alimg  it  and  turn  irouml  it,  being  supported  by  a  travrl- 
Jing  carriage.     Two  dogs  or  props  are  placed  beneath  the  wood  at  certain 


points,  which  may  be  moved  out    of   the  way  when  the  cutters 
approach. 

The  cutting  of  toothed  wheels  is  one  of  the  most  valuable  applica- 
tions of  the  lathe.  [ Wheel-Cuttino.]  The  circular  cutter  used  in 
this  process  may  be  employed  in  many  other  ways,  such  as  cutting 
grooves  and  flutes,  which,  except  for  sudden  curves,  it  performs  better 
and  much  more  rapidly  than  ijie  drill.  For  cutting  straight  grooves 
both  the  drill  and  cutter  are  entirely  superseded  by  the  planing^ 
machine,  a  modem  invention  of  the  greatest  importance.  It  supplies 
what  was  one  of  the  greatest  wants  of  the  engineer,  and  might  appro- 
priately be  called  the  straigltt-lathe.  For  cutting  grooves  or  flutes  in 
cylindrical  w^ork,  two  small  puppets  carrying  centres  are  screwed  to  the 
table  to  support  the  work,  and  the  parts  where  the  grooves  are  required 
are  brought  under  the  tool  by  means  of  a  division-plate  fixed  to  one  of 
the  puppets  :  a  revolving  cutter  may  be  used  instead  of  a  fixed  tool 
for  cutting  long  pinions  and  terminating  flutes. 

Excentrie  Taming. — In  enumerating  the  different  chucks,  we  pur- 
posely omitted  the  excentrie  and  oval,  aa  they  give  their  names  to  the 
respective  kinds  of  turning  for  which  they  are  used,  and  may  therefore 
be  considered  rather  aa  parts  of  the  lathe  itself  than  as  mere  appur- 
tenances.    Fij.  18  represents  a  tingle  excentrie  chuck.    It  consists  of  a 


strong  plate  which  screws  on  the  nose  of  the  mandril ;  two  dovetailed 
pieces  are  screwed  upon  it  near  the  edges,  between  which  the  slide,  8, 
works.  Upon  the  slide  is  fitted  a  circular  plate,  which  turns  upon  a 
centre,  and  has  its  edge  cut  into  a  number  of  teeth  according  to  the 
size  of  the  chuck  ;  c  is  a  click  with  one  or  two  teeth  fitting  between 
the  teeth  of  the  wheel,  and  held  in  its  place  by  a  spring  imder  the 
other  end.  The  nose,  n,  for  carrying  the  work,  is  fixed  to  the  upper 
plate.  The  double  excentrie  chuck  is  made  in  the  same  manner,  but  it 
has  a  second  slide,  at  right  angles  to  the  first,  on  the  back  of  the 
ground  plate.  In  common  turning  the  use  of  the  excentrie  chuck  is 
to  bring  any  required  point  in  the  work  in  a  line  ^vith  the  centre  of 
the  mandril ;  thus  circular  holes  may  be  cut  in  any  part  of  a  plate, 
the  edge  may  be  hollowed  out  by  any  number  of  curves  of  the  same  or 
different  radii,  and  polygons  with  curvilinear  sides  may  be  produced 
with  the  greatest  accuracy.     Figs.  14, 15,  and  16  represent  three  among 
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an  infinite  variety  of  figures  produced  in  this  way.  In  ornamental 
turning  the  excentrie  chuck  is  mostly  used  for  cutting  patterns  upon 
the  surface  of  the  work  without  altering  its  general  outline.  Thus,  in 
ornamenting  ivory  or  wood-work,  circles  and  curves  are  laid  in  an 
infinite  variety  of  positions  upon  the  face  and  edges  of  the  work.  The 
ivory-turner  frequently  uses  a  small  instrument  called  an  excentrie 
cutter;  it  is  formed  like  the  drill-stock,  fig.  11,  and  moved  by  a  bow ; 
the  cutting  point  can  be  fixed  at  different  distances  from  the  centre  by 
means  of  a  groove  and  screw.  In  conjunction  with  a  click  plate  upon 
the  mandril,  the  cutter  answers  many  of  the  purposes  of  the  single 
excentrie  chuck.  With  the  single-slide  excentrie  chuck  and  the  man- 
dril at  rest,  the  cutter  will  produce  patterns  which  would  otherwise 
require  the  double  excentrie. 

Qeometric  Turning, — When  the  work  revolves  on  the  lathe,  and  the 
excentrie  cutter  is  driven  by  a  band  in  connection  with  the  mandril,  a 
great  variety  of  very  complicated  and  beautiful  epicycloidal  and  other 
curves  may  be  cut.  This  geometric  chuck  is  an  excentrie  with  the 
addition  of  an  arrangement  for  giving  motion  to  the  work  upon  the 
chuck,  and  independent  of  the  mandril.  Fixed  to  the  headstock  and 
concentric  with  the  mandril  is  a  toothed  wheel  which,  as  the  chuck 
revolves,  drives  another  and  smaller  wheel  on  its  under  surface :  this 
latter  ia  connected  with  another  toothed  wheel  which  causes  the  click- 
plate  and  work  to  revolve.  The  patterns  may  be  infinitely  varied  by 
altering  the  relative  sizes  of  the  wheels ;  and  by  introducing  an  extra 
wheel,  and  so  causing  the  work  and  chuck  to  revolve  in  opposite 
directions  at  the  same  time ;  and  lastly  by  changing  the  position  of 
the  tool.  The  niunber  of  different  curves  that  can  be  produced  by 
these  changes  and  the  great  dissimilarity  to  each  other  can  hardly  be 
conceived.  The  excentrie  and  geometric  chucks  are  much  used  in 
producing  patterns  on  plates  and  blocks  for  printing  and  embossing. 

Oval  Turning. — Until  the  invention  of  the  oval  chuck  the  production 
of  true  ovals  was  a  matter  of  considerable  ditliculty,  and  the  cutting 
of  them  upon  the  lathe  an  impossibility ;  with  it  we  can  turn  ovak  of 


all  Biiw  and  prowirtiuna  wiUi  almctt  tbe  ^'°'°  **»«  as  drelBH.  The 
construction  of  the  chvi^k  ia  ample.  ^V*"^  **  *«>nt  of  tha  he»d. 
stock,  H.^'r,  17,  ia  placed  b  riiiK,he\dbJ  «:"[>'■■»  through  ila  two  anni 
and  the  projcotiog  pieces  on  eax\i  ude  of  the  liendutock;  a  Bcrew  ia 
placed  in  one  iirm  of  the  ring  to  draw  ii;  out  eieentric  to  the  mandril. 
J-'ig.  ISahoffs  the  front  of  the  ohuctwith  a  slide  moving  between  dove- 
tails on  a  ground. plate ;  the  ground-plate,  as  Bliown  in  fig.  19,  has  two 
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slits  ctit  from  the  centre  boss,  which  acrewi  on  to  tha  mandril,  nearly 
to  the  circumference  ;  two  Hmall  studa  ore  cast  upon  the  back  of  the 
alide,  which  are  made  to  work  easily  in  the  two  alita,  and  atand  up 
just  above  the  face  of  the  ground  pinte.  When  the  elide  ia  in  its 
pince  two  steel  riibbera  with  straight  poliahed  faces  are  Bcrewed  to 
the  atuds,  and  etaud  out  at  the  back  of  the  ground-plate  at  right 
■ngles  to  the  elits,  aa  aeen  in  fitr.  19.  The  ring  being  fixed  in  its 
place  upon  the  headetock,  tJie  chuck  is  screwed  upon  the  mandril, 
the  rubbern  elaaping  the  ring,  which  must  be  kept  perfectly  smooUi 
Bnfl  well  oiled ;  the  eicentricity  of  the  ring,  acting  upon  the  rubbers. 
draws  tho  elide  out  of  tba  centre  in  opposite  directions  alternately, 
and  upon  the  too)  being  apphed  on  oral  will  bo  described  upon  the 
face  of  the  work,  haTing  the  shorter  diameter  in  proportion  to  the 
dist-iQce  o!  the  tool  from  the  centre,  and  the  longer  to  the  excentricity 
of  the  ring.  For  ornamental  work  the  oval  chuck  ia  provided  with  a 
click  and  sometimes  n  micrometer  plate,  lilm  the  eiee^itrie  chuck,  tor 
placing  the  ovals  in  different  directions. 

Riae-ea^inc  Turning, — Of  all  the  diflerent  aorta  of  ornamental 
turning  this  ia  by  far  the  best  adapted  fur  embellishing  small  articles. 
It  ia  in  very  general  uae  for  gold,  ailver,  and  gilt.work  \  it  is  besides 
applied  to  the  production  of  ground  tjnts,  borders,  and  ornamenta  on 
copper,  steel,  and  ivood  roUera  for  printing  and  emboaaing  calico, 
leather,  and  paper ;  and  many  other  sorts  of  umaincntal  work.  An 
unsteady  latlie,  which  in  revolving  produces  an  irregular  circle,  is  a 
rude  approach  to  the  roseengine,  and  may  very  pos^bly  have  furnished 
the  first  hint  for  its  invention.     We  shall  now  describo  it.    o  (fiij.  20) 


is  a  headfltock,  supported  uiion  tho  conical  poinla  of  two  screws,  c  c,  in 
the  two  metal  staudards,  a  *,  fitted  and  bulteil  to  the  bench  or  bed. 
In  the  front  and  back  of  the  headetock,  neor  the  bottom,  are  two  Bimk 
cpiitres  to  receive  the  conical  points  of  the  acred-e.  The  screws  are. 
secured  by  vraahera  that  run  upon  them,  and  tighten  against  the 
at.ii»Iard6.  The  upper  part  of  each  standard  carriea  two  other  screws 
at  right  angles  to  those  described,  for  the  purpoao  of  holding  the  head- 
stock  ateady  when  the  ruai-engine  is  to  be  used  oa  a  common  lathe. 
Two  of  these  wrcws  are  shown  iu  the  front  of  tho  engino  IJUj.  21). 
Upon  the  mandril  are  mounted  the  pattern  guidea,  or  roaettea,  circular 
pbitca  of  gun-metal  or  brasa,  each  about  half  an  inch  thick,  and  having 
two  patterns  or  waves  upon  ita  Hm.  The  rosettes  are  of  two  sorts, 
fiied  and  shifting.  The  Gicd,  t,  arc  screwed  to  a  collar  turned  upon 
the  mandril  itself ;  the  moveable,  n,  are  fixed  upon  a  cannon,  n  (.^'/.20) ; 
the  plate  U  ia  fixed  to  the  cannon,  nnd  the  roaettea  are  prevented  from 
turning  by  a  feather  which  fits  into  a  notch  in  each  of  the  roaettea  ;  a 
nut  at  the  end  of  the  caimoii  screwa  all  tight  .-igainst  the  plate  M.  The 
plate  D  ia  put  on  the  mandril  at  the  back  of  the  cannon  plate  a,  but 
uidcpendent  of  both ;  behind  this  is  another  plate,  p,  fitted  on  to  the 
mandril,  and  turning  nith  it ;  at  the  back  of  this  plato  is  a  nut,  which 
is  tightened  until  the  cannon  re<)uires  some  little  force  to  turn  it  upon 
the  mandril  with  the  band.  On  the  largo  plate  r,  is  a  spring-click, 
which  falls  into  notches  cut  ui  the  plate  D,  which  itself  carries  an  end- 
less screw  working  into  a  half  thread  cut  on  the  edge  of  the  cannon 
plate  M,  T  ia  a  carriage  for  holding  the  rubber  B,  by  means  of  the  two 
screws  in  tho  top  of  the  carriage  \  the  rubber  ia  a  small  bar  of  steel, 
three  or  four  inches  long,  and  the  breadth  of  the  rosettes.    Screwed 


holes  ;  one  end  of  this  Letter  is  attached  to  a  strong  spring,  t.  and  by 
placing  a  pin  in  one  or  other  of  the  boles  in  the  amall  arm,  the  spring 
may  be  made  either  to  press  or  pull  the  arm  h  with  less  lA  greater 
force.  The  rubber-carriage  t  being  moved  along  the  bar  B  till  the  end 
of  tho  rubber  is  exactly  oppoaito  the  face  of  the  rosette  to  be  employed, 
and  fixed  there  by  the  back  screw,  the  spring  aet  to  paU  the  arm  h,  and 
the  side  acrews  in  the  standards  A  turned  back  until  the  face  of  the 
losettc  rests  upon  the  rubber  it,  the  engine  at  each  revolution  will  mo- 
duce  a  copy  of  the  indentations  upon  the  face  of  the  rosette.  Tho 
engine  ia  moved  by  a  hand-winch  ^\itb  a  band  passing  round  a  toot* 
wheel,  and  another  connecting  a  small  pulley  on  the  crank  with  the 
mandril-pulley  i:,  in  the  same  manner  as  the  slow  motion  of  the  toot- 
lathe  (fiy.  2).  The  slide-rest  is  adapted  to  the  rose-engiiiD  m  the  fol- 
lowing way.     The  tail-piece  of  the  rest  s  {fiyi.  20,  22)  baa  a  hollow 


cylinder,  c,  fixed  in  the  middio  of  one  end.  Tho  bar  B,  which  has  a 
piece  at  each  end  fitting  into  dovetails  in  tho  aides  of  A,  has  a  cylindri- 
cal piece  which  (its  accurately  into  the  hollow  cylinder  c,  and  can  b« 
raiacd  or  lowered  at  pleasure  by  a  ring  or  nut,  K,  working  upon  the 
outside  of  c,  the  rest  being  placed  in  the  required  position,  and  fixed 
to  the  bench  by  the  aerew  9  (^17.  20).  The  stock  A  moveo  round  upon 
tho  cylinder  c,  and  can  bo  fixed  at  any  required  angle  by  the  binding 
nut  o.  Tha  top  of  the  rest,  which  traverses  along  the  bar  B,  by  moons 
of  a  screw  throughout  its  length,  provided  wlUi  an  index-plate  and 
winch-handle,  s,  is  composed  of  two  parts,  the  ground  plale  Ifig.  23) 
and  another  plate  (fig.  24),  which  oarries  the  toolalide.  The  engine  is 
also  capable  of  turning  the  aides  and  edgea  of  work,  for  which  purpose 
it  ia  provided  with  a  aeparate  aet  of  waves  cut  upon  the  oidea  of  tie 
roaettea,  aome  of  whicn  are  made  of  larger  diameter  than  others  for 
that  purpose.  The  rubbers  are  shaped  at  the  «de  to  correspond ;  the 
mandril  has  an  endway-motion  within  its  bearings,  and  is  acted  upon 
in  eitlier  direction  by  the  lever-spring  o  (fig.  2U),  which  boa  ita  fulcruni 
upon  the  bench  :  its  upper  end  ia  forked,  and  fita  a  groove  iu  tho 
mandril,  and  the  lower  held  by  an  arm  and  pin.  For  side-work  tho 
slide-reat  ia  placed  paraJlel  with  tho  bench  aa  in  common  turning. 

The  iqiiarr,  or  tIraighl-Une  chuck,  is  peculiar  to  the  rose-engine,  and 
forms  a  xen  material  part  of  it ;  the  object  of  it  is  to  lay  the  patterns 
in  a  straight  iuatead  of  a  circuLu-  direction.  Fig.  25  represents  the 
Btraight-liue  chuck  ;  the  square  frame,  a  A,  is  faalcned  to  tho  two  arms 
of  the  headstock,  shown  in  jf,-.  21,  by  bolts  and  nuts,  or  wedges; 
D,  B,is  a  slide  connected  with  Uie  noae  of  the  mandril  either  by  a  chain 


r,  what  ii  better,  a  rack  and  pinion.    On  the  face  of  the  slide  are 


■e  oompoaed,  hy  notches  in  tho  plate.  These  sped- 
0  ahow  tbe  imoiense  number  of  patterns  which  may 
ba  produced  with  twenty  or  thirty  rosetleB  and  their  combinationa. 
Many  curioui  patterns  are  produced  by  using  two  roaatles,  one  fixed  to 
the  mandril,  the  other  on  the  cannon.  For  cutting  copper  and  steel- 
plates,  or  wood  blocks,  the  tool  is  sharpened  wtUi  two  acute  angles ; 
but  in  turning  gold  and  silver  worit  the  quantity  of  metal  taksa  off  is 
required  to  be  so  minute  that  the  two  faces  of  the  tool  must  be  rubbed 
to  BU^  an  obtuse  angle  as  to  appear  almost  straight.  Close  to  the 
side  of  the  tool  in  tbe  rest  is  placed  a  stop,  i>r  louche,  as  it  is  called,  to 
regulate  tbe  depth  of  the  cut.  The  touche  has  a  very  small  face, 
highly  polished,  which  rubs  upon  the  work  in  advance  of  the  tooL 

The  number  of  adaptations,  on  account  of  the  various  and  irregular 
shapes  of  the  different  pieces  of  work  to  be  engine-turned,  is  veiy 
large,  and  would  take  up  far  too  much  apace  to  describe.  Cutting  the 
rosettes,  which  overj  engine-turner  ought  to  do  for  himself,  is  an  ope- 
ration of  ooDsiilerabie  nicety,  as  tbe  naves  are  mostly  very  shallow,and 
the  rosettes  large,  to  moke  them  work  easily,  and  tbe  slightest  fault  in 
a  wave  will  be  repeated  through  the  whole  work.  Two  superior  ma- 
chines for  engine-turmng  were  invented  by  Messra.  Perkins  and  Heath, 
some  years  ago,  in  which  tho  rosettes  are  dispensed  with,  and  their 
place  supplied  by  an  eiccntrio  wheel,  or  cam,  which  produces  one  wave 
only ;  but  by  means  of  toothed  wheels,  as  many  of  these  waves  as  are 
requisite  are  introduced  during  each  revolution  of  the  mandril.  This 
engine  produces  an  immense  variety  of  patterns,  with  the  very  great 
advantage  of  all  the  waves  being  precise  counterparts  of  each  other. 
Woii  of^this  description  is  generally  cut  with  a  diamond,  as  a  steel  tool 
is  liable  to  break,  or  get  dull,  and  destroy  the  uniformity  of  the  elTecL 

TUKNirS.  Brauica  npa.  This  well-linoivn  plant  is  cultivated 
for  its  bulbous  roots  both  in  the  garden  and  tho  field.  As  a  culinary 
root  it  has  been  priied  from  the  earliest  times,  and  many  varieties 
have  been  cultivated  for  the  table;  but  it  ii  those  of  a  larger  kind 
cultivated  in  the  fields,  which  form  so  important  a  part  of  the  most 
improved  systems  of  agriculture  on  all  light  soiU,  that  the  success  of 
the  farmer  is,  in  general,  proportioned  to  the  quantity  of  turnips  raised 
on  his  fann.  They  are  tbe  great  foundation  of  all  the  beat  systems  of 
croppmg,  by  supplymg  the  manure  required  for  the  subsequent  crop, 
and,  at  the  same  time,  clearing  the  Isnd  of  all  noiious  weeds,  by  the 
numerous  ploughinga,  atirringa,  and  hooings  which  they  require. 

Turnips  were  first  raised  upon  land  which  had  alrcidy  borne  a  crop 
that  was  reaped  early  in  summer,  and  on  tallows  which  had  been 
worked  and  cleared  early,  so  as  to  leave  a  sufficient  interval  between 
tbe  last  ploughing  and  tho  time  of  sowing  winter  corn  to  Lavo  a 
t'jlerabio  crop  of  turnips.  These  turnips  however,  which  ar«  stiil 
cultivated  by  the  name  of  stubble  or  eddish  turnips,  never  grow  so 
Urge  as  those  which  bad  been  sown  earlier  on  land  well  pi-epared  aud 
highly  manured. 

The  regular  cultivation  of  turnips  on  a  largo  scale  was  orieinallv 
introduced  from  Flanders  into  Norfolk  two  centuries  ago  and  from 
Norfolk  was  carried  into  the  south  of  Scotland  and  the  north  of 
England  about  a  century  after.  It  was  long  confined  to  one  or  two 
individuals,  who  cultivated  turnips  very  succeHsrully;  but  at  last  it 
spread,  and  was  greatly  improved  by  introducing  the  row  cidture, 
according  to  Tulls  system,  which  acquired  the  name  of  tbe  Northum- 
berUnd  mode  of  cultivation.  The  usual  mode  of  sowing  turnips  both 
in  FUnders  and  m  Norfolk  was  broadcast,  and,  as  the  labourera  in  both 
«  became  veiy  expert  in  hoeing  them  out  at  regular  distanoea, 


this  mode  was  long  preferred.     All  farmer*  however,  who  Iiave  any 
pretensions  to  a  good  system  of  cultivation,  now  adopt  the  N^orUmin- 
berland  plan.    The  great  object  on  poor  light  lands,  especially  tbose 
which  have  lately  been  brought  into  cultivation,  is  tu  ruse  a   crop  of 
turnips:  for  when  once  this  is  obtained,  and  the  land  has  been  iraproved 
by  the  folding  of  sheep  upon  it,  there  is  no  great  difficulty  in  main- 
taining the  fertility  thus  produced  by  judicious  management    and 
frequent  green  crops.      Great  improvement   in   poor  soils   haa    boen 
effected  by  the  introduction  of  ground  bones  sod  luperphospbate  as  > 
manure.     It  is  however  the  best  plan  to  unite  the  regular  applica-tion 
of  farmyard  dung  with  that  of  the  bone-dust.     For  this  purpoBa   tho 
best  farmers  prepare  their  land,  where  they  intend  to  sow  tumipe, 
early  after  harvest,  by  giving  it  as  complete  a  cultivation  as  tbey  can 
before  winter  ;  and  they  put  on  it  a  good  coat  of  manure,  and  plough 
it  in.    In  the  beginning  of  summer  another  ploughing  is  given,  with 
repeated  harrowings,  to  destroy  the  weeds  wMch  have  sprung  up.      If 
the  subsoil  is  dry,  or  the  land  has  been  thoroughly  dnined,  the   seed 
may  be  drilled  in  rows  from  2  feet  to  30  inches  apart,  with  bonoa  or 
any  equivalent  artificial  manure  on  the  fiat  surface.    The  tumip-seed 
con  scarcely  fail  to  vegetate  soon  :  less  danger  arises  from  dry  weather 
than  if  they  were  on  uie  top  of  a  ridge,  and  the  intervals  can  be  readily 
stirred  by  horse-drawn  tools.    The  manure,  which  has  had  time  to 
incorporate  with  the  soil  and  to  impart  to  it  the  various  producta  of 
its  decomposition,  is  in  the  best  state  to  nourish  the  young  plant,  until 
it  cjn  push  forth  its  roots  and  feed,  as  it  were,  on  the  bone-dust ;   a 
more  rapid  growth  is  ensured,  which  is  the  best  preservative  gainst 
the  fly  ;  and  experience  has  proved  that  this  is  a  much  more  certain 
way  to  insure  a  good  crop  of  turnips,  t«peeially  of  swedes,  than  tbe  old 
method  of  putting  all  tbe  manure  immediately  under  the  seed  in  the 
rows,  where  it  often  remains  inert  if  dry  weather  comes  on  soon  after 
the  seed  is  sown.    The  quantity  of  manure  put  on  in  autumn,  or  very 
early  in  spring,  depends  on  the  means  of  the  farm  :  if  ten  cubic  yarda 
of  short  dung  can  be  afforded  per  acre,  the  crop  of  turnips  will  auiply 
repay  it,  and  twenty  bushels  of  bone-dust  or  le«  per  acre  will  be 
aulGcient  to  drill  with  the  seed.     Long  fresh  mannro  may  be  safely 
ploughed  in  before  winter,  which  would  be  veiy  improper  in  a  light 
soil  if  used  in  summer.     This  will  be  rotten  before  the  turnips  are 
sown,  and  all  the  expense  of  forming  dunghills  and  turning  them  over 
is  saved.     There  is  no  danger  of  tbe  manure  being  wasted  ;  for  whati- 
ever  weeds  may  be  produced  will  be  ploughed  in  and  returned  to  the 
■oil.    All  tbe  nutritious  parts  of   the  decomposing  dung  will    be 
absorbed  by  the  esrth,  snd  none  of  them  will  evaporate.    Where  farm- 
yard manure  ia  scarce,  half  the  above  quantity  may  be  used,  and  a  fair 
crop  of  turnips  may  still  be  expected. 

The  early  vegetation  of  the  seed  is  essential  to  a  good  crop  of 
turnips.  In  its  young  and  tender  state  it  is  liable  to  a  variety  of 
accidents.  Its  great  enemy  is  Uie  tumipfiy  (alfica  nmortiin),  which 
appears  always  in  grest  quantities,  if  there  is  any  conUnuance  of  dry 
weather.  The  mors  frequently  turnips  are  sown  on  tbe  same  ground 
the  more  abundant  is  the  fly,  but  where  the  surface  haa  been  pared 
and  burned  there  is  aeldom  any  loes  from  this  cause.  It  is  generally 
found  that  in  moist  weather  the  fly  does  comparatively  little  harm,  as 
then  the  vegetation  is  rapid,  and  the  plant,  when  once  it  has  put  forth 
its  rough  leaves,  is  eonaidered  safe.  Whatever  therefore  accelerates 
the  vegetation,  will  secure  the  growth  of  the  turnip.  Hence  tho 
advantage  of  dunging  the  soil  before  winter,  by  which  means  it  is 
enriched  uniformly,  and  a  great  portion  of  the  manure,  having  become 
soluble,  absorbs  moisture  &om  tbe  atmosphere.  And  in  dry  weathir 
it  is  well  to  sow  the  seed  with  the  water  driU.  As  soon  as  the  turnip- 
plant  has  put  forth  its  rough  leaves,  the  intervals  between  the  ro'.vs 
should  be  stirred  with  a  light  plough  drawn  by  one  horse.  The 
plough  can  be  made  to  go  within  an  inch  or  two  of  the  plants,  throwing 
the  earth  froio  the  row  into  the  interval :  a  small  harrow,  which  can  be 
set  to  any  required  width,  is  then  drawn  between  the  rows  to  looseu 
the  earth  raised  by  the  plough.  This  greatly  increases  the  absorption 
of  moisture  and  invigorates  tho  young  plants.  They  may  now  be 
thinned  out  and  even  singled  in  the  rows  by  means  of  a  hoe  about  12 
inches  broad,  leaving  plants  a  foot  or  more  apart  Thus  the  turnips 
are  left  at  a  proper  distance,  and,  having  ample  room,  will  soon  cover 
the  rows.  A  horse-hoe  ia  now  drawn  between  the  rows  to  eradicate  all 
weeds  and  keep  tbe  soil  open  for  the  fibres  of  tbe  roots  to  shoot  in. 
It  ia  not  advisable  to  throw  the  earth  over  the  turnips,  unless  it  be 
just  before  winter,  to  protect  them  from  the  frost;  on  the  contrary,  in 
wet  weather  the  earth  is  more  likely  to  cause  the  turnip  to  rot  tbau  to 
help  its  growth.  1'he  fibres  which  draw  tbe  nourishment  strike  in  the 
lil  below,  and  spread  between  the  rows  wherever  they  meet  with  a 
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avy  crop,  especially  of  Swedish  turnips,  it  is 
advisable  to  sow  the  seed  early,  that  is,  in  southern  counties,  towards 
the  end  of  May.  They  will  then  have  the  advantage  of  the  summer 
abowers,  and  be  beyond  the  reach  of  the  fiy  in  a  very  few  days,  and 
when  the  dry  weather  seta  in  they  will  already  have'  a  supply  of 
moisture  in  their  roots,  and  the  fibres,  having  struck  deep,  will  not 
suffer  any  check.  The  oniy  inconvenience  of  sowing  early  is  that 
many  of  tho  plants  are  apt  to  run  to  seed.  This  is  in  many  casssowing 
to  the  seed  which  is  used.  If  the  seed  has  been  raised  from  fine  roots 
which  have  stood  the  winter,  there  is  little  danger  of  the  plants 
running  to  seed  in  tbe  first  summer ;  but,  as  ia  often  the  case,  if  small 
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imperfect  roots  ore  taken,  or  thoae  which  nm  to  aeed  in  autumn,  then 
the  plants  will  have  a  tendency  to  produce  seed  and  not  bulbs.  The 
white  Norfolk  turnip  and  its  varieties  should  be  sown  about  midaummer 
to  have  a  good  and  heavy  crop  before  winter.  The  distance  at  which 
they  may  be  left  in  thinning  them  out  must  depend  on  the  variety, 
whether  it  has  a  wide  spreading  top  or  not.  The  best  crops  both  of 
swedes  and  common  field  turnips  are  generally  those  where  the  tops 
are  vigorous  and  moderately  spreading.  A  small  top  will  not  nourish 
a  laige  bulb :  but  when  the  growth  is  chiefly  in  the  leaves,  the  bulbe 
are  seldom  large. 

It  may  be  considered  as  a  general  rule,  that  the  most  advantageous 
mode  of  consuming  turnips  is  tu  draw  them  and  cut  them  in  slioes  in 
the  field,  to  be  there  consumed  in  troughs  by  sheep,  to  which  com  or 
oil-cake,  as  well  as  hay,  is  regularly  given.  When  the  crop  of  turnips 
is  abundant,  part  of  them  may  be  stored  for  the  cattle  in  the  yard  or 
fatting-fitalls,  and  for  the  milch-cows  and  heifers.  They  will  require 
nothing  but  good  straw,  if  they  have  plenty  of  turnips,  and  no  hay 
whatever  need  be  used,  unless  it  be  for  the  horses ;  and  even  they  will 
thrive  weU  on  Swedish  turnips  and  straw  with  a  small  quantity 
of  oats. 

Turnips  are  often  left  in  the  field  all  the  winter,  which  greatly 
deteriorates  them.  If  they  cannot  all  be  fed  off  before  Christmas,  they 
should  be  taken  up,  and  the  tops  being  cut  off  within  an  inch  of  the 
crown  of  the  root,  they  may  be  stored  in  long  clamps  five  feet  wide  and 
four  feet  high,  sloped  Uke  the  roof  of  a  house  and  covered  with  straw 
and  earth,  in  which  state  they  will  keep  till  they  are  wanted.  It  is 
advantageous  to  have  different  varieties  of  turnips,  which  will  come  to 
perfection  in  succession ;  and  it  is  useful  to  sow  some  at  different  times 
for  this  purpose.  The  small  turnip,  which  from  its  rapid  growth  is 
called  the  nimble  turnip,  may  be  sown  as  late  as  the  end  of  August, 
and  in  mild  seasons  will  produce  tolerable  bulbs  in  winter  and  early  in 
spring.  The  frost  will  not  injare  a  growing  turnip  so  readily  as  one 
which  is  come  to  perfection  and  the  leaves  of  which  are  withered 
Some  varieties,  like  the  yellow  Aberdeen  and  the  green  round  turnip, 
are  hardier  than  others,  and  will  stand  the  winter  well  in  a  light  and 
dry  soil. 

There  are  so  many  varieties  cultivated,  that  it  is  difficult  to  enume- 
rate them.  The  Swedish  turnips  may  be  classed  according  to  the 
colour  and  size  of  their  to|)S  and  the  shape  of  the  bulb.  The  best  have 
but  little  stem  rising  from  the  bulb  and  a  good  tuft  of  leaves.  The 
substance  of  the  turnips  is  of  a  bright  yellow  and  has  a  strong  smell, 
especially  when  they  have  been  kept  some  time.  No  frost  will  hurt 
them,  if  they  are  kept  dry ;  but  alternate  rain  and  frost  will  do  them 
harm.  When  they  are  stored,  it  is  advantageous  that  the  air  should 
have  free  access ;  and  for  this  purpose  it  has  been  recommended  to 
place  them  between  hurdles  set  upright  and  to  slightly  thatch  them 
with  straw  to  keep  out  the  rain.  In  this  way  they  keep  longer  sound 
than  when  put  in  clamps  covered  with  straw  and  earth. 

Of  the  field  turnip  there  are  numerous  varieties.  The  common 
Norfolk  turnip  is  round  and  flat,  the  bulb  being  half  buried  in  the 
ground ;  it  throws  out  no  fibres,  except  from  the  slender  root  which 
proceeds  from  the  centre  of  the  bulb.  There  is  a  subvariety  which  is 
reddish  at  the  insertion  of  the  leaves,  and  another  of  a  green  hue :  the 
latter  is  the  hardiest.  The  globe  turnip  takes  its  name  from  its  shape ; 
it  rises  more  out  of  the  ground,  and  grows  to  a  greater  size ;  like  the 
last  it  is  either  entirely  white  or  red  or  green  near  the  crown.  It  is  on 
the  whole  the  most  productive  and  hardy.  The  tankard  turnip  rises 
high  out  of  the  ground,  and  approaches  in  shape  to  the  mangel-wurzeL 
It  grows  to  the  greatest  size ;  but  it  is  apt  to  become  spongy  if  left 
long  on  the  ground,  and  its  weight  is  not  in  proportion  to  its  bulk. 
There  are  red  tanktuxis  and  green  tankards,  as  well  as  white.  The 
green  round  turnip  is  considered  very  hardy,  and  is  usually  sown  late, 
to  be  consumed  after  the  winter.  The  yellow  Aberdeen,  although 
somewhat  less,  is  compact,  and  stands  the  winter  well :  it  is  a  very 
useful  variety. 

Those  who  are  possessed  of  a  good  variety  will  do  well  to  raise  their 
own  seed,  as  that  which  is  bought  cannot  always  be  depended  upon ; 
the  best-shaped  middle-sized  bulbs  should  be  chosen,  the  leaves  being 
cut  off  not  nearer  than  an  inch  from  the  crown.  They  should  be 
planted  in  a  mellow  soU,  in  rows  three  feet  wide,  and  a  foot  from  bulb 
to  bulb  in  the  rows,  about  March  or  ApriL  When  the  pods  are  well 
filled  with  seeds,  and  these  are  round  and  hard,  the  stem  should  be  cut 
close  to  the  root  and  carefully  laid  under  a  shed  to  dry.  The  seed  will 
ripen  there  without  shedding,  and  when  the  pods  are  quite  dry,  the 
seed  is  easily  beaten  out  with  a  stick  or  light  flail.  Birds  are  so  fond  of 
it,  that  a  constant  watch  must  be  kept,  and  this  is  the  reason  why  so 
few  farmers  grow  their  own  seed.  Turnip  seed  is  often  raised  in  the 
giirdens  of  cottagers,  whose  children  keep  off  the  birds,  and  it  is  a 
branch  of  industry  which  every  farmer  should  encourage.  He  can 
readily  see  that  good  bulbs  only  are  used,  and  he  secures  the  seeds  he 
wants,  while  the  cottager  is  well  paid  for  his  trouble.  This  is  perhaps 
the  most  convenient  mode  of  raising  the  seed  on  a  large  farm.  It  is 
best  to  use  fresh  seed,  as  it  always  germinates  sooner.  Machines 
which  sow  the  seed  and  manure  in  drills  at  the  same  time  may  be  had 
of  most  of  the  manufacturers  of  improved  agricultural  implements. 

TURNPIKE  ROADS.     [Uoadb.] 

TURNPIKE  TRUSTS.  Turnpike-roads  are  a  peculiar  species  of 
highways  placed  by  the  authority  of  acts  of  parliament  under  the 
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management  of  trustees  or  oommissionerB,  who  are  invested  with  cer- 
tain powers  for  the  construction,  management,  and  repair  of  sudi 
roads. 

Besides  the  various  local  acts,  there  are  several  acts  of  parliament 
called  General  Turnpike  Acts,  the  provisions  of  which  extend  and 
apply  to  all  existing  and  subsequent  local  acts,  and  which  are  too 
numerous  for  citation  here.  The  General  Highway  Act  (5  &  6  Wm. 
IV .  c.  50)  also  contains  certain  provisions  applicable  to  turnpike-roads ; 
but,  by  the  113th  section,  does  not  extend  to  them  except  where 
expressly  mentioned 

The  trustees  of  turnpike-roads  consuBt  of  persons  nominated  for  that 
purpose  in  the  Local  Acts,  who  must  be  persons  possessed  of  a  certain 
property  qualification,  and  of  the  justices  of  peace  of  the  county  or 
counties  through  which  the  roads  pass ;  but  all  persons  who  are  con- 
tractors or  otherwise  personally  interested  in  the  roads  are  disqualified 
from  being  trustees.  (3  Geo.  lY.  c.  126,  as.  61,  62,  et  teq.)  They  are 
exempt  from  personal  liability  for  acts  done  in  pursuance  of  their 
powers,  and  may  sue  and  be  sued  in  the  name  of  &ieir  derk.  (7  &  8 
Geo.  IV.  c.  24,  ss.  2  &  3 ;  8  Geo.  IV.  c.  126,  s.  74.) 

For  the  purpose  of  providing  the  necessary  funds  for  making  and 
maintaining  the  roads  under  their  charge,  trustees  are  usually  em- 
powered to  receive  moneys  by  way  of  subscription,  upon  which  interest 
is  payable  to  the  subscribers  out  of  the  produce  of  the  tolls  which  the 
trustees  are  by  the  local  acts  empowered  to  levy  upon  persons  using 
the  roads.  Power  ia  also  given  them  to  borrow  money  upon  mortgage 
of  the  tolls.    (3  Geo.  IV.  c.  126,  s.  81.) 

The  enactments  of  the  General  Highway  Act  (5  k  6  Wm.  IV.  c.  50, 
s.  94),  relating  to  summary  proceedings  before  justices  to  compel  re- 
pairs of  highways,  extend  the  jurisdiction  of  the  justices  to  turnpike 
officers,  where  the  highway  out  of  repair  is  part  of  a  turnpike-road ; 
and  while  the  liability  to  statute  labour  existed,  it  was  exigible  as  well 
in  respect  of  turnpike-roads  as  other  highways ;  but  the  obligation  of 
statute  labour  seems  to  be  now  entirely  abolished  by  the  repeal,  in  the 
5  &  6  Wm.  IV.  c.  50,  of  the  statutes  under  which  statute  labour  was 
compounded  for. 

The  amounts  of  toU  exigible  on  any  turnpike  road  are  regulated  by 
the  table  of  tolls  which  is  contained  in  the  local  act  by  which  the  trust 
is  constituted,  and  no  tolls  can  be  chaiged  except  such  as  are  given  by 
clear  and  unambiguous  language  in  the  Act ;  and  there  are  various 
cases  of  exceptions. 

Tolls  upon  turnpike-roads  are  in  most  cases  made  pavable  once  a  day 
only  at  any  one  gate,  and  payment  at  one  gate  generally  gives  exemp- 
tion from  payment  at  other  gates  within  a  certain  distance.  Poet-horses 
having  passed  through  any  gate  may  return  toll-free  before  nine  o'clock 
in  the  morning  of  the  following  day,  and  when  horses,  having  passed 
through  a  gate,  return  the  same  day  or  within  eight  hoivsj,  £awing  a 
carriage,  the  toll  paid  on  the  horses  is  to  be  deducted  (8  Gtoo.  IV. 
0. 126,  ss.  29,  30.) 

The  General  Turnpike  Acts  contain  various  provisions  regulating 
the  weights  to  be  allowed  to  carriages  passing  along  turnpike-roads, 
and  imposing  additional  tolls  for  overweight,  and  also  provisions  regu- 
lating the  amount  of  toll  leviable  upon  waggons  and  carts  depending 
upon  the  construction,  breadth,  and  tire  of  their  wheels.  (8  G^.  IV. 
ss.  7,  9,  &0. ;  4  Geo.  IV.  &  95,  ss.  2,  5,  &c.) 

Trustees  are  enabled  to  erect  toll-gates  and  toll-houses,  the  property 
in  which  ia  vested  in  them,  and  are  required  to  put  up  at  every  toll- 
gate  a  table  of  the  tolls  leviable  thereat,  and  to  provide  tickets  denoting 
pajrment  of  toll  to  be  delivered  to  persons  paying  the  same.  (9  Qeo,  IV. 
c.  77,  8.  8,  &c. ;  8  Geo.  IV.  c  126,  as.  87>  60 ;  and  4  Geo.  IV.  o.  95, 
s.  28.)  The  remedies  for  the  recovery  of  tolls,  and  the  penalties  for 
evading  them  are  contained  in  3  Geo.  IV.  a  126,  s.  89,  ftc. 

The  trustees  of  every  turnpike-road  have  power  to  enter  into  com- 
positions for  any  term  not  exceeding  a  year  at  a  time,  with  any  person 
for  tolls  payable  at  any  toU-gates  under  their  management.  (4  Geo.  IV. 
c.  96,  B.  13.)  They  may  also,  though  not  empowered  to  do  so  by  the 
local  act,  reduce  the  tolls  leviable  under  the  authority  of  the  act,  and 
advance  them  again  to  any  amount  not  exceeding  the  rates  auUiorised 
by  the  act ;  provided  that  where  money  lias  been  borrowed  on  the 
credit  of  the  tolls,  no  reduction  shall  be  made  without  the  consent  of 
the  persons  entitled  to  fiv&<aixths  of  the  money  due.  (3  Geo.  IV.  c.  126, 
ss.  43,  44.)  Trustees  may  also  farm  out  the  tolls,  though  no  express 
power  be  given  in  the  local  act. 

The  General  Turnpike  Acts  contain,  besides  numerous  provisions 
with  respect  to  the  appointment  and  duties  of  officers,  the  meetings 
and  proceedings  of  trustees,  the  making  of  causeways,  ditches,  and 
drains,  the  erection  of  milestones,  the  watering  of  roads,  the  prevention 
and  removal  of  annoyances  and  nuisances,  the  marking  of  carriages 
and  regulations  as  to  drivers,  the  apprehension  of  offenders,  the  re- 
covery  and  application  of  penalties,  the  limitation  of  actions,  &c. ;  all 
which  general  enactments  have  been  made  from  time  to  time  for  the 
purpose  of  shortening  and  lessening  the  expense  of  private  road  bUls, 
so  that  almost  the  only  objects  which  now  require  to  be  attended  to 
in  the  construction  of  road  acts  are  the  appointment  of  trustees,  the 
number  and  situations  of  toll-gates,  and  the  amounts  of  tolls.  (Chitty's 
'  Statutes/  vol  ii.,  Highway t. 

TURNSOLE,  or  TOURNSOLE.    [Archil  ;  Colourino  Matters.] 

TURPENTINE.  The  well-known  liquid  to  which  the  woid  turpen- 
tine  is  now  so  oommonly  applied,  ia  only  Uie  volatile  portion  of  tur^ 
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ientme  properiy  so  called.  True  turpentine  is  really  an  oleo-resin,  a 
iquid  of  about  the  consistence  of  honey.  It  flows  naturally,  or  by 
incision,  from  the  wood  of  most  coniferous  trees,  such  as  pine,  larch, 
flr,  pistachia,  &c.,  and  by  distillation  yields  spirit,  essence,  or  volatile 
oil  of  turpentine,  the  non-volatile  portion  being  oonmion  resin,  or  colo- 
phony. [Resins.]  Oil  of  turpentine  is  very  largely  used  in  the  prepa- 
ration of  paints  and  varnishes,  and  also,  when  rectified,  for  burning  in 
lamps  under  the  name  of  oamphin.  The  derivation  of  the  word  tur- 
pentine is  not  very  evident.  It  was  known  and  described  by  Marcus 
Qrsecus  in  the  eighth  centuiy. 

The  turpentine  met  with  m  English  commerce  is  nearly  all  Imported 
from  the  States  of  America,  North  Carolina  and  Virginia  supplying 
the  greater  part.  It  is  the  produce  of  Pintu  paltatria,  P.  tceda,  and 
P.  abies,  French  or  Bordeaux  turpentine  is  mainly  obtained  from 
Pinus  maritima,  a  tree  growing  abundantly  on  the  coietsts  of  Soutliem 
Europe. 

The  method  of  procuring  turpentine  is  very  simple.  An  incision,  or 
hole,  is  made  in  the  bark  of  we  tree,  or  a  small  piece  of  the  bark  is 
removed,  in  the  spring  of  the  year.  From  this  wound  the  turpentine 
slowly  exudes,  and  is  collected  either  in  a  little  trough  attached  to  the 
stem,  in  a  hollow  made  at  the  foot  of  the  tree,  or  by  some  similar  con- 
trivance. It  is  from  time  to  time  transferred  to  casks  made  to  hold 
about  2  cwt.  The  first  gathering  is  sometimes  called  virgin  turpentine, 
and  contains  about  20  per  cent,  of  oil ;  that  collected  towards  the  end 
of  ^e  season,  in  October,  has  a  more  solid  but  still  soft  consistence, 
and  is  not  so  rich  in  oiL  As  might  be  expected,  the  crude  turpentine 
frequently  contains  portions  of  twigs,  chips,  and  leaves;  these  are 
sometimes  separated  by  straining  the  melted  turpentine,  and  the  latter 
is  then  termed  refined.  Venice  turpentine  is  the  variety  produced  from 
the  larch  tree  {Larix  Suropcea) ;  Canadian  turpentine,  or  Canada 
"baUcmi,  exudes  from  the  Ahiei  baUamea;  and  Chian  turpentine  is 
obtained  from  the  Pistaeia  terdnnthui. 

Turpentine  slowly  hardens  when  exposed  to  the  air.  This  is  partly 
due  to  evaporation  of  the  more  liquid  portion,  and  partly  to  resinifica* 
tion  of  the  fluid  part  by  oxidation.  It  is  probable  that  in  the  tissues 
of  the  plant  turpentine  is  simply  a  mobile  juice,  and  that  in  the  ordi- 
nary state  of  oleo-reain  it  is  a  product  rather  than  a  simple  vegetable 
educt.  It  softens  and  liquifies  when  heated,  readily  takes  fire  in  the 
air,  and  bums  with  a  somewhat  smoky  flame.  It  is  completely  dis- 
solved by  alcohol  or  ether,  and  by  distillation  with  water  yields  oil  of 
turpentine. 

Oil  of  turpentine  (C„  H^,).  As  already  indicated,  this  is  obtained 
by  disttlUng  turpentine  with  water ;  it  then  forms  the  upper  layer  of 
the  condensed  product.  For  most  purposes  it  is  re-mstilled  with 
caustic  alkali,  odd  matters  and  traces  of  resin  being  thereby  removed. 

Oil  of  turpentine  is  a  colourless  mobile  liquid,  of  characteristic  odour 
and  hot  pungent  taste.  It  should  be  neutral  to  test-paper,  of  specific 
gravity  0*86,  boiling-point  about  820"  Fahr.,  and  a  vapour  densitv  of 
4*76.  It  rotates  a  ray  of  polarised  light,  to  the  left  or  right  according 
to  origin.  It  is  very  soluble  in  ether  and  absolute  alcohol,  less  so  in 
ordinaty  (hydrated)  alcohol,  and  is  not  miscible  with  water.  It  is  a 
n>od  solvent  of  resins,  oUs,  sulphur,  phosphorus,  and  cooutchoua 
pure  turpentine,  as  obtained  by  re-distillation  in  vacuo,  has  constant, 
well-defined,  Isevo-rotation.   Berthelot  distinguishes  it  as  tvrebentKen, 

Modifirations  and  Derivatives  of  Oil  of  Turpentine,  Under  the  influ- 
ence of  heat,  or  of  chemical  re-agents,  or  of  both  combined,  oil  of  t\u:- 
pentine  yields  several  interesting  substances.  Isoterebenthen  is  one  of 
the  products  into  which  oil  of  turpentine  is  resolved  on  heating,  in  a 
closed  vessel,  to  about  470'*  Fahr.  It  is  a  colourless  liquid,  having  an 
odour  of  stale  lemons,  sp.  gr.  0*848  at  71*"  Fahr.,  boiling-point  350* 
Fahr.,  possesses  Isevo-rotation  of  varying  intensity  on  polarued  light, 
yields  a  solid  hydrate  and  hydrochlorate.  Metaterebenthen,  like  isotere- 
benthen, has  the  same  composition  as  oil  of  turpentine ;  it  is  formed 
under  the  same  circumstances  as  isoterebenthen,  but  remains  in  the 
retort  after  the  heat  has  been  raised  to  660"  Fahr.  It  distils,  however, 
at  a  temperature  slightly  higher  than  660°,  and  then  forms  a  yellowish, 
very  viscid  liquid  of  sp.  gr.  0-918  at  68*  Fahr.  It  has  a  disagreeable 
odour,  and  exerts  Isevo-rotation  on  polarised  light. 

When  oil  of  turpentine  is  agitated  with  five  per  cent,  of  strong  sul- 
phuric add,  it  becomes  of  a  dark  red  colour,  and  visdd.  On  standing, 
the  mass  separates  into  two  portions,  and  the  upper  clear  liquid  fur- 
nishes, on  distillation,  a  body  having  the  same  boiling-point  and  com- 
position as  the  original  oil,  but  of  an  odom*  resembling  that  of  oil  of 
thyme  :  it  is  called  terdten,  Cdophen  is  produced  at  the  same  time  as 
tereben ;  its  density,  however,  is  twice  as  great,  and  its  boiling-point  is 
between  690'  and  600"  Fahr.  It  may  also  be  obtained  from  colophony, 
hence  its  name.  Neither  tereben  nor  colophen  has  any  action  upon 
polarised  light. 

Water  combines  with  oil  of  turpentine  to  form  definite  hydrates,  of 
which  three  are  solid  and  one  liquid.  When  the  oil  is  exposed  to 
intense  cold,  crystals  of  hinhydrate  (C^„,  2H0)  sometunes  separate, 
but  generally  a  hexahydrate  (C^,„6H0),  caUed  terpin,  in  large 
prismatic  crystals,  is  deposited.  The  ktter  may  be  obtained  in  quan- 
tity by  well  mixing  four  parts  of  oil  of  turpentine,  one  of  nitric  acid 
(sp.  gr.  1-36),  and  three  of  alcohol  (sp.  gr.  0-840),  and  setting  aside  for 
several  weeks.  When  sublimed,  the  hexahydrate  loses  two  equivalents 
of  water,  and  is  converted  into  a  quadhydraU  (C»H,o,  4H0).  llxe 
quadhydrate  is  also  formed  on  exposing  turpentine  and  water  to  a  con- 


tinued heat  of  about  120**  Fahr.  It  is  more  soluble  in  hot  than  cold 
water,  and  is  readily  taken  up  by  alcohol,  ether,  or  benzole.  A  fourth 
hydrate,  termed  terpinol  (C^H^q,  HO),  which  is  a  fluid  at  common  tem- 
peratures, is  formed  on  distilling  either  of  the  other  hydrates  witb  'water 
containing  a  little  hydrochloric  or  sulphuric  acid.  It  has  an  odour  like 
that  of  the  hyacinth,  boUs  at  334°  Fahr.,  and  is  of  sp.  gr.  0852. 

Hydrochloric  acid  combines  with  oil  of  turpentine,  and  forma  several 
liquid  and  solid  bodies.  The  latter  have,  very  much  the  appearance 
and  odour  of  camphor,  and  hence  are  termed  artificial  camphors.  The 
monohydrochlorute  (CjoHj^,,  HCl),  called  also  hydrochlorate  of  eennphen, 
or  of  dadyl,  is  best  obtained  by  passing  dry  hydrochloric  acid  gas  into 
artificially  cooled  oil  of  turpentine  until  absorption  ceases.  If  the  pro- 
duct be  exposed  to  a  freezing  mixture  of  snow  and  salt,  it  soon  becomes 
half  filled  with  white  prismatic  crystals,  having  the  characteristic  aro- 
matic smell  and  taste  of  camphor.  They  are  insoluble  in  water,  soluble 
in  alcohol  or  ether,  fuse  at  289**  Fahr.,  and  boil  at  329*,  undergoing 
partial  decomposition.  The  liquid  portion  of  the  above  product  is  also 
a  monohydrochlorate,  having  the  same  composition  as  the  solid  ;  it  is 
termed  hydrochlorate  of  pencyl,  or  of  terebilen,  inasmuch  as  that  inrhen 
distilled  with  quickUme  it  furnishes  pencyl  or  terebiUn,  a  liquid  hydro- 
carbon isomeric  with  oil  of  turpentine,  but  possessing  no  rotatory 
power  on  polarised  light.  The  solid  hydrochlorate  by  similar  treat- 
ment yields  camphen,  camphilen,  or  dadyl^  also  isomeric  with  oil  of 
turpentine ;  boiling-point,  273°  Fahr.  A  solid  and  liquid  bichlorkydrate 
of  turpentine  (C.^qH^^,  2HC1),  artificial  lemon  or  citron  camph^,  are 
formed  when  oil  of  turpentine  or  of  lemons  is  placed  in  contact  \>  ith 
excess  of  strong  aqueous  hydrochloric  acid  for  several  weekn.  A  liquid 
suJbhvdrocldorate  {^20^^^  HCl)  has  also  been  obtained.  Hydrobroznic 
and  hydriodic  acids  form  compoimds  with  oil  of  turpentine  somewhat 
resembUng  the  hydrochlorotes. 

Chlorine  attacks  oil  of  turpentine,  and  yields  a  qiuidriddorinatcd 
derivative  (CjoHj^Cl^).  The  latter  furnishes  a  biehlorinated  compound 
(^jo^u^a)  ^'^  being  heated.  A  quadribrominated  oil  (CjoH^^Br^)  has 
also  been  obtained.  Tereben  and  chlorine  give  a  colourless  viscid 
liquid,  termed  ckloroterebefi,  and  artificial  camphor  and  chlorine  yield 
crystals  of  chlorocamphen. 

Oil  of  turpentine  is  very  susceptible  of  oxidation.  The  sponta- 
neous production  of  resins  from  it  has  already  been  alluded  to.  By 
distillation  trith  bichromate  of  potash  and  sulphuric  acid  it  yields 
abundance  of  formic  acid,  and  when  gently  heated  with  oxide  of  lead 
gives  formic  add  and  teretinic  acid  (Cj^Hi^Oj  J.  The  latter  crystallises 
m  acicular  tufts,  and  forms  salts  that,  like  itself,  ^^  insoluble  in  water 
but  soluble  in  alcohol.  A  small  quantity  of  oil  of  turpentine  placed  in 
a  jar  of  oxygen  gas  standing  over  water  and  exposed  to  sunlight, 
rapidly  absorbs  the  oxygen,  and  yields  crystals  of  hydrated  oxide  of 
turpentine  {C^^ifiv  2H0),  which  are  deposited  on  the  sides  of  the 
vessel ;  it  is  soluble  in  alcohol,  ether,  and  boiling- water.  Strong  nitric 
acid  acts  very  violently  upon  oil  of  turpentine,  the  temperature  fre- 
quently rising  high  enough  to  cause  inflammation  of  the  mixture. 
When  diluted,  however,  nitric  acid  merely  resinifies  the  oil,  and  pro- 
duces, among  other  substances,  terebic  acid,  which  will  presently  be 
described  in  detail  in  connection  with  resin ;  terephthcUic  add  (C^eH^O^) 
isomeric  with  phthalic  add  [Napbtbalic  Qroup];  terebenzie  acid 
(Ci^HyO.  f),  fusible  at  836**  Fahr.,  and  subUmable  like  bensoio  acid ;  and 
terechrysie  acid  (Cj^H^O,),  of  golden  yellow  colour,  uncrystallisable^  and 
very  soluble  in  water. 

The  chief  properties  of  the  non-voIatUe  or  resinous  constituents — 
the  resin — of  turpentine  have  already  been  described.  [Resinb.]  It 
now  therefore  remains  only  to  notice  the  relations  of  the  constituents 
individually,  and  shortly  describe  their  derivatives. 

Turpentine  Resin,  as  a  whole,  i«  acid,  and  has  the  composition 
(HO,  C^H^O,).  In  reality,  however,  it  contains  three  distinct  acids 
isomeric  with  each  other,  but  having  dissimilar  physical  properties ; 
their  names  are  pimaric,  sylvic,  and  pinic  acids.  The  two  latter  are, 
no  doubt,  mere  modifications  of  the  first,  and  probably  owe  their  dis- 
similarity to  the  action  of  heat.  Pimaric  cuia  is  best  obtained  from 
the  white  resin  or  galipot  of  Bordeaux  turpentine.  The  resin  is  pow- 
dered, digested  in  a  mixture  of  six  parts  of  cold  alcohol  and  one  of 
ether,  which  separates  mattera  other  than  pimaric  acid,  and  the  residue 
is  finally  boiled  with  alcohol.  On  standing  for  a  few  days,  the  solution 
deposits  crystalline  tufts  of  the  acid  under  consideration.  It  is  very 
soluble  in  ether  and  hot  alcohol,  less  so  in  cold  alcohol.  It  fuses  at 
267^  Fahr.,  but  does  not  fe-solldify  tUl  cooled  down  to  1  SI""  Fahr.  The 
fused  acid  is  dear  and  transparent  as  glass ;  when  powdered  it  may  be 
perfectly  dissolved  in  its  own  weight  of  alcohol,  but  in  a  few  minutes 
the  solution  begins  to  deposit  elliptical  crystfds,  which,  like  the  non- 
fused  acid,  require  ten  times  their  weight  of  alcohol  for  solution.  By 
distillation  in  vacuo  pimaric  acid  furnishes  sylvic  add,  at  first  thought 
to  be  new,  and  called  pyromaric  acid.  Sylvic  acid  may  be  obtained 
from  powdered  resin.  The  latter  is  well  washed  with  cold  alcohol  to 
remove  pinic  add,  and  the  residue  dissolved  in  boiling  alcohol ;  on 
standing,  the  sylvic  acid  crystallises  out  Its  crystalline  character  is 
more  pronounced  than  that  of  pimaric  add ;  in  other  respects  the  two 
much  resemble  each  other.  Pinic  acid,  or  the  amorphous  resin  of 
colophony,  is  obtained  on  evaporating  the  mother  liquor  from  the  pre* 
paration  of  sylvic  acid ;  by  heat  it  is  partially  decomposed,  and  changed 
to  another  isomer,  colopholic  acid. 

By  destructive  distillation  at  a  low  temperature^  turpentine  resan 
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yields  the  hydrooarbons  rtsinein  or  colophen  and  tereben  already 
referred  to.  At  a  higher  heat  it  gives  a  liquid  hydrocarbon  containing 
retinaphtha  or  toluen  (Cj^H.)  [ToLU£NIo  Group];  retinyl  (CigH^,), 
iaomeric  with  eumeu  [Cuminio  Acid]  ;  and  reliwil  (Ce^Hj,?),  an  ino- 
dorous and  tasteless  oil,  of  sp.  gr.  0*9,  and  boiling-point  about  460" 
Fahr.  Retinol  is  a  solvent  of  sulphur  and  iodine.  It  absorbs  many 
times  its  volume  of  sulphurous  and  other  gases,  and  is  not  acted  upon 
by  alkalies. 

The  acids  of  resin  are  monobasic,  difBcult  to  obtain  in  a  definite 
crystalline  state,  are  mostly  insoluble  in  water,  and  soluble  in  ether. 
The  alkaline  resinates  are  of  course  true  soaps,  but  are  inferior  in 
detergent  qualities  to  the  stearates,  oleates,  and  margarates. 

By  prolonged  ebullition  with  strong  nitric  acid,  turpentine  resin 
yields  A20MABIO  AoiD  and  terebic  or  terebilic  add  (Ci^Hj^Og).  The 
mtter  is  almost  insoluble  in  cold  water,  moderately  soluble  in  hot 
water,  and  readily  taken  up  by  alcohol  or  ether.  Submitted  to  de< 
strnctive  distillation,  it  gives  pyroterthilic  acid,  a  colourless  oily  liquid 
of  sp.  gr.  1*01,  and  boiling-point  392*  Fahr. 

TURPENTINE,  MANUFACTURE  OF.  The  common  turpentine 
used  in  the  arts  is  mostly  imported  from  America,  in  barrels  and  casks. 
[TuBFENTiMB.]  It  is  usdd  for  very  few  purposes  in  the  state  in  which 
it  is  imported.  The  process  of  distillation  is  in  most  cases  resorted  to, 
as  a  means  of  separating  it  into  solid  reiin  and  liquid  oil  or  essence  of 
turpentine.  Turpentine-works,  where  this  distillation  is  carried  on,  are 
managed  with  much  caution  on  account  of  the  inflammable  nature  of 
the  substance  operated  on.  The  viscid  turpentine  is  put  into  a  still 
and  exposed  to  heat ;  it  melts  into  a  liquid,  gives  off  its  essential  or 
oily  portion  in  the  form  of  a  vapour,  and  there  remains  a  Uquid  resin 
in  the  stUL  The  vapour,  on  leaving  the  still,  passes  through  a  refrige- 
rator or  cooling  vessel,  and  is  coUtipted  as  a  clear  and  limpid  oil  or 
spirit  of  turpentine.  The  residue  is  taken  from  the  still  as  resin, 
black  or  yellow  according  to  the  kind  of  turpentine  which  has  been 
employed. 

A  patent  was  taken  out  in  America  a  few  years  ago,  for  making  soap 
at  the  same  time  as  distilling  turpentine.  Raw  turpentine  and  alkali 
were  put  into  the  still ;  the  spirit  of  turpentine  passed  off  into  a  con- 
denser, while  the  resin  became  partially  saponified  by  combining  with 
the  alkali,  and  prepared  to  enter  into  the  composition  of  soap. 

Considered  as  an  ingredient  in  house-painters'  colo\irs,  spirit  of 
turpentine,  or  turps,  is  an  important  substance.  Chevreuil  has  pointed 
out  three  kinds  of  service  which  turpentine  renders  to  oil-colours.  It 
facilitates  the  application,  by  diminishing  the  viscidity  of  the  oily 
mixture;  it  allows  the  painter  greatly  to  modify  the  appeai-ance  of  hu 
work,  by  varying  the  degree  of  gloss  or  of  duUness;  and  it  prevents 
the  appearance  of  cracks  which  would  otherwise  be  visible  when 
the  work  is  varnished.  As,  however,  the  durability  of  the  work  de- 
pends chiefly  on  the  oil,  the  best  mode  is  found  to  oe  to  use  as  little 
turpentine  as  possible  when  the  work  is  neither  to  be  dead  nor  var- 
nished. 

Common  or  crude  turpentine  is  imported  to  the  extent  of  about  a 
quarter  of  a  million  cwts.  annually  (246,458  cwts.  in  1858,  and  256,663 
in  1859).  A  small  import  duty,  imposed  many  years  ago,  has  been 
since  repealed. 

TURPENTINES,  Medical  Uses  of.  Common  turpentine,  or  Resina 
liquida  {Ttrdiinthina  vulgaris) ^  as  the  natural  combination  is  termed, 
fields  two  distinct  articles  to  the  Materia  Medica,  namely, — 1.  Oleum 
terebinthinse,  obtained  by  the  distillation  of  the  liquid  resin ;  2.  Resina, 
or  simply  resin  or  rosin,  which  is  resin  with  a  little  water,  remaining 
after  nearly  all  the  oil  has  been  distilled  off:  but  if  the  process  of 
distillation  be  carried  as  far  as  possible  without  causing  new  combina- 
tions of  the  elements,  all  the  water  is  driven  off,  and  the  residuum 
becomes  black,  and  is  termed  colophony,  and  sometimes  fiddler's  rosin. 
The  resin  is  used  merely  to  make  cerates,  ointments,  and  plasters, 
which  are  more  or  less  stimulant. 

As  turpentines  have  a  very  disagreeable  taste,  it  is  customary  to 
form  them  into  pills  or  boluses ;  but  since  this  is  rather  difficult,  it  is 
well  to  be  aware  that  magnesia  affords  a  convenient  means  of  accom- 
plishing it»  as  in  the  case  of  the  oleo-resin  of  copaiba.  The  kind  of 
magnesia  and  the  quantity  to  be  used  vary  in  the  different  kinds  of 
turpentine.  Bordeaux  turpentine  (from  P,  mariiinuh  or  P.  pinaster) 
requires  one  twenty-one  part  of  magnesia  usta  to  form  a  pUl-mass. 
Venice  turpentine  (from  Larix  Europcea),  called  also  turpentine  of 
Brianfon,  requires  a  quantity  equal  to  its  own  weight  of  carbonate  of 
magnesia  to  form  a  pill-mass.  But  the  quantity  of  magnesia  must 
vary  with  the  age  of  the  turpentine,  more  being  required  when  it  is 
very  fresh  than  when  the  turpentine  is  old  and  more  solid  The  dura- 
bility of  the  mass  also  varies  with  the  proportion  of  magnesia  used 

One  ounce  of  Venice  turpentine  united  with  one  oxmce  of  hydrated 
carbonate  of  magnesia  formed  a  mass  which  was  slow  of  consolidating, 
and  the  pills  soon  lost  their  globular  form :  but  three  ounces  of  the 
magnesia  formed  a  persistent  mass.  One  ounce  of  turpentine  and 
one  ounce  of  Bordeaux  turpentine,  with  six  drachms  one  scruple  of 
carbonate  of  magnesia,  furnished  a  slowly  hardening  mass,  which  at 
last  resolved  itself  into  powder ;  while  one  ounce  of  the  same  turpen- 
tine with  eight  grains  of  magnesia  formed  a  soft  mass,  which,  after 
thiity-six  hours,  was  sufficiently  consistent  to  form  pills.  Some  days 
afterwards  it  became  harder,  and  did  not  for  a  long  space  become 
friable.     With  a  yet  smaller  quantity  of  magnesia  these  changes  take 


place  more  slowly,  so  that  it  is  requisite  in  magistral  f ormulee  never  to 
order  lees  magnesia  than  the  one-nftieth  part  of  the  turpentme.  This 
proportion  forms  in  a  few  minutes  a  transparent  piU-mass  with  a 
vitreous  fracture.  But  the  finer  sorts  of  turpentine  may  be  adininia- 
tered  in  the  liquid  form;  the  coarser  must  be  in  pills. 

Oleum  Terebinthinse,  Oil  or  Spirits  of  Turpentine,  as  it  occurs  in 
commerce  is  never  pure,  but  contains  more  or  less  resin  formed  by  the 
action  of  the  air ;  and  to  obtain  it  pure,  it  is  ordered  to  be  distilled  a 
second  time,  and  then  called  Oleum  Terebenthinss  purificatum,  and 
sometimes  Oleum  Pini  purissimum.  The  conmxercial  oil  of  turpentine 
has  an  acid  reaction,  the  purified  has  not. 

Oil  of  turpentine  is  one  of  the  most  energetic  of  the  yolatile  oils : 
the  vapour  is  quickly  destructive  to  plants,  and  in  large  doses  it  acts 
as  a  poison  to  both  Tertebrate  and  invertebrate  animals.  Like  all 
volatile  oils  it  acts  powerfully  on  insects  which  respire  by  the  whole 
surface,  hence  it  instantly  kills  wasps,  lice,  fleas,  and  worms.  It  haa 
a  more  potent  action  on  the  lower  animals  than  on  man,  both  exter- 
nally and  internally.  Applied  to  the  skin  of  horses,  it  blisters  it  mora 
rapidly  than  the  skin  of  man;  and  two  drachms  administered  to  a 
dog  (Schubart,  in  Christison)  caused  death  in  three  minutes,  while 
human  beings  have  taken  three  ounces  without  any  serious  con- 
sequences. Indeed  Dr.  Christison  states  that  he  is  not  aware  that 
it  has  ever  proved  fatal  Horses  also  have  taken  for  some  days  as 
much  as  ten  or  twelve  ounces. 

In  moderate  doses  it  aets  as  a  stimulant  to  the  stomach  and  whole 
intestinal  canal;  manifested  by  a  grateful  feeling  of  warmth,  mth 
greater  activity  in  the  mucous  membrane  of  the  intestines,  and  of  the 
liver.  The  increasing  secretions  of  these  organs,  particularly  of  the 
bile,  causes  more  frequent  evacuations ;  further,  it  promotes  the 
secretion  of  the  kidneys,  and  likewise,  but  less  evidently,  of  the  skin, 
the  piilmonary  surface,  and  also  of  the  uterus.  It  communicates  the 
terebiuthaceous  odour  to  the  cutaneous  perspiration,  and  sometimes 
even  causes  an  eruption  on  the  skin. 

Its  effect  on  the  vascular  system  is  equally  stimulant :  Dr.  Copland 
made  many  experiments  on  himself  when  m  health,  and  found  that 
his  pulse  became  more  frequent,  small,  and  contracted ;  witii  feelings 
of  intoxication,  anxiety,  shiverings,  a  sensation  as  if  the  intestines 
were  drawn  towards  the  vertebral  column,  unpleasant  eructations, 
thirst,  and  a  sharp  hunger;  sensations  which  food  caused  gradually  to 
subside,  without  vomiting  or  diarrhcaa^  Very  large  doses  often  pro- 
duce temporary  intoxication,  and  sometimes  a  kind  of  trance,  lasting 
twenty-four  hours,  without  any  subsequent  bad  effect 

Implicit  reliance  is  placed  on  oil  of  turpentine  against  the  tape- worm. 
It  is  in  general  recommended  to  be  given  in  large  frequently-repeated 
doses,  mixed  with  mucilage,  syrup,  and  cinnamon- water,  and  is  thought 
to  directly  kill  the  worm,  rather  than  destroy  it  by  removing  the 
means  of  its  further  nourishment.  But  this  mode  of  administration 
is  by  no  means  so  eligible  as  that  of  small  doses  (3j  to  5ij)  per  diem 
for  a  continuance,  a  plan  recommended  by  Vogt  (*Pharmacodyn.,'  toL 
il,  p.  163),  and  proved  by  Dr.  Graves  to  be  effectuai  "  Turpantine 
is  of  value  in  loading  to  the  expulsion  of  flukes  (distomahepaticum 
[WoBMB ;  also  Botbtllid^,  in  Nat.  Hist.  Div.]  of  sheep,  or  the  rot), 
and  is  one  of  our  most  valuable  anthelmintics.''  Professor  Simonds' 
Report  to  the  Royal  Veterinary  College,  Dec.  14, 1860. 

In  chronic  affections  of  the  liver,  obstructions  from  gallrstones,  fto., 
if  no  inflammatory  state  be  present  or  approaching,  oil  of  turpentine 
with  twice  its  weight  of  spirit.  SQther.  sulphur,  in  the  dose  of  from 
10  to  20  drops,  in  yolk  of  egg,  is  often  very  useful;  in  melsena  and 
obstructions  of  the  liver,  and  vena  porta,  ftc  It  is  most  likely,  from 
its  action  on  the  liver,  that  it  proves  serviceable  in  chronic  rheumatism. 
In  sciatica,  Dr.  Cheyne  recommends  it  in  small  doses.  It  is  useful  in 
atony  of  the  intestines,  lacteals,  particularly  of  old  and  phlegmatic 
people,  especially  of  the  lower  orders.  Even  typhus  fever,  if  there  be 
a  tympanitic  state  of  the  abdomen,  is  benefited  by  it,  and  Dr.  Chap- 
man has  found  it  valuable  in  the  yellow  fever  c^  Philadelphia.  Dose 
from  1  to  2  drachms  per  diem.  In  cholera  asiatica,  with  spirits  of 
ammonia.  In  obstinate  constipation,  in  large  doses.  In  scarlet  fever, 
when  the  eruption  does  not  come  freely  out,  10  to  60  drops  in  one  to 
three  tea-spoonsful  of  castor-oil.  (Dr.  Delany,  of  Georgia,  U.S.)  In 
chronic  cramps,  convulsions,  and  epilepsy  (with  only  temporary  benefit). 
In  atony  of  the  kidneys  and  bladder.  In  catarrhus  vesicae,  gleet, 
gonorrhsea,  and  leucorrhoea,  it  may  often  be  advantageously  substituted 
for  copaiba.  In  atonic  heemorrhages  it  is  very  useful  In  puerperal 
peritonitis,  applied  externally,  it  is  of  great  utility.  Externally  in 
bums,  the  linimentum  terebinthinse,  or  hot  dressing,  is  useful.  In 
peritonitis  with  a  tympanitic  condition  of  the  abdomen  it  is  very 
excellent.  The  vapour  of  oil  of  turpentine  can  be  used  as  an  anees- 
thetic,  and  as  a  substitute  for  chloroform. 

Chian  or  Cyprus  Turpentine,  called  also  true  turpentine,  is  obtained 
from  the  Fistachia  terebinthus,  a  native  of  Barbary,  Syria,  the  south  of 
France,  and,  above  all,  of  the  Grecian  Archipelago.  Eight  or  ten 
ounces  are  the  utmost  obtained  from  one  tree ;  hence  it  is  very  dear. 
It  is  of  the  consistence  of  new  honey,  tenacious,  pellucid,  of  a  light 
yellowish-green  colour.  The  odour  is  pentratins  and  peculiar.  It  has 
a  slightly  bitter  taste ;  but  when  adulterated  with  any  of  the  coniferous 
kinds,  its  odour  is  strong,  its  taste  acrid,  and  of  a  sensible  degree  of 
bitterness.  It  consists  of  a  volatile  oil  and  resin,  and  when  by  time 
the  former  is  dissipated  or  oxidised,  it  becomes  hard  and  translucent. 
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This  article  is  scaroe  in  a  pure  state,  it  being  mixed  largely  with 
Venice  turpentine,  and  indeed  in  many  instances  altogether  supplanted 
by  that  article.    It  was  greatly  esteemed  by  Hippocrates ;  and  in  the 
present  day  is  chewed  by  the  inhabitants  of  Turkey,  Persia,  &c.,  as 
mastic  is,  to  sweeten  the  breath.      But  it  likewise  improves  the 
digestion,  having  a  veiy  beneficial  influence  on  the  scCTetions    of 
relaxed  mucous  membranes.    Hence  it  is  useful  in  chronic  catarrh, 
both  of  the  lungs  and  genito-urinary  organs.     For  the  latter  it  is 
advantsgeously  combined  with  sulphate  of  zin& 
TURPETH  MINERAL.    [Meroubt.    Bitulphate  of  mercury,] 
TUSCAN  ORDER.    [Column  ;  Roman  Architectube.1 
TUSCAN  SCHOOL  OF  PAINTING.    [Painting.] 
TUSSILAQO  FARFARA  (Coltsfoot),  a  perennial  plant  belonging  to 
the  order  of  compound  plants,  common  in  damp,  clayey  fields,  road- 
sides, and  the  banks  of  rivers,  the  yellow  flowers  of  which  are  seen  in 
spring  preceding  the  nearly  heart-shaped,  smooth-toothed  leaves,  which, 
from  tiieir  resemblance  to  a  young  horse's  hoof,  have  received  the 
popular  name  of  coltsfoot.    The  whole  plant  is  nearly  devoid  of  odour. 
The  root  has  a  styptic  bitter  taste ;  the  leaves  and  flowers  are  bitter 
and  mucilaginous.    The  chief  constituents  are  mucilage,  bitter  extrac- 
tive, tannic  acid,  colouring-matter,  salts,  and  woody  fibre.    The  watery 
infusion  becomes  of  a  dark  green  and  turbid  appearance  on  the  addition 
of  a  solution  of  sesquichloride  of  iron.    Its  properties  may  easily  be 
inferred  from  the  above  statement;    they  are  demulcent,  slightly 
astringent,  tonic,  and  expectorant    Its  name  both  in  Greek  (^nx^i') 
and  in  Latin  proves  the  estimation  in  which  it  was  held  as  a  means  of 
relieving  cough — a  reputation  which  it  does  not  maintain  in  modem 
times  among  professional  observers,  except  a  very  few ;  but  with  the 
vulgar  it  is  still  in  great  esteem.    The  young  leaves  make  a  wholesome 
salad  in  early  spring.    The  ancients  smoked  it  rather  thui  used  it  in 
t.ny  other  form ;  and  in  the  north  of  Europe,  and  even  with  our  own 
vulgar,  this  mode  is  employed,  what  is  sold  under  the  name  of  British 
Herb  Tobacco  being  chiefly  coltsfoot    This  at  least  is  harmless;  not 
so  the  nostrum  called  Essence  of  Coltsfoot,  which  is  a  combination  of 
balsam  of  tolu,  compound  tincture  of  benzoin,  with  a  large  quantity  of 
rectified  spirit  of  wine,  and  not  a  particle  of  the  substance  from  which 
it  takes  its  name.    In  chronic  coughs  accompanied  by  much  local  or 
general  irritation,  still  more  in  genuine  tubercular  consumption,  such 
heating  ingredients  must  be  very  hurtful ;  though  a  plain  decoction  of 
real  cc^tsfoot  would  be  unobjectionable,  and  might  be  beneficial.    The 
leaves  of  coltsfoot  form,  when  moistened  with  warm  water,  an  excellent 
emollient  poultice. 
TUTANIA.    [Britannia  Metal.  ] 
TUTELA.    [Tutor.] 

TUTENAG,  an  alloy  used  in  China  in  the  manufacture  of  the  gong. 
It  is  white,  resembling  silver  in  appearance,  and  is  very  sonorous  when 
strucL  Its  specific  gravity  was  found  by  Dr.  Pyfe  to  be  8-482 ;  it  is 
susceptible  of  a  fine  polish,  and  does  not  readily  tarnish ;  at  common 
temperatures,  and  even  at  a  red  heat,  it  is  malleable,  but  when  heated 
to  whiteness  it  is  rendered  brittle. 
It  has  been  analysed  by  Dr.  Fyfe,  who  found  it  to  consist  of— 

Copper 40*4 
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Miekd 81*6 

Ivon     ••••••••.2*6 


100' 


It  may  therefore  be  regarded  as  a  kind  of  German  silver. 

TUTOR  By  the  Roman  law  a  male  under  the  age  of  fourteen,  and 
a  female  under  the  age  of  twelve,  were  called  Impuberes.  A  male  who 
was  impubes  was  mcapable  of  doing  any  legal  act  by  which  he  might 
be  injured ;  his  property  was  under  the  care  of  a  tutor,  who  was  so 
called  from  his  office  of  defending  or  protecting  (tuendo)  the  impubrjs 
in  the  transactions  which  were  necessary  for  the  administration  of  his 
property.  The  office  of  the  tutor  was  tutela;  and  the  impubes,  who 
with  respect  to  his  tutor  was  called  pupillus,  was  said  to  be  in  tutela, 
in  tutelage.  The  tutor's  business  was  to  manage  the  property  of  his 
pupillus,  and  to  add  to  his  acts  the  legal  sancSon  (auctoritas).  The 
tutor's  office  as  tutor  was  confined  to  the  property  of  his  pupillus,  who, 
as  to  his  person,  was  under  the  care  (custodia)  of  his  mother,  if  he 
had  one ;  if  not,  we  must  suppose  that  the  tutor  would  sometimes 
have  the  care  of  his  prson  also.  When  the  pupillus  attained  the  age 
of  pubertv,  he  had  the  capacity  of  contracting  marriage,  and  of  doing 
other  legal  acts,  and  was  freed  from  the  control  of  his  tutor.  But 
though  the  law  gave  full  legal  capacity  to  the  pupillus  on  his  attaining 
puberty,  it  still  gave  him  some  further  protection  until  he  was  twenty- 
five  years  of  age.     [Curator.] 

A  father  could  appoint  by  testament  a  tutor  for  his  male  children 
who  were  impuberes  and  in  his  power:  he  coidd  also  appoint  a  tutor 
^r  femoJes  who  were  in  his  power,  even  if  they  had  attained  puberty. 
He  could  also  apooint  a  tutor  for  the  wife  of  a  son,  who  was  in  his 
power,  and  for  his  grandchildren,  unless  by  his  death  they  should 
come  mto  the  power  of  their  father.  A  man  could  also  appoint  a  tutor 
for  his  wife,  who  was  in  manu,  for  she  stood  to  him  in  the  legal 
relation  of  a  daughter;  and  he  could  also  give  her  the  power  of 
choosing  a  tutor.  The  origin  of  this  testamentary  power  was  probably 
immemorial  custom,  which  was  confirmed  by  the  Twelve  Tables. 


Tutors  thus  appointed  were  called  dativi :  those  who  were  chosen  by  a 
wife  under  a  power  given  by  the  husband  were  tutores  optivL  If  a 
testator  appointed  no  tutor,  the  tutela  was  given  to  the  nearest  agnati 
by  the  Twelve  Tables :  such  tutores  were  legitimL  If  there  were  no 
agnati,  the  tutela  belonged  to  the  Gkntiles  so  long  as  that  part  of  the 
law  (Jus  Gentilitium)  remained  in  force.  When  there  was  no  person 
appointed  tutor,  and  no  legitimus  tutor  existed,  a  tutor  was  appointed 
for  persons  at  Rome  under  the  provisions  of  a  Lex  Atilia,  and  for 
persons  in  the  provinces  under  the  provisions  of  a  Lex  Julia  ct 
TitU. 

Though  a  pupillus  could  not  do  any  legal  act  which  should  be  to  his 
injury,  he  could  enter  into  contracts  which  were  for  his  benefit.  The 
tutor's  office  was  defined  to  consist  in  doing  the  necessary  acts  for  the 
pupillus,  and  interposing  or  adding  the  l^al  authority  to  his  proper 
acts  (negotia  gerere  et  auctoritatem  interponere :  Ulpiani,  '  Frag.,'  tit. 
XL,  B.  25).  The  doing  of  the  necessary  acts  applied  to  the  case  of  the 
pupillus  being  infans,  that  is,  under  seven  years  of  age,  absenty  or 
lunatic  (furiosus).  When  the  pupillus  ceased  to  be  infans,  he  could 
do  many  acts  himself,  and  the  auctoritas  of  the  tutor  was  only  neces- 
sary to  make  them  legal  acts. 

A  tutor  might  be  removed  from  his  office  if  he  misconducted  him- 
self in  it.  The  pupillus  had  also  an  action  against  him  for  mismanage- 
ment of  his  property.  The  tutor  was  allowed  all  proper  costs  and 
expenses  incurred  by  him  in  the  management  of  the  affiun  of  the 
pupillus ;  and  he  could  recover  them  by  action.  Seciuity  was  required 
by  the  pnetor  from  a  tutor  for  the  due  management  of  the  affiurs  of  a 
pupillus.  unless  he  was  a  testamentaiy  tutor,  for  such  tutor  was 
chosen  by  the  testator,  and,  generally,  unless  he  was  appointed  by 
a  magistratus,  for  in  such  case  he  had  been  selected  as  a  proper 
person.  • 

The  tutela  of  women  w^o  were  puberes  was  a  peculiar  Roman 
institution,  founded  on  the  maxim  that  a  woman  could  ,do  nothing 
without  the  auctoritas  of  a  tutor.  But  there  was  this  difference 
between  the  tutela  of  pupilli  and  of  women  who  were  puberes :  in  the 
case  of  pupilli  the  tutor  both  did  the  necessary  acts,  paurticularly  when 
the  pupillus  was  infans,  and  gave  his  auctoritas ;  in  liie  case  of  women 
who  were  puberes,  the  tutor  only  gave  his  auctoritas. 

The  Vestal  virgins,  in  virtue  of  their  office,  were  exempted  from 
tutela.  Both  libertiniB  and  ingenua)  were  exempted  from  it  by 
acquiring  the  Jus  Liberorum,  which  was  conferred  by  the  Lex  Julia  et 
Papia  Poppsea  on  women  who  had  a  certain  number  of  children.  The 
tutela  of  a  woman  was  terminated  on  her  marriage,  by  which  she  came 
in  manum  viri ;  and  also  by  other  means. 

A  woman  had  no  right  of  action  against  her  tutor  as  such,  for  he  did 
not  do  any  act  in  the  administration  of  her  property ;  he  only  gave  to 
her  acts  their  legal  validity  by  his  auctoritas. 

TUTTY.    [Zinc] 

TWELVE  TABLES.  The  Roman  writers  speak  of  the  Twelve 
Tables  \mder  various  names:  they  call  them  L^es  Decemvirales, 
Leges  Xn.  Tabularum,  sometimes  simply  Lex,  the  Law,  as  being  pre- 
eminently the  foundation  of  Roman  Law ;  and  by  other  names.  Aiter 
some  struggle  between  the  patricians  and  the  plebs,  the  story  runs 
that  a  plebiscitum  was  passed  (b.c.  454)  with  the  assent  of  the  senate, 
in  pursuance  of  which  three  commissioners  were  sent  to  Athens  and 
other  Greek  states  to  inquire  about  their  legislation,  that  the  commis- 
sioners returned  in  Bic.  452,  and  that  in  the  following  year  ten  patricians 
(Decemviri)  were  appointed  to  draw  up  a  code  of  laws,  whence  the 
name  Leges  Decemvirales.  The  Decemviri,  at  the  head  of  whom  was 
Appius  Claudius,  formed  a  code  of  Ten  Tables,  which  were  approved 
by  the  senate,  and  received  the  final  sanction  of  the  Comitia  Curiata. 
The  code  being  considered  defective.  Decemviri  were  again  elected 
(b.c.  450),  and  two  more  tables  were  added,  whence  the  name  Twelve 
Tables.  The  laws  were  cut  on  tablets  of  bronze  and  set  up  in  a  x)ublic 
place :  they  were  not  promulgated  tUl  B.o.  449,  after  the  overthrow  of 
^e  Decemviri,  who  had  attempted  to  perpetuate  their  power  against 
the  terms  of  their  appointment. 

It  is  impossible  to  ascertain  from  the  scanty  history  of  the  Decem- 
viral  legislation  how  far  the  story  of  tliis  mission  to  Greece  is  true. 
It  is  very  doubtful  whether  the  codes  of  the  Greeks  at  all  affected  this 
the  first  Roman  attempt  to  form  a  system  of  law,  but  it  may  safely 
be  assumed  that  the  basis  of  the  Decemviral  code  rested  on  ihe  cus- 
tomary law  of  the  Romans,  and  that  except  in  those  few  general 
features  in  which  all  early  codes  of  law  bear  resemblance  to  one 
another,  the  Roman  Decemviral  code  is  one  and  distinct  It  is  said 
that  the  Twelve  Tables  perished  in  the  destruction  of  the  city  by  the 
Gauls,  but  there  appears  to  have  been  no  difficulty  in  reconstruct- 
ing the  tables.  No  Roman  writer  suggests  any  doubt  of  their 
genuineness. 

The  Twelve  Tables  are  called  by  Livy  (iii.  34),  "Fons  publici 
privatique  juris  " — the  source  of  Public  and  Private  Law,— according 
to  a  division  of  the  matter  of  law  which  was  familiar  to  the  Romaua 
That  part  which  concerned  the  Jus  Publicum,  which  bears  some 
analogy  to  our  term  constitutional  law,  was  changed  in  the  course  of 
time ;  but  the  Jus  Privatum,  which  determined  the  rights  and  duties 
of  the  citizens,  was  never  formally  repealed,  and  only  so  far  modified  as 
it  was  afiected  by  the  changes  in  circumstances  by  which  some  of  th^ 
laws  of  the  Twelve  Tables  fell  into  desuetude,  and  by  the  gradual 
growth  of  the  Jus  Prsotorium.    In  course  of  time  the  language  of  the 
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tables  became  obscure,  and  this,  with  the  great  change  of  circumstances, 
must  have  rendered  many  of  their  provisions  inapplicable.  In  the 
later  times  of  the  republic,  Cicero  observes  that  since  his  boyhood  the 
practice  of  learning  the  Twelve  Tables  had  been  superseded  by  the 
growing  importance  of  the  Edict. 

The  Koman  jurisfcs  made  commentaries  on  the  Twelve  Tables.  Six 
books  of  a  commentary  by  Gains  are  mentioned,  which  shows  that  at 
least  as  late  as  the  time  of  Antoninus  Pius  the  decemviral  law  was  in 
substance  still  in  force,  that  is,  that  the  fundamental  principles  of 
Roman  law  (the  Jus  Privatum)  were  still  to  be  sought  in  the  then 
antiquated  language  of  the  Decemviri. 

Much  has  been  written  on  the  subiect  of  the  Twelve  Tables.  The 
last  and  most  complete  history  of  the  laboiurs  of  modem  critics  on  the 
Twelve  Tables  is  by  Dirksen,  in  his  '  Uebersicht  der  bisherlgen  Ver- 
suche  zur  Kritik  und  Herstellung  des  Textes  der  Zwolf-tafel  Frag- 
mente,'  Leipzig,  1824.  The  fragments  of  the  Twelve  Tables  appear  in 
the  several  parts  of  the  work,  and  are  also  collected  at  the  end. 

For  an  excellent  dissertation  upon  the  Twelve  Tables  as  illustrative 
of  the  archaic  form  of  the  Latin  language,  the  reader  is  referred  to  an 
able  article  in  the  late  Dr.  Donaldson's '  Varronianus.' 

TWILIGHT,  the  name  given  to  the  light  which  remains  after  the 
sun  has  set,  or  which  is  seen  immediately  before  it  rises.  The  reason 
of  this  appearance  ii|  explained  in  Sun  (col.  915),  being  the  effect  of  the 
light  which  is  reflected  from  the  higher  strata  of  the  atmosphere,  in  a 
manner  which  will  be  understood  from  the  diagram  in  the  column 
cited. 

In  our  latitudes,  at  the  summer  solstice,  a  portion  of  the  twilight 
continues  from  the  setting  of  the  sun  to  its  rising,  circling,  as  the 
hours  of  night  and  morning  proceed,  from  the  western  horizon  through 
the  north,  to  the  east ;  which  is  the  cause  of  there  being  scarcely  any 
true  night  at  that  period  of  the  year. 

J.  H.  Lambert  endeavoured  to  distinguish,  besides  the  primary 
twilight,  a  secondary  and  even  a  ternary  twilight,  both  the  latter  being 
caused  by  the  successive  reflection,  by  the  cloudJs  and  the  air,  of  light 
already  reflected  from  other  regions  of  the  atmosphere,  their  clouds, 
&c.  In  conformity  witb  these  views.  Sir  John  F.  W.  Herschel  has 
attributed  to  such  a  cause  the  phenomenon,  seen  in  the  clear  atmo- 
sphere of  the  Nubian  deserts,  which  has  been  described  by  travellers 
under  the  name  of  the  "  after-glow."  To  a  corresponding  cause  must 
be  ascribed  the  rose-coloured  illumination  of  the  summits  of  high 
mountains  after  sunset  (often  witnessed  of  those  of  Mont  Blanc  and 
Monte  Rosa),  but  in  these  cases  the  reflected  light  is  coloured  by  its 
ti-averaing  tracts  of  the  air  of  which  the  vapour  is  in  an  opalescent 
state,  imparting  to  it  various  hues  of  red  and  orange.    [Vapoub.] 

The  astronomer  last  named,  always  careful  to  explain  the  physical 
processes  which  are  operative  in  the  production  of  astronomical  pheno- 
mena, in  addition  to  the  mathematical  principles  on  which  they  depend, 
has  pointed  out  that  a  portion  of  the  light  of  the  sun  and  moon  reaohes 
us  after  they  are  set,  by  means  of  the  atmosphere,  "  by  reflection  upon 
[and  from]  the  vapours  and  minute  solid  particles  which  float  in  it, 
and,  perhaps,  also  on  the  actual  material  atoms  of  the  air  itself."  (See 
'  Outlines  of  Astronomy.'  ed.  1858,  par.*44,  45.) 

The  observations  which  have  been  made  during  the  last  two  or  three 
total  solar  eclipses  are  very  instructive,  in  two  respects,  concerning  the 
light  ordinarily  received  by  the  earth,  including  that  of  twilight.  The 
character  of  the  darkness,  while  the  totality  continues,  so  much  more 
intense  than  that  of  night  caused  bv  the  mere  aversion  of  the  hemi- 
sphere from  the  sun,  evinces  how  mtrinsically  dependent  upon  that 
luminary  for  light  the  earth  really  is ;  while  the  amount  and  pecu- 
liarity of  the  illumination  actually  existing  at  the  same  time,  shows  in 
how  great  a  degree  we  are  indebted  to  the  reflective  and  refractive 
powers  of  the  atmosphere,  and  to  the  reflection  by  the  floating  particles 
alluded  to,  by  aqueous  vapour  becoming  visible  but  not  yet  cloud,  by 
the  clouds  themselves,  and  by  the  earth,  reciprocally  and  unitedly,  for 
the  light  we  enjoy  after  the  commencement  and  during  the  progress  of 
that  aversion. 

But  all  this  is,  of  course,  affected  by  the  degree  of  transparency  of 
the  atmosphere  and  its  difference  at  different  altitudes,  the  less  trans- 
parent, in  the  mass,  so  far  as  we  know,  being  those  nearest  the  earth ; 
while  there  are  facts  which  indicate  that  air  perfectly  free  from  aqueous 
vapour,  such  as  we  must  conclude  it  to  be  above  a  certain  height,  is 
less  transparent,  or  more  absorptive  of  light,  than  the  mingled  atmo- 
sphere of  air  and  aqueous  vapour  incumbent  on  the  earth's  surface, 
when  the  temperature  is  such  as  to  sustain  the  latter  in  a  perfectly 
gaseous  condition.  When  the  sky  is  thus  free  from  visible  vapour 
and  cloud,  however,  the  transparency  of  the  atmosphere  is  almost 
invariable,  as  Professor  Seidel  has  shown. 

Another  consideration  affecting  this  subject  relates  to  the  probable 
nature  of  the  highest  regions  of  the  atmosphere,  on  which  the  amount 
of  reflected  light  causative  of  twilight  must  be  greatly  dependent.  If, 
as  inferred  by  Graham  and  Poisson  [Subfaob  of  the  EA.bth,co1.  982], 
tiie  terminal  stratum  be  solid — air-ice — the  reflection  from  its  inferior 
surface,  and  from  the  inferior  surfaces  of  the  comparatively  dense 
strata  immediately  below  it,  must  be  more  powerful  than  that  from 
the  rare,  purely  aeriform  strata  (of  which  alone  the  highest  regions  are 
commonly  supposed  to  consist),  and  hence  may  exei-t  a  marked  effect 
in  prolonging  the  twilight,  as  well  as  in  lessening  the  darkness  during 
the  entire  time  when  the  sun  is  below  the  horizon.    It  may  be  that 


this  reflection  is  the  principal  agent  in  producing  the  remarkable 
amount  of  light  still  remaining  during  a  total  eclipse  of  the  sun,  as 
noticed  above.  What  may  be  the  bearing  upon  this  subject  of  the 
observed  polarising  power  of  the  sky  during  such  eclipses  has  not 
been  investigated,  though  the  materials  for  such  an  inquiry,  we  believe, 
have  been  obtained,  especially  from  the  eclipse  of  July  18th,  1860.  It 
seems  probable  that  the  polariscope  would  furnish  the  means  of 
determining  whether  such  reflection  does  in  reality  take  placo,  and  also, 
if  taken  in  conjunction  with  the  atmospheric  refraction  of  the  heavenly 
bodies,  of  determining  what  the  structure  and  constitution  of  the 
upper  regions  of  the  atmosphere  really  are. 

Intimately  connected  with  this  particular  subject  is  the  application 
of  the  phenomena  of  twilight,  or  rather  of  the  amount  of  depression  of 
the  sun  at  the  close  of  twilight,  to  determine  the  height  of  the  atmo- 
sphere, first  proposed  by  Kepler,  and  which,  in  fact,  gives  a  height 
nearly  agreeing  with  that  inf ened  from  the  law  of  elasticity  of  the 
air,  of  between  forty  and  forty-five  miles.  But  the  argument  from  the 
observed  depression  of  the  sun  is  inconclusive,  because  we  do  not 
know  when  twilight  has  ceased,  nor,  indeed,  whether  it  ever  ceases. 
According  to  Leslie,  admitting,  from  the  fact  that  in  clear  weather  in 
no  climate  is  there  total  darkness,  even  at  midnight, ''  that  the  body  of 
air  extends  to  such  an  altitude,  as  to  receive  the  most  dilute  glimmer, 
after  thd  sim  has  attained  his  utmost  obliquity,  and  sunk  ninety 
degrees  below  the  horizon,"  the  elevation  of  the  atmosphere  must  be 
equal  at  least  to  1638  miles.  In  this  reasoning,  however,  no  account  is 
taken  of  the  necessary  limitation  of  the  atmosphere  by  the  cold  of 
interplanetary  space,  which  must  have  effect  at  a  point  greatly  nearer 
the  eai*th.  On  the  other  hand,  the  actual  demonstration  of  the  ex- 
iatence  of  a  solid  or  liquid  stratum  at  the  summit  of  the  atmosphere, 
by  the  means  suggested  above,  would  probably  involve  also,  the  deter- 
mination of  its  altitude,  and,  conversely  would  enable  us  to  fix, 
definitively,  the  extent  of  twilight  upon  tihe  earth's  surface.  [Atmo- 
sphebe;  Meteoboloot.] 

A  question  here  arises  as  to  the  photographic  intensity  and  proper- 
ties of  the  reflected  light  from  which  the  phenomenon  of  twilight 
proceeds,  as  compared  with  those  of  the  direct  sun-light  itself.  But 
this  comparison  does  not  appear  to  have  been  made  in  any  express 
manner.  According  to  the  photo-chemical  researches  of  Bunsen  and 
Roscoe  ('Phil.  Trans.'  1859,  p.  898),  the  chemical  illumination,  that  is, 
the  affection  by  the  chemical  rays,  of  the  earth's  surface,  is  merely  a 
function  of  the  sun's  zenith-distance ;  all  the  elements  of  the  sun's 
radiation  (so  to  call  them),  light,  heat,  and  chemical  action,  diminishing 
equally  with  his  altitude.  As  the  diffused  light  of  day  is  all,  in  its 
immediate  origin,  reflected,  and  as  it,  in  common  with  that  reflected 
from  the  clouds,  possesses  normal  chemical  action,  differing  only  in  its 
intensity  from  that  of  the  direct  light  of  the  sun,  we  may  infer  that 
a  similar  difference  only  exists  in  the  case  of  twilight. 

TWINKLING  OF  STARS,  or  SCINTILLATION  {acirUilla,  "a 
spark  of  fire").  This  term  is  applied  to  a  phenomenon  which  has 
attracted  the  attention  of  astronomers  and  scientific  men  in  all  ages. 
It  consists  in  rapid  variations  in  the  brightness  of  a  fixed  star  when 
observed  with  the  naked  eye,  and  is  often  accompanied  by  changes  in 
the  colour,  and  alterations  in  the  apparent  diameter  of  itxe  star  or  in 
the  length  of  the  diverging  rays  which  appear  to  dart  from  its  centre 
in  different  directions.  It  is  commonly  stated  that  the  twinkling 
disappears  when  the  star  is  viewed  through  a  telescope ;  such,  however, 
is  not  the  case,  although  under  such  circumstances  the  phenomena  are 
modified. 

This  subject  occupied  but  a  very  small  space  in  scientific  works,  if 
indeed  it  was  to  be  found  at  all  in  them,  until  M.  Arago  devoted  one 
of  his  searching  scientiQc  notices  to  the  subject  in  the  '  Aimuaire  pour 
I'An  1862,  pubUd  par  le  Bureau  des  Longitudes;'  ueve]:theless  the 
importance  of  the  subject  has  never  been  forgotten,  and  Kepler  even 
invited  scientific  men  to  a  conference  on  the  subject,  and  appointed 
Frankfort  as  the  place  of  rendezvous. 

The  changes  in  colour  which  accompany  scintillation,  and  form  one 
of  its  most  important  features,  were  noticed  by  early  observers.  Indeed 
the  name  given  by  the  Arabs  to  Sirius  refers  to  this  fact ;  they  call  it 
bca'okesch,  or  "  the  thousand-coloured  star.**  Tycho,  writing  in  1572, 
respecting  the  new  star  of  that  year,  compares  it  to  the  reflections  of  a 
cut  diamond  moving  in  the  presence  of  light  Kepler  also  refers  to 
the  Dog  Star  as  presenting  by  turns  all  the  coloura  of  the  rainbow. 
Hooke,  in  his  '  Micrographia,'  refers  to  the  various  coloura  which 
accompany  the  scintillation  of  stars,  appearing  red  at  one  moment, 
yellow  at  another,  and  blue  at  a  third.  Forster  ('  PhiL  Mag.,'  1824) 
remarks  that  sometimes  the  intensely  red  light  appears  after  two 
dilatations  of  the  star,  under  other  circumstances  after  three,  but 
often  without  any  apparently  regular  law.  Several  observers  notice 
the  scintillation  of  the  planets;  but  no  astronomer  refers  to  their 
change  of  colour.  Scintillation  in  their  case  is  a  simple  change  in  the 
intensity  of  the  light. 

The  scintillation  of  a  star,  when  viewed  through  a  telescope,  was 
first  described  by  Simon  Marius,  who  recommends  that  the  eyepiece 
be  removed  from  the  telescope,  and  the  eye  be  substituted  for  it,  at  a 
time  when  the  sky  is  very  clear  and  the  air  tranquil.  The  scintillation 
will  then  appear  like  a  fulmination  or  ebullition  of  the  substance  of 
the  star,  and  certain  determinate  and  distinct  colours  will  appear  in 
greater  or  less  abundance  according  to  the  stars  observed.      Thus 
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Sirius  presents  green,  yellow,  red,  and  blue  repeatedly  following  in  the 
same  order.  Nicholson  also  in  1813  remarks  that  the  circular  disc  of 
a  star  vacillates  in  such  a  manner  aa  to  give  the  idea  of  a  number  of 
discs  passing  in  succesbion  before  each  other.  These  discs  are  of 
different  colours  :  the  light  appeared  to  come  from  different  sides,  and 
the  most  frequent  colours  were  blue,  steel-blue,  pea-green,  brilliant 
copper,  red,  and  white.  The  same  observer  viewing  Sirius  through 
an  achromatic  by  Eamsden,  magnifying  twenty-four  times,  and  the 
eye-piece  adjusted  for  distinct  vision,  the  observer  struck  lightly 
on  the  tube  a  series  of  rapid  blows  with  his  fingers,  so  as  to  make 
the  image  of  the  star  describe  a  luminous  line,  every  part  of  which 
displayed  the  most  lively  colours,  and  it  was  calculated  that  the  lijght 
of  Sirius  changed  in  colour  before  arriving  at  the  eye  at  least  thirty 
times  in  a  second. 

Scintillation  presents  phenomena  too  remarkable  to  have  been  allowed 
to  remain  without  attempts,  at  least,  at  explanation.  Aristotle,  who 
noticed  the  scintillation  of  the  fixed  stars,  and  the  steady  light  of 
the  planets,  speaks  of  a  want  of  fixity  in  our  sight  for  such  distant 
objects,  while  the  planets  being  comparatively  near  can  be  viewed 
with  a  steadier  gaze.  Ptolemy  also  refers  to  the  trepidation  of  the 
organs  of  sight,  and  the  consequent  trembUng  of  the  heavenly  body. 
Alhazen  and  Vitellion  refer  the  twinkliog  of  stars  to  the  effects  of 
refraction  which  the  stellar  rays  experience  in  out  atmosphere.  Aguil- 
lonius  explains  it  by  the  rapid  movement  of  rotation  of  the  stars. 
Tycho  adopts  such  an  explanation  as  when  a  diamond  cut  into  facets 
rotates,  but  the  planets  do  not  scintillate  because  he  imagined  them 
not  to  rotate.  Cardan  adopts  Aristotle's  explanation.  Scaliger, 
among  other  attempts  at  explanation,  refers  to  the  intermittent  light 
of  an  incandescent  body,  and  to  the  changes  in  the  intensities  of  the 
stellar  light  produced  by  vapours  floating  in  the  atmosphere.  Galileo's 
explanation  assumes  a  vibration  which  stars  impress  upon  their  own 
light.  Kepler  compares  the  stars  to  diamonds  cut  into  &icets  so  that 
the  least  movement  produces  iridescent  colours,  or  in  other  words 
he  supposed  a  star  to  contain  angular  surfaces  unequally  liwiiuous. 
Scheiner  imagines  scintillation  to  be  an  optical  illusion.  Descartes 
explains  the  phenomenon  by  means  of  his  favourite  vortices  or  tour- 
billons,  which  he  supposed  to  surround  all  celestial  bodies.  Huyghens 
explains  scintillation  by  means  of  the  vapours  of  the  earth;  and 
Gassendi  attributes  it  to  a  vibratory  motion  in  the  eye.  RiccioU  calls 
in  the  aid  of  atmospheric  vapours,  and  imagines  also  that  particles  of 
dust  and  opaque  filaments  floating  in  the  air  influence  the  phenomenon. 
Hooke  exi^ains  it  by  the  irregular  refractions  of  the  stellar  rays  in  our 
atmosphere,  arising  from  the  imequal  distribution  of  heat.  Sir  Isaac 
Newton  refers  to  the  refractive  power  of  the  humours  of  the  eye,  and 
also  of  the  atmosphere,  and  speaks  of  a  trembling  movement  in  the 
latter.  Jurin  endeavours  to  explain  scintillation  by  means  of  Newton's 
theory  of  fits  of  essy  transmission  and  reflection.  Cassini  explains  it 
by  supposing  a  sort  of  luminous  coma  to  surround  the  stars,  and  to 
undergo  refraction  and  reflection  in  our  atmosj^ere,  but  that  these 
scattered  rays  being  united  through  the  intervention  of  a  telescope  the 
twinkling  is  less  apparent.  Long  explains  twinkling  as  the  momentary 
disai>pearance  of  the  stars,  in  consequence  of  the  interposition  of 
motes  floating  in  the  air.  Mairan  refers  it  to  an  undulatory  move- 
ment like  that  of  the  horizon  seen  over  a  vast  plain  illuminated  by 
the  sun.  Michell's  explanation  is  based  on  the  corpuscular  theory  of 
light.  Lalande  refers  to  the  agitation  of  the  air,  and  to  motes  float- 
ing in  it,  forgetting,  as  Long  had  done,  that  these  motes  must  be  at 
least  equal  to  the  diameter  of  the  pupil  of  the  eye.  Muschenbroeck 
refers  to  the  vivacity  of  light  and  to  the  activity  with  which  it  acts 
on  our  organ  of  sight.  Darwin  explains  twinkling  by  means  of  the 
theory  of  accidental  colours  which  was  much  discussed  in  his  day,  and 
explains  it  by  the  law  of  contrast  Saussure  speaks  of  the  oscillation 
of  the  luminous  rays  produced  by  the  aJtemate  condensations  and 
dilatations  of  certain  parts  of  the  atmosphere.  Dr.  Thomas  Young 
says,—"  The  cause  of  the  twinkling  of  the  stare  is  not  fully  ascertained, 
but  it  is  referred,  with  some  probability,  to  changes  which  are  per- 
petually taking  place  in  the  atmosphere,  and  which  affect  its  refractive 
density.  It  is  said  that  in  some  climat<»,  where  the  air  is  remarkably 
serene,  the  stars  have  scarcely  any  appearance  of  twinkling."  Arago 
remarks  on  the  singularity  of  the  fact,  that  the  author  of  the  doctrine 
of  interference  of  light,  and  indeed  "  of  the  only  real^  new  experi- 
ment which  has  been  made  on  scintillation  from  the  timo  of  Aristotle 
to  our  own  day,  should  not  hesitate  in  facing  the  difficulties  of  the 
problem  to  say, '  I  do  not  know.'  There  is  more  true  merit  in  this 
candour  than  in  the  former  imsatisfactory  attempts  at  explanation." 
Nicholson,  however,  was  equally  candid,  for  he  professed  his  inability 
to  find  in  any  of  the  known  properties  of  light  the  cause  of  the  phe- 
nomena of  twinkling.  Biot  in  his  *  Astronomie '  bases  his  explanation 
on  the  unequal  refraction  of  the  rays  by  our  atmosphere.  Forster 
imagines  that  the  changes  in  colour  which  accompany  twinkling  must 
be  duo  to  some  change  in  the  star  itself,  or  that  our  atmosphere  acts 
like  a  prism  on  tie  rays  of  light.  Capocci  refers  the  phenomena  to 
our  eye  and  not  to  any  changes  in  the  star,  while  Kiimtz,  in  his 
'  Meteorologie,'  refera  to  a  supposed  oscillation  of  the  star  as  a  mere 
point  of  light  about  its  mean  position,  while  a  planet  having  an  apparent 
diameter  of  from  30  to  40  seconds,  it  is  more'difiicult  to  appreciate  its 
apparent  change  in  volume. 

Lastly  we  come  to  the  explanation  of  Arago  himself.    That  keen  J 


observer  was  very  much  struck  with  the  experiment  of  Nicholson,  who 
observed  Sirius  through  a  telescope,  and  caused  the  image  to  vibrate 
by  tapping  on  the  tube,  when  it  appeared  like  a  coloured  luminous 
ribbon.  On  applying  this  experiment  to  other  stars  the  coloured 
ribbon  was  observed  with  stars  up  to  the  sixth  magnitude,  but  no 
trace  of  colour  was  observed  with  a  star  of  the  seventh.  Another 
method  of  studying  scintillation  is  to  direct  an  achxx>matic  telescope 
towards  a  brilliant  star  and  then  to  move  the  eyepiece  out  of  focu& 
The  image  then  becomes  an  irregular  disc  approaching  a  circular  form, 
and  of  a  diameter  greater  or  less  according  to  the  position  oi  Uie  eye- 
piece. The  disc  oscillates  as  though  a  number  of  discs  of  diflferent 
ooloura  were  in  motion.  A  third  method  of  obsenring  scintillation 
through  a  telescope  is  to  contract  the  aperture  by  means  oi  an 
opaque  screen  with  a  hole  in  the  centre  nlaoed  before  the  objeci-gUss. 
On  viewing  the  image  of  a  star  out  of  the  focus,  and  consequently 
enlarged,  its  centre  wiU  appear  to  be  pierced  with  a  dark  but  regular 
hole.  The  opaque  screen  used  by  M.  Arago  had  a  central  opening  of 
only  three  or  four  centimetres  in  diameter ;  the  image  of  a  star  at  the 
focus  was  round  and  precise,  bu^  surrounded  with  a  series  of  li^it 
and  dork  rings  perfectly  well  defined.  The  lustre  of  these  rings  con- 
stantly varied  in  different  parts  of  their  contour,  often  disappearing,  at 
certain  points  entirely.  Under  these  circumstances,  if  the  eye-piece 
were  gradually  pushed  inwards,  the  image  of  the  star  would  gradually 
dilate,  and  a  weU-defined  black  spot  would  appear  in  the  centre.  A 
further  motion  of  the  eye-piece  inwards  caused  the  dark  spot  to 
dilate  into  a  small  luminous  disc,  occupying  the  centre,  surrounded  by 
a  dark  ring,  and  this  by  a  larger  luminous  ring.  Or  in  a  third  position 
of  the  eye-piece,  still  nearer  to  the  object-glass,  the  centre  of  the 
image  is  obscure,  but  surrounded  by  a  large  brilliant  ring,  succeeded 
by  a  dark  ring,  and  tlus  again  surrounded  by  a  luminous  ring. 

All  these  phenomena  plainly  refer  the  phenomena  of  scintillation  to 
the  interference  of  hght.  [Imterfbbekce.]  Luminous  rays  proceed- 
ing from  a  point,  such  as  a  fixed  star,  and  passing  through  our  atmo- 
sphere, subject  as  it  is  to  great  variations  in  heat,  moisture,  and 
density,  must  have  veiy  unequal  velocities ;  if  such  rays  be  brought 
to  a  focus  by  means  of  a  lens,  as  they  are  by  the  lens  of  the  eye,  the 
efiect  of  their  reaching  us  with  different  velocities  will  be  seen  by  the 
alternate  brightening  and  darkening  of  the  image  in  such  focus,  by  the 
known  laws  of  interference.  If,  however,  the  rays  proceed  not  from  a 
point,  but  from  a  disc,  such  aa  a  planet,  the  effects  would  so  far  dis- 
turb each  other  as  to  prevent  their  being  observed,  or  if  observed,  but 
imperfectly.  M.  Arago  has  contrived  three  methods,  or  instruments 
{tdntiUomhertf  as  he  calls  them),  based  upon  the  change  of  the  central 
spot  from  dark  to  light,  which  occun  the  more  frequently  in  propor- 
tion as  the  scintillation  is  strong ;  for  example,  in  preparing  a  tele- 
scope as  a  scintillometer  as  above  directed,  with  a  pierced  screen 
before  the  object-glass,  on  directing  it  to  the  stara  named  in  the  first 
column  of  the  following  table,  at  the  heights  above  the  horizon 
indicated  in  the  second  column,  the  central  point  became  luminous,  in 
the  course  of  five  minutes,  the  number  of  times  mentioned  in  the 
third  colunui : — 

January  )4,  1851. 

Sirius SO""  40 

Rigel SI"*  17 

Aldebaran 57'  IS 

LaCh^vre 81''  8 

By  observations  of  this  kind  M.  Arago  thinks  it  possible  to  decide 
what  are  the  climates,  the  seasons,  the  elevations,  and  other  circum- 
stances, under  which  scintillation  eutirely  disappears. 

While  writing  this  article,  we  have  received  from  M.  Andr^  Poey, 
Director  of  the  Physico-Meteorological  Observatory  of  Havannah,  a 
Memoir  entitled  '  Loi  de  la  Coloration  et  de  la  Decoloration  des 
Etoiles,  du  Soleil,  et  des  Plan^tes,'  reprinted  from  the  '  Annuaire '  of  the 
Meteorological  Society  of  France,  voL  viii.,  1861.  Our  space  will  not 
allow  us  to  do  more  than  point  out  one  remarkable  result  obtained  by 
M.  Poey,  namely,  that  when,  in  viewing  a  fixed  star  through  a  telescope, 
the  eye-piece  is  drawn  out  the  series  of  rings  obtained  are  com^e- 
mentary  in  colour  to  those  seen  when  the  eye-piece  is  pushed  in 
towards  the  object-glass. 

TYCHE,  in  the  Greek  mythology,  one  of  the  goddesses  of  Destiny : 
with  the  Romans  Fortune  was  nearly  the  correspondent  deity,  but 
uniting  in  herself  the  attributes  of  the  Qreek  goddesses  of  destiny  was 
on  the  whole  of  a  somewhat  sterner  character.  Tyche  was  the 
daughter  of  Zeus  the  liberator.  She  was  the  guidef  of  the  afiairs  of 
the  world,  the  bestower  of  good  fortune,  the  imperaonation  of  chance, 
uncertainty,  and  transitoriness.  In  art,  on  gems,  coins,  &a,  she  is 
frequently  represented  with  attributes  indicative  of  one  or  other  of 
those  quahties ;  with  the  rudder  as  providence ;  the  wheel  or  ball  aa 
chance  and  uncertainty ;  with  the  horn  of  pleuty,  or  with  a  patera  in 
the  right  hand,  and  eara  of  wheat  and  poppies  in  the  left,  ss  the 
bestower  of  gifts;  as  the  good-fortune  of  cities  she  is  figured  as  a 
richly  draped  female  with  a  crown  of  towera,  a  cornucopia  and  other 
attributes  of  prosperity.  Tyche  had  temples  devoted  to  her  worship 
at  Smyrna,  at  Pharae  in  Messania,  at  ^giria  in  Achaia,  at  Thebes,  and 
elsewhere.  (Zoega,  'Tyche  und  Nemesis;'  MtLller,  'ArchaoL  der 
Kunst,'  and  '  Dcnkmiiler  der  Alten  Kimst.') 

TYPE-FOUNDIN  O.    [Printing.] 


4«1  TYPE  METAL. 

TYPE  METAL.    The  alloy  formerly  tised  for  printers'  types  con- 
■iated  of  lead  and  antimony  in  about  the  following  proportions  : — 

Lead 75 

Antimony 25 

100 

Hecently ,  however,  a  harder  description  of  metal  has  been  found  neces- 
sary, especially  for  the  smaller  letters,  and  the  necessary  quality  has 
been  attained  by  the  partial  or  even  total  substitution  of  tin  for  lead 
in  the  above  compound.  The  alloy  of  this  description  most  commonly 
used  ia  the  following  : — 

Lead SO 

Tin  .        • 26 

Antimony       •        •        .        •■        •        .        .     26  . 

100 
Another  alloy  known  aa  Didoi's  metal  oonsista  of — 

Lead SO 

Tin 80 

Antimony      •        • 80 

Copper      •       •       •        •        •        •        .    .  10 

100 

The  latter  alloy,  although  very  hard,  appears  to  be  too  brittle  for 
the  purposes  of  the  printer. 

TYPES.    [Organic  Chemibtrt,  ComtiUUion  oj  organic  compound^.] 
TYPHOON.    [Wind.] 
T  YP  HU8.    [Fevkb,  Contikued.] 

TYlt  ANT.    The  words  tyrant  and  tyranny  come  respectively  from 

the  Qreek  tyrannos,  tyrannit  {rvpayyoSf  tvpavvis),  through  the  Latin. 

The  esu*liest  instance  of  the  word  tyrannus  is  perhaps  in  the  Homeric 

hymn  to  Ares  (Mars).    It  is  used  by  the  earliest  extant  Greek  historians, 

Herodotus  and  Thucydides,  to  signify  a  person  who  possessed  sovereign 

power  and  owed  it  to  usurpation,  or  who  derived  it  from  a  person  who 

had  obtained  such  power  by  usurpation,  and  who  maintained  it  by 

force.    A  famUiar  example  of  a  tyrant  is  Pisistratus,  who  usurped  the 

supreme  power  at  Athens  B.C.  560,  and  was  succeeded  in  it  by  his 

eldest  son  Hippias.    A  Greek  tyrant  who  obtained  sovereign  power 

was  a  monarch  in  the  proper  sense  of  that  term.    [Monarch.]    If  he 

acquired  a  power  which  was  somewhat  less  than  sovereign,  he  was  not 

a  monarch ;  but  in  either  case  he  would  perhaps  be  cfdled  tyrannus ; 

and  accordingly  the  word  does  not  express  with  accuracy  the  degree  of 

}X>litica1  power  which  an  individual  acquired*  but  it  rather  expresses 

the  mode  of  acquisition,  or  refers  to  its  originally  illegal  origin.    Still 

the  term  tyrant,  as  used  among  the  Greeks,  always  indicates  that  the 

person  so  <»lled  was  at  the  heaid  of  the  state,  and  possessed  at  least 

more  power  than  any  other  individual  or  any  number  of  individuals  in 

it.     The  word,  as  used  by  the  older  Greek  writers,  did  not  carry  with 

it  any  notion  of  blame  :  it  simply  denoted  a  person  possessed  of  such 

political  power  as  above  mentioned,  whether  he  used  it  well  or  ill. 

Many  so-called  tyrants  were  popular  with  the  mass  of  the  community, 

and  were  men  of  letters,  and  patrons  of  literature  and  art.    They  might 

appropriately  be  called  kings  or  princes  in  the  modem  acceptation  of 

those  terms,  except  perhaps  that  the  uncertainty  of  their  tenure  of 

power  and  the  want  of  a  recognised  hereditary  succession  in  the 

tyranny,  or  a  regular  mode  of  succeeding  to  it,  would  render  the 

application  of  any  modem  name  inappropriate. 

In  some  passages  in  Herodotus  (iii.  80,  &c. ;  vi.  23,  ftc. ;  vii.  165) 
the  words  monarch  and  tyrant  are  used  as  synonymes  to  express  an 
individual  who  possesses  sovereign  power;  and  in  one  instance  at  least 
(vi.  23,  24)  he  calls  the  same  person  king  {fituriKfvs)  and  monarch 
(jio6vapxos).  Aristotle  {'  Polit.',  iii.  7),  after  stating  that  a  polity  or 
government  must  either  be  in  the  hands  of  one  or  of  a  few,  or  of  the 
many,  adds  that  we  are  accustomed  to  call  a  monarchy  which  has 
regard  to  the  interests  of  all  members  of  the  state  a  kingship  {fieurtXsla) ; 
and  that  a  monarchy  which  has  regard  only  to  the  interests  of  the 


TYROSIN. 


462 


monarch  is  a  tyranny.  In  the  case  of  Miltiades,  who  became  tyrant  of 
the  Thracian  Chersonesus,  Nepos  ('  Miltiad.')  remarks  that "  all  persona 
are  considered  and  called  tyranni  who  enjoy  lasting  power  in  a  state 
which  has  once  been  free."  This  definition  seems  to  express  pretty 
clearly  the  old  Greek  notion  of  a  tyrant,  but  it  leaves  out  of  con- 
sideration the  mode  in  which  the  power  was  acquired.  Nepos  remarks 
that  Militiades  was  called  "  Tyrannus  sed  Justus,**  *'  tyrant,  but  tyrant 
in  constitutional  form  "  (not  just),  for  he  had  been  elected  by  the 
people.  Accordingly*  he  says  in  another  place,  he  had  the  dignity  or 
rank  of  king  without  the  name.  This  is  consistent  with  Herodotus 
(vi  36),  who  says  that  the  people  made  Miltiades  tyrant  {ripayyov 
KaT€<rT'{jffayTo). 

Among  the  Roman  writers  tyrannus  is  often  used  as  simplv  equiva- 
lent to  king,  especially  by  the  poets.  Cicero  couples  dominus  and 
tyrannus,  thereby  intending  to  use  tyrannus  in  a  bad  sense,  which  was 
perhaps  the  more  common  acceptation  of  the  word  among  the  Romans 
in  his  time  and  subsequently.  Seneca  seems  to  refer  to  the  original 
sense  of  tyrannus  when  he  says,  "  A  tyrant  is  to  be  distinguished  from 
a  king  (rex)  by  his  conduct,  and  not  by  the  name :  for  Dionysius  the 
elder  (who  was  called  a  tyrant)  was  a  better  man  than  many  kings ; 
and  Lucius  Sulla  may  be  appropriately  called  a  tyrant,  for  he  only 
ceased  from  slaughter  when  he  had  no  more  enemies  to  kill"  (FaccioL, 
'  Lex— Tyrannus.')  According  to  this,  a  man  might  be  called  tyrsnt 
without  being  a  cruel  governor,  for  there  were  instances  of  persons  so 
called  who  had  used  their  power  with  moderation  ;  and  yet  a  man  who 
had  not  the  title  of  tyrant  might  be  called  tyrant  on  account  of  his 
cruelty.  It  seems  as  if  Seneca  was  trying  to  distinguish  the  popular 
use  of  tyrant  in  his  time  from  its  earlier  historical  signification. 
Tribellius  PoUio  has  written  the  *  History  of  the  Thirty  Tyrants  *  who 
sprung  up  in  the  Roman  empire  in  the  time  of  Gallienus  and  Valerian. 
These  so-called  tyrants  were  not  more  tyrannical,  in  the  modem  sense 
of  the  term,  than  many  Roman  emperors. 

The  use  of  the  modem  words  tyrant,  tyranny,  tyrannical,  has  been 
as  vague  as  that  of  most  other  politicad  terms.  The  term  tyrant  is 
properly  limited  to  the  govemment  of  one  man  who  is  sovereign,  and 
the  popular  application  of  the  term  expresses  disapprobation  of  his 
conduct.  Aristotle's  definition  of  tyranny  would  apply  well  enough  to 
a  modem  tyrant :  he  is  a  sovereign  who  looks  only  to  his  own  interest, 
or  what  he  considers  his  own  interest,  and  cares  not  what  he  does  in 
order  to  accomplish  his  objects.  But  if  he  were  a  wise  sovereign,  and 
administered  the  state  solely  with  a  view  to  his  real  interest,  that 
would  be  found  in  the  main  to  coincide  with  the  interest  of  the 
people,  and  he  would  not  be  called  a  tyrant,  though  perhaps  he  would 
come  within  Aristotle's  definition.  But  Aristotle's  language,  though 
apparently  precise,  is  not  so,  and  he  means  by  a  tyrant  administering 
the  state  for  his  own  interest,  that  he  also  administers  it  to  the  detri- 
ment of  .the  people.  The  word  tyrannical  is  now  often  applied  to  acts 
of  governments  which  are  not  monarchies ;  but  this  is  an  improper  use 
of  the  word.  We  may  say  that  the  laws  enacted  by  the  sovereign 
power  in  Great  Britain  are  sometimes  impolitic,  unwise,  or  injurious 
to  the  state  generally ;  they  may  also  be  sometimes  called  oppressive ; 
but  they  cannot  with  propriety  be  called  tyrannical,  though  such  an 
expression  may  be  and  often  is  used  in  the  vulgar  sense  of  character- 
ising a  law  which  for  some  reason  the  person  who  uses  the  term  does 
not  like. 

Confusion  in  the  use  of  political  terms,  which  is  an  index  of  con- 
fusion of  thought,  leads  to  absurdity  in  conduct.  It  is  therefore  a 
matter  of  some  moment  to  clear  up  siich  confusion,  which  all  people 
should  try  to  do  who  presume  to  speak  or  write  on  matters  political. 
A  careful  perusal  of  the  following  articles  in  this  work,  even  if  they 
should  not  be  quite  free  from  error,  will  put  a  man  in  the  way  of 
coming  to  right  notions  as  to  the  meaning  of  Aristocracy,  Constitu- 
tion, Democracy,  Kino,  Law,  Monarch,  Republic,  Soveeeionty. 

TYROSIN  (CigHjjNOj).  A  colourless  crystalline  organic  substance 
obtained  along  with  Leucin,  by  the  action  of  potash  upon  albumen, 
fibrin,  casein,  horn,  hair,  feathers,  &c.  It  also  exists  ready  formed  in 
cochineal.    It  possesses  neither  add  nor  alkaline  properties. 
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TT  is  at  one  extremity  of  the  series  of  vowel  soundiS,  lying  next  to  the 
^  vowel  0.    In  the  Hebrew  alphabet  it  do<«  not  appear*  and  was 
probably  originally  wanting  in  that  of  the  Greek  tongue.     For  the 
different  forma  of  the  letter  see  Alphabet. 

1.  The  close  connection  between  this  vowel  and  the  vowel  o  might 
be  inferred  from  their  relative  position  in  the  vocal  gamut,  and  has 
been  already  tlie  subject  of  remark  under  the  article  0. 

2.  w  is  interchangeable  with  the  diphthongs  oe  or  oi  in  Latin.  Thus 
cura,  Qtor,  Onus,  miinio,  mtlrus,  often  appear  in  the  older  dialects  of 
that  language  as  coira  or  coera,  oitor  or  oetor,  oenus  (observe  the  10 
soimd  at  the  beginning  of  the  English  word  one),  moinio  or  moenio, 
moerus.  Hence  the  verb  Qro  is  probably  connected  with  oestrum,  ancl 
aluo  with  aestus,  aestas,  as  well  as  Vesta,  Vesevus.  In  the  same  way 
foetus,  foecundus,  are  formed  from  the  old  verb  fuo,  by  the  addition 
of  the  common  suffixes  tut  and  cundiia,  which  are  so  often  attached  to 
verbs.  Again  the  variation  in  the  forms  of  Poeni  and  Punicus  is  an 
example  of  the  same  principle.  It  may  be  added,  tliat  all  the  words 
munuSy  munire,  communis,  immunis,  munia,  murus,  are  connected 
both  in  form  and  meaning  with  the  Greek  words,  such  as  t'^ipa, 
denoting  dii-igicn. 

3.  u  with  au,  as  in  the  Latin  forms  claudo  and  cludo,  and  the  Latin 
mus  compared  with  the  German  maus,  a  mouse. 

4.  A  short  u  with  a.  Thus  those  who  represent  the  Arabic  article 
in  English  characters  are  divided  between  al  and  ul. 

5.  A  short  u  with  c.  Thus  the  Greek  tonguj,  or  rather  pen,  prefers 
the  syllable  d  where  the  Latin  writes  ul,  particularly  in  the  penult 
syllable  :  as  SiKfXos,  Siculus  :  compare  also  the  cry  cA«X«Acv  with  the 
Latin  ululare.  The  Germans  again  prefer  d.  Hence  the  Latin  tabula, 
fabula,  appear  in  German  as  tafel,  fabeL  The  vowel  u  is  also  preferred 
by  the  Romans  before  n,  if  a  c2  or  t  follow.  Hence  rediens  has  a  genitive 
redeuntis,  and  faciundus  is  as  common  as  faciendus. 

6.  A  short  u  with  f.    See  I.,  s.  2. 

7.  For  the  interchange  of  du  with  h  and  v,  see  B,  D. 

8.  For  the  interchange  of  l  with  u,  see  L. 

9.  Ou  not  unfrequently  results  from  on,  particularly  in  the  Greek 
language,  as  o5ovr  for  oSovr  ;  rvnrovai  for  rvwrovri ;  and  the  accusative 
plural  of  the  second  declension,  ourovs,  is  a  corruption  of  oiiroyi,  being 
formed  from  the  singular  oikov  by  the  addition  of  the  affix  for 
plurality.  Mr.  Payne  Knight  appears  to  be  wrong  in  inserting  a 
digamma  in  thifl  f  onn« 

10.  For  the  loss  of  an  initial  e  before  u,  see  C.  In  confirmation  of 
what  is  there  stated,  it  may  be  observed  that  uter  appears  in  an 
inscription  which  is  determined  by  its  contents  to  belong  to  the 
Augustan  sera,  in  the  form  aUer,  at  least  neuter  is  written  nec«(et'. 
The  copyists,  scandalised  at  such  a  form,  altered  it  into  nee  vero,  to  the 
utter  annihilation  of  the  sense,  until  Marini  again  restored  the  true 
reading  of  the  stone. 

11.  The  insertion  of  a  y  sound  before  u  is  not  limited  to  an  initial 
tt,  as  in  union,  university ;  but  occurs  in  the  middle  of  words.  Thus, 
in  Norfolk  "  true  "  is  sometimes  pronounced  "  tryoo."  It  is  probably 
in  this  way  that  the  English  have  adopted  the  orthography  etc  in  so 
many  words,  as  new,  few. 

12.  For  the  intimate  connection  of  «  with  V  and  W,  see  those  letters. 
UDAL  TENURE.   The  Norwegian  term  "  Udal,"  or  "  odel,"  appears 

to  be  the  same  as  the  German  "adel,"  or  "noble."  Tenure  is  an 
improper  name  as  applied  to  Udal  land,  for  the  hind  bo  called  in 
Norway  is  not  held  by  any  tenure,  but  is  free  from  all  services. 
There  is  neither  superior  nor  vassal,  nor  any  of  the  consequences  of 
such  feudal  relation  as  exists  in  many  coimtriee  in  Europe.  (Laing's 
Norway.) 

ULCER.    [Inflammation.] 

ULEMA  (*Ulem(l).  the  collective  name  of  the  body  of  learned  men 
in  Turkey,  is  the  plural  of  the  Arabic  "*AlIm,"  "  wise/*  and  signifies 
originally  "  the  wise  men."  The  learned  men  in  Turkey  form  a  cor- 
poration which  received  its  organisation  from  Mahmud-Pasha,  grand- 
vizir  of  Mohammed  II.,  the  conqueror  of  Constantinople.  In  the 
larger  meaning,  the  ulema  consists  of  three  classes,  the  moUahs 
mukreji,  the  mudaris,  and  the  moultazims.  From  the  first  two  classes 
are  taken  the  interpreters  of  the  laws,  the  principal  mollahs,  cadis, 
nazibs,  muftis,  and  sheikhs ;  from  the  third,  the  lower  cadis  and 
khatibs.  The  imams  and  the  inferior  ministers  of  worship  are  not 
members  of  the  ulema.  The  mufti,  or  Sheikh-ul-Islam,  is  the  president 
of  the  ulema,  and  formerly  had  great  poUtical  influence.  No  one  can 
become  a  "  muderri  "  (professor)  or  "  kadi  "  (judge)  except  a  member 
of  the  ulema,  nor  can  any  one  be  appointed  chief  judge  or  mufti 
without  having  previouslv  occupied  a  subordinate  place  as  judge  or 
professor.  An  individual  belonging  to  the  ulema  is  called  by  the 
general  name  "  moUah,"  or  "  a  man  of  the  law.'*  In  important  cases, 
the  mufti  assembles  the  ulema,  or  as  many  of  them  as  he  judges  con- 
Tenient,  and  takes  their  opinion  on  the  subject. 


ULLAGE,  a  name  given  by  gangers  to  the  part  of  a  cask  whir h 
is  not  filled  with  liquor  :  thus,  if  a  cask,  capable  of  holding  90  gallons, 
have  only  80  gallons  of  spirits  in  it,  there  are  10  gallons  of  ullage. 

ULMIC  ACID.  Ulmin,  Some  trees,  and  more  especially  the  eln: 
when  it  is  old,  secrete  a  liquid  which  dries  as  it  exudes  :  the  dry  residue 
consists  principally  of  mucilaginous  matter,  with  some  carbonate  i.sr 
acetate  of  potash,  and  eventually  the  mucilaginous  matter  undergoes  a 
change,  and,  combining  with  the  potash,  forms  a  substance  which  was 
first  examined  by  Yauquelin  and  klaproth,  and  to  which  Dr.  Thomson 
gave  the  name  of  ulmin.  This  name  was  changed  by  Berzelius  to  that 
of  geic  acid,  because  on  treating  soils  with  alkalies  a  considerable 
quantity  of  a  similar  compound  is  obtained. 

Ulmin,  or  ulmic  add,  may  be  artificially  obtained,  ocoording  to 
Bracounot,  by  the  following  process  : — heat  in  a  silver  crucible  equal 
weights  of  potash  and  sawdust,  with  a  little  water ;  the  mixture  is  to 
be  continually  stirred :  the  mass  softens  and  swells  rapidly,  and  is 
then  to  be  removed  from  the  heat  and  stirred  till  cold :  during  the 
operation  oxygen  is  absorbed  from  the  air,  owing  to  which  the  ulmic 
acid  is  formed.  When  cold,  the  product,  which  contains  ulmate  of 
potash,  is  dissolved  in  water,  filtered,  and  treated  with  dilute  sul- 
phuric acid,  which  combines  with  the  potash,  and  precipitates  the 
ulmic  acid  from  combination  with  it :  the  acid  thus  obtained  is  to  be 
washed  and  dried.  The  properties  of  this  ulmic  acid  are,  that  it  is  of 
a  deep  brown  colour,  very  brittle,  and  breaks  in  angular  fragiuentis, 
and  is  almost  insoluble  in  water.  When  precipitated  from  its  solution 
in  an  alkali,  it  is  in  the  state  of  hydrate,  and  it  then  dissolves  in 
1 500  times  its  weight  of  boiling  water,  in  2500  times  between  ^0*  and 
70"  Fahr.,  and  in  (iOOO  times  at  32^  The  solution  in  cold  water  id 
brownish-yellow ;  that  in  hot  ia  deep  brown.  Mo9»  tcaUr  owes  its  dark 
brown  colour  to  the  presence  of  ulniic  acid. 

It  is  insoluble  in  acidulated  water  or  in  saline  solutions :  sulphuric 
acid  dissolves  it  without  apparent  alteration,  and  becomes  blackish  : 
water  precipitates  it  from  this  solution.  Ulmic  acid  reddens  tincture 
of  litmus.  It  is  dissolved  by  alcohol,  from  which  it  Beparatea  in 
crystalline  scales  by  spontaneous  evaporation. 

It  hBB  been  alraidv  mentioned  that  ulmic  acid  may  be  obtsuned 
from  soils :  it  may  luso  be  procured  from  rotten  leaves,  bog-earth, 
wood-soot,  or  turf,  by  digesting  them  in  a  weak  solution  of  potash : 
by  this  a  brown-coloured  solution  of  ulmate  of  potash  is  formed,  from 
which  acids  throw  down  ulmic  acid. 

According  to  Boullay,  ulmin  consista  of — 


Hydrogen 
Carbon 
Oxygen    . 


4*70 
57*64 
37-66 

100- 


Malaguti  and  Boullay,  by  treating  stigar  with  dilute  sulphuric  acid, 
obtained  two  substances,  which  they  supposed  to  be  identical  with 
ulmin  and  ulmic  acid ;  but,  according  to  Liebig,  they  are  of  a  different 
nature,  and.  he  has  given  them  the  names  of  tacckulmin  and  tacchulmic 
acid, 

ULMIN.    [Ulmic  Acid.] 

ULMUS  CAMPESTRI3,  Medical  Propertiet  of.  The  bark  of  this 
species  is  officinal :  it  should  be  collected  in  spring  from  branches  not 
too  old  :  the  outer  bark  is  removed,  and  the  interior,  or  liber,  retained 
for  use.  When  recent  it  is  of  a  whitish-yellow  colour,  but  when  dried 
it  is  externally  of  a  cinnamon  hue,  and  curled  up ;  the  inner  sivface 
snfooth ;  it  is  from  a  quarter  to  half  a  line  in  thickness,  tough,  fibrous, 
not  easily  powdered,  devoid  of  smell,  with  a  mucilaginous,  bitterish, 
astringent  taate. 

The  cold  watery  infusion  becomes  green  on  the  addition  of  a  solution 
of  sesquichloride  of  iron,  and  a  precipitate  is  thrown  down  by  a 
solution  of  gelatine.  It  possesses  demulcent,  tonic,  and  astringent  pro- 
perties ;  and  taken  in  full  doses  it  accelerates  the  pulse,  acting  ulti- 
mately as  a  diaphoretic  and  diuretia  Though  known  from  an  early 
period  as  an  astringent,  it  is  little  used  at  the  present  day,  notwith- 
standing the  testimony  of  Lettaom  and  others  in  favour  of  ita  utiUty 
in  cutaneous  diseases  of  a  scaly  kind.  To  do  good  it  must  be  per- 
severed in  for  many  months,  and  the  greater  ita  action  on  the  kidneys 
the  greater  the  probability  of  ultimate  benefit  Ita  agreeable  tasta 
reconciles  many  to  the  prolonged  use  of  it,  who  would  reject  less 
pleasant  medicines.  It  is  one  of  the  best  substitutes  for  sarsaparilla. 
It  is  commonly  administered  in  the  form  of  decoction,  but  as  the  bark 
contains  much  starch,  this  is  objectionable.  An  infusion  made  with 
cold  water  is  far  preferable.  A  pint  or  more  of  this  is  to  be  taken 
daily. 

The  Llmue  fidva,  tawny-budded  or  slippery  elm  bark  of  America,  is 
a  very  valuable  demulcent,  tonic,  and  astringent,  aud  of  great  utility 
in  the  diarrhoeas  and  dysenteries  of  the  southern  parte  of  the  United 
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States.  Ab  an  emollient  thia  bark  is  of  great  servioe  as  an  external 
application  to  wounds,  bruises,  chilblains,  and  cutaneous  eruptions ; 
for  these  it  is  generally  made  into  a  poultice.  The  bark  of  this  tree 
is  probably  that  which  is  termed  cortex  unguentarUu,  which  is  in  high 
repute  with  Uie  aborigines  for  the  cure  of  wounds. 

ULTRAMARINE.  This  beautiful  blue  pigment  was  originally 
made  from  the  stone  called  lapis  lazuU;  and  as  the  process  was  a 
tedious  one,  the  price  was  enormously  high.  The  lapis  lazuli  was 
analysed  by  Clement  and  Desormes ;  and  their  analysis  led  Guimet 
to  the  conception  of  producing  artificial  ultramarine.  Other  chemists, 
including  Gmelin  and  Robiquet,  devised  other  modes  of  attaining  the 
same  end ;  and  now  artificial  ultramarine  is  a  regular  manufacture. 
The  substance  is  made  largely  in  Germany,  but  not  much  in  England. 
One  of  the  processes  consists  in  taking  equal  parts  of  silica,  sulphur, 
and  carbonate  of  soda,  grinding  them  up  into  a  bluish-green  mass, 
igniting  them  in  the  open  air,  and  applying  various  finishing  processes 
to  the  bluish  powder  which  results.  The  artificial  ultramarine  thus 
produced  is  saleable  at  so  low  a  price  as  U.  Bd»  per  lb.  It  is  very 
inudi  dlieaper  than  real  ultramarine,  and  though  inferior  to  that  as  a 
pigment,  is  more  beautiful  than  smalt;  hence  it  has  come  largely  into 
use.  The  scientific  journals  have  lately  given  a  description  of  the 
ultramarine  ^tory  of  Messrs.  Zeltner  and  Heyne  at  Ntimberg, 
the  chief  makers  of  this  pigment.  The  buildings  are  said  to  cover 
seven  acres.  The  central  building  is  a  polygon  of  24  sides ;  it  has 
12  compartments,  96  furnaces,  12  high  chimneys,  and  12  lines  of  tram- 
ways. The  polygon  is  136  feet  in  diameter.  In  various  parts  of  the 
area  are  mUls,  steam-engines,  washing  apparatus,  long  ranges  of  drjring 
rooms,  and  store  rooms  for  5000  or  6000  owts.  of  artificial  ultramarine. 
Two  hundred  persons  are  employed  in  this  single  manufacture.  The 
best  kinds  of  artificid  ultramarine,  used  only  by  artists,  pass  through 
no  less  than  eighty  separate  processes;  but  the  commoner  kinds, 
which  are  commercially  more  important,  are  coming  largely  into  use 
in  paper  staining,  sealing-wax  making,  calico  printing,  colour  printing, 
and  dyeing. 

Accordmg  to  the  experiments  of  Br.  Eisner,  ultramarine  must  con- 
tain sulphuret  of  iron  as  well  as  sulphuret  of  sodium,  and  he  has  given 
the  mean  of  several  analyses  of  artificial  ultramarine,  of  natural  lapi« 
lazuU,  and  of  an  artificial  product  by  Yarentrapp : — 

Lapis         Arttflcial, 
LazulL    from  Meissen.  Eisner. 

Potaui        •       •       •       ...  1,1  a             •• 

tBoda        •        •        .        •    .       909  Sl*47  40* 

Alumina      •        •        «        .  31*67  3330  99-5 

SiUca 45*d0  45*00  40*0 

Snlphor       ....      0-93  1*68              4*0 

Ume 8*52  0*02 

Iron 0*86  1*00              1*0 

Chlorine  •        ...      0*42 

Sulphuric  acid      .         .        .       5*89  883              8*4 

Water 012 

UMBER,    [Colouring  Matters.] 

UMBILICUS.  This  word  has  sometimes  been  applied  to  the  focus 
of  an  ellipse ;  but  in  modem  works,  it  stands  for  a  point  of  a  surface 
through  which  all  its  lines  of  curvature  pass.  At  such  a  point  the 
two  principal  curvatures  are  equal ;  but  point  of  spherical  curvatvre  is 
a  better  nuine.  ('  Difierential  Calculus,' '  Library  of  Universal  Know- 
ledge,* p.  440.) 

UMBRA.  The  Latin  word  has  been  used  to  signify  the  shadow  of 
the  earth  or  moon  in  an  eclipse  :  the  word  penvLmbra  is  still  retained 
[Eclipse]  to  signify  that  portion  of  the  heavens  which  is  partially 
shaded. 

UMBRELLA,  a  shade  carried  over  the  head  as  a  shelter  from  the 
rays  of  the  s\in,  or  from  rain  and  snow.  Although  the  name  is  appli- 
cable in  either  case,  and  perhaps  most  strictly  in  the  former,  the  term 
umhreUa  is  usually  applied  in  this  country  only  to  Such  of  these 
articles  as  are  used  as  a  protection  against  rain;  while  the  name 
parasol  is  given  to  the  light  kind  of  tunbrella  carried  by  ladies  as  a 
defence  from  the  heat  of  the  sun.  The  French  have  a  better  dis- 
tinction between  the  two  kinds  of  umbrella ;  using  the  name  para/sol 
for  those  used  to  ward  off  the  rays  of  the  sun,  and  parapluie  (from 
plfUe,  rain)  for  those  used  as  a  defence  against  inclement  weather. 
Umbrellas  were  introduced  into  Europe,  in  comparatively  recent  times, 
from  the  East,  where  they  have  been  used  for  shelter  against  the  sun 
from  time  iomiemorial.  Although  pretty  well  known  in  London  more 
than  a  century  since,  they  did  not  come  into  general  use  for  many 
years  later.  Jonas  Hanway  is  said  to  have  been  one  of  the  first  men 
who  commonly  used  an  umbrella  in  England.  At  first  they  were  kept 
in  the  halls  of  genteel  houses,  for  holding  over  persons  as  they  stepped 
to  their  carriages ;  and  even  long  after  they  began  to  be  used  by 
pedestrians,  they  were  considered  signs  of  effeminacy  if  carried  by 
males.  Increased  attention  to  comfort,  and  the  reduced  price  of 
umbrellas,  owing  to  improvement  in  their  manufacture,  have  now 
rendered  them  almost  as  essential  as  articles  of  dress,  even  to  the 
humblest  dasses. 

The  construction  of  common  umbrellas,  and  the  contrivances  by 
which  they  are  made  to  expand  or  collapse  at  pleasure,  are  too 
familiarly  known  to  need  description ;  and  it  is  imnecessary  to  do  more 
than  mention  some  of  the  ingenious  improvements  which  have  been 
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devised.  In  umbrellas  of  the  ordinary  construction  the  ends  of  tiie 
ribs  are  connected  with  the  fixed  ring  upon  the  end  of  the  stick,  and 
the  ends  of  the  metallic  rods  called  stretchers  are  attached  to  the 
sliding-tube,  by  rings  of  wire;  so  that  the  axes  upon  which  they  tuni 
when  the  umbrella  is  opened  and  closed  form  arcs  of  a  circle,  instead 
of  straight  lines,  by  which  excessive  friction  and  destructive  wear  ar« 
occasioned.  The  outer  ends  of  the  stretchers,  also,  are  connected  with 
the  ribs  by  means  of  axes  or  pins  passed  through  the  latter,  by  which 
they  are  so  weakraed  that  they  frequenUy  break.  These  defects  are 
remedied  in  some  modem  umbrellas,  by  the  adoption  of  ingenious 
though  simple  joints.  Another  new  kind  has  a  joint  for  connecting 
the  stretchers  with  the  ribs,  allowing  the  framework  to  collapse  into 
less  space  than  usual,  and  preventing  the  fretting  or  wear  of  the  cover 
at  the  ends  of  the  stretchers.  Very  light  and  compact  umbrellas  are 
made  with  ribs  of  steel  instead  of  whalebone  or  cane,  which  latter 
material,  stained  to  resemble  whalebone,  is  used  in  those  of  the  com- 
moner sort ;  and  some  of  the  best  umbrellas  and  parasols  are  made 
with  hollow  or  tubular  metallic  sticks,  which  combine  lightness  with 
strength. 

In  some  of  the  umbrellas  of  recent  invention,  the  ribs,  sticks,  strips 
and  fillets  are  made  of  vulcanised  india-rubber,  a  very  tough  yet 
elastic  material.  In  Fox*s  patent  umbreUas  the  ribs  and  stretchers  are 
made  of  thin  steel  bent  into  the  form  of  a  hollow  trough,  by  passing 
strips  of  metal  between  suitably  shaped  rollers,  and  ftnuaAling  them 
firequentiy ;  the  ribs  and  stretchers  are  thus  made  very  strong  although 
light,  and  their  ends  are  properly  shaped  between  steel  dies.  By 
Holland's  patent,  the  ribs  are  made  of  elliptical  hollow  tubes.  Mr. 
Pitton  nu^Les  telescopic  handles,  and  steel  ribs  witii  a  folding  hinge 
or  joint.  Muiy  firms  at  Birmingham  carry  on  the  muiufacture  of 
umbrella  furniture  on  a  large  scale,  employing  machines  for  every 
part  of  the  work ;  even  the  littie  hhiges  which  allow  the  handled  of 
parasols  to  be  folded  are  made  to  the  extent  of  severals  toTis  yearly. 

UMBRIAN  SCHOOL  OP  PAINTING.    [Paintinq.] 

UMPIRE.  AWARD.  The  word  umpire  is  sometimes  used  to 
denote  the  person  who  in  the  first  instance  decides  a  controversy ;  but 
in  its  legal  sense  it  means  a  person  named  in  tile  Submission,  or  xmder 
its  authority,  by  the  arbitrators  {Arbitbation]  to  decide  the  matters 
referred,  which  the  arbitrators  either  cannot  or  will  not  decide. 

The  rules  which  govern  an  arbitrator  regulate  the  conduct  of  the 
umpire  also.  If  arbitrators  agree  upon  certain  matters  referred  to 
them,  but  are  unable  to  agree  upon  others,  the  umpire  may  adopt  and 
incorporate  in  his  umpirage  the  former,  and  may  himself  decide  upon 
the  latter.  If  again  arbitrators  are  unable  to  decide  upon  matters 
concerning  which  they  have  heard  the  evidence,  they  may  report  that 
evidence  to  the  lunpire,  and  his  award  thereon  will  be  good,  provided 
that  before  it  was  delivered  neither  party  required  of  hlxn  to  hear  the 
evidence  afresh. 

UNCIA,  the  twelfth  part  of  the  As.  The  mathematicians  of  the 
I7th  century  frequently  used  this  word  to  signify  the  numerical  co- 
efficient of  an  algebraical  letter.  Thus  Halley  ('  PhiL  Trans.,'  No.  216) 
talks  of  "  that  admirable  invention  of  Mr.  Newton,  whereby  he  deter- 
mines the  Uncia,  or  numbers  prefixed  to  the  members  composing 
powers,"  meaning  to  speak  of  what  we  should  now  call  the  numerical 
coefficients,  which  enter  in  any  particular  case  of  the  binomial 
theorem. 

UNDECAGON,  a  figure  of  eleven  sides. 

UNDETERMINED  (Mathematics),  not  known,  as  distinguished 
from  indeterminate,  which  cannot  be  known.  Thus, "  What  numbers 
are  those  whose  sum  is  100  ? "  is  indeterminate :  many  numbers  will 
satisfy  the  condition,  but  the  problem  contains  no  mode  of  distinguish- 
ing the  answer  which  is  wanted,  nor  of  giving  a  preference  to  one 
answer  over  another.  But  an  undetermined  quantity  may  be  deter- 
minate, or  capable  of  being  determined.  There  is,  however,  fre- 
quentiy  a  want  of  proper  distinction  in  the  use  of  these  words. 
iIndetermixate  1 

UNDULATORY  THEORY  OF  LIGHT,  a  theory  in  which  it  is 
attempted  to  explain  the  phenomena  of  light  by  the  supposed  vibra- 
tions of  au  ethereal  medium. 

Descartes  is  considered  as  the  first  who  entSrtained  the  opinion  that 
vision  might  be  so  explained ;  but  that  philosopher  only  states  that 
light  may  be  a  certain  movement  or  action  of  the  molecules  of  air  and 
otiier  pellucid  substances.  He  supposes  that  the  effects  may  be 
instantaneously  transmitted  to  the  eye ;  and  he  compares  the  appre^ 
hension  of  external  objects  by  vision  to  that  which  a  blind  man  obtains 
when,  holding  a  staff  at  one  of  its  extremities  in  the  hand,  the  opposite 
extremity  comes  in  contact  with  an  obstacle.  ('  Dioptrices,'  cap.  1.) 
Mallebranche  appears  to  have  conceived  that  there  existed  an  analogy 
between  the  phenomena  of  sound  and  those  of  light ;  ascribing  the 
former  to  vibratory  movements  of  the  particles  of  air,  and  the 
latter  to  the  like  movements  of  the  particles  of  an  ethereal  medium 
between  the  luminous  body  and  the  eye.  But  Huygens  ('  Tractatu4 
de  Lumine ')  both  advanced  the  imdulatory  hypothesis  and  explained 
by  it  the  laws  of  reflection  and  refraction  of  light,  not  only  for  ordinary 
media,  but  also  for  Iceland  spar,  which  possesses  a  powerful  double 
refraction.  Newton,  however,  adopted  the  corpuscular  theory,  having 
been  influenced  it  would  seem  duefly  by  the  difficulty  of  accounting 
for  the  rectilinear  propagation  of  a  pencil  of  light,  and  the  existence 
of  shadows,  on  the  undulatory  hypothesis.    The  great  reputatioii  qI 
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Kewton,  the  aimplioity  with  which  the  existence  of  rays  fell  in  with 
the  corpuBcular  compared  with  the  undulatory  theoiy,  the  want  of 
anfficient  familiarity  with  the  conception  of  imdulations,  and  the 
mathematical  difficulties  inherent  in  their  investigation,  conspired  to 
retard  the  progress  of  the  undulatory  theory,  and  caused  tne  cor- 
puscular theory  to  be  that  chiefly  in  vogue  up  to  the  commencement 
of  the  present  century.  About  that  time  the  undidatory  theory  was 
revived  by  Dr.  Young,  who,  guided  by  the  analogy  of  sound,  was  led 
to  the  discovery  of  the  important  principle  of  interference  [Imtsr- 
rsRENOSI,  and  applied  it  successfully  to  the  explanation  of  the  colours 
of  thin  plates,  and  of  the  fringes  ^n  in  the  middle  of  the  shadow  of  a 
slender  opaque  body,  which  latter  were  proved  to  be  incorUestably  due  to 
interference,  since  tney  disappeared  when  the  light  which  passed,  or  was 
about  to  pass  by  one  side  of  the  opaque  body  was  intercepted  by  a 
screen,  though  the  light  which  passed  bv  the  other  side  remained  the 
same  as  before.  The  same  principle,  in  the  hands  of  Dr.  Young,  led  to 
an  explanation  far  more  complete  than  any  that  had  hitherto  been  given 
of  various  others  of  the  curious  phenomena  of  diffraction  [Diffraction 
OF  Light],  and  at  his  suggestion  Dr.  Wollaston  undertook  an  experi- 
mental investigation  of  the  laws  of  extraordinary  refraction  in  Iceland 
spar,  which  ended  in  a  complete  verification  of  the  construction  which 
Huyghens  had  given  under  the  guidanee^f  the  theory  of  undulations, 
A  construction  which  was,  further  verified  by  Halus  in  France,  by 
observations  made  in  a  totally  different  manner. 

Later  still,  Fresnel,  in  his  celebrated  memoir  on  difiraction,  reduced 
the  explanation  of  the  phenomena  of  difiraction  to  two  principles, 
Huyghens's  principle,  and  the  principle  of  interference,  which  are  neces- 
sary consequences  of  the  most  funoamental  assumptions  of  the  undu- 
latory theory,  and  proved  by  exact  measures  the  accordance  of  theory 
and  observation ;  and  Fraunhofer,  by  observations  on  pure  diffraction 
spectsa,  admitting  of  almost  astronomical  precision,  verified  the  formulse 
which  result  for  that  case  from  the  principle  of  interference.  Mean- 
while a  new  and  splendid  class  of  phenomena,  those  relating  to 
polarisation  and  the  colours  of  crystsJline  plates,  &c.,  engaged  the 
attention  of  the  most  celebrated  experimentalists ;  and  though  these 
for  a  time  seemed  difficult  of  explanation  on  any  theory,  they  fell 
naturally  into  their  places  when  the  hypothesis  of  transverse  vibrations 
[Polarisation  of  Lioht],  which  occuired  independently  to  Young 
and  Fresnel,  was  introduced  into  the  imdulatory  theoiy.  Quided  by 
this  hvpothesis,  and  by  dynamical  considerations,  Fresnel  constructed 
his  celebrated  theory  of  dotible  refraction,  which,  without  being,  or 
professing  to  be,  a  perfectly  rigorous  mechanical  theory,  is  one  of  the 
most  wonderful  scientific  generalisations  which  the  human  mind  has 
achieved ;  and  while  it  explained  the  previously  known  laws  of  double 
refraction,  and  the  polarisation  of  each  of  the  refracted  rays,  corrected 
in  some  respects  the  laws  previously  assumed  by  experimentalists,  and 
led  to  the  discoveir  of  new  and  unexpected  phenomena.  Thus  while 
in  the  progress  of  optical  science  the  corpuscukj*  theory  remained 
almost  entirely  barren  of  results,  beyond  the  exphmation  of  the  laws 
of  reflection  and  refraction  and  of  the  aberration  of  light,  and  even 
appeared  to  be  contradicted  by  certain  phenomena,  the  theory  of 
imdulations  has  continually  been  acquiring  fresh  strength,  by  bringing 
complicated  phenomena  into  harmony  with  one  another,  and  with  the 
fundamental  hypotheses  of  the  theory.  And  within  the  last  few  years 
H.  Foucault,  by  proving,  by  direct  experiment,  that  light  travels  faster 
in  air  than  in  water,  has  given  the  coup  de  grdce  to  the  cdpuscular 
theory. 

The  fundamental  assumptions  of  the  undulatory  theory  are  these : 
1.  That  idl  space  to  the  remotest  visible  star  is  filled  with  a  rare  and 
elastic  medium,  or  ether,  which  also  penetrates  the  substance  of  air,  water, 
glass,  and  bodies  in  general.  2.  Tnat  light  consists  in  a  succession  of 
tremors  or  undulations  propagated  in  this  ether.  8.  That  self-luminous 
bodies,  or  rather  their  ultimate  molecules,  are  in  a  state  of  vibratory 
agitation,  which  they  are  capable  of  communicating  to  the  ether,  in  whi(m 
thev  are  propagated  onwards  by  virtue  of  its  elasticity,  just  as  sonorous 
booxes  are  in  a  state  of  vibration,  and  communicate  their  vibrations  to 
the  surrounding  air,  by  which  they  are  propagated  onwards  in  waves 
of  sound.  4.  That  the^  ethereal  vibrations  are  capable  of  affecting 
the  nerves  of  the  rotina  so  as  to  produce  the  sensation  of  light,  in  a 
xnanner  bearing  a  mora  or  less  close  analogy  to  that  in  which  the  vibra- 
tions of  the  air  affect  the  auditory  nerves  so  as  to  produce  the  sensation 
of  sound.  5.  That,  as  in  sound,  pitch  depends  upon  the  frequency  of 
the  aerial  vibrations,  while  for  a  note  of  given  pitch  loudness  depends 
on  the  amplitude  of  the  excursions  to  and  fro  of  the  particles  of  air, 
so  in  light  co^r  depends  on  the  frequency  of  the  ethereal  vibrations, 
while  for  light  of  a  given  kind  brightness  depends  on  the  amplitude  of 
the  exciirsions  of  the  particles  of  ether.  6.  That  the  ethereal  vibra- 
tions within  refracting  media  are  afibcted  by  the  presence  of  tiie 
material  particles  in  such  a  way  as  to  be  propagated  with  less  velocity 
than  in  vacuo,  whether  it  be  from  an  increase  of  density  of  the  ether, 
or  a  diminution  of  its  elasticity,  or  from  the  ether  having  to  thread  its 
wiwr  among  the  material  particles,  or  from  some  similar  cause. 

To  a  reader  acquainted  with  the  theory  of  sound  the  conception  of 
an  undulation  ia  already  familiar;  but  for  the  sake  of  othere  it  may  be 
well  to  use  one  or  two  tllustrations.  Conceive  then  a  long  rope  to  be 
stretched  horizontally  between  a  fixed  support  at  one  end,  and  the  hand 
of  a  person  holding  it  at  the  other.  If  tiie  person  now  rapidly  move 
his  hand  lateraUy  and  back  again,  the  rope  near  the  operator  will  be 


thrown  into  the  form  of  a  curve,  and  this  curve  will  be  seen  to  IntKMC 
along  the  rope  towards  the  fixed  end.    Yet  it  is  evident  that  what  so 
travels  is  not  matter,  but  an  affection  of  matter.   The  different  portions 
of  the  rope  merely  move  lateraUy  to  and  fro :  what  progresses  is  a 
certain  state  of  things,  a  state  of  displacement  and  motion  which  tha 
different  portions  of  the  rope  assutue  in  succession.    Again,  if  a  stone  be 
dropped  into  still  water,  a  series  of  circular  waves  travel  outwards  from 
the  point  of  disturbance,  but  the  particles  of  vrater  do  not  so  progrees, 
as  may  be  seen  by  watching  the  motion  of  a  floating  cork,  but  merely 
move  a  little  backwards  and  forwards,  and  up  and  down,  osdllating 
about  a  mean  position.    Lastly,  take  the  case  of  a  gun  fired  in  air. 
Here  the  air  compressed  by  the  explosion  presses  upon  the  quiescent 
air  surrounding  it,  compressing  it  and  at  the  same  time  moving  it  a 
little  forwards ;  this  shell  of  air  acts  in  a  similar  manner  upon  the 
shell  immediately  outside  it,  and  so  on.    Thus  a  wave  of  oondensation 
(immediately  followed,  in  point  of  fact,  by  a  wave  of  rarefaction)  is 
propagated  outwards  from  the  place  of  dischai^,  while  the  partides  of 
air  themselves  merely  move  a  little  to  and  fro  in  the  direction  of  pro« 
pagation.    In  the  first  example  undulations  are  propagated  along  a  Une, 
in  the  second  along  a  surface,  in  the  third  in  space,  or  in  three  dimen- 
sions ;  and  in  this  respect  the  third  example  best  illustrates  the  undu- 
lations which  we  contemplate  in  the  theonr  of  light. 

In  all  cases  of  undulation  we  must  carenilly  d&tinguish  between  tlie 
velocity  of  propagation,  or  the  rate  at  which  a  certain  form  or  state  of 
things  is  propafi;ated,  and  the  velocity  cf  the  partides  at  the  medium  in 
which  the  undulations  take  place.    The  former  depends  only  on  the 
density  and  elasticity  of  the  medium.    Density  we  must  conceive  to 
be  measured  by  the  inertia  of  the  portion  of  the  medium  contained  in 
a  given  volume,  and  therefore  we  must  attribute  inertia  to  our  sup- 
posed ether ;  but  whether  it  possesses  toeightj  whether  it  is  subject  to 
the  infiuence  of  gravitation,  is  a  question  which  we  need  not  speculate 
about.     By  elasticity  is  merely  meant  the  foree  whereby  the  medium 
tends  to  regain  its  primitive  state,  whether  by  resLstuig  change  ef 
volume,  as  in  the  case  of  air,  or  change  of  figure,  as  in  the  case  of  india- 
rubber.    We  know  that  the  velocity  of  propagation  of  sound  in  air  is 
about  1100  feet  per  second,  that  of  nght  in  vacuo  about  192,000  miles 
per  second.    The  velocity  of  the  particles  mav,  however,  be  as  small  aa 
we  please ;  and  in  Uie  theories  of  sound  and  light  (with  the  exception, 
at  least,  of  the  explanation  of  certain  phenomena  relating  to  very  vio- 
lent sounds),  it  is  sufficient  to  treat  the  motions  of  the  particles  as 
indefinitely  small,  so  that  we  may  apply  the  general  dynamical  prin- 
ciple of  the  superposition  of  smadl  motions.     In  other  words,  if  the 
medium  (air  or  ether)  would  be  disturbed  in  one  way  by  one  cause 
acting  alone,  and  in  another  way  by  another,  the  actual  disturbance  at 
any  point  when  the  two  causes  act  together  will  be  got  by  compound- 
ing the  disturbances  (expressed  by  displacements  or  velocities,  as  the 
case  may  be)  due  to  the  two  causes  taken  separately.    The  actual 
direction  of  motion  of  the  particles  of  the  medium  may  be  left  a  per- 
fectly open  question  so  far  as  relates  to  the  conception  of  an  undula- 
tion and  the  explanation  of  phenomena  thereby,  and  by  the  application 
of  the  principle  of  the  oo-existence  of  small  motions.    Thus,  in  the 
example  of  the  rope,  the  motion  is  rectilinear,  and  perpendicular  to  the 
direction  of  propagation ;  and  if  the  operator,  instead  of  moving  his 
hand  backwards  and  forwards  moved  it  round  and  round,  the  path  of 
any  particle  would  be  a  curve  lying  in  a  plane  perpendicular  to  the 
direction  of  propagation.    In  the  example  of  waves  on  water,  each  par- 
ticle moves  in  a  curve  lying  in  a  vertical  plane  passing  through  the 
direction  of  propagation ;  while  in  the  third  example  the  motion  in 
simply  to  and  fro  in  the  direction  of  propagation. 

A  single  pulsation  of  air  is  audible  as  a  tioise,  though  it  does  not 
convey  Uie  idea  of  pitch ;  but  even  in  the  most  transitory  light,  such 
as  that  of  the  electric  spark,  the  phenomena  of  dlBpersion  and  inter- 
ference indicate  that  we  have  to  deal  with  a  succession  of  a  great  num- 
ber of  similar  undulations.    Returning,  for  simplicity  of  conception,  to 
the  illustration  of  the  rope,  let  us  therefore  suppose  that  the  operator 
moves  his  hand  backwards  and  forwards  in  a  regular  periodic  manner. 
The  rope  will  be  thrown  into  the  form  of  a  sinuous  curve,  which  travels 
along  it.    The  distance  from  any  particle  to  the  next  before  or  behind 
whidi  is  in  the  same  state  of  motion,  is  called  the  length  of  a  wave.    It 
is  evident  that  a  single  wave-length  comprises  two  bow-shaped  portions 
of  the  curve,  the  displacements  in  which  are  on  opposite  sides  of  the 
mean  position,  and  which  may  be  distinguished  as  positive  and  n<^tiv6; 
and  also  that  any  two  points  distant  by  half  a  wave's  length  are  in 
exactly  opposite  states  of  displacement  and  motion,  at  least  if  we  sup- 
pose the  positive  and  negative  portions  of  the  curve  exactly  alike.    If 
we  reflect  on  the  motion  of  any  particular  particle,  we  shall  readily  see 
that  it  goes  through  its  changes  once  while  the  wave-form  progresses 
hj  one  wave's  length.     Hence,  if  «  be  the  velocity  of  propagation,  X 
the  length  of  a  wave,  and  r  the  periodic  time  of  vibration  of  a  single 
particle,  we  have  the  fundamental  relation  A  =  v  r,  which  implies  to 
imdulations  in  general,  since  what  was  said  in  the  case  of  the  rope  holds 
good  generally.    In  the  case  of  light,  the  absence  of  prismatic  coloura 
when  a  star  is  displaced  by  aberration  from  its  mean  position,  the 
absence  of  changes  of  colour  when  one  of  Jupiter's  satellites  enters  or 
emerges  from  his  shadow,  and  the  existence  of  periodic  stare,  such  as 
Algol,  which  rapidly  change  in  brightness  without  changing  in  colour, 
indicate  that  the  velocity  of  propagation  of  light  in  vacuo  is  the  same 
for  all  colours.    The  phenomena  of  interference  furnish  us  with  means 
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of  meMOiiiig  the  length  of  a  wave  of  lights  which  is  found  to  vary  from 
about  266  to  167  ten-milUonthB  of  an  inch,  in  paasing  from  the  extreme 
red  to  the  extreme  tlolet.  We  infer,  therefore,  from  the  known 
irelodty  of  propagation,  that  from  about  458  to  727  millions  of  milUona 
of  vibrationa  murt  take  place  in  one  second. 

The  locus  of  the  particles,  which  at  a  given  instant  are  in  the  same 
state  or  phaie  of  their  motion,  is  called  the  front  of  a  wave.  When 
light  diverges  in  the  first  instance  in  vacuum,  or  any  singly  refracting 
medium,  from  an  element  of  a  self-luminous  body,  the  front  of  a  wave 
is  of  course  spherical^  or,  at  a  sufficient  distance  from  the  body,  when 
we  have  to  consider  a  small  portion  only  of  the  front,  sensibly  plane, 
but  after  reflection  or  refraction  it  may  be  of  any  other  form. 

We  now  come  to  a  principle  of  constant  application  in  the  theory  of 
undulations,  which  is  called  Huygens's  principle.  It  may  be  thus 
stated : — The  front  of  a  wave  of  l^ht,  either  at  a  given  instant,  or  as 
the  parte  of  it  arrive  in  succession  at  a  given  sur&Mse,  may  be  divided 
into  elaments,  of  which  each  is  conceived  to  be  the  centre  of  an  ele- 
mentary disturbance  which  spreads  in  all  directions  with  the  velocity 
appropriate  to  the  medium  in  which  it  is  propagated.  The  disturbance 
in  front  of  the  primary  wave  may  be  regarded  as  the  aggregate  of  the 
elementaiy  disturbances  due  to  these  secondary  waves ;  and  as  these 
■re  insensible  when  taken  separately,  the  aggregate  disturbance  will 
not  be  sensible  except  in  the  immediate  neighbourhood  of  the  enve- 
lope, or  surfMe  of  ultimate  intersection,  of  the  secondary  waves.  If 
we  confine  our  attention  to  a  small  portion  of  the  primary  wave,  we 
shall  have  a  oorresponding  small  portion  of  the  envelope,  or  general 
wave,  in  its  advanced  position,  in  the  neighbourhood  of  which  alone 
the  disturboaoe  due  to  the  small  element  of  the  first  wave  is  sensible. 
Hence  the  course  of  a  roy  from  any  point  of  the  first  wave  is  the  line 
along  which  the  point  of  ultimate  intersection  of  the  secondary  waves 
which  start  from  the  neighbourhood  of  that  point  of  the  first  wave  is 
dii^»laoed.  TMs  is  evidently  the  straight  line  joining  the  point  last 
mentioned  with  the  point  of  ultimate  mtersection  at  a  given  instant ; 
or,  again,  the  straight  line  joining  the  point  in  question  of  the  first 
wave  witii  the  point  in  which  the  secondary  wave  thence  diverging  is 
touched  by  the  general  envelope. 

The  legitimacy  of  thus  conceiving  a  wave  to  be  broken  up  is  a  direct 
consequence  of  the  general  dynaimoal  principle  of  the  coexistence  of 
small  motions.  The  secondaiy  waves  will  have  an  envelope  behind  as 
well  as  in  front  of  the  primary  wave ;  yet  we  must  not  infer  that  the 
latter  is  propagated  backwards  as  well  as  forwards.  The  explanation 
of  the  noq-propagation  in  a  backward  direction,  notwithstanding  the 
legitimacy  of  thus  supposing  a  wave  broken  up,  belongs  to  the  dyna- 
mical theory  of  diffi-aotson,  and  is  much  too  difficult  a  subject  to  be 
entered  upon  here.  (See  a  paper  in  the  'CSambridge  Philosophical 
Transaetions,'  vol.  ix.)  p.  1.) 

The  complete  explanation  of  the  existence  of  rays  requires  this 
principle  to  be  combined  with  the  principle  of  interference,  but  for 
the  present  we  shall  confine  ourselves  to  its  application  to  the  demons 
stratlon,  aooording  to  the  undulatory  theory,  of  the  laws  of  reflection 
and  refhwtion.  We  may  notice,  however,  in  the  mean  time  some 
features  of  the  propagation  of  light  in  a  unilonn  medium. 

ConoMve,  then,  a  surface  of  any  form  to  be  at  a  given  instant  the 
front  of  a  wave  propagated  in  a  umform  medium,  and  first  suppose  the 
velocity  of  propagation  the  same  in  all  directions.  If  we  conceive 
the  wave  broken  up  as  above  explained,  the  secondary  waves,  which 
will  be  all  of  the  same  magnitude,  will  by  our  supposition  be  spherical; 
and  by  Ytry  simple  geometry  we  arrive  at  the  following  construction 
for  determining  the  form  of  the  wave  in  its  onward  course.  At  all 
points  of  the  front  of  the  wave  at  the  time  t  draw  normals,  at  the  side 
towards  which  the  wave  is  travelling,  equal  in  length  tovt';  the  locus 
of  the  extremities  of  these  normals  will  be  the  front  of  the  wave  at  the 
time  t  +  lf,  and  the  normals  themselves  will  be  the  courses  of  the  rays. 
We  learn  also  that  it  is  not  any  arbitrarily  chosen  system  of  straight 
lines,  the  equations  of  which  oontain  two  arbitrary  parameters,  l£at 
can  represMit  a  possible  system  of  rays ;  the  lines  must  admit  of  being 
cut  orthogonally  by  a  system  of  sur&ces.  This  geometrical  property, 
BO  readily  suggested  by  the  theorv  of  undulations,  may  of  course  be 
demonstrated  as  a  consequence  of  the  geometrical  laws  of  reflection 
and  refraction  independently  of  soy  theory,  the  system  being  supposed 
to  consiBt  of  rays  which,  having  originally  emanated  from  a  point,  have 
undeigone  any  number  of  reflections  and  refractions.  If  the  medium 
in  wMch  the  wave  ia  propagated  be  uniform,  but  dififerontiy  consti- 
tuted in  different  directions,  as  in  the  case  of  Iceland  spar,  for  example, 
the  velocity  of  propagation  will  vsiy  with  the  diroction,  the  secondaiy 
waves  will  no  longer  be  spherical,  and  the  course  of  a  ray,  while  still 
rectilinear,  will  no  longer  be  peipendicular  to  the  front  of  the  wave. 

We  come  now  to  the  explanation  of  ordinary  reflection  and  refraction 
on  the  undulatory  theory,  according  to  the  principles  laid  down  by 
Huygens.  We  shall  in  the  first  instance,  for  the  sake  of  simplicity, 
suppose  the  reflecting  sur&oe  to  be  plane,  and  the  incident  waves  to  be 
plane  likewise.  Let  the  plane  of  the  paper  be  the  plane  of  incidence, 
and  therefore  perpendicular  at  the  same  time  to  the  reflecting  surface 
and  to  the  planes  of  the  waves.  Let  it  cut  the  reflecting  suri£ce  along 
A  B ;  uid  let  M  N,  P  Q,  B  s,  lying  in  the  plane  of  the  paper,  be  three 
normals  to  the  incident  waves,  representing  thereforo  the  courses  of 
incident  rays.  If  there  were  no  obstacle,  the  wave  at  one  instant  at  K 
would,  after  the  lapse  of  time  required  to  describe  the  perpendicular 


distance  of   ta  plane  from  a,  come  into  the  position  represented  in 
section  by  8g»,  perpendicular  to  bs,  pqg,  and  Mwn.    In  order  to 


examine  the  effect  of  the  interruption,  imagine  each  portion  of  the 
wave  as  it  arrives  at  n  s  to  become  a  centre  of  disturbance,  from 
whence  diveige  hemispherical  waves  into  the  two  media  respectively, 
with  the  velodty  appropriate  to  each.  Consider  for  the  present  the 
first  medium  only.  The  times  which  have  elapsed  since  the  wave,  now 
supposed  to  be  at  s,  was  at  the  points  ir,  q,  -  -  -,  are  those  required  to 
describe  n  n,  q  9,  -  -  -,  and  therefore*  the  radii  H  »',  q  o',  -  -  -,  of  the  hemi- 


?>herioal  waves  which  divei'ged  from  N,  Q  -  -  -,  are  equal  to  v  n,  q  9 
hrough  •  draw  a  plane  perpendicular  to  the  plane  of  the  paper,  toueh- 
in^  in  n'  the  hemisphere  whose  centre  is  at  h.  It  is  evident  that  the 
point  nf  will  lie  in  the  plane  of  the  paper,  and  that  the  plane  •  %'  will 
touch  all  the  secondary  waves,  and  therefore  will  be  the  front  of  the 
reflected  wave.  Moreover  if  n',  which  is  perpendicular  to  this  plane,  will 
represent  the  reflected  ray  oorresponding  to  the  incident  ray  of  m  v. 
Hence  the  reflected  ray  lies  in  the  pUme  of  incidmice ;  and  on  account 
of  the  equality  of  the  triangles  bnh,  SNn',  the  ao^es  bna,  nv%', 
which  are  the  complements  of  the  angles  of  incidence  and  reflection, 
are  equal,  and  therefore  the  angles  of  incidence  and  reflection  an 
themselves  equaL 

Consider  now  the  second  medium.    Everything  will  be  the  same  as 
before,   except  that  the  radii  ha',  qq%  of   the   secondary   waves 


diverging  from  n,  q,  instead  of  being  equal,  will  only  he  propwOonai, 
to  Nil,  q  9,  bearing  to  them  the  ratio  of  v'  to  v,  where  v  is  the  velo- 
city of  propsgation  in  the  second  medium.  The  semiciroles  in  which 
the  hemispheres  diverging  from  the  various  points  of  v  s  are  out  by 
the  plane  of  the  paper  wiU  form  a  system  of  curves  for  which  s  is  a 
centire  of  similitude ;  and  it  will  be  readily  seen  that  if  throu&h  s  bo 
drawn  a  plane  perpendicular  to  the  plane  of  the  paper,  and  touching  in 
n'  the  hemisphere  diverging  from  N,  it  wiU  be  the  envelope  of  the 
secondary  waves  in  the  second  medium,  the  point  n'  will  lie  in  the 
plane  of  the  paper,  and  n  n'  will  be  the  course  of  the  ray  refracted  at  K« 
which  win  therefore  lie  in  the  plane  of  incidence.  Also  the  angles 
N  s  «,  N  8  »',  which  are  the  complements  of  the  angles  s  N  n,  s  N  w^  are 
equal  to  the  angles  of  incidence  and  refraction  respectively,  and  sine 
of  incidence  :  sine  of  refraction  : :  Nn-^N  s  :  n»'-^-N8  : :  vn  :  k  n' : :  v  :«', 
a  ratio  which  la  constant,  that  is, independent  of  the  an£^  of  incidence; 
which  gives  the  law  of  refraction. 

These  laws  may  be  easily  extended  to  the  general  case  in  which  the 
incident  waves  and  the  reflecting  or  refracting  surface  are  of  any  form. 
For  let  P  q  in  either  of  the  above  flgures  represent  a  ray  incident  at  q, 
and  therefore  normal  to  the  incident  wave,  and  through  q  imagine  two 
tangent  planes  drawn,  one  to  the  incident  wave,  and  the  other  to  the 
reflecting  or  refracting  surface.  Confining  our  attention  to  the  secondary 
waves  which  start  in  either  medium  from  the  immediate  neighbourhood 
of  the  point  q,  if  we  suppose  them  to  start  when  a  wave  coinciding 
with  the  tangent  plane  to  the  wave,  instead  of  the  actual  wave  itstal^ 
arrives  at  the  surface,  and  again,  if  we  replace  the  actual  surface  by  the 
tangent  plane  to  it  drawn  through  q,  we  shall  only  commit  an  error  <m 
the  position  of  the  centre  and  magnitude  of  the  radius  of  a  secondary 
wave  which  is  a  small  quantity  of  the  second  order,  the  distance  of  itf 
centre  from  the  point  q  being  deemed  a  small  quantity  of  the  first 
order.  Hence  the  line  of  intersection  of  any  two  such  seoondarv  waves 
will  only  be  rendered  erroneous  by  a  small  quantity  of  the  first  order, 
which  vanishes  in  the  Umit,  and  therefore  the  point  of  ultimate  inter- 
section of  the  secondary  waves  will  not  be  affected.  Hence  the  laws  of 
reflection  and  refraction  will  remain  the  same  as  before,  the  normal  to 
the  surface  at  the  point  of  incidence  taking  the  place  of  the  perpen- 
dicular to  the  plane. 
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ThJB  mode  of  conoeiTing  of  reflection  and  refraction  shows  at  once 
that  if  the  point  of  incidenoe  be  slightly  Taried,  and  a  ray  starting  from 
a  point  in  the  incident,  and  reaching  a  point  in  the  reflected  or  refracted 
ray,  be  supposed  to  follow  the  varied  instead  of  the  actual  course,  tra- 
▼elling  in  each  medium  with  the  Telodtr  appropriate  to  it,  the  time  of 
transit  will  be  ultimately  unchanged.  This  law  may  be  readily  extended 
to  any  number  of  reflections  and  refractions.  In  a  great  many  cases 
the  time  of  passage  is  less  along  the  actual  than  along  the  Taried  course, 
in  which  case  the  proposition  becomes  equivalent  to  Format's  law  of 
swiftest  propagation.  The  time  may,  however,  be  a  maximum  in 
place  of  a  minimum,  or  neither  a  maximum  nor  a  minimum.  Thus,  if 
a  ray  emanate  from  a  point  a,  and  after  reflection  at  the  point  p  reach 
the  point  B,  the  plane  a  p  b  will  be  perpendicular  to  the  tangent  plane  at 
p,  to  which  A  p,  B  p,  will  be  equally  inclined ;  and  if  a,  B,  be  made  the 
foci  of  a  prolate  spheroid  of  revolution,  the  magnitude  of  which  is 
increased  unUl  it  passes  through  the  point  p,  it  will  there  touch  the 
reflecting  surface.  If  now  this  surfiice  touch  the  spheroid  externally 
at  the  point  p,  the  sum  a  p  +  P  B  will  be  a  minimum  when  the  point 
of  incidenoe  is  slightly  varied  along  the  reflecting  surface ;  but  if  it 
touch  the  spheroid  internally,  the  sum  will  be  a  maximum ;  and  if  it 
both  touch  and  cut  the  spheroid,  so  as  to  be  external  to  it  in  some 
dii^Bctions  from  p  and  internal  in  others,  the  sum  will  be  neither  a 
wa'Timiitn  Qor  a  minimum. 

When  concentric  waves  fall  on  the  surface  of  a  concave  mirror,  the 
points  on  the  latter  which  are  successively  reached  b^  the  waves 
become  the  centres  of  spherical  reflected  waves,  the  directions  of  whose 
motions  tend  towards  the  axis  of  the  mirror;  and  the  surfaces  which 
touch  all  the  secondary  waves  of  like  phase  become  those  of  as  many 
seneral  reflected  waves  of  spherical  or  approximately  spherical  forms, 
having  their  convexities  towards  the  mirror.  These  geneoral  waves  go  on 
contracting  till  they  pass  successively  through  some  pouit  in  the  axis,  the 
form  of  the  mirror  being  such  as  to  permit  the  directions  of  the  motions 
of  the  reflected  waves  to  concur  in  a  point ;  from  this  point,  which  is  the 
focus  of  the  mirror,  they  afterwards  diverge  as  from  a  radiant  point. 
It  is  easv  to  conceive  that  the  general  front  of  a  wave  formed  by  a  sur- 
face which  touches  the  secondary  waves  of  like  phase  refracted 
in  a  transparent  mediimi  (at  a  convex  surface,  for  example)  may  be 
spherical,  and  have  its  convexity  towards  the  refracting  suniace. 
These  waves  will  go  on  contracting,  and  pass  successively  through 
some  point  in  the  axis,  provided  the  form  of  the  surface  of  l£e 
medium  be  such  as  to  permit  the  directions  to  concur  in  one  point. 
This  point  is  the  focus,  and  from  it,  as  from  a  radiant  point,  the  con- 
oentnc  waves  afterwards  diverge. 

In  order  that  the  relation  between  the  sines  of  incidence  and  refrac- 
tion may  be  conformable  to  the  results  of  experiment,  it  is  neceasary 
to  assume  that  the  velocity  of  the  waves  is  diminished  when  they  enter 
a  medium  more  dense  than  that  in  which  they  previously  moved ;  and 
in  this  circumstance  the  undulatory  theory  is  opposed  to  the  theory  of 
emission;  for  in  the  latter  the  velocity  of  light  is  supposed  to  be 
increased  when  it  passes  from  any  medium  into  one  more  dense.  This 
led  Arago  to  an  apparently  crucial  experiment,  to  decide  between  the 
two  theories.  If  a  thin  plate  of  mica  be  interposed  in  the  path  of  one 
of  two  streams  of  light  proceeding  to  interfere,  the  effect^  according  to 
the  theory  of  emissions,  will  be  to  accelerate,  according  to  that  of 
undulations  to  retard,  the  stream  passing  through  it.  The  direction 
in  which  the  fringes  are  shifted,  shows  tlukt  the  effect  of  the  plate  is 
the  same  as  that  of  increating  the  length  of  path  of  the  stream  passing 
through  it,  in  accordance  wiUi  the  theory  of  undulations,  and  in  direct 
contradiction,  as  it  would  appear,  to  the  theory  of  emissions.  However, 
as  the  decision  is  only  arrived  at  by  referring  to  another  optical  effect, 
denending  for  its  explanation  on  the  view  we  ti^e  of  the  nature  of 
Uffit,  it  is  satisfactory  to  be  able  to  refer  to  Foucault's  celebrated 
experiment,  mentioned  at  the  commencement  of  this  article,  in  which 
the  same  result  is  obtained  by  direct  experiment  (See  '  Annales  de 
Chimie/  tom.  41,  1854,  p.  129.) 

SVom  the  demonstration  of  the  law  of  refraction  according  to  the 
undulatory  theory,  it  follows  that  if  ft  be  the  refractive  index  of  a  sub- 
stance, V :  v' : :  ft :  1.  Now,  for  a  given  substance  m  depends  upon  the 
kind  of  light,  increasing,  though  by  no  great  fraction  of  the  whole,  in 
passing  from  the  red  to  Uie  violet.  According  to  one  of  our  funda- 
mental suppositions,  colour  depends  on  the  periodic  time  of  the  vibra- 
tions, and  therefore  we  are  obliged  to  suppose  that  one  at  least  of  tiie 
two  velodtiee  of  propagation  r,  v',  changes  with  the  periodic  time. 
This  has  to  some  appeared  a  formidable  difficulty,  inasmuch  as  theory 
and  experiment  combine  in  showing  that  musical  notes  of  all  degrees 
of  pitdi  are  propagated,  in  air  with  the  same  velocity,  and  calculation 
shows  that  this  independence  of  velocity  of  propagation  and  periodic 
time  must  hold  good  in  any  homogeneous  elastic  medium  in  which 
undulations  are  propagated  by  virtue  of  the  pressures  or  tensions  called 
into  play  by  the  relative  displacements  within  an  indefinitely  small 
element  of  the  medium  surrounding  the  point  at  which  the  pressiue  is 
e«t"»**«d.  To  us  the  objection,  even  prior  to  the  consideration  of  the 
mode  in  wluch  the  result  may  be  accounted  for,  does  not  appear  to  be 
at  all  of  this  formidable  character ;  for  all  the  phenomena  which  bear 
on  the  subject  conspire,  aa  we  have  seen,  to  show  that  the  velocity  of 
propagation  v  in  vacuo  is  the  same  for  all  colours,  and  therefore  it  is 
to  a  variation  in  tf  that  we  are  to  look  to  account  for  .the  observed 
variation  of  fi.    Now,  according  to  our  supposition,  light  is  propagated 


within  water,  glass,  &c.,  by  the  vibration  of  the  ether  within  Um 
But  the  motion  of  one  of  two  mutually  interpenetratmg  media  is  so 
utterly  different  frt>m  anything  we  have  to  deal  with  in  the  theory  €«f 
sound  that  we  cannot  reason  from  the  one  case  to  the  other.^ 

But  further,  a  plausible  mode  of  accounting  for  diapersaon   on  th« 
undulatory  theory  has  been  suggested,  which  not  only  removee  the 
objection  arising  from  the  existence  of  a  phenomenon  viiich  to  some 
might  appear  inexplicable,  but  has  led  to  the  discovery  of  the  approxi- 
mate law  of  dispersion.    Fresnel,  in  his  memoir  on  double  refractioB, 
refers  to  a  note,  to  appear  at  the  end  of  the  memoir,  in  which  he  ex- 
plains dispersion  by  supposing  that  the  forces  by  which  the  ethereal 
particles  act  on  one  another  are  sensible  to  a  distance  whidi  is  not  infi- 
nitely small  compared  with  the  length  of  a  wave.    This  appears  to  be 
by  no  means  a  violent  supposition  to  make,  when  we  oooaider  the 
extreme  smallness  of  A.    The  note  appears  to  have  been  lost,  at  leaet 
it  doe4i  not  accompany  the  memoir,  but  the  subject  was  taken  up  by 
Cauchy,  who  has  thus  been  led  to  express  the  square  of  the  refractrre 
index  by  a  series  according  to  inverse  even  powers  of  \,  the  irave- 
length  in  vacua    Restricting  ourselves  to  the  most  unpootant  term, 
we  thus  get,  by  ordinary  algabraic  expansion,  /i  =  a  -H  B  X~',  ▲  and  b 
being  constants  depending  on  the  nature  of  the  medium,  according  to 
which  expression  A  ft  ought  to  vary  as  A  \~'.   And  that  this  expresaian 
is  no  mere  formula  of  interx>olation,  but  contains  a  law  of  natare,  any 
one  may  readily  convince  himself  by  taking  Fraunhofer's  xndioea  fur 
some  kind  of  glass,  and  the  wave-lengths  of  tiie  fixed  linea  o,o,b,f,g,h, 
as  determined  by  him  by  a  diamond-ruled  grating,  and  subtracting  the 
logarithms  of  AX~'  from  those  of  Aft,  A  denoting  the  increments 
belonging  to  intervals  such  as  otoD,  DtoB,  ctos,  Ac,  and  then 
comparing  the  results  with  those  obtained  from  a  formula  of  interpola- 
tion taken  at  random,  such  as  /i  =  A  +  bX"*,  or  /I  =  a  -h  BX~',  nmiJarly 
treated.    The  constancy  of  the  differences  of  the  logarithms  in  all  the 
lees  refrangible  part  of  the  spectrum  when  the  formula  resulting  from 
Cauchv's  tiieory  is  used,  cannot  leave  a  moment's  hesitation  that  the 
formuuh  expresses  a  natural  law.    But  if,  accepting  the  formula  as  a 
true  first  approximation,  we  endeavour  to  ascend  from  it  to  the  physical 
circumstances  giving  rise  to  it,  we  see  that  it  merely  indicates  the 
existence,  in  the  partial  differential  equation  of  motion,  of  a  difierential 
coefficient  of  the  fourth  order,  without  even  completely  specifying  the 
variable  or  variables  with  respect  to  which  the  differentiation  is  taken. 
A  result  of  such  generality  might  well  be  obtained  from  a  variety  of 
physical  hypotheses,  so  that  we  must  not  lay  undue  stress  on  tiie 
experimental  verification  of  Gauohy*s  law  in  considering  the  evidence 
in  favour  of  the  physical  theory  from  which  he  deduced  it.    Indeed, 
the  fact,  as  it  appears  to  be,  of  the  absence  of  a  chromatic  variation  of 
the  velocity  of  propagation  in  vacuo,  would  seem  to  indicate  that  the 
molecules  of  ponderable  matter  play  a  very  direct  part  in  the  phe- 
nomenon of  dispersion. 

Hitherto  we  have  confined  ourselves  to  the  laws  of  reflection  and 
refraction,  which  were  in  fact  demonstrated  by  Huygens  long  before 
the  principle  of  interference  was  known.  Our  subject  naturally  leads 
us,  m  the  next  place,  to  interference,  to  which  a  special  article  has 
already  been  devoted.  [IirrBRFKRBKCB.]  In  that  article  the  subject 
has  been  generally  explained,  and  two  fundamental  experiments,  due 
to  Fresnel,  have  been  mentioned,  which  show  that  int^erence  is  an 
essential  property  of  li^t.  We  shall  here,  therefore,  proceed  to  the 
foimula  which  gives  the  intensity  of  the  light  resulting  from  the 
mixture  of  two  interfering  streams. 

It  will  be  necessary,  in  the  first  place,  to  express  analytically  the 
disturbance  in  a  single  stream  of  light.  We  diall  suppose,  for  the 
sake  of  simplicity,  that  the  waves  are  plane,  and  that  the  maximum 
accession  of  the  particles  of  ether  is  the  same  at  one  point  of  space  as 
another.  This  will  be  sufficient  in  any  case,  provided  we  confine  our 
attention  to  a  small  portion  only  of  the  fronts  of  the  waves,  and  to 
variations  of  distance  in  a  direction  perpendicular  to  the  front,  such 
that  the  change  of  intensity  due  to  convergence  or  divergence  need  nol 
be  taken  into  account.  Let  the  ether  be  referred  to  the  rectangular 
axes  of  x,y,z,x  being  measured  in  the  direction  of  propagation ;  let  i 
be  the  time,  and  v  the  velocity  of  propagation.  Since  the  waves  are 
supposed  plane,  the  disturbsnce  will  be  independent  of  y  and  s,  and 
therefore  will  depend  only  on  x  and  t.  Moreover,  aoooi^iing  to  the 
fundamental  notion  of  an  undulation,  whatever  disturbance  exists  at 
the  time  t  at  the  distance  x  from  the  origin  will,  after  the  lapse  of  the 
time  8<,  be  found  at  a  phme  further  in  advance  by  9x,  9n  being  con- 
nected with  8  t  by  the  relation  9x  =  v8f.  Hence  the  disturbance 
remains  the  same,  provided  the  difference  between  vt  and  x  remains 
unchanged,  and  therefore  for  one  value  otvt  —  x  the  disturbance  will 
have  one  value,  for  another  value  another,  and  so  on.  In  other  words, 
the  disturbance  will  be  some  function  y^  {vt^  x)  oivt  —  x,  tiie  direc- 
tion of  the  motion  of  the  particles  being  left  a  perfectiy  open  question. 
The  character  of  the  undulations  will  depend  on  the  form  of  the  func- 
tion ^.  Now  we  have  seen  reason  to  believe  that  in  light  we  always 
have  to  deal  with  a  succession  of  a  great  number  of  similar  periodic 
disturbances,  and,  further,  that  the  colour  depends  upon  the  periodic 
time.  But  in  all  optical  phenomena  the  effects  of  lights  of  different 
colours  are  simply  superposed,  and  therefore  as  regards  the  form  of  ^ 
we  are  justified  in  restricting  ourselves  to  the  oonsideration  of  a  single 
regularly  periodic  function.  Among  such  functions  there  is  one  which 
cldms  our  special  attention,  namely,  that  which  is  expressed  by  a  sine 
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or   cosine,  or  a  mixture  of  the  two,  that  U,  0  an  mro  +  &  co9  mw, 
^^o  being  written  f or  t;  I  —  x),  which  again  may  be  put  under  the  form 
ci  sin  (fit  w  +  a).    For  in  the  first  place,  any  dynamical  system  in  a 
position  of  stable  equilibrium,  and  therefore  capable,  on  being  dis- 
turbed, of  performing  small  vibrations,  has  for  its  most  general  small 
motion  a  motion  compounded  of  a  finite  or  infinite  number  of  motions, 
expressed,  so  far  as  the  time  is  concerned,  by  a  sine  or  cosine.    If, 
tberefore,  we  suppose  the  vibration  of  the  molecules  of  the  self- 
Inminous  body  in  the  first  instance  to  have  been  of  this  character,  the 
same  "would  have  been  impressed  on  the  ether  to  which  these  vibra- 
tions "were  communicated.     In  the  second  place,  by  a  known  theorem 
any  periodic  function  of  w,  going  through  its  period  when  w  is  altered 
by  2  <>■  m*~',  may  be  expressed  by  an  infinite  series  of  the  form  a^  + 
A^  cos  mx+A^cos2mx  +  —  +  B,^  sin  mo;  +  B^sin  2mx  +  -•-,  where 
the  first  term  vanishes  if  the  mean  value  of  the  function  be  zero.    By 
virtue  of  this  theorem,  and  of  the  principle  of  the  superposition  of 
small  motions,  we  should  have  a  right  to  resolve  the  fimction  ^,  sup- 
posing it  merely  to  be  periodic,  into  such  a  series  of  circular  functions, 
and  consider  separately  the  disturbance  due  to  each.    Whether  this  be 
a  jtuiidoiu  as  well  as  a  UgitimaU  course  to  pursue,  depends  partly  on 
whether  any  such  resolution  takes  place  'phytically,  or  whether,  on  the 
other  hand,  there  are  physical  phenomena  which  we  can  refer  to  the 
form,  of  the  periodic  function  expressing  the  disturbance.    In  sound 
we  have  a  sensible  phenomenon,  quaUty,  which  is  referable  to  the  form 
of  the  function  expressing  the  disturbsuioe,  while  vibrations  of  different 
periodsarenot,  under  ordmaiy  circumstances,  physically  separated.  But 
in  light  we  have  nothing  answering  to  quality,  and  disturbances  of 
different  periods  are  physically  separated,  as  in  the  phenomena  of  inter- 
ference and  difi&action  as  well  as  in  dispersion.    That  disturbances 
expressed  by  a  sine  or  cosine,  rather  than  by  some  other  periodic  func- 
tion, should  be  those  which  are  propagated  within  a  refracting  medium 
with  a  unique  velocity,  and  should  not  consequently  be  separated  by 
prismatic  refraction,  follows  from  the  general  laws  regulating   the 
small  motions  of  a  system  slightly  disturbed  from  a  position  of  stable 
equilibrium.    We  are  led,  therefore,  by  the  phenomena  with  which 
we  have  to  deal,  to  en>re8s  the  function  ^  by  means  of  a  simple  sine 
or  cosine.    If  k  be  the  length  of  a  wave,  m  x  must  change  by  2  «-  when 
X  changes  by  A,  so  that  m  —  2w\—K    Hence  we  may  take  as  the 
standard  expression  for  the  disturbance — 


asm 


in|Y('^-^)+'^   f 


Suppose,  now,  that  the  ether  at  the  same  part  of  space  is  simulta- 
neou^y  agitated  by  a  second  series  of  undulations,  which  came 
originally  from  the  same  source.  Suppose  the  directions  of  propaga* 
tion  to  be  so  nearly  the  same  that  in  considering,  aa  above,  a  small 
portion  only  of  the  ether,  we  may  treat  them  as  the  same,  or  the  wave- 
fronts  as  parallel  in  the  two  series;  and  suppose  the  directions  of 
vibration  to  be  likewise  the  same  in  the  two  series,  except  as  to  a  small 
angle  depending  upon  and  comparable  with  the  small  angle  between 
the  directions  of  propagation.  Suppose,  however,  that  the  amplitude 
of  excursion  of  the  putioles  is  different  in  the  second  series  from  what 
it  is  in  the  first,  and  further,  that  from  having  had  to  describe  a  longer 
or  shorter  path,  or  from  any  other  cause,  the  undulations  in  the  second 
aeries  are  ahead  of  or  behind  those  in  the  first  Then  we  may  repre- 
sent the  disturbance  in  the  second  series  by 

2ir 


r2ir  1 

6  sin  i  ~  {vt-^x^  +  bV 


And  compounding  the  disturbances  belonging  to  the  two  series,  we 
shall  have  for  the  result 

2r  2ir 

(a  cos  A  +  5  cos  b)  sin  —  {vl—  x)  +  {aan  A-¥h  sin  b)  cos  -j-  {vt  —  x), 

which  may  be  transformed  into 

r  2r  1 

e  sin  i  -rivt-'X)  +.0  > 

c  and  0  being  given  by  the  equations 

.   -      .*    ,*    ^  ,        ,        .      .   .  asinA  +  JsinB 

(1.)  c3=o»+ft*-|-2oft  cos  (a— B) ;   (2.)  tan  o=  — -r ~  • 

^   '  ^         ' '    ^   '  a  cos  A  +  6  cos  B 

We  learn,  therefore,  that  the  resultant  of  the  two  series  is  an  undu- 
lation of  the  same  character  as  the  component  undulations,  differing 
from  them  only  in  the  magnitude  of  Uie  coefficient  of  vibration,  c,  and 
in  the  state  or  phate  of  vunation  at  a  given  point  of  space  and  at  a 
given  instant,  as  determined  by  the  value  of  o  compared  with  those  of 
A  and  B. 

It  is  with  e  that  we  are  chiefly  concerned ;  the  value  of  c  does  not 
enter  into  account  unless  when  we  have  a  third  stream  interfering  with 
the  two  former.  Now  we  see  from  the  formula  (1),  that  according  to 
the  value  of  a— B,  c  varies  between  two  extreme  limits,  which  are  the 
sum  and  the  difference  of  a  and  b.  These  are,  the  one  greater,  the 
other  less,  than  the  greater  of  the  two  a,  b.  Hence  we  see  that 
two  streams  of  light  from  the  same  source  reinforce  each  other,  or  else 
give  an  effect  less  than  that  of  the  stronger  stream  alone,  according  to 
their  difference  of  phase. 


The  question  now  arises,  what  precise  function  of  the  coefficient  of 
vibration  ought  we  to  take  as  a  measure  of  the  intensity  T  Various 
considerations  tend  independently  of  each  other  to  the  same  conclusion, 
— that  we  must  take  the  square  of  the  coefficient  of  vibration  as  a 
measure  of  the  intensity.  It  will  be  sufficient  here  to  mention  one 
or  two. 

Suppose  that  we  have  two  streams  of  light  just  as  before,  only  that 
in  this  case  they  come  from  inde^ndent  sources.  The  theoretical 
difference  between  the  present  case  and  the  former  consists  in  thid, 
that  in  the  former,  whatever  may  affect  the  constant  a  equally  affects 
B,  and  therefore  leaves  the  difference  a— B  unchimged ;  and  whatever 
affects  a  affects  6  in  the  same  proportion,  which  is  not  the  case  when 
the  streams  are  independent,  hi  the  case  of  streams  from  the  same 
source,  we  may,  for  example,  suppose  that  the  actual  disturbance 
consists  of  a  series  of  regular  periodic  disturbances  followed  by  a  dis- 
tinct series,  and  that  by  another,  and  so  on,  there  being  a  great  number 
of  such  changes  in  one  second.  The  mode  of  interference  will  not 
thus  be  affected.  But  in  the  case  of  independent  streams,  a—  b,  though 
constant,  it  may  be,  during  a  great  number  of  successive  undulations, 
will  go  through  all  sorts  of  values  a  great  number  of  times  in  6ne 
second,  and  &e  mean  value  of  the  term  +  2a6  cos.  (a  —  b)  in  the 
expression  for  e^  will  be  zero.  If  now  we  take  the  square  of  the 
coefficient  of  vibration  for  the  measure  of  the  intensity,  we  shall  have 
for  the  intensity  of  the  mixture  of  independent  streams  the  mean 
value  of  a'  +  6'  +  2ab  cos  (a— b),  or  a'  +  6' ;  or  the  intensity  will  be  the 
sum  of  the  intensities  of  the  separate  streams,  as  it  ought  to  be; 
whereas  if  we  were  to  take  some  different  function  as  a  measure  of  the 
intensity  that  would  not  be  the  case.  Again,  all  mathematical  investi- 
gations relative  to  the  propagation  of  small  vibrations  in  a  medium 
disturbed  at  one  place  show  that  at  a  great  distance  from  the  centre  of 
disturbance  the  coefficient  of  vibration  varies  inversely  as  the  distance. 
But  experiment  shows  that  the  intensity  of  light  varies  inversely  as 
the  square  of  the  distance,  and  we  are  thus  led  in  a  perfectly  inde- 
pendent manner  to  the  same  conclusion. 

If  the  interfering  streams  are  of  equal  brightness,  5= a,  and  the 
limits  of  the  coefficient  of  vibration  c  of  the  resultant  stream  are  o 
and  2  a,  and  those  of  the  brightness  o  and  4  a',  that  is  absolute  dark- 
ness, and  four  times  the  brightness  of  either  stream  alone. 

We  shall  apply  these  formulsB  to  express  the  intensity  at  any  point 
of  the  field  of  view  in  the  case  of  the  mixture  of  two  streams  of  light 
coming  originally  from  a  luminous  point,  and  afterwards  reflected  from 
two  slightly  inclined  mirrors.  [Intebfebenci.]  Supposing,  for  sim- 
plicity, the  light  to  be  reflected  m  a  plane  perpendicular  to  the  line  of 
mtersection  of  the  planes  of  the  mirrors,  let  a  be  the  distance  of  the 
luminous  point,  and  tiierefore  that  of  either  virtual  image,  from  that 
line,  b  the  distance  from  the  same  line  to  the  focus  of  the  lens  with 
which  the  fringes  are  viewed,  d  the  distance  of  the  two  images.  Since 
the  length  of  path  of  either  stream  is  the  same  as  if  it  had  started  from 
the  virtual  instead  of  the  actual  image,  if  we  denote  these  images  by  i, 
I',  and  the  point  of  the  focal  plane  at  which  the  brightness  ia  sought  by 

2r 
u,  and  if  we  take  emn  —  (vt-x)  to  denote  the  disturbance  coming 

A 

from  I,  that  coming  from  t  must  be  denoted  byesin  —  \vt  —  x^ 

{Tfu—iu)].    Let  0  be  the  middle  point  of  the  linen'.    It  will  be 

readily  seen  that  the  plane  drawn  through  o  and  through  the  line  of 
intersection  of  the  planes  of  the  mirrors  will  be  perpendicular  to  1 1'. 
Let  p,q  he  the  co-ordinates  of  m,  measured  in  the  focal  plane  of  the 
eye-lens,  the  first  pcopendicular,  the  second  paraUel,  to  the  plane 
tnrough  o  just  mentioned,  the  <^igin  being  at  the  intorsection  of  that 
plane  with  a  plane  through  lot  perpendicular  to  the  mirrors.  We 
shall  suppose,  in  conformity  with  the  experimental  circumstances  of 
the  case,  that  d,  p,  q  are  small  compared  with  a  and  6.  Let 
0^=  ^/{a^  —  ^d^  be  tiie  distance  of  o  from  the  intersection  of  the 
mirrors.  TheniM3=(a'  +  6)»+(i>-id)«  +  8»,  I' M«=(o'+6)»+(i>  +  i<i)«  + 

C',  and  l'M-IM  =  (l'M»-IM')-^(l'M  +  IM)«2pd.i-(l'M  +  IM)=  Z— 

*  ar  +  o 

nearly.    We  have  therefore  for  the  intensity  (l)  of  the  mixture— 


L=2(?4-2c«oo8 


2vpd 


sic^co^ 


wpd 


A(a'  +  6)* 


Since  L  does  not  involve  q,  the  illumination  wiU  be  arranged  in  bars 
parallel  to  the  axis  of  q,  and  it  will  be  sufficient  to  discuss  its  variation 
along  the  azia  of  p.    At  a  series  of  equidistant  points,  for  which  p=o 

or  a  multiple  of  ^^  "^  \  L  is  a  maximum,  and  equal  to  4  c°.    At  pointa 

d 

midway  between  these,  where  therefore  2>  is  an  odd  multiple  of  half 

that  quantity,  L  vanishes  altogether.      Hence  we  have  a  series  of 

alternately  bright  and  dark  bars,  extending  on  each  side  of  the  central 

plane,  or  that  bisecting  1 1'  at  right  angles,  which  is  in  the  middle  of  a 

bright  bar.    The  scale  of  the  system  is  found  to  depend  upon  the 

colour,  decreasing  from  the  red  to  the  violet,  from  whence  we  infer 

that  the  wave  length  also  decreases  from  the  red  to  the  violet.    The 

obliteration  of  the  bars  at  a  moderate  distance  from  the  centre  when 

white  light  is  used  has  already  been  exphuned.    [Intebfebxnoe.] 
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From  the  expnerion  for  L  we  see  ihai  the  mean  illumination,  or  the 
Talue  of  (p'  +p")~/       ^^P  ^or  *  lwg«  value  of  p'  +j>",  ia  2iP,  which 

would  be  the  uniform  illumination,  if  the  streams  mixed  without 
interfering.  This  is  a  particular  example  of  a  general  principle  from 
which  inferences  have  already  been  drawn  [Absorption],  that  when 
two  or  more  distinct  streams  of  light  interfere,  no  light  is  destroyed  by 
interference,  which  merely  causes  a  different  distribution  of  the 
illumination. 

If  iS  be  the  breadth  of  a  fringe,  which  may  be  measured  by  a  micro- 
meter, i3=^i^l^,whence  A  eAl.*     "^^   distances   a,  b,  to   th« 
d  a  +0 

former  of  which  a'  may  be  deemed  equal,  are  not  small,  and  can  be 
measured  without  difficulty.  The  distance  d  was  measured  by  Fresnel 
by  placing  a  screen  with  a  small  round  hole  at  a  known  distance  from 
the  mirrors,  so  that  a  slender  beam  of  light  from  each  of  the  images 
I,  i'  passed  through  the  hole,  and  measuring  by  a  micrometer  Uie 
distance  between  the  centres  of  the  beams  at  a  known  distance  on  the 
other  side  of  the  hole  whence  d  is  obtained  from  the  measured 
distance  by  similar  triangles.  This  is  one  method  of  measuring  the 
length  of  a  wave  of  light. 

The  excessive  smalmess  of  \,  indicated  by  this  or  any  similar  pheno- 
menon of  interference,  leads  to  a  complete  explanation  of  one  of  the 
oldest  difficulties  belonging  to  the  undulatory  theory,  the  existence  of 
nys  and  shadows.  Conceive  abroad  beam  of  light  to  fall  perpen- 
dicularly on  a  screen  containing  a  moderately  small  aperture,  and  let 
us  examine  the  disturbance  produced  at  a  point  M,  situated  at  a  con- 
siderable distance  on  the  other  side  of  the  screen.  For  greater 
simplicity  we  shall  suppose  the  incident  beam  to  come  from  a  very 
distant  point,  so  that  the  incident  waves  may  be  regarded  as  plane. 
By  Huygens's  principle  each  element  of  the  front  of  a  wave,  as  it 
arrives  at  the  plane  of  the  aperture,  may  be  considered  as  the  centre  of 
an  elementary  disturbance  which  diverges  into  the  space  behind  the 
screen,  and  in  due  time  reaches  M.  But  the  disturbance  at  u  will  be 
by  no  means  proportional  to  the  size  of  the  aperture,  since  the  various 
secondary  waves  which  at  a  given  instant  reach  u,  and  which  arise 
from  incident  waves  which  reach  in  succession  the  plane  of  the  aperturo, 
are  in  a  condition  to  interfere.  First,  suppose  x  situated  at  some 
distance  outside  the  geometrical  projection  of  the  aperture.  Make  M 
the  centre  of  a  number  of  spheres  with  radii  increasing  by  |A,  and  of 
which  as  manv  are  drawn  as  out  the  aperturo.  These  spheres  will  cut 
the  aperturo  mto  numerous  narrow  slips^  of  the  form  of  portions  of 
circular  annuli,  having  for  their  common  centro  the  projection  V  of 
the  point  M  on  the  plane  of  the  aperturo.  It  will  be  roaduy  seen  that 
the  aggrogate  effect  of  the  secondary  waves  starting  from  the  various 
elements  of  one  slip  will  be  as  nearlv  as  possiUe  neutralised  by  thisit  of 
the  waves  coming  from  the  next  shp.  For  the  squares  of  the  radii  of 
the  annuli  increase  in  arithmetical  progression,  and  theroforo  the  areas 
of  consecutive  slips  aro  equal,  except  as  to  the  trifling  difference  due  to 
the  change  in  the  angle  subtendea  at  n.  Neglecting  for  the  moment 
this  small  change,  we  readily  see  that  to  each  element  of  the  first  slip 
corresponds  an  equal  element  of  the  second,  at  a  distance  from  x 
differtitat  from  that  of  the  former  element  by  4\,  and  therofore  the 
secondary  waves  belonging  to  these  two  elements  will,  as  nearly  as 
possible,  neutralise  each  other's  effect  Hence  the  joint  effect  of  two 
consecutive  slips  as  compared  with  that  of  either  of  them  is  a  small 
quantity  of  the  order  \,  that  is  the  ratio  of  A  to  the  otiier  quantities 
involved,  such  as  the  difference  of  distance  from  X  of  opposite  sides  of 
the  aperture.  But  as  the  number  of  slips  is  a  lai^  quantity  of  the 
order  A-',  it  might  be  supposed  that  the  total  effect  was  comparable 
with  that  of  one  slip.  This  however  is  not  the  case.  For  the  effisct  of 
any  slip  taken  along  with  half  the  effiBcts  of  the  two  adjacent  slips  ia  a 
small  quantity  of  the  order  A^,  and  the  sum  of  all  such,  when  we  group 
the  slips  so  as  to  take  every  alternate  slip  dong  with  half  the  effect  of 
its  two  neighbours,  is  only  a  small  quantity  of  the  order  A,  unless  it 
be  in  consequence  of  the  want  of  oompensation  at  the  beginning  and 
end  of  the  series.  But  at  the  two  ends,  that  is  at  the  parts  of  the 
aperture  nearest  to  and  farthest  from  the  point  n,  the  length  of  the 
slips  dwindles  down  to  zero.  The  peculiar  case  in  which  a  part  of  the 
boundary  of  the  aperturo  is  exactly  circular,  having  its  centre  in  N, 
which  attaches  itself  to  the  theory  of  the  bright  point  in  the  centre  of 
the  shadow  of  a  ciroular  disc,  is  supposed  to  be  excluded  from  con- 
sideration. We  infer  therefore  that  the  disturbance  at  a  point  x, 
situated  as  above  described,  is  insensible. 

Next  suppose  x  to  lie  at  some  distance  iruide  the  geometrical  pro- 
jection of  the  boundary  of  the  iq>erture.  Imagine  a  series  of  spheres 
drawn  as  before  around  x,  beginning  with  t£at  which  touches  the 
plane  of  the  aperture  in  the  point  N.  •  The  aperture  will  now  be  cut 
upas  before,  only  that  now  for  some  distance  round  n  the  annuli  will 
be  complete,  after  which  they  will  become  incomplete,  and  will  finally 
dwindle  away  to  nothing.  The  neutralisation  will  in  this  case  take 
place  just  as  before,  except  as  regards  half  the  effect  of  the  first 
annulus,  or  central  circle  of  the  system,  and  the  disturbance  will 
therefore  be  sensibly  the  same  as  if  the  screen  were  removed. 

If  the  point  x  be  situated  near  the  geometrical  prx)jection  of  the 
boundary  of  the  ^wrture,  whether  inside  or  outsufc,  or  if  the  aper- 
ture be  so  small  that  a  few  only  of  the  spheres  above  mentioned  cut 


it,  the  determination  of  the  disturbance  at  X  beoomse  a  more  difficult 
problem,  and  belongs  to  diffraction.  The  explanation  of  the  ezut- 
ence  of  rays  and  s^dows  when  the  lipht  is  divergent^  or  the  inter- 
cepting screen  is  toot  perpendicular  to  its  oourse,  is  nearly  the  auiM 
as  before. 

We  come  now  to  the  colours  of  thin  plates,  one  of  the  fSrst  ptte- 
nomena  to  the  explanation  of  which  the  principle  of  interference  was 
applied.  As,  however,  the  whole  subiect  has  been  referred  to  the 
present  article,  we  shaJl  commence  with  a  description  of  the  pheno- 
menon itself,  and  of  its  laws,  as  discovered  by  Kewton.  The  colours 
of  thin  transparent  lamina  had  previously  bc»n  studied  to  a  certain 
extent,  by  Boyle  and  by  Hooke,  and  the  latter  of  these  ^liloaophen 
produced  the  phenomena  in  the  instructive  form  in  whidi  their  laws 
have  since  been  studied,  namelv,  by  placing  two  object-glassefl  in 
contact.  It  was  in  this  form  chiefly  that  thov  were  studied  hj  Newton, 
and  from  him  the  coloured  rings  formed  by  such  glasses  haTe  heen. 
called  Newton's  rings. 

In  order  to  observe  these  rincs  conveniently,  Newton  placed  two 
convex  lenses  of  long  foci  {li  and  50  feet)  in  contact  with  each  othar 
at  their  vertices,  keeping  them  together  by  means  of  three  clamps  at 
intervals  on  their  ciroumferencea,  so  that  there  was  between  them  a 
very  thin  plate  of  air,  concave  on  its  upper  and  lower  sides.    On  bring- 
ing the  pair  of  lenses  to  an  open  window,  and  receiving  the  rays  of 
lignt  from  the  sky  by  reflection  from  them,  there  were  observed,  the 
pktes  being  gently  pressed  together,  seven  series  of  coloured  rings  or 
bands  about  a  black  spot  in  the  cenke :  beyond  the  seventh  band  the 
colours  oould  scarcely  be  dLstingmshed.    The  diameters  of  &e  bands 
being  measured,  where  the  colour  in  each  was  the  brightest,  Newton 
found  that  those  diameters  were  proportional  to  the  square  roots  of 
the  series  of  odd  numbers  1,  3,  6,  7,  &c. ;  at  the  places  where  the 
colours  were  the  least  bright,  the  diameters  were  found  to  be  propor^ 
tional  to  the  square  roots  of  the  series  of  even  numbers  2,  i,  6,  8,  ftc 
The  radii  of  curvature  of  the  Irases  being  known,  Newton  com- 
puted the  thicknesses  of  the  olate  of  air  at  the  circumferences  in 
which  the  colours  of  the  bands  had  the  greatest  and  least  degrees  of 
brightness ;  and  he  found  ('Optices/  lib.  li.)  that,  at  the  most  luminous 
part  of  the  ring  nearest  to  the  centre,  the  thickness  was  equal  to 
lyy^inch;  the  thickness  at  the  most  obscure  part  of  that  tine  was 
equal  to  ,y^  inch.     Hence,  from  the  law  above  mentioned,  the 
thicknesses  ofthe  air  at  the  most  and  least  luminous  parts  of  the  suc- 
ceeding rings  may  be  obtained ;  those  thicknesses  being  considered  ss 
proportional  to  the  squares  of  the  semidiameters  of  the  rings. 

If  lenses  whose  surfaces  have  difibrent  curvatures  are  employed,  it  is 
always  found  that  like  tints  are  produced  in  the  eiroumfertiiow  of 
droles  at  places  where  the  intervals  between  the  surCaees  are  equal, 
^e  eye  being  similarly  situated,  or  a  line  supposed  to  be  drawn  to  it 
from  the  centre  making  equal  angiss  with  a  plane  pawing  through  all 
the  rings;  and  this  drcumstance  serves  to  dhow  that  the  tints  dspsnd 
wholly  on  the  distances  between  the  lenses.  If  the  angle  made  by  the 
line  drawn  to  the  eye  be  diminished,  the  diameters  of  the  rings  will 
be  increased,  the  tints  remaining  the  isme.  Newton  found  that  for 
moderate  obliquities  the  same  ring  was  formed  where  the  distanss 
between  the  lenses^  or  the  thickness  of  the  interposed  plate  of  air, 
varied  as  the  secant  of  the  angle  of  inddenee  on  the  flnt  sotfMie  of 
the  lens,  which  in  estimating  this  angle  may  be  deemed  a  plate  boondsd 
by  parallel  surftwes.  To  indude  great  obliquities  he  has  given  aa 
empirical  rule  not  sensibly  differing  from  the  simple  rule  ol  the  ssssal 
except  at  great  obliquities.  It  has  since,  however,  been  found  by 
careful  measures  of  the  diameters  of  the  rings  at  great  obliquities,  that 
the  thickness  where  a  given  ring  is  formed  is  regulated  by  the  simple 
law  of  the  secant,  and  not  by  the  more  complicated  formula  given  by 
Newton. 

When  the  rings  are  formed  by  homogeneous  light  they  are  found  to 
be  more  numerous  than  when  the  light  is  mixed,  indeed  they  are  almost 
countless  when  the  homogeneity  is  sufficiently  perfect ;  they  are  also 
of  the  same  colour  as  the  light,  and  are  separated  from  one  another  l^ 
narrow  spaces  which  are  quite  black.  The  diametera  of  the  rings  in 
the  corresponding  bands,  at  the  places  where  the  colours  are  the 
brightest,  are  different  when  the  bands  are  formed  by  homogeneous 
lights  of  different  colours,  being  least  when  the  light  is  violet,  and 
greatest  when  red;  and  Newton  computed,  from  the  measured 
diameters  of  the  rings  ol  different  colours,  the  intervals  between 
the  lenses  at  the  places  where  the  brightest  parts  of  the  first  rings 
from  the  centro  are  formed:  these  distances  are  found  to  be  equal 
to  filiB  inch  for  extreme  red  rays,  and  ^^  inch  for  extreme  violet 
rays,  which  it  nuf  be  observed  ere  half  the  lengths  of  an  undulation 
for  those  kinds  of  light. 

The  order  and  the  dimensions  of  the  coloured  rings  are  the  same, 
whether  air  occupy  the  space  between  the  lenses  or  whether  the  latter 
be  in  the  exhausted  receiver  of  an  air-pump :  but  when  a  transparent 
medium,  as  water,  of  greater  refractive  power  than  air,  is  interposed 
between  them,  the  tinhs  are  fainter  and  the  diameters  of  the  rinfis  are 
less ;  or  smaller  distances  between  the  lenses  are  requimte  in  oraer  to 
produce  the  same  tints :  it  is  ascertained  that,  with  different  media, 
these  distances,  in  the  case  of  a  perpendicular  incident  ray,  are  inversely 
proportional  to  the  refractive  indices. 

Corresponding  rings  of  colour  were  observed  by  Newt<m  in  thin 
plates  surrounded  by  media  less  dense  than  the  plates  :  thus  a  bubbk 
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of  soap-water  exhibits^  br  the  gradual  Bubddenoe  o{  the  fluid,  rings  of 
colour  exactly  confonuable  to  those  between  glass  lenses ;  and,  b^ore 
the  bubble  bursts,  a  dark  spot,  about  half  an  inoh  in  diameter,  is 
formed  at  its  upper  part  The  like  phenomena  have  been  observed  in 
iiMn  plates  of  mica  and  ^  bubbles  of  glass  blown  so  thin  as  to  burst. 

Newton  also  examined  and  describe  the  phenomena  of  the  coloured 
rings  or  bands  between  lenses  when  the  light  is  transmitted  through 
the  latter.  These  rings  are  less  bright  than  those  which  are  formed  by 
reflection;  but  when  the  obliquity  of  the  transmitted  rays  to  the 
plane  of  the  rings  is  considerable  they  are  sufficiently  distinct :  in  the 
centre  is  a  white  spot,  and  the  colours  of  all  the  rings  are  exactly  com- 
plementaiy  to  those  of  the  corresponding  rings  which  are  seen  by  the 
reflected  rays.  Newton's  arrangement  of  the  coloured  tints  in  the  first 
and  second  rings  or  bands,  reckoning  from  the  centre,  is  given  in  the 
following  table,  with  the  thicknesses  of  the  plates  of  air,  water,  and 
glass,  at  the  places  where  the  tints  are  produced.  The  unit  of  measure 
is  one  millionth  part  of  an  inch* 

Number  of     Sdledted  Truitmitted 

the  Band.        Tiots.  Tinu,         Air.        ^ater.      01am. 

I. 


II. 


Yery  black 

•  • 

i 

i 

tf 
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White 

1 

) 

H 
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1 

>i 

>f 
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Tellowieh  red 

»i 

«» 

m 
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H 

H 

St 
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Violet 

U 
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<l 
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s 

8 

H 
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H 
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»* 

8| 

n 
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»H 

H 

•A 
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m 

• 

Green 
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»H 

"i 

H 
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>n 

>«» 

Orange 

•  • 
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IS 

"I 

Bright  red 
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»H 

UJ 

"* 
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t » 

i»j 

"* 
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This  table,  extended  so  as  to  include  the  seventh  band  of  reflected 
tints,  constitutes  that  whioh  is  called  Newton's  Seals  of  Colours. 

It  was  to  explain  the  phenomena  of  these  coloured  rings  that  Newton 
proposed  tine  hypothesis  of '  Fits  of  easy  Reflection  and  Transmission/ 
which  in  many  respects  explains  the  laws  of  the  phenomenon.  But 
besides  giving  no  indication  beforehand  of  what  ought  to  be  the 
variation  of  the  diameter  of  a  rins  with  the  refractive  index  of  the 
interposed  medium,  or  with  the  obliquity  of  inoidenoe,  it  tends  to  at 
least  one  result  at  varianoe  with  observation.  According  to  the  hypo- 
thesis of  fits,  the  central  blaok  spot,  as  waU  as  the  dark  parts  of  the 
rings  seen  ^th  homogeneous  light,  ought  to  be  of  half  the  brightness 
of  the  brightest  parts ;  according  to  the  theory  of  undulations,  they 
ought  to  be  perfectly  black.  Observation  shows,  that  at  least  the 
eentral  spot  (which  is  most  easily  observed,  and  does  not  require  homo- 
geneous light)  is  perfectly  black. 

A  genenJ  explanation  of  the  rings  according  to  the  principles  of  the 
undulatoTy  theory  may  readily  be  given.    Let  M  n  p  Q  be  two  plates  or 


spherical  lenses,  which  we  may  suppose  plano-convex  (though  all  that 
is  essential  is,  that  the  more  carved  of  the  adjacent  surfaces  should  be 
convex),  in  contact  with  each  other  at  z ;  and  let^A  B  be  the  direction  of 
a  pencil,  or  of  a  wave  of  light  incident  upon  the  first  or  upper  plate  : 
tins  will  be  refracted  in  some  direction  as  B  c,  and  at  the  point  c  part 
of  the  pencil  will  emerge  and  fihll  on  the  other  plate  in  some  point  e, 
where  it  will  be  partly  transmitted  through  that  plate  in  the  direction 
JIB,  and  partly  reflected  in  the  du*ection  XF.  Another  part  of  the 
refracted  pencu  B 0  will  be  reflectedat  c  in  the  direction  c d,  some  of  it 
emerging  at  D,  and  the  rest  being  reflected  back  into  the  plate.  The 
reflected  pencil  B  r  will  also  be,  in  nart,  transmitted  through  the  upper 
plate  in  some  direction  as  f  a,  and,  in  part,  reflected  in  Uio  direction 
F  B  :  at  the  point  H  a  portion  will  be  transmitted  in  the  direction  H  s, 
while  another  is  reflected  in  the  direction  H  K,  and  so  on.  The  two 
principal  reflected  pencils  are  those  of  which  the  courses  are  a  b  o  D  and 
A  B  c  E  F  o ;  and  these  being  each  once  reflected  wiU  be  of  nearly  equal 
iateositar.  The  other  pencils,  in  the  jgenen^  reflected  beam,  having  been 
reflected  8,  5,  7,  &c.  tunes,  wUl  be  comparatively  weak,  except  at  very 


great  incidences.  The  two  principal  transmitted  pencils,  a  B  o  s  b  and 
A  B  G  B  F  H  8  wHl  be  of  vcry  unequal  intensity,  the  latter  having  been 
twice  reflected,  and  the  former  not  reflected  at  all.  These  will  be 
accompanied  by  pencils  reflected  4,  0,  8,  ftc.  times,  which  will  be  com- 
paratively insignificant 

Supposing,  therefore,  for  the  sake  of  simplicity,  that  the  light  is 
incident  perpendicularly,  restricting  ourselves  to  the  two  most  im< 
portant  pencils,  and  considering  first  the  reflected  light,  we  see  that 
the  light  reflected  from  the  under  surface  of  the  thin  plate  of  air  has 
had  to  travel  a  distance  2d  in  air  more  than  the  other  stream,  D  being 
the  distance  between  the  lenses  at  the  point  under  consideration,  or 
the  thickness  of  the  plate  of  air.  We  might,  therefore,  perhaps, 
expect  that  the  vibrations  in  the  two  streams  would  be  in  perfect 
accordance  when  D  was  equal  to  zero,  or  a  multiple  of  {A,  and  in 
opposition  when  d  was  an  odd  multiple  of  \\.  This  would  give  cor- 
rectly the  law  of  the  variation  of  the  radii  of  the  rings,  since  d  varies 
as  the  square  of  the  radius  drawn  from  the  point  of  contact  of  the 
lenses,  with  the  single  but  important  exception,  that  the  places  of  the 
bright  and  dark  rings  are  interchanged.  But  we  must  remark,  that  the 
two  reflections  take  place  under  opposite  circumstances,  one  at  the 
surface  of  a  rarer,  the  oUier  at  the  surface  of  a  denser  medium.  Various 
dynamical  analogies,  such  as  the  reflection  of  sound  from  the  end  of  a 
tube,  according  as  it  is  closed  or  open,  the  reflection  of  sound  at 
the  common  surface  of  two  gases  which  are  supposed  not  to  mix, 
would  make  it  more  probable  than  the  contrary  supposition  that  in  one 
of  these  two  reflections  there  should  be  a  change  of  sign,  in  the  other 
not.  A  change  of  sign  is  equivalent  to  a  change  in  the  length  of  the 
path  of  one  uf  the  streatns  amounting  to  half  an  undulation.  This 
change  being  admitted,  theory  assigns  correctlv  the  law  of  the  variation 
of  the  radii  of  the  bright  and  dark  rings.  And  not  only  the  law  of 
variation,  but  the  abiolule  mafjnitude  of  the  rings  may  be  assigned 
d  priori,  since  the  length  of  a  wave  of  light  is  known  by  other  observa- 
tions ;  and  the  magnitude  so  assigned  is  in  conformity  with  experiment. 
The  explanation  of  the  variation  of  the  scale  of  ike  rings  with  the 
colour,  and  of  the  obliteration  of  the  rings  beyond  the  seventh  or 
thereabouts  by  overlapping,  when  the  incident  li^ht  is  white,  is  the  same 
as  in  other  cases  of  interference.  Moreover,  if  a  liquid  such  as  water 
be  interposed  between  the  lenses  in  place  of  air,  since  light  travels 
more  slowly  in  water  than  in  air,  in  the  proportion  of  1  to  ft,  the  same 
kind  of  ring  which  with  air  is  found  at  a  spot  where  the  distance 
between  the  lenses  is  D,  is  found  with  water  where  it  is  only  Dfi~', 
which  explains  the  law  of  variation  of  the  radii  of  the  rings  with  the 
refractive  index  of  the  interposed  medium. 

The  explanation  of  the  transmitted  rings  is  perfectly  similar,  the 
chief  difierences  being,  first,  that  as  the  interfering  streams  have  been 
refracted  alike,  and  one  of  them  in  addition  twice  refle(ited,  there  is 
no  change  of  sign,  or  the  interference  is  determined  simply  by  the 
difference  of  path,  without  the  addition  of  the  half  undulation ;  and 
secoudly,  that  the  interfering  streams  are  very  unequal  in  intensity, 
and  therefore  with  homogeneous  light  the  minima  are  very  far  from 
being  absolutely  black.  Thus  when  light  is  incident  perpendicularly, 
whether  externally  or  internally,  at  Uie  common  surface  of  crown 
g^ass  and  air,  only  about  the  ^th  part  of  the  incident  light  is  reflected, 
the  remaining  ||ths  being  transmitted.  Hence  by  two  such  reflections 
the  intensity  is  reduced  in  the  proportion  of  625  to  1 ;  and  if  we 
represent  by  unity  the  intensity  of  the  light  transmitted  across  the 
thin  plate  without  reflection,  the  intensity  of  the  twice  reflected  light 
must  be  represented  by  g|..  The  question  may  naturally  be  asked. 
How  can  such  feeble  Ughtby  interfering  with  the  former  give  rise  to 
any  sensible  rings  f  The  explanation  of  this  paradox  is  derived  from 
the  consideration  that  in  interference  we  must  compound  not  inten- 
tiUts  but  vibrations,  and  thence  deduce  the  intensity  by  taking  the 
square  of  the  coefficient  of  vibration.  Thus,  taking  the  above  numbers 
as  correct,  we  learn  that  the  coefficient  of  vibration  will  be  reduced 
by  one  reflection  in  the  proportion  of  6  to  1  only,  and  by  two  in  the 
proportion  of  25  to  1.  Hence  if  we  take  the  coefficient  of  vibration 
m  the  simply  transmitted  stream  as  unity,  that  in  the  twice  reflected 
stream  will  be  >^,  and  therefore  that  }n  the  resultant  stream  will  vary 
between  the  limits  1  +  ^  and  the  intensity  will  vary  between  the 
limits  (1  +  j\)>,  or  1  -4-  j^,  nearly;  so  that  the  difference  between  the 
limits  is  as  much  as  j^uTis,  or  nearly  ^th  of  the  mean  intensity. 

Next,  suppose  the  light  incident  obliquely.  If  /3  be  the  angle  of 
incidence  on  the  first  surface  of  the  upper  lens,  or  which  is  the  same 
(the  lens  for  this  purpose  being  treated  as  a  plate  boimded  by  parallel 
surfaces),  ike  angle  of  refraction  into  the  thin  plate  of  air,  it  may  be 
shown,  as  in  Airy*s  '  Tracts '  ('  Undulstoiy  Theory,'  art  64),  or  still 
more  simply  by  referring  everything  to  sections  of  the  fronts  of  the 
waves  by  the  plane  of  incidence  instead  of  to  rays,  that  the  retardation 
due  to  the  double  transit  across  the  plate  is  2  d  cos  iS,  in  place  of  2  D, 
as  at  a  perpendicular  incidence.  This  explains  the  law  of  the  variation 
of  the  rings  with  the  obliquity. 

From  the  explanation  hitherto  given  it  might  seem  that  in  the  case 
of  the  reflected  rings  the  minima,  though  nearly,  ought  not  to  bo 
perfectly  black.  For  the  stream  reflected  at  the  second  surface  of  the 
thin  plate  has  to  undergo  two  more  refractions  than  that  reflected  at 
the  first  surface,  and  at  each  refraction  a  small  portion  of  the  incident 
light  would  be  lost  to  it  by  reflection.  Fresnel  first  showed  ('  Annates 
de  Chimie,'  torn.  23,  p.  129),  by  taking  account  of  the  infinite  number 
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of  refleciioDBi  as  PoiaBon  had  previouslT  done  in  the  case  of  a  perpen- 
dicular incidence,  that  the  minima  in  the  reflected  rings  ought  at  any 
incidence  to  be  perfectly  black,  and  that,  without  assuming  anything 
relative  to  the  law  of  intensity  in  reflection  beyond  a  law  discovered 
experimentally  by  Arago,  that  at  any  obliquity  light  is  reflected  in 
the  same  proportion  at  the  first  and  second  surfoces  of  a  transparent 

Elate.  For  a  very  simple  demonstration  at  the  same  time  of  Arago's 
iVf,  and  of  the  loss  of  a  half  undulation,  on  the  assumption  merely 
that  the  forces  acting  depend  only  on  the  positions  of  the  particles,  the 
reader  is  referred  to  a  paper  in  the  '  Cambridge  and  Dublin  Mathe- 
matical Journal' (voL  iv.  p.  1).  A  complete  investigation  of  the 
intensities  of  the  reflected  and  transmitted  rings,  in  which  account  is 
taken  of  the  infinite  number  of  reflections,  wiU  be  found  in  Airy's 
'  Tract;  arte.  64-67.    The  result  is— 


For  the  reflected  system 


4aVsin2-v 


(l-e«)'  +  4<!2  8in5  7V 


o3(l-e«)« 


For  the  transmitted  system    - 

where  a  denotes  the  coefficient  of  vibration  for  the  incident  light, 
Y  the  retardation,  2  dcos/3,  and  1 :  e  the  ratio  in  which  the  coefficient 
of  vibration  is  altered  by  one  reflection.  The  sum  of  the  two  expres- 
sions is  always  equal  to  a',  which  shows  that  the  reflected  and  refracted 
systems  are  complementaiy  to  each  other,  conformably  to  observation. 

Sir  Isaac  Newton  also  discovered  that  when  the  sun*s  light  is 
reflected  into  a  darkened  room,  and  allowed  to  fall  on  a  screen  with  a 
moderately  small  hole,  and  the  beam  so  passing  is  received  perpendicu- 
larly on  a  concave  mirror,  made  of  glass  quicksilvered  at  the  back, 
which  is  placed  at  such  a  distance  from  the  screen  that  the  hole  coin- 
cides with  the  centre  of  curvature  of  its  surfaces,  so  that  the  regularly 
reflected  light  goes  back  through  the  same  small  hole  by  which  it 
entered,  a  system  of  coloured  rings  is  seen  depicted  on  the  screen,  on 
the  face  towards  the  mirror,  surrounding  the  hole.  The  order  of 
colours,  and  the  law  of  the  diameters  of  the  rings,  agree  with  the 
tnmsmitted  system  of  the  rings  formed  between  two  object-glasses. 
A  metallic  speculum  exhibits  no  such  rings.  If  the  amalfflm  be 
removed  from  a  mirror  of  quicksilvered  glass,  the  rings  are  seen  as 
before,  but  much  fainter.  With  different  mirrors  the  diameter  of  a 
given  ring  varies  directiy  as  the  radius  of  curvature  of  the  surfaces, 
and  inversely  as  the  square  root  of  the  thickness  of  the  glass. 

Although  Newton  expressly  refers  to  the  defect  of  polish  of  the  first 
surface  in  relation  to  these  rings,  he  does  not  seem  to  have  purposely 
tarnished  his  mirrors.  In  repeating  Newton's  experiments,  the  Duke 
de  Chaulnes  observed  that  the  brilliancy  of  the  rings  was  very  great!  v 
increased  by  tarnishing  the  sur&oe,  for  which  milk  much  diluted  with 
water  is  very  convenient.  It  is  advantageous  to  form  a  diverging  beam 
by  transmitting  a  beam  of  sunlight  through  a  pretty  large  lens,  at  tiie 
focus  of  which  is  to  be  placed  the  smaU  hole  of  the  screen.  In  this 
way  of  operating  the  experiment  \a  one  of  remarkable  beauty.  On 
slightly  inclining  the  mirror,  the  phenomenon  changes  in  a  very 
remarkable  wav,  a  set  of  coloured  rings  continually  opening  out  from  a 
point  midway  between  the  luminous  point,  or  image  of  the  sun  in  the 
focus  of  the  lens,  and  its  image  formed  by  regular  reflection.  The 
experiment  may  be  varied  in  a  veir  beautiful  way  by  dispensing  with 
screen  and  sunlight,  and  simply  placing  a  small  taper-flame  in  ^nt  of 
the  tarnished  mirror,  in  such  a  position  as  to  coincide  with  its  inverted 
image.  On  viewing  the  coincident  flame  and  image,  they  are  seen 
surrotmded  by  a  splendid  series  of  coloured  rings,  which  appear  to 
have  a  determinate  position  in  the  air  like  an  actual  object. 

These  phenomena  are  known  as  the  coUmn  of  thick  plates.  They 
have  been  shown  to  arise  from  the  interference  of  two  streams  of 
light,  whereof  one  is  scattered  on  entering  the  glass,  and  then  regu- 
larly reflected  at  the  back  and  refracted  out ;  and  the  other  enters  the 
glass  by  regular  refraction,  and  after  regular  reflection  at  the  back  is 
scattered  in  emeiving.  At  a  point  coinciding  with  the  luminous  point 
and  its  image,  the  two  scattered  streams  follow  the  course  of  the 
regular  light,  and  therefore  their  difference  of  path  is  nothing,  and  the 
difference  of  path  of  the  two  scattered  streams,  which  r«tch  a  point  at 
no  great  distance  from  the  former,  will  accordingly  be  sufficientiy 
small  to  allow  the  streams  to  manifest  the  ordinary  phenomena  of 
interference.  The  theory  of  the  rings  for  the  most  important  case, 
that  in  which  the  luminous  point  is  in  the  centre  of  curvature  of  the 
mirror,  is  given  in  Sir  John  Herschel's  'Treatise  on  Light,'  arts. 
679,  Ac. 

Dr.  Whewell  and  M.  Quetelet  observed  a  system  of  coloured  bands, 
which  are  seen  when  the  flame  of  a  candle  held  near  the  eye  is  viewed 
by  reflection  in  a  common  looking-glass,  several  feet  off*,  with  a  tar- 
nished  surface.  To  see  them  distinctiy,  the  image  of  the  flame  must 
be  seen  distinctiy,  so  that  an  eyeglass  must  be  used  if  required.  They 
change  with  every  change  of  position  of  the  candle  or  of  the  eye,  and 
wiUi  both  eyes  a  double  system  is  seen,  one  with  each  eye.  Their 
explanation  depends  on  the  same  principles  as  that  of  the  rings  formed 
by  concave  mirrors  of  quicksilvered  glass,  and  ^e  theory  of  iK^th  kinds 


will  be  found  treated  with  great  detail  in  a  paper  published  in 
'  Cambridge  Philosophical  Transactions,'  voL  ix.,  part  2,  p.  147. 

The  subject  of  diffraction  has  been  already  briefly  considered  in  a 
special  article.  [Diffraction  of  Light.]  The  full  oompTison^  o€ 
theoiy  and  experiment  with  reference  to  tnis  curious  and  interestzni^ 
class  of  phenomena,  requires  far  too  much  mathematical  calculatiscxt 
to  be  here  introduced,  and  reference  must  be  made  to  Aiiy's  l^act 
on  the  Undulatory  Theory,  or  other  works  in  which  the  question  is 
treated.  Suffice  it  to  remark,  that  the  undulatory  theory  has  led  to  at 
most  complete  explanation  of  the  phenomena,  qualitatively  and  quan- 
titatively, in  their  minutest  details. 

There  is  one  phenomenon,  the  astronomical  phenomenon  of  abetra- 
tiou,  the  explanation  of  which  on  the  corpuscular  theory  is  so  ample  am 
to  attract  littie  notibe,  but  which  presente  a  serious  difficulty  on  the 
theory  of  undulations.    To  accoimt  for  it,  it  has  been  supposed  by 
Dr.  Young  and  others,  that  the  earth  in  ite  motion  round  the  sun 
passes  through  the  ether  without  disturbing  it,  allowing  it  to  pass 
between  ite  own  particles  like  the  wind  throu^  a  grove  of  trees. 
Startling  as  this  hypothesis  is,  we  ought  not  to  reject  it  on  the  atrength 
merely  of  previous  notions  respecting  such  a  mysteriously  anbile 
medium  as  the  luminiferous  ether,  if  we  were  fairly  led  to  itw     Bat 
we  are  not  obliged  to  have  recourse  to  it,  for  the  phenomenon  admite 
of  explication  by  attributing  to  the  ether  a  motion,  due  to  bodies 
passing  through  it,  which  is  of  a  kind  with  which  we  have  a  great  deal 
to  do  in  hydrodynamics.    (See  '  Philosophical  Magazine,*  vol.  xxriL 
(1845),  p.  9,  and  several  subsequent  articles.^ 

In  the  explanation  of  the  pnenomena  which  we  have  hitherto  oon* 
sidered,  nothing  depends  upon  the  direction  of  vibiation  of  the  particles 
of  ether  which  transmit  the  waves,  but  the  phenomena  of  polarisation 
lead  us  to  suppose  that  the  vibrations  are  tnmsverse  to  the  direction  of 
propagation.  [Polabisatiok  of  Light.]  This  supposition  being 
admitted,  the  curious  and  complicated  phenomena  of  the  interference  of 
polarised  light  are  explained  with  beautiful  simplicity.  We  have  in 
this  article  to  consider  how  far  the  same  hypothesis  of  transverae 
vibrations  helps  us  towards  an  explanation  of  double  refraction. 

We  shall  commence  by  brieflv  adverting  to  the  facto  of  double 
refraction,  and  to  ite  laws  so  far  as  they  were  ascertained  befoie 
Fresnel's  researches  on  the  subject  It  was  in  Iceland  spar  that  the 
phenomenon  was  first  discovered,  and  this  crystal,  from  the  great  power 
of  ite  double  refraction  was  well  suited  for  a  study  of  the  subject, 
especially  at  a  time  when  the  instrumental  means  of  examination  weie 
far  inferior  to  what  we  at  present  possess.  Of  the  two  rays  into 
which  Iceland  spar  divides  in  general  a  single  ray  incident  upon  it,  the 
more  refracted  was  found  to  obey  the  ordinary  law  of  refraction,  but 
the  less  refracted  was  found  to  obey  a  more  complicated  law,  not  even 
lying  in  the  plane  of  incidence,  except  in  particular  cases.  On 
measuring  the  refractive  index  of  the  spar  with  respect  to  the  latter  or 
extraordinary  ray  by  methods  applicable  to  ordinary  media,  different 
values  were  obtuned,  varying  from  a  maximuni  equal  to  the  refractiTe 
index  for  the  ordinary  ray,  and  obtained  when  the  course  of  the  ray 
within  the  crystal  was  parallel  to  the  axis,  to  a  minimum,  which  was 
obtained  in  any  direction  perpendicular  to  the  axis,  around  which 
everything  relating  to  the  optical  properties  was  symmetricaL  Since 
there  are  here  two  rays,  we  must,  if  we  adopt  the  undulatory  theory 
at  all,  assume  that  a  disturbance  excited  at  any  point  of  the  crystiJ 
would  give  rise  not  to  one  wave,  but  to  two  waves,  diverging  from 
that  pomt,  or  what  comes  to  the  same,  to  a  wave  represented  by  a 
surface  of  two  sheets.  As  the  more  refracted  ray  in  Iceland  spar  obeys 
the  ordinary  law  of  refraction,  the  inner  sheet  of  this  surface  must  be 
supposed  to  be  a  sphere.  The  facta  which  have  been  mentioned 
respecting  Uie  refraction  of  the  extraordinary  ray,  show  that  the  outer 
sheet  must  be  a  surface  of  revolution  around  the  axis  of  the  crystal, 
along  which  it  touches  the  inner  sheet,  and  must  be  most  protuberant 
at  the  equator.  Apparentiy  as  being  next  in  simplicity  to  a  sphere, 
Huygens  assumed  ttus  surface  or  i£eet  to  be  an  ol^late  spheroid  of 
revolution,  and  found  the  calculations  thence  resulting  as  to  the 
course  of  ti^e  extraordinary  ray  confirmed  by  the  result  of  his 
ezperimente 

llie  demonstration  of  the  laws  of  reflection  and  refraction  in  the  case 
of  ordinary  media,  require  but  a  slight  modification  to  adapt  them  to 
the  case  of  a  crystal  for  which  we  are  supposed  to  knbw  tiie  form  of 
the  wave  surface.  In  fact,  if  we  suppose,  for  simplicity,  the  incident 
waves  and  the  surface  of  the  crystal  to  be  both  plane,  we  have  only  to 
replace  the  hemispheres  within  the  media  by  the  corresponding  wave 
surfaces,  which  will  form  a  system  of  similar  and  similarly  situated 
curved  surfaces  with  two  plane  envelopes,  one  for  each  sheet.  Hence 
resulte  the  following  construction.  Draw  a  line  perpendicular  to  the 
incident  waves  in  air,  and  therefore  representing  tiie  course  of  an  inci- 
dent ray.  With  the  point  of  incidence  for  centre,  describe  a  sphere 
representing  the  velocity  of  propagation  in  air,  and  likewise  withm  the 
refracting  medium  draw  the  wave  surface  on  a  corresponding  scale,  so 
that  ite  radius  in  any  direction  represente  the  velocity  of  a  ray  proper 
gated  in  that  direction.  Produce  the  incident  ray  to  meet  the  sphere 
within  the  refracting  medium  which  is  a  continuation  of  the  nemi- 
sphere  described  in  air,  and  at  the  point  of  meeting  draw  a  tangent 
plane  to  the  sphere,  or,  in  other  words,  a  plane  perpendicular  to  the 
ray.  llirough  the  line  of  intersection  of  this  tangent  plane  with  the 
plane  of  the  surface,  draw  tangent  planes  to  the  two  sheete  respectiyely 
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of  the  wave  surface,  and  join  the  point  of  incidence  with  the  points  oi 
contact.  The  two  tangent  planes  viU  fpife  tlie  direetisiDB  of  the  fronts 
of  the  two  refracted  «»▼<•,  ivliite  tfae  two  joining-linea  will  gjbn  i& 
dinofeiaiilM  «MnMi,flBdin  mgnitude  the  velocities,  of  propagation, 
of  the  two  refracted  ravs ;  and  if  from  the  point  of  incidence  we  let 
fall  perpendiculars  on  we  two  tanf;ent  planes,  they  will  represent  in 
magnitude  and  direction  the  velocities  of  propagation  of  the  refracted 
waves,  estimated  in  directions  perpendicular  to  their  planes.  If  the 
incident  waves  and  the  surface  of  the  medium  be  curved,  the  same 
construction  will  hold  good  on  substituting  tangent  planes  for  these 
curved  surfaces,  just  as  in  the  case  of  ordinary  media,  but  the  front  of 
either  refracted  wave  will  of  course  no  longer  be  plane  but  curved.  A 
construction  based  on  the  same  principles  gives  the  courses  of  inter- 
xutlly  reflected  rays ;  and  it  may  be  remarked  that  a  single  incident 
ray  in  general  gives  rise  to  two  internally  reflected  rays. 

The  accuracy  of  Huygens's  ooustnictton«  as  has  been  already 
observed,  was  confinned  by  the  observations  of  Wollaston  and  Mains, 
and  it  was  for  some  time  supposed  that  other  doubly  refracting  crys- 
tals resembled  Iceland  spar,  except  as  to  the  energy  of  their  double 
refraction.  But  Biot  discovered  that  in  quartz  and  several  other 
doubly  refracting  crystals  it  is  the  Ust  refracted  instead  of  the  more 
refracted  of  the  two  rays  which  obeys  the  ordinary  law  of  refraction, 
so  that  in  the  application  of  Huygens's  construction  the  oblate  must 
be  replaced  by  a  prolate  spheroid.  This  difference  does  not  entail  any 
difference  in  the  state  of  polarisation  :  it  is  still  the  ordinary  ray  that 
IS  polarised  in  a  principal  plane.  Crystals  in  which,  as  in  Iceland  spar, 
the  ordinary  ray  is  the  more  refracted,  have  been  called  negative,  and 
those  of  the  other  daas  positive ;  terms  derived  from  certain  views 
relating  to  the  corpuscular  theory. 

If  a  plate  of  Iceland  spar  cut  in  a  direction  perpendicular  to  the  axis 
be  interposed  between  the  polariser  and  the  analyser  of  a  polarising 
apparatus,  a  most  splendid  series  of  coloured  rings  make  their  appear- 
ance. If  the  analyser  had  been  turned  till  the  field  was  dark,  the 
rings  are  seen  to  be  interrupted  by  a  black  cross,  the  arms  of  which  are 
parallel  and  perpendicular  to  ihe  plane  of  primitive  polarisation,  and 
the  order  of  the  tints,  beginning  from  the  centre,  agrees  with  that  of 
the  reflected  system  of  Newton's  rings.  If  the  analyser  be  turned 
through  90"*,  the  black  cross  is  replaced  by  a  white  one  in  the  same 
position,  and  the  tints  now  agree  with  Uie  transmitted  system  of 
Newton's  rings,  but  are  much  more  vivid.  In  intermediate  positions 
of  the  analyser,  the  rings  are  less  vivid,  and  are  interrupted  by  a 
double  cross  containing  white  light  of  mean  intensity,  or,  in  other 
words,  by  eight  radii,  of  which  every  alternate  pair  are  at  right  angles. 
The  arms  of  the  crosses  are  parallel  and  perpendicular  to  the  planes  of 
polarisation  of  the  polariser  and  the  analyser.  Similar  rings  are  seen 
in  the  case  of  other  doubly  refracting  ciystals  of  the  daas  now  known 
as  uniazal ;  but  sometimes,  in  consequence  of  a  great  chromatic  variation 
in  the  doubly  refracting  power  of  the  crystal,  the  succession  of  tints 
deviates  materially  from  that  of  Newton's  rings. 

In  quartz,  the  phenomena  manifested  by  polarised  light  passing 
nearly  along  the  axis  appeared  peculiar,  resembling  a  combination  of 
those  belongiiig  to  an  ordmary  uniaxal  crystal  with  those  belonging  to 
syrup  of  sugar;  but  the  same  have  recently  been  discovered  in  some 
other  uniaxal  crystals. 

In  investigating  the  colours  exhibited  by  crystalline  plates,  Sir  David 
Brewster  was  led  to  the  discovery  that  in  many—  in  fact,  in  the  greater 
number — of  crystals,  there  exist  not  one,  but  two,  directions  about 
which  coloured  rings  are  seen  in  polarised  light.  Such  ciTstala  are 
called  hiaxal,  and  the  two  directions  in  question  are  called  tiie  optic 
axes.  Sometimes,  as  in  sulphate  of  lime,  sugar,  &c.,  the  optic  axes  are 
widely  separated ;  and  in  tins  case,  if  a  crystal  cut  perpendicularly  to 
eiUier  axis  be  in^xxluced  into  the  previously  dark  field  of  a  polarising 
apparatus,  a  series  of  nearly  circular  coloured  rings  is  seen  interrupted 
by  a  rinf^  dark  brush,  in  place  of  the  pair  of  brushes  forming  a  cross 
which  are  seen  in  uniaxal  crystals.  If  the  crystal  be  turned  round  an 
axis  coinciding  with  the  optic  axis,  the  black  brush  turns  round  in  a 
contrary  dire&on  at  an  equiBd  rate  relatively  to  space,  or  a  double  rate 
relatively  to  the  crystal,  whereas  in  a  uniaxal  crystal  similarly  treated 
the  blade  cross  remains  stationary.  The  rings  are  ordinarily  nearly 
equidistant,  whereas  in  a  uniaxal  crystal  they  obey  the  law  of  increase 
of  Newton's  rings,  the  squares  of  i£eir  radii  increivsing  in  arithmetical 
progression.  In  other  crystals,  like  nitre,  the  optic  axes  are  near  each 
other,  and  may  be  seen  together,  especially  if  the  plate  be  cut  in  a 
direction  perpendicular  to  their  middle  line.  In  this  case,  on  intro* 
ducing  the  crystal  into  the  dark  field  a  set  of  coloured  curves  are  seen 
resembling  lemniscates,  having  the  optic  axes  for  poles;  and  each 
optic  axis  is  traversed  by  a  dark  hyperbolic  brush;  and  at  certain 
azimuths  of  the  crystal,  90**  apart,  the  two  brushes  unite  and  form  a 
croas,  one  arm  of  which  passes  through  the  optic  axes. 

Sir  David  Brewster  al»o  discovered  the  relation  between  the  optical 
characters  of  crystals  Mid  their  crystalldgraphic  forms.  It  was  found 
that  the  system  of  rectangular  axes  formed  by  lines  bisecting  the  acute 
and  obtuse  angle  between  the  optic  axes,  and  a  line  perpendicular  to 
their  plane^  were  xntimatdy  connected  with  the  crystalline  form,  so 
that  whenever  there  existed  a  plane  of  crystalline  symmetry,  two  of 
these  axes  lay  in  it.  It  is  found  that  crystals  of  Uie  cubic  system 
are  singly  refracting,  those  of  the  rhombohedral  and  pyramidal  systems 
uniaxal,  and  those  of  the  prismatic,  oblique,  and  anorthio  i^rstems 
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2fo  account  is  here  taken  of  propecyes  like  those  of  syrup  of 
sugar,  nor  of  what  Biot  has  termed  lamellar  polarisation. 

The  explanation  of  these  beauUf td  coloured  rings  and  eurves  follows 
at  once  from  combining  the  observed  laws  of  double  refraction, 
induding  therein  the  polarisation  of  the  refracted  rays,  with  the  kws 
of  the  interference  of  pohuised  light.  The  latter,  as  we  have  seen, 
admit  of  a  i^fecUy  simple  explanation  on  the  hypothesis  of  transverse 
vibrations ;  it  remains  to  be  seen  what  account  that  hypothesis  can  give 
of  the  former. 

For  some  time  after  the  discovery  of  biaxal  crystals,  it  was  supposed 
that  one  of  the  refracted  rays  followed  the  law  of  ordinary  refraction, 
while  the  other  followed  some  unknown  law  more  complicated  than 
the  Huygeniasu  It  was  theory  which  fint  pointed  out  to  Fresnel,  that 
neither  ray  followed  the  ordinary  law,  an  antidpation  which  he  found 
to  be  confirmed  by  experiment. 

Our  limits  would  not  permit  us  to  enter  into  the  theory  of  double 
refraction  as  given  by  Fresnd ;  we  shall  content  ourselves  with  a  brief 
notice  of  the  prindples  of  the  investigation,  and  a  statement  of  the 
results  to  whith  it  conducted  him. 

In  any  theory  of  double  refraction,  ther«  are  two  kinds  of  laws 
which  have  to  be  accounted  for ;  those  which  regulate  the  velocity  of 
propagation,  and  those  which  regulate  the  state  of  polarisation.  For 
the  two  are  evidently  so  bound  up  together,  that  any  true  theory 
ought  to  explain  both  at  the  same  time. 

With  regard  to  the  former,  if  we  only  knew  the  form  of  the  wave- 
surface,  all  the  rest  would  follow  from  Huygens's  oonstructiorL  To 
determine,  however,  the  propagation  of  a  disturbance  spreading  out 
on  all  sides,  is  a  problem  presenting  many  difficulties,  some  of  which 
may  be  evaded  by  the  following  consideratiorL  Imagine  an  infinite 
number  of  plane  waves,  the  effect  of  which,  severally,  is  infinitdy  small, 
to  pass  irutially  through  the  point  from  which  the  disturbance  is 
supposed  to  emanate.  These  mH  serve  to  represent  initially  the 
disturbance  in  the  neighbourhood  of  that  point,  and  their  effect  will 
elsewhere  be  insensible.  As  the  time  progresses,  they  will  travd 
along  with  the  vdodties  bdonging  to  plane  waves  in  thdr  respective 
directions,  and  their  effect  will  be  insensible  except  along  the  surface 
of  thdr  ultimate  intersections,  which,  therefore,  will  be  the  wave- 
surface  required.  Hence,  everything  is  reduced  to  the  determination 
of  the  mode  of  propagation  of  a  plane  wave  in  an  at  bitrarv  direction. 

This  problem  Fresnd  endeavoured  to  solve  by  regardmg  the  ether 
within  a  crystal  as  made  up  of  distinct  partides  acting  on  one  another 
with  forces  which  are  functions  of  the  distances,  and  considering  in 
the  fint  instance  the  motion  of  a  single  partide  supposed  to  be  alone 
disturbed.  The  result  is,  however,  meant  to  be  applied  to  a  whole 
plane  of  particles  constituting  a  wave,  and  this  application  is  kept  in 
view  throughout  the  investigatioiL  The  force  of  restitution  called 
into  play  by  the  displacement  is  accordingly  resolved  in  a  direction 
paralld  and  perpendicular  to  the  front  of  £he  wave,  and  it  is  assumed 
that  the  latter  component  produces  no  effect,  because  although  a  single 
partide  would  be  as  free  to  move  in  that  as  in  any  other  direction  if 
impelled,  a  plane  of  partides  could  not  so  move  without  compression, 
whereas  vibrations  which  are  strictly  transversal  take  place  without 
compression,  to  which  Fresnd  supposes  the  ether  would  oppose  an 
immense  resistance.  Accordingly  account  is  taken  only  of  that  com- 
ponent of  the  force  of  restitution  which  lies  in  the  plane  of  the  wave, 
and  which  therefore  the  particle,  considered  as  one  of  a  plane  of 
partides,  would  be  free  to  obev.  It  is  shown  that  for  either  of  two 
rectangular  displacements  paralld  to  the  front  of  the  wave,  the  com- 
ponent of  the  force  of  restitution  which  is  paralld  to  the  front  is  also 
in  the  direction  of  displacement,  but  for  a  given  displacement  the 
force  of  restitution  is  <Ufferent  in  these  two  directions.  If  now  the 
initial  displacement  be  paralld  to  the  front  of  the  wave,  but  otherwise 
arbitrary,  and  if  it  be  resolved  in  these  two  directions;  the  components 
will  be  propagated  independently  of  each  other,  but  with  different 
velocities.  This  accounts  both  for  the  double  vdodty  of  propagation 
and  for  the  polarisation,  in  rectangular  planes,  of  the  disturbance  pro- 
pagated with  the  two  vdodties  reepectivdy. 

These  results  were  mainlv  deduced  from  a  consideration  of  the  force 
of  restitution  called  into  play  by  an  abtoluU  displacement,  whereas  it 
bdongs  to  the  fundamentd  conception  of  the  mechanism  of  an  undu- 
lation that  it  is  propagated  by  forces  called  into  play  by  relative  dis- 
placements. This  difficulty  by  no  means  escaped  Fresnd,  who 
endeavoured  to  show,  by  probable  reasoning,  that  the  general  results 
would  still  be  the  same. 

The  actual  results  which  follow  from  Fresnd's  theory  may  be 
enunciated  in  the  following  laws : — 

(1.)  In  every  crystal  there  exists  a  system  of  three  rectangular  axes 
(axes  of  elasticity),  with  respect  to  which  the  optical  phenomena  are 
symmetricaL  (2.)  Let  a,  i,  e,  be  three  parameters  bdonging  to  these 
axes  respectivdv,  and  rwpnwanting  certain  vdodties  of  propagation ; 
construct  the  ellipsoid  a'^  +  d'y'  +  c^^^l,  uid  cut  it  by  a  diametral 
plane  parallel  to  the  front  of  a  wave,  the  redprocals  of  the  semi^axes  of 
the  elliptic  section  will  represent  the  two  normal  vdodties  of  the 
waves  which  can  travd  independentiy  in  the  given  direction,  and 
planes  perpendicular  to  the  wave  front  and  to  the  respective  semi-axes 
will  be  the  corresponding  planes  of  polarisation. 

These  laws  are  of  a  nature  to  adinit  of  comparison  with  eiqperiment, 
dther  directiy  or  by  the  consequences  whidi  mathematically  now  from 
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them.  The  direction  of  vibration  in  polftrised  light  is  not  itielf 
oogniBable  by  the  senBes.  In  the  theory  from  which  Fresnel  deduced 
the  above  laws,  it  is  supposed  that  the  direction  of  vibration  is  perpen- 
dicular to  the  plane  of  polarisation. 

The  deduction  of  the  form  of  the  wave-surface  becomes  now  a  mere 
geometrical  problem  of  envelopes.  Fresnel  did  not  succeed  in  solving 
the  problem  directly  on  account  of  the  difficulty  of  the  eliminationi 
but  he  gave  a  very  elegant  construction  by  points  of  a  surface  which 
he  afterwards  proved  to  be  the  wave-surface  required,  by  showing  that 
it  satisfied  the  requisite  condition  as  to  tangent  planes,  and  he  thus 
obtained  its  equation.  The  construction  is  as  follows.  Construct  the 
ellipsoid  flf-'iS*+6~*y*4-c~'a?=  1,  cut  it  by  a  diametral  plane,  and 
from  the  centre  perpendicular  to  this  plane  draw  lines  equal  respectively 
to  the  semi-axes  of  the  elliptic  section :  the  locus  of  their  extremities 
will  be  the  wave-sur&ce.  In  the  'Cambridge  Philosophical  Trans- 
actions/ voL  vi.,  p.  85,  Mr.  A.  Smith  has  very  simply  obtained  the 
equation  of  the  surface,  regarded  as  an  envelope,  by  direct  elimination. 
The  equation  is — 

where  r8=a?  +  y»  +  2?.  It  is  readily  seen  that  when  two  of  the  para- 
meters, a,  6,  c,  become  equal,  the  wave-surface  ef  Fresnel  becomes 
the  sphere  and  spheroid  of  Huygens.  For  an  admirable  dynamical 
investigation  of  th&  problem  of  double  refraction,  the  reader  is  referred 
,to  a  paper  by  Green,  in  the  7th  voL  of  the  '  Cambridge  PhilosophicEd 
ITransactions.' 

The  length  to  which  this  article  has  already  run,  compels  us  to 
omit  the  subjects  of  conical  refraction,  the  application  of  the  undulatory 
theory  to  the  determination  of  the  intensities  of  reflected  and  refracted 
polanised  light,  and  of  the  change  of  phase  which  accompanies  total 
internal  reflection,  the  properties  of  metals  in  relation  to  the  reflection 
of  light,  the  optical  properties  of  ayrup  of  sugar  and  other  active 
liquids,  and  those  of  transparent  uncrystallised  media  subject  to  the 
action  of  a  powerful  magnet.  For  these,  reference  must  be  made 
either  to  the  original  memoirs  of  those  who  have  investigated  these 
subjects,  or  to  some  of  the  extensive  treatises  which  have  Iwen  written 
on  the  undulatory  theory. 

UNQUENTS,  or  ointments,  are  unctuous  substances,  for  external 
application,  and  intended  to  answer  a  variety  of  purposes,  according  to 
their  composition.  They  are  variously  designated  acooniing  to  weir 
nature  and  consistence.  At  one  stage  of  surgeir  they  were  of  a  veiy 
complicated  kind,  as  may  still  be  seen  in  the  so-called  balsams  (artificial) 
of  the  continental  pharmacopoeias ;  but  the  progress  of  modem  science 
leading  to  greater  simplicity,  their  numbers  are  much  reduced,  and 
thdr  ingredients  fewer.  If  they  are  composed  chiefly  of  wax,  without 
resin,  and  of  oil,  with  or  without  other  more  active  materials,  and  have 
a  oonsistenoe  neariy  as  great  as  that  of  {^asters,  they  are  termed 
eeraUa;  when  fats  or  resin  are  used,  so  that  the  consistence  is  wctuctkf 
greater  than  that  of  butter,  they  are  tenned  ointments;  H  distiUed 
fragrant  waters  or  essential  oils  are  used,  they  are  termed  pcmaiums, 
or  pomades ;  and  occasionally,  if  the  appearance  correspond,  some  are 
termed  butters,  or  pastes,  such  as  almond  paste,  which,  being  bland  and 
emollient,  must  be  carefully  distinguished  from  some  other  compounds 
also  called  butters  [Butters,  in  Pharmacy],  whidi  are  acrid  and  corro- 
sive, such  as  butter  of  antimony,  or  violent  poisons,  such  as  butter  of 
arsenic.  Most  ointments  are  formed  by  melting  together  the  ingre- 
dients, and  in  doing  this  the  heat  should  never  exceed  that  of  the 
boiling-point  of  water.  To  ensure  uniformity  and  smoothness,  the  in- 
gredients should  be  carefully  stirred  while  on  the  fire,  and  strained 
through  a  cloth  while  vet  in  the  liquid  state  ;  if  essential  oils  are  used, 
these  must  be  added  afterwards.  Some  are  made  by  merely  triturating 
the  materials  together,  aa  in  the  case  of  mercurial  ointment.  Ho  great 
quantity  of  any  ointment  should  be  prepared  at  one  time,  as  they  are 
apt  to  undergo  changes,  sometimes  very  detrimental,  either  by  the 
ingredients  acting  on  each  other,  or  by  absorbing  oxygen  from  the  air. 
Many  should  be  prepared  only  when  wanted,  such  as  the  ohitment  of 
the  nitrate  of  silver. 

The  chief  use  of  ointments  is  either  by  their  emollient  qualities  to 
soften  tense  or  hardened  parts,  or  to  sheath  excoriated  parts  from  acrid 
secretions  or  the  irritation  of  the  an*.  Applied  to  ulcers,  they  may, 
according  to  their  nature,  besides  excluding  the  air,  promote  the  heal- 
ing, if  judiciously  used,  or  hinder  it  if  improperly  used.  For  chapped 
hands  or  rough  skins,  one  of  the  mildest  and  safest  applications  is 
almond-paste. 

UNGULA.  The  hoof  of  a  horse  looks  like  the  rart  of  a  cone  which 
18  separated  from  the  part  containing  the  vertex  by  an  oblique  plane. 
Hoice  such  a  solid  is  called  an  ungula,  and  rules  for  the  determination 
of  Its  content  are  given  in  books  of  mensuration. 

UNIAXAL  CRYSTALS.    [Optio  Axis.] 

UNICOKN.  "  Concerning  the  Unicom,  different  opinions  prevail 
among  authors,"  says  the  author  of  '  Thaumatographia  Naturalis' 
(1688>,  and  he  adds  that  some  doubt,  others  deny,  and  a  third  class 
ttffirm  its  existenoe. 

xJ^^^'  *^®  author  probably  whom  Aristotle  followed,  describes  the 
Wild  Asses  of  India  (Svoc  Sypioi)  as  equal  to  the  horse  in  size,  and  even  ' 
larger,  with  white  bodies,  red  heads,  bluish  eyes,  and  a  hom  on  the  ' 
forehead  a  cubit  in  length.    For  the  space  of  two  palms  from  the  fore-  ] 


head  this  hom  is  entirely  white,  the  middle  part  b  blaok,  and  tlia 
extremity  is  red  and  pomted.  Drinking-vessels  are  made  of  it,  and 
those  who  use  them  are  subject  neither  to  convulsions,  epilepsy,  nor 
poison,  provided  that  before  talung  the  poison,  or  after,  they  drink 
from  these  cups  water,  wine,  or  any  other  liquor.  After  some  other 
particulars,  Ctesias  describes  these  animals  as  very  swift  and  very 
strong.    (Ctesias,  ed.  Bahr,  pp.  266,  829,  368.) 

Aristotle  notices  the  Indiim  Ass  as  a  soUpede  which  has  a  hom,  aod 
the  only  one  of  the  solipedes  possessing  an  astragalus.  ('  Hist.  Awim./ 
ii.  1.)  He  adds,  in  the  third  book,  on  the  parts  of  animals,  that  tfaoae 
beasts  which  have  only  a  single  hom  have  it  in  the  middle  of  thmr 
head ;  and  evidently  speaks  of  the  Indian  Ass  from  the  accounts  of 
others. 

Herodotus  (iv.  191)  mentions  asses  (<rKoi)  having  homs ;  and  Strabo 
(xv.,  p.  1009,  Oxford,  folio)  refers  to  Unicom  horses  with  the  heads  ol 
deer. 

Oppian  ('  Cyneget.,'  ii,  line  96)  notices  the  Aonian  bulls  with  undi- 
vided hoo£i  and  a  single  median  hom  between  their  temples,  whereM 
the  Armenian  bulls  have  two. 

Csesar  ('  De  Bello  Gallico,'  vi.  26),  when  referring  to  the  multitude  of 
animals  bred  in  the  great  Hereynian  forest,  sp«aks,  probably  from 
hearsay,  of  an  ox  with  the  figfure  of  a  deer,  from  the  middle  of  whose 
forehead  a  single  hom  stands  out  higher  and  more  direct  than  any 
homs  known  to  him.  He  adds,  that  from  the  top  of  this  hom  branches 
like  palms  are  diffused,  that  the  nature  of  the  male  and  female  is  the 
same,  and  that  the  form  and  size  of  their  homs  are  similar.  He  then 
notices  the  Elk. 

Pliny,  who,  to  be  sure,  places  it  in  the  company  of  the  MasUiekoea, 
the  Catoblepas,  and  the  BasiUsk,  notices  it  as  a  very  ferodons  beast 
(asperrimam  feram),  similar  in  the  rest  of  its  body  to  a  horse,  with  the 
head  of  a  deer,  the  feet  of  an  elephant,  the  tail  of  a  boar,  a  deep  bel- 
lowing voice  (mugitu  gravi),  and  a  single  black  hom,  two  cubits  in 
length,  standing  out  in  the  middle  of  its  forehead.  He  adds,  **  Hane 
feram  vivam  negant  capi,"  **  that  it  cannot  be  taken  alive  **  ('  Nat. 
Hist.,'  viit.  21) ;  and  some  such  excuse  may  have  been  necessary  in 
those  days  for  not  producing  the  living  animal  upon  the  arena  of  the 
amphitheatre. 

Out  of  this  passage  most  of  the  modem  Unicoms  have  been  described 
and  figured.  But  let  us  pause  to  scan  it.  The  body  of  the  hone  and 
the  head  of  the  deer  appear  to  be  but  vague  sketdiee.  The  feet  of  the 
elephant  and  the  tail  of  a  boar  point  at  once  to  a  pachydermatous 
anunal ;  and  the  single  black  hom,  allowing  for  a  little  exaggeration  as 
to  its  length,  w^  fits  the  two  last-mentioned  conditions,  snd  will 
apply  to  one  of  the  species  of  Rhinoceros.  [Rhihocbbos,  in  Nat. 
Hist.  Div.] 

Our  limits  will  not  permit  us  to  follow  out  in  detail  the  descriptions 
of  the  numerous  writers  who  have  treated  of  this  subject,  among  whom 
are  ^lian,  Philostratus,  and  Soltnus,  .£neas  Sylvius,  Marco  Polo, 
Gesner,  Cardan,  Garzias  ab  Horto,  Andreas  Marinus,  Andreas  Baoehis, 
Bartholinus,  Aldrovandus,  Jonston,  Ac.  Some,  however,  of  the  modern 
descriptions  of  the  Unicom  may  be  excepted.  Oardas  noted  down  a 
description  of  this  marvellous  oreature  from  one  who  alleged  that  he 
had  seen  it.  The  seer  afi^rmed  that  it  was  endowed  with  a  wonderful 
hom,  which  it  would  sometimes  turn  to  the  left  and  right,  at  others 
raise,  and  then  again  depress.  Ludoviens  Yartomanus  writes  that  he 
saw  two  sent  to  the  Sultan  from  Sthiopia,  and  kept  in  a  repository  at 
Mahomet's  tomb  in  Mecca,  and  he  describes  them  as  "  canoellis  obsep- 
tus,  minimi  feroces."  Cardan  describes  the  Unicom  aa  a  rare  ammal, 
of  the  SLse  of  a  horse,  with  hair  very  like  unto  that  of  a  weasel,  with 
the  head  of  a  deer,  on  which  one  hom  grows,  three  cnbdts  in  length  (a 
story  seldom  loses  anvthiog  in  its  progress)  from  the  forehead,  ample 
at  its  lowest  part  and  tapering  to  a  point ;  wiUi  a  short  neck,  a  veiy 
thin  mane,  leuiing  to  one  side  only,  and  legs  thin  as  those  of  a  young 
Roe  (caiyreolus).  But,  not  to  weary  the  reader,  if  he  wishes  to  see 
what  our  ancestors  thought  Unicoms  like,  let  him  turn  to  Jonston's 
'  Historia  Naturalis '  (1657).  There  he  will  behold  the  smooth-homed 
SolipedeJ'*  Wald  Esel "),  and  the  digitated  and  clawed  smooth-homed 
"  Meer  Wolff,"  tiie  latter  with  his  single  hom  erect  in  the  foreground, 
but  with  it  depressed  in  the  background,  where  he  is  represented 
regaling  on  serpents.  Then  there  are  the  smoofch-horaed  "  Monooeroa^ 
Unicomn,  Eiidiora,"  with  the  head,  mane,  and  tail  of  a  horsey  and 
bisulcate  feet;  and  another  smooth-homed  ''Monooeros,  UnioomOr 
Einhora,"  with  a  horse's  bead  and  mane,  a  pig^s  tail,  and  camel-like 
feet ;  Uie  "  Meer  Steinbock,  Caprioomus  marinus,"  with  anterior  bisul- 
cate feet,  posterior  webbed  feet,  and  a  kind  of  graduated  hom  like  a 
modem  flat  telescope  opera-glass  pulled  out,  in  the  foreground,  and 
charging  the  fish  most  validly  in  the  water  in  the  disiBknoe ;  then 
there  is  the  digitated  "  Wald  £sel.  Onager  Aldrovandi,"  with  a  mule's 
head  and  two  rhinooeros-like  homs,  one  on  his  forehead  aod  the  other 
on  his  nose,  and  a  horse's  tail,  with  a  collar  round  his  neck ;  beneath 
we  find  the  "  Monoceros,  sen  Unieonm  jvbaius — ^Einhom  mit  mahnen," 
with  a  neck  entirely  shaggy,  a  twisted  hom,  anterior  bisnloate  feet» 
the  posterior  being  webbed,  and  a  deer^s  tail ;  and  at  the  bottom  of  the 
plate,  "Monoceros,  seu  Unicomn  aliud — Rinhom  mit  mahnen,  ein 
andr^  art"  with  a  twisted  hom,  mane,  and  shaggy  gorget>  enrly  tail, 
and  camel-like  feet. 

The  Unicom  seems  to  have  been  a  sad  punle  to  the  hunteis,  who 
hardly  knew  how  to  come  at  so  valuable  a  pieee  of  game.    It  ww  how* 
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ever  at  Ust  diaeovered  that  it  wu  fond  of  raritieB,  and  particnlarly 
attached  to  chaste  persons ;  so  they  took  the  field  with  a  firf^,  who 
was  placed  in  the  unsuspecting  admirer's  way.  When  the  Unicom 
spied  her,  he  approached  with  aU  reverence,  couched  beside  her,  and, 
laying  his  head  in  her  lap,  fell  asleep.  The  treaoherooa  viigin  then 
gave  a  signal,  and  the  hunters  made  in  and  captured  the  simple  beast. 

Modem  zoologists,  disgusted,  as  they  well  may  be,  with  fables  of 
which  we  have  only  given  a  specimen  or  two,  disbelieve  generally  the 
existence  of  the  Unicom,  such  at  least  as  we  have  above  referred  to ; 
but  the  result  of  M.  Quettard*s  dissertation  is  an  opinion  that  some 
terrestrial  aidmal  bearing  a  horn  on  the  anterior  part  of  Ite  head  exists 
besides  the  Rhinoceros.  The  nearest  approach  to  a  horn  in  the  middle 
of  the  forehead  of  any  terrestrial  mammif erous  animal  known  to  us  is 
the  bony  protuberance  on  the  forehead  of  the  Giraffe  [Qnu.FrB,  in 
Nat.  Ht8T.  Div.]  ;  and,  though  it  would  be  presumptuous  to  deny  the 
existence  of  a  one-homed  quadruped  other  than  the  Rhinoceros,  it  may 
be  safely  stated  that  the  insertion  of  a  long  and  solid  horn  in  the  living 
forehead  of  a  horse-like  or  deer-like  cranium  is  aa  near  an  impossibility 
as  anything  can  be. 

The  ^'Monoeeroe  home"  in  Tradescant's  coUeotion  was  probably 
that  which  ordinarilv  has  passed  for  the  horn  of  the  Unicom,  namely, 
the  tooth  of  a  NarwhaL  Old  legends  assert  that  the  Unicom,  when  he 
goes  to  drink,  first  dips  his  horn  in  the  water  to  purify  it,  and  that 
other  beasts  delay  to  quench  their  thirst  till  the  Unicom  has  thus 
sweetened  the  water.  The  Karwhal*s  tooth  makes  a  capital  twisted 
Unicorn's  hom,  as  represented  in  the  old  figures.  That  in  the  reposi- 
toiT  of  St.  Denis,  at  Paris,  was  presented  by  Thevet,  and  was  declared 
to  have  been  given  to  him  by  the  king  of  Monomotapa,  who  took  him 
out  to  hunt  uniooms,  which  are  frequent  in  that  countiy.  Some  have 
thought  that  this  hom  is  a  carved  elephant's  tooth.  There  is  one  at 
StrasDurg  some  seven  or  eight  feet  in  length,  and  there  are  several  in 
Venice. 

Great  medical  virtues  were  attributed  to  the  so-called  hom,  and  the 
price  it  once  bore  outdoes  everything  except  the  Tulipomania.  A  Floren- 
tine physician  has  recorded  that  a  pound  of  it  (sixteen  ounces)  was  sold 
in  the  shops  for  fifteen  hundred  and  thirty-six  crowns,  when  the  same 
weight  in  gold  would  only  have  brought  one  hundred  and  forty-eight 
crowns. 

The  Unicom  is  a  national  symbol  with  us,  for  it  is  one  of  the  sup- 

Eorters  of  the  royal  arms  of  Great  Britain,  in  that  posture  termed  by 
eralds  "  sullant."  It  was  introduced  as  one  of  the  supporters  of  the 
English  arms  by  James  I.,  who  having  as  king  of  Scotland  borne  two 
unicorns,  coupled  one  of  them  with  the  EngUsh  lion  on  his  accession 
to  the  throne  of  England. 

UNIFORM.  Though  this  word  mean  nothing  more  than  "  of  one 
form,"  it  has  a  signification  in  mathematics  which  might  be  better 
rendered  by  "  of  one  value  "  or  "  of  one  degree,"  when  we  speak  to  the 
mathematical  proficient.  But  it  is  a  convenience,  though  only  an 
accidental  one,  that  the  word  does  not  imply  the  idea  of  value  abso- 
lutely ;  a  circumstance  which  may  serve  us  to  elucidate  a  point  of  great 
importance  in  the  differential  calculus.  The  commencement  is  made 
in  the  present  article :  the  continuation  will  follow  in  Velocitt. 

In  order  to  understand  any  application  of  mathematics,  whether  to 
space  or  matter,  it  is  necessary  wat  a  perfect  mathematical  conception 
uiould  be  formed  of  the  quality  of  space  or  matter  which  is  to  come 
\mder  consideration.  By  a  perfect  mathematical  conception,  we  mean 
that  it  must  be  distinctly  seen,  first,  that  the  object  under  considera- 
tion is  of  the  nature  of  magnitude ;  secondly,  that  it  ia  of  a  measurable 
kind,  that  is,  is  capable  of  being  measured,  and  can  actually  have  a 
mode  of  measuring  it  assigned.  Why  do  so  many  persons  talk  and 
write  vaguely  about  force,  velocity,  density,  acceleration,  ftc.  ?  Simply 
because  they  are  onlv  conversant  with  the  first  consideration,  and  have 
no  precision  in  their  ideas  of  the  second:  they  feel  that  they  are 
speaking  of  magnitudes,  of  things  which  they  know  may  be  more  or 
less,  but  they  have  not  that  familiarity  with  the  predse  way  of  ascer- 
taining the  how  mu^  mart  or  thtf  how  mwh  ksi,  without  which  deduc- 
tion cannot  be  made  intelligible. 

Now  we  sav  that  in  every  instance  in  which  measurement  is  shown 
to  be  attainable,  there  is  a  notion  of  uniformity  which  precedes  or 
ought  to  precede  that  of  mensurability ;  and  tmit  emphatic  mention 
of  this  circumstance,  and  full  development  of  its  truth  and  meaning, 
ought  to  be  the  preliminary  step  to  actual  measurements  Moreover, 
we  say  that,  inasmuch  as  this  idea  of  uniformity  is  to  be  gained  pre- 
viouslv  to  tiiat  of  measurement,  we  must  forego  the  notion  of  "  uni- 
form and  "  of  one  value  "  being  convertible  terms,  and  illustrate  the 
word  by  considerations  independent  of  value ;  for  this  last  terai  implies 
measurement,  as  is  easily  seen. 

If  we  were  to  take  velocity  as  our  instance,  most  readers  would  be 
able  to  appeal  to  ideas  of  measurement  and  value  established  in  their 
minds,  whether  vaguely-  or  precisely :  we  therefore  prefer  to  choose 
curvature,  a  term  which  will  be  quite  new  as  meaning  a  measurable 
magnitude  to  all  except  those  who  have  more  than  an  elementary 
knowledge  of  mathematics.  Curvature  is,  as  the  name  imports,  the 
bending,  the  gradual  bending,  which  distinguishes  a  curve  from  a 
straight  line.  It  is  a  magnitude,  thitt  is,  it  allows  of  the  application  of 
the  idea  of  more  and  less :  one  curve  may  bend  more  than  another,  or 
more  in  one  place  than  in  another.  So  much  evexy  one  can  be  sure 
of  at  the  first  annoimcement :  the  next  step  would  be  to  imagine  it 


possible,  that  one  curve  might,  say  at  and  about  a  point  a,  bend 
exactiy  twice  as  much  as  another  at  and  about  a  point  b.  But  here 
the  ordinary  reader  can  only  imagine  a  possibility :  no  distinct  criterion 
wHl  at  once  present  itself  for  determining  what  proportion  the  bondings 
or  curvatures  of  two  curves  are  to  be  stated  as  having  to  one  another 
at  two  given  points.  If  two  tangents  be  drawn  at  the  two  given  pointe, 
it  is  obvious  that,  according  as  the  curve  bends  more  or  less,  there  will 
be  more  or  less  deflection  m>m  the  tangent.  Thus  the  curve  a  p,  at 
the  point  a,  has  as  much  curvature  as  a  Q,  or  more ;  certainly  not  less. 
Now  as  in  other  cases,  if  we  measure  curvature,  it  must  be  by  curva- 
ture, as  length  by  length,  weight  by  weight,  &a  :  and  as  a  preliminary, 
it  wUl  be  deeinble  to  have  that  curve  which  has  everywhere  the  samo 


curvature.  This  curve  is  obviously  a  circle,  which  is  throughout  ite 
circumference  bent  in  exactiy  the  same  maimer.  Those  who  cannot 
imagine  how  curvatures  are  to  be  measured  can  always  see  this  much, 
that  a  true  mode  of  measurement  wiU  give  the  same  result  to  what- 
ever point  of  a  given  circle  it  may  be  applied.  A  method  of  deter- 
mining ^ue  must  be  false  which  gives  at  one  point  of  the  same  circle 
a  greater  curvatture  than  at  another.  Here  we  say  that  any  one  may 
see  that  a  notion  of  uniformity  has  a  useful  existence  previously  to 
that  of  any  mode  of  comparing  the  values  of  different  cases  of  this 
uniformity.  The  circle  a  may  have  a  radius  twice  as  large  aa  that  of 
B :  are  we  then  to  say  that  the  curvature  of  b  is  double  that  of  a  I 
That  the  smaller  circle  bends  most  is  certain;  whence  it  ia  equally 
certein  that  curvature  or  bending  is  a  magnitude  :  it  has  ite  more  and 
less.  Again,  it  is  obvious  that  the  circle  b  has  the  same  curvature  in 
all  ite  parte,  and  that  the  circle  a  has  the  same ;  though  the  parte  of  a 
have  a  curvature  which  is  not  the  same  as  that  of  the  parte  of  b. 
Hence  it  is  certain  that  uniformity  of  curvature  ia  perfectiy  conceivable. 
Now  what  we  have  to  enforce  is,  that  all  this  takes  place  in  the  mind, 
before  any  mode  can  be  given  of  answering  the  question  how  much 
the  curvature  of  b  exceeds  that  of  a.  The  greater  the  radius  the  less 
the  curvature,  and  A  has  twice  &«  great  a  radius  as  b.  If  it  be  proper 
to  say  [Vabiatiom]  that  the  curvature  varies  inversely  as  the  radius, 
then  b  is  twice  as  much  curved  as  a  ;  but  if  it  be  proper  to  say  that 
the  curvature  varies  inversely  as  the  square  of  the  xvdius,  then  that  of 
b  is  four  times  as  great  as  that  of  a.  Here  the  object  of  this  article 
ends,  and  we  have  referred  to  V blooitt  the  manner  of  making  the  next 
step.  At  the  risk  of  undue  repetition,  we  state  again,  that  a  perfect 
idea  of  a  magnitude,  as  a  msgnitude,  and  of  ite  uniformity,  or  total 
absence  of  change  of  value,  may  exist  in  cases  in  which  the  accurate 
comparison  o'f  vidues,  or  measurement,  is  not  attained,  and  may  even 
exist  in  a  mind  which  has  not  the  means  of  conceiving  the  possibility 
of  such  comparison  or  measurement  being  accurately  made. 

UNIGENITUS,  BULL.    [Bulls,  Papal.1 

U'NISON,  in  Music,  is  a  sound  which  is  exactly  the  same  as  another, 
in  regard  to  piteh — that  is,  to  acuteness  or  gravity. 

UNIT  or  UNITY,  the  name  given  to  that  magnitude  which  is  to 
be  considered  or  reckoned  as  one,  when  other  magnitudes  of  the  same 
kind  are  to  be  measured.  It  is  not  itself  one,  but  is  the  magnitude 
which  one  or  1  shall  stand  for  in  calculation :  it  is  a  length,  or  a  weight, 
or  a  time,  as  the  case  may  be,  while  1  is  only  a  numerical  symbol.  This 
symbol  1  represente  the  abstract  conception  of  singleness,  as  distin- 
guished from  multitude,  and  is  the  unit  of  abstract  anthmetic ;  but  all 
concrete  quantities  must  have  unite  of  their  own  kind. 

Unity,  says  Euclid  (book  viL,  del  l),'is  that  according  to  which  each 
of  existing  things  is  called  one :  Mopds  i(m,  KoSt  %p  iKcurrov  r&»  J&vrnp 
%y  A^ytroi.  And,  allowing  somewhat  for  idiom,  it  would  not  be  easy 
to  mend  this  definition.  Anything  may  be  unity,  for  things  of  ite 
own  kind. 

The  common  division  of  unite  iato  abstract  and  concrete  is  merely 
the  distinction  between  the  unit  of  numeration  and  that  of  measure- 
ment :  the  former  implying  that  reckoning  or  computetion  is  to  be 
performed,  without  sp^fic  reference  to  any  particular  object  of 
reckoning ;  the  latter,  that  some  certain  unit  of  length,  of  capacity,  or 
whatever  it  may  be,  is  to  be  signified  by  1.  On  this  point  the 
learner  must  take  pains  to  see,  that  of  all  the  f  undamentel  operations 
of  arithmetic,  three  are  wholly  independent  of  this  distinction,  which 
cannot  be  said  of  the  fourth.  Addition,  subtraction,  and  division  can 
be  physically  performed,  and  without  reference  to  unite :  two  lines 
may  be  put  together  into  one  line,  a  line  may  be  cut  off  from  another, 
or  a  Une  may  be  carried  along  another  time  after  time,  until  it  is  seen 
how  many  times  the  greater  contains  the  less.  But  multiplication 
requires  wat  number  or  magnitude  should  be  taken  a  number  of  times, 
and  the  idea  of  multiplying  a  magnitude  by  a  magnitude  involves  an 
absurdity.  [Multiplication  ;  Reotanolb.]  Nevertheless  some  enter- 
prising writers  on  arithmetic  profess  to  multiply  magnitude  by  magni- 
tude; and,  to  make  their  doings  more  striking,  they  often  choose 
for  their  instance  to  multiply  992.  10«.  11  fd  by  99/.  19«.  llfd  To 
take  a  humbler  case,  let  us  examine  the  product  of  5  shillings  and 
8  shillings :  beginners  educated  in  the  common  system  of  arithmetic  are 
generally  loth  to  part  with  the  idea  that  this  must  be  15  shillioga. 
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The  common  role  of  three,  as  generally  stated,  and  given  without 
proof,  is  the  oause  of  much  of  the  habit  which  leads  to  this  unwilling- 
ness ;  and  for  those  who  cannot  see  any  difference  between  5  shillings 
taken  8  times,  and  5  shillings  multiplied  by  8  shillings,  the  examination 
of  a  question  in  this  rule  will  be  worth  wmle.  Let  it  be  as  follows : — 
If  10  apples  cost  7  pence,  how  much  will  80  apples  cost?  The 
computer  proceeds  in  this  manner : — As  10  apples  are  to  7  pence,  so  are 
80  apples  to  the  answer  required.  According  to  the  rule,  he  multiplies 
together  7  pence  and  80  apples,  and  produces  210 — of  what  he  does 
not  say.  They  can  hardly  be  simple  apples,  or  pence :  probably  they 
are  210  chemioil  compounds  of  an  apple  and  a  penny.  The  result  is 
to  be  divided  by  the  first  term,  10  apples :  here  210  divided  by  10 
gives  21,  and  the  apples  in  the  divisor  decompose  this  compound,  free 
it  of  all  its  fruit,  and  leave  for  the  final  answer  21  pence.  The  confusion 
which  is  caused  by  the  improper  use  of  the  concrete  unit  can  hardly 
be  conceived  by  any  but  one  who  has  been  used  to  teaching. 

UNIT  JAR.    [Electbicitt,  Common,  coL  801.1 

UNIT  OF  WORK.    [Work,  Unit  op.] 

UNITARIAN.  This  teim,  in  its  strict  and  literal  interpretation, 
denotes  simply  a  believer  in  one  God ;  and,  when  thus  understood,  is 
»  generic  term,  applicable  to  all  Christians,  for  they  all  profess  to 
receive  the  unity  of  the  divine  nature ;  and  not  only  so,  but  to  Jews 
and  Mohammedans  also,  and  even  to  those  unbelieverB  commonly  called 
Deists,  who,  on  the  grounds  supplied  by  natoral  reason  alone,  admit 
the  existence,  providence,  and  moral  government  of  one  Supreme 
Being.  But  it  ia  more  commonly  understood  as  opposed  to  Tiinitatian, 
and  is  accordingly  the  received  denomination  of  tnoee  Christians  who 
acknowledge  one  God  in  one  person,  as  distinguished  from  those  who 
conceive  of  him  in  three  persons,  characters,  or  relations,  each  of  which 
bhey  regard  as  the  proper  object  of  a  distinct  and  separate  religious 
worship.  The  Unitarian  Christian  l^alieves  the  FaUier  to  be  the  only 
true  God,  and  Jesus  his  messenger  to  be  the  Christ  (John  xvii.  3.) 
This  is  the  leading  fundamental  principle,  which  constitutes  the  true 
and  complete  definition  of  the  term ;  under  which  are  consequently 
mduded  all  those  who^  receiving  the  divine  authority  or  commission  of 
Jesus  Christ,  believe  him  to  be  a  dependent  creature,  deriving  his 
existence  from  the  Father,  and  therefore  as  the  fit  object  of  all  the 
veneration,  submission,  and  obedience  which  can  be  offered  to  a  crea- 
ture, but  not  of  reli^ous  worship  properly  so  called.  Agreeing  in  this 
great  and  leading  prmdple,  Unitarians  differ  in  tiheir  opinions  as  to  the 
origin,  nature,  and  dijpiity  of  the  author  of  their  rdigion.  Some 
believe  him  to  have  been  a  celestial  spirit  of  great  power  and  dignity, 
existing  before  all  worlds,  and  employed  by  the  lather  as  his  instru- 
ment or  agent  in  the  creaAion  of  the  universe,  or  at  least  of  this  portion 
of  it  in  which  we  dwelL  These  are  usually  <»lled,  and  call  themselves, 
Arians ;  though  differing  in  various  particulars  from  the  diBtingmshing 
tenets  of  that  celebrated  heresiarch.  Of  this  class  was  thelate  Dr. 
Price,  and  many  of  the  principal  English  Unitarians  in  the  earlier  part 
of  the  last  century.  Others  believe  Jesus  to  have  had  no  existence 
previous  to  his  birth,  and  to  have  been  simply  **  a  man,  approved  of 
God  by  miracles  and  wonders  and  signs  which  God  did  by  him." 
(Acts  iL  22.)  These  are  not  unfrequently  styled  Sodnians :  but  they 
themselves,  almost  universally,  reject  this  appellation ;  both  because  it 
is  usually  given  as  a  term  of  reproach  (thougn  in  fact  there  is  no  more 
reason  why  it  should  be  so  considered  than  Lutheran,  Calvinist,  or 
Arminian),  and  also  because  Socinus  held  certain  opinions  which  they 
disapprove,  particularly  the  duty  of  praying  to  Christ,  contraiy,  as 
many  of  them  think,  to  his  own  eipress  injunction.  (John  xvl  23.) 
Unitarians  believe  that  in  Christ  dwelt  all  the  fulness  of  the  Godhead, 
inasmuch  as  the  spirit  was  not  given  by  measure  unto  him,  and  as  he 
was  invested  with  full  power  to  make  known  to  the  children  of  men 
the  will  and  intentions  of  God  concerning  them ;  and  they  require  no 
other  evidence  than  his  authority  for  receiving  iJl  which  he  delivered 
as  coming  from  God.  On  this  authority  they  believe  that  there  will 
be  a  resurrection  from  the  dead,  both  of  the  just  and  of  the  unjust, 
when  all  shall  be  rewarded  according  to  their  works,  and  when  Christ 
himself  shall  come  in  the  glory  of  his  Father  to  judge  the  liviog  and 
the  dead.  They  believe  that  the  truth  of  this  dedaiution  was  ascer- 
tained and  exemplified  by  his  own  resurrection  from  the  grave.  They 
believe  that  he  was  sent  to  include  both  Jew  and  Gentile  in  the  terms 
of  a  new  and  better  covenant :  and  to  admit  the  whole  race  of  mankind 
to  a  participation  in  the  privileges  of  the  family  of  God.  For  this 
reason  it  is  that  the  death  of  Christ  is  described  by  himself  as  the 
blood  of  the  new  covenant,  shed  for  many  for  the  remission  of  sins; 
and  hence  Unitarians  receive  him  not  as  God  himself,  but  as  the  image 
of  God  (2  Cor.  iv.  4),  and  a  ray  of  his  Father's  glory— as  the  one 
Mediator  between  God  and  m^n. 

Unitarians  believe  in  the  Atonement ;  understanding  that  term  in 
toe  s^  in  which  it  is  used  in  the  only  phioe  where  it  occurs  in  the 
New  Testament,  namely,  reconciliation.  Men  were  enemies  to  God  by 
wicked  works;  they  were  reconciled  by  the  death  of  Christ,  that  is, 
by  the  new  covenant  of  grace  and  mercy  ratified  by  his  death,  in  as  far 
as  they  have  been  reclaimed  from  sin  to  a  life  of  righteousness.  In 
this  sense  they  think  that  Christ  died /or  us;  not  in  our  stead,  but  on 
our  behalf ;  to  procure  for  us  the  benefit  of  a  new  and  better  dispen- 
sation. Thus  the  terms  or  conditions  of  salvation  are  "  repentance 
towards  God  and  faith  in  the  Lord  Jesus  Christ."  And  they  deny 
that  these  views  are  liable  to  the  chai^  which  is  sometimes  brought 


against  them,  of  underrating  the  evil  of  sin;  considering  that  by 
repentance  is  meant  not  mer^y  sorrow  for  past  sin,  but  «  change  ot 
mmd  and  heart,  leading  to  future  amendment,  and,  when  practicable, 
to  restitution. 

Unitarians  are  sometimes  charged  with  relying  upon  their  owza 
merits,  but  erroneously.    They  profess  to  look  for  everything  they 
have  or  can  expect  solely  to  the  free  grace  and  merc^'  of  God,  mani- 
fested in  the  gospel  of  Jesus  Christ    This,  and  thu  alone,  is  the 
procuring  eaiae  of  salvation,  of  which  conversion  where  neoeflsaxy,  and 
repentance  and  better  obedience  in  all  cases,  are  only  the  prescribed 
but  indispensable  condition ;  a  condition,  which  they  believe  that  all 
men  are  competent  to  fulfil,  by  a  diligent  and  conscientious  exercise  of 
their  natural  powers.    These  powers,  and  the  entire  constitution  which 
man  inherits  at  his  birth,  they  believe  to  be  such  as  hia  Maker 
intended   ^em   to   be,  not   less  capable  in  their  own   nature  of 
religious  and  moral  improvement  than  those  of  his  first  progenitor, 
when  cultivated  with  due  care,  exercised  under  an  influential  sense  of 
the  Divine  presence,  and  an  habitual  application  for  the  Divine  pro- 
tection and  blessing  promised  in  the  Gospel  of  Jesus  Christ 

Unitarians  for  the  most  part  bdieve  in  the  doctrine  of  Universal 
Restitution ;  considering  punishment,  both  here  and  hereafter,  not  aa 
the  expression  of  what  is  called  vindictive  justice,  but  as  the  instru- 
ment of  a  remedial  discipline,  destined  ultimately  to  bring  back  the 
sinner  from  the  error  of  his  ways.  But  it  should  be  observed  that  on 
this,  as  on  aU  other  points,  it  is  difficult  to  give  any  precise  statement; 
because  in  fact  there  does  not  exist  any  Unitarian  creed  or  standard, 
which  the  general  body  have  ever  formally  recognised  as  of  authority. 
No  Unitarian  will  allow  himself  to  be  held  responsible  for  the  opinions 
maintained  by  any  other,  let  his  talents,  eminence,  or  reputation  be 
what  they  may. 

Without  touching  on  the  controversies  which  have  arisen  respecting 
the  history  of  Unitarianism  in  the  primitive  church,  it  may  be 
sufficient  for  our  purpose  to  observe  that  it  quickly  made  its  appear- 
ance among  the  leading  reformers  of  the  16th  century.  The  &te  of 
Serretus,  who  was  burnt  at  Geneva  for  the  profession  of  this  obnox- 
ious sentiment,  is  the  foulest  blot  on  the  character  of  Calvin.  Several 
of  the  most  eminent  of  the  Italian  reformers  of  that  period  were  anti- 
Trinitarians  of  different  degrees,  some  of  whom  became  distinguished 
lights  and  founders  of  Unitarian  churches  in  distant  lands.  In  this 
country,  during  the  reigns  of  Edward  VI.,  Elizabeth,  and  James  L, 
several  persons  expiated  the  offence  of  this  form  of  heresy  at  the 
stake ;  but  the  first  religious  society  established  in  England  avowedly 
on  this  principle  was  gathered  in  the  time  of  the  Commonwealth  by 
Biddle,  who  may  therefore  be  styled  the  father  of  English  Unitarianism. 
The  Unitarians  of  the  present  day  in  this  country  are  chiefly  the 
descendants  and  representatives  of  that  branch  of  the  early  Non-oon- 
formists  who  received  the  denomination  of  Presbyterians ;  and  they 
are  still  known  by  that  name,  though  no  Presbyterian  form  of  church- 
government,  properly  so  called,  has  ever  existed  either  among  them  or 
their  predecessors.  A  smaller  body  are  Baptists ;  and  a  few  societies 
now  Unitarian  originally  belonged  wholly  or  partially  to  the  Inde- 
pendent denomination.  In  the  proper  sense  of  the  word  they  are  all 
CongregationaUsts ;  inasmuch  as  every  society  is  a  distinct  religious 
community,  acknowledging  no  external  control  upon  earth  in  spiritual 
concerns.  The  census  of  1851  gave  229  congregations  in  England  and 
Wales,  and  50,061  attendances  on  Sunday,  March  30. 

In  the  United  States  of  America  there  are  at  least  four  distinct 
religious  bodies  who  profess  anti-Trinitarian  opinions: — 1.  A  large 
portion  of  the  Congregationalist  churehes  in  Massachusetts,  with  a  few 
in  the  adjoining  states  of  New  England,  to  which  may  be  added 
churches  of  the  same  denomination  in  several  of  the  principal  towns  in 
other  parts  of  the  Union.  2.  The  Universaliats,  whose  leading  tenet 
is  the  doctrine  of  Universal  Restitution ;  but  who  have  in  general 
adopted  some  modification  of  Unitarianism.  8.  A  considerable  majority 
of  the  American  Quakers,  from  whom  their  orthodox  brethren  seceded 
and  formed  a  distinct  community.  4.  A  numerous  denomination  who 
call  themselves  Christiana  by  way  of  distinction,  refusing  to  be  en- 
rolled as  the  followers  of  any  other  body. 

At  Geneva,  once  the  fountain-head  and  stronghold  of  Calvimsm, 
Unitarianism  prevails;  and  in  Transylvania  the  descendants  of  the 
followers  of  Socinus,  Davides,  and  others,  in  the  16th  centuiy,  still 
form  a  numerous  community. 

In  this  article  no  attempt  has  been  made  to  exhibit  the  scriptural 
proofs  on  which  Unitarians  are  accustomed  to  rely ;  still  less  to  give 
any  minute  critical  examination  of  the  texts  usually  cited  in  opposi- 
tion to  their  doctrines ;  but  merely  to  state  as  concisely  and  distinctly 
as  possible  what  those  doctrines  are.  Those  who  wish  to  obtain 
further  information  on  the  views  of  Unitarians  are  referred  (among 
other  sources)  to  Lindsey's  Apology  and  Sequel ;  Lardner*s  Letter  on 
the  Logos;  Belsham's  CcXm,  Inquiry;  Carpenter's  Unitarianism  the 
Doctrine  of  the  Gospel;  Yates's  Meplies  to  WanUaw;  and  the  Doctrinal 
Discourses  of  the  late  Dr.  Channing. 

UNITED  BRETHREN.    [Moravians.] 

UNITED  PRESBYTERIAN  CHURCH  (OF  SCOTLAND).  The 
United  Secession  Chureh  and  the  Relief  Chureh,  which  had  existed  as 
separate  oiganisations  for  a  considerable  period,  formed  a  'junction  in 
1847,  under  the  designation  of  the  United  Preityterian  Church,  The 
original  secession  from  the  Scottish  establishment,  which  took  place 
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in  the  year  1738,  waa  occaaioned  by  two  acta  of  the  General  Aasembly ; 
tbe  first,  passed  m  1730,  for  putting  an  end  to  the  practice  of  record- 
ing tHe  protests,  or  reasons  of  dissent,  ^ven  in  by  individual  members 
against  the  decisions  of  church  judicatories;  the  other,  passed  in  1782, 
providing  that  in  cases  in  which  what  is  called  the  jut  devolutumf  or 
right  of  the  presbytery  to  nominate  to  vacant  livings  in  consequence 
of  no   qualified  person  being  presented  by  the  patron  within  six 
months,  came  into  operation,  the  presbytery  should  always  appoint 
the   person  chosen  by  the  heritors  and  elders.    The  act  of  1782  was 
not  satisfactory  to  some  members  of  the  church  because  it  did  not 
restore  (in  tiie  cases  in  which  the  appointment  fell  to  presbyteries)  the 
more  democratic  practice  which  had  been  established  in  1649,  placing 
the  election  with  the  elders,  or  members  of  the  kirk  session,  alone. 

The  cleigyman  who  took  the  lead  in  the  movement  asainst  the  acts 
of  1730  and  1732  was  Ebenezer  Erskine,  then  one  of  the  ministers  of 
Stirling,  who  had  the  co-operation  of  his  brother,  Ralph  Erskine, 
minister  of  the  parish  of  Dunfermline.    [Erskine, Ebkhezeb,  in  Bioa 
Div.]    Fifteen  members  of  Assembly  protested  against  the  passing  of 
the  act  of  1732.    As  the  Assembly  refused  to  record  this  protest, 
Kbenezer  Erskine,  in  a  sermon  which  he  preached  a  few  months  later, 
as  moderator  of  the  synod  of  Perth  and  Stirling,  denounced  the  pro- 
ceeding as  arbitrary  and  tyrannical.     Upon  this  sermon  the  synod 
passed  a  resolution  of  censure,  from  which  Erskine  appealed  to  the 
General  Assembly ;  but  the  sentence  was  confirmed  by  that  supreme 
court  in  1733,  and  he  was  rebuked  and  admonished  at  the  bar  of  the 
hoase.    He  protested,  three  other  clergymen  adhering  to  him,  against 
this  decision,  and  declared  he  would  continue  the  conduct  for  which  he 
had  been  censured ;  upon  which  the  Commission  of  Assembly  was 
autborised  to  proceed  against  the  four  protesters,  and  they  were  sus- 
pended in  August,  1733,  and  deposed  on  the  16th  of  November 
following.    This  sentence  of  the  Conmussion  however  was  removed  by 
tbe  Assembly  of  1734,  which  at  the  same  time  repealed  both  the  act 
of    1730  and  that  of    1732.     But  in  the  meantime  the  deposed 
brethren,  having  been  joined  by  four  other  deigymen,  had  constituted 
themselves  into  a  sepcuute  presbytery,  under  the  name  of  The  Anodate 
Presbytery ;  the  eight  clergymen  continuing  to  ofi&ciate  in  their  several 
churches  as  usual,  till  the  affiur  was  once  more  brought  before  the 
Assembly  of  1739.    Even  in  that  house  the  motion  for  proceediog 
to  a  sentence  of  deposition  was  lost ;  but  they  were  finally  deposed, 
and  their  parishes  declared  vacant  by  an  act  of  the  next  Assembly, 
passed  15th  Hay,  1740,  by  a  majority  of  140  to  80. 

The  Seceders,  or  Associate  Synod,  as  they  called  themselves, 
remained  a  united  body  till  the  9th  of  April,  1747,  when  they  split 
into  two  on  a  quarrel  about  a  clause  m  the  oath  required  to  be  taken 
by  the  burgesses  or  freemen  of  some  of  the  buz^hs  in  Scotland, 
declaratory  of  their  profession  and  hearty  allowance  of  "the  true 
religion  at  present  profeosed  within  the  reahn,  and  authorised  by  the 
laws  thereof."  The  larger  division,  who  held  that  the  oath  might  con- 
scientiously be  taken  by  Seceders,  kept  the  name  of  the  Associate 
Synod,  but  were  popularly  designated  Buighers ;  while  those  who  held 
that  it  would  be  wrong  to  take  the  oath  took  the  name  of  the  General 
Associate  Synod,  and  were  known  as  Anti-buighers.  In  1820  the 
Burghers  and  Anti-bui^hers  coalesced  again  into  the  United  Associate 
S^od  of  the  Secession  Churoh.  In  1847,  this  body,  when  it  united 
with  the  Relief  Chiurch,  consisted  of  24  presbyteries,  representing 
about  400  congregations. 

The  practice  of  "subscribing  the  Solemn  League  and  Covenant  was 
made  imperative  upon  all  members  of  the  Secession  by  the  Associate 
Synod  in  1744;  but  fell  into  desuetude  after  a  few  years.  One  chief 
cause  of  this  was  the  growth  among  the  Seceders  of  opinions  adverse 
to  the  principle  of  national  religious  establishments  altogether,  a 
principle  strongly  maintained,  and  placed  on  very  high  ground,  in  the 
Covenant  But  tins  change  of  sentiment  subsequently  gave  rise  to 
the  separation  of  small  sections  from  both  divisions  of  the  body  who, 
adhering  to  the  principle  of  an  established  churoh,  called  themselves 
Original  Seceden,  on  the  ground  that  the  first  Seceders  from  the 
Estabhshed  Churoh  held  wat  principle.  The  members  of  these 
sections  were  known  as  Old  Light  Buighers,  and  Old  Light  Anti- 
burghers.    [Seceders.] 

The  Relief  Ckwrek  originated  in  the  secession  of  a  dei^gymon,  Mr. 
OiUespie,  from  the  Established  Church  in  1752,  on  a  question  of 
church  patronage.  Mr.  Gillespie  did  not,  for  a  considerable  time, 
attempt  to  form  any  separate  ecclesiastical  organisation,  but  kept  on 
friendly  terms  with  many  ministen  and  memben  of  the  establishment 
who  sympathised  with  his  views.  Othera  who  left  the  establishment 
for  similar  reasons  erected  places  of  worahip,  which  were  known  as 
Relief  Churohes,  because  affording. relief  from  the  grievances  of  lay 
patronage  in  the  Established  Churoh.  From  these  scattered  congrega- 
tions at  length  arose  several  Presbyteries,  constituting  the  Relief 
Synod.  This  body,  in  1847,  at  the  time  of  its  junction  with  the 
United  Secession  Synod,  comprised  nine  presbyteries,  representing 
114  congregations. 

The  United  Presbyterian  Churoh  now  consists  of  about  550  con- 
gregations, constituting  ol  presbyteries.  The  Synod  meets  annually  in 
May,  usually  at  Edinburgh. 

UNIVERSAL ;  UNIVERSAL  AND  PARTICULAR  (Logic).  By 
a  univenal,  in  old  logic,  is  meant  a  term  which  stands  for  more  things 
than  one :  that  is,  any  word  which  means  more  tbm  an  individu^. 


which  applies  to  a  class  of  objects.  In  this  manner  it  was  allied  to 
the  five  Predicables,  which  were  dso  called  univennls.  For  the 
dispute  about  the  character  of  universals,  see  Nominalists  ;  but  thia 
dispute  belongs  to  metaphysics,  not  to  logic. 

The  distinction  of  universal  and  particular,  as  i4)plied  to  propoaitions, 
uses  the  word  universal  in  a  different  sense.  A  proposition  is  tmhentU 
when  it  makes  its  assertion  or  denial  about  every  one  of  the  things 
spoken  of ;  and  particular  when  it  makes  such  an  assertion  or  denial  of 
some  as  implies  that  others  are,  or  may  be, left  unspoken  ot  Thus"  all 
men  are  mortal "  is  universal,  and  also  "  no  man  is  perfect."  But "  some 
men  are  bom  in  England"  and  "some  aninuUs  cannot  live  in  this 
climate"  are  particular.  These  are  the  direct  logical  forms,  but  it 
happens  commonly  that  the  universal  and  particular  characten  are  ex- 
pressed by  a  great  variety  of  idiomatic  turns,  and  even  that  forms  of 
expression  which,  literally  speaking,  imply  universality,  are  used  in  a 
particular  sense.  Thus  "  men  do  not  willingly  abandon  life  "  strictly 
means  that  all  men  are  unwilling  to  quit  Ufe :  nevertheless  it  would 
be  generally  understood  to  speak  of  most  men — all  but  a  few.  Except 
when  spealung  of  laws  of  nature  or  necessary  conditions  of  the  mind, 
few  wnten  have  much  occasion  for  unirennl  propositions,  and  con- 
sequently the  forms  of  speech  which  belong  to  cUl,  pass  into  use  when 
the  proposition  is  intended  to  be  predicated  onlv  of  moeL 

The  particular  proposition,  in  its  pure  logical  form,  is  of  no  very  com- 
mon occurrence.  The  reader  must  undentand  that  all  which  is  not 
mentioned  is,  in  the  science  of  logic,  considered  as  unspoken  of :  now  the 
particular  proposition  of  common  life  generally  denies  of  the  rest  what 
it  affirms  of  some,  or  affirms  of  the  rest  what  it  denies  of  some.  Thus 
he  who  should  say  "  some  men  are  mortal "  would  be  held  to  utter  an 
untruth,  because  he  would  be  thought  to  imply  that  the  rest  are  not ; 
and  a  naturalist,  wishing  to  state  that  some  species  of  a  certain  animal 
have  fur,  in  order  to  state  just  what  his  argument  requires,  would 
think  it  necessary  to  say  "  some  at  least,"  or  to  use  some  otiber  form  of 
speech  which  would  signify  that,  for  anything  he  said  to  the  contrary, 
all  the  other  species  might  have  fur  also.  But  the  logical  proposition 
is  always  understood  to  make  all  possible  admission  or  allowance  as  to 
every  matter  which  is  not  directly  spoken  of ;  and  "  some  men  are 
mortal  "means  that  nothing  whatever  i»  either  said  or  implied  about 
the  rest. 

The  most  common  form  of  speech  perhaps  is  the  one  compounded 
of  the  two  particular  propositions,  the  affinnative  and  the  negative,  of 
which  the  emphatic  part  is  expressed,  and  the  rest  implieoT  Thus, 
two  men  going  into  a  company,  the  firat  expecting  to  see  all  dressed  in 
mourning,  and  the  second  thinking  none  would  be  so,  would  come 
away  expressing  the  same  fact  in  sentences  of  very  different  meaning. 
The  first  would  say  "  some  were  not  in  mourning,"  the  second  would 
say  **  some  were  in  mourning,"  both  meaning  to  say  "  some  were  and 
some  were  not,"  but  each  giving  only  that  peurt  of  tiie  assertion  which 
contained  the  (to  him)  unexpected  fact.  It  would  be  desirable  that 
writen  on  logic  should  make  a  closer  analysis  of  the  common  forms  of 
speech,  and  a  comparison  of  them  with  the  strict  and  true  logical 
forms. 

The  universal  proposition  includes  all  cases  in  which  there  is  nothing 
left  unspoken  of,  and  therefore  contains  all  propositions  in  which  the 
subject  IB  an  individual,  or  cannot  be  divided  into  parts.  Thus, 
"  Milton  was  an  Englishman  "  is  as  much  a  universal  proposition  as 
"  all  men  are  mortaL"  It  was  at  one  time  a  matter  of  discussion 
whether  propositions  asserting  matter  of  individuals  could  be  properly 
called  universal ;  but  whether  this  term  were  applicable  or  not,  it  was 
always  seen  that  the  rules  of  deduction  applying  to  such  propositions 
were  precisely  those  which  obtain  in  propositions  about  the  appella- 
tion of  which  no  doubt  could  exist  But  the  preceding  proposition  is 
not  universal  because  it  includes  all  Milton,  but  because  it  includes  all 
MUton$ ;  that  is,  all  Miltons  who  can  answer  to  a  description  which  is 
implied  in  the  word  as  there  used.  And  if,  by  the  closeness  of  the 
implied  definition,  and  the  number  of  conditions  which  are  to  be 
fulfilled,  there  be  left  but  one  ol  men  alive  or  dead  whom  it  is  possible 
to  mean,  the  proposition  is  not  the  less  true.  Thus,  when  eveiy  a  is 
shown  to  be  B,  and  every  B  to  be  c,  it  follows  that  eveiy  a  is  o,  even 
though  the  description  given  of  a  be  so  close  that  there  can  be  found 
but  one  object  answering  to  it  in  the  world. 

And  just  in  the  same  manner  as  all  may,  logically  speaking,  be  only 
one,  so  $ome,  or  those  which  are  spoken  of  as  some,  may  be  one  only, 
or  several,  or  nearly  all,  or  even  aU.  Some  as  are  Bs  is  logically  true 
(such  is  the  convention  of  the  formal  part  of  that  science)  when  there 
is  only  one  a  which  is  B ;  and  also  when  every  a  is  B. 

If  we  look  at  the  specific  elements  of  propositions,  we  find  that, 
while  the  subject  is  denned,  as  to  whstber  it  be  tmiversal  or  particular, 
by  the  express  addition  of  words,  or  by  an  implication  which  has  the 
same  effect,  the  character  of  the  predicate  follows  the  nature  of  the 
proposition,  and  depends  solely  upon  whether  it  be  ikffinnative  or 
negative.  In  idl  affirmative  propositions  the  predicate  is  spoken  of 
particularlv ;  in  all  negative  propositions,  universally.  Thus,  **  as  are 
Bs"  in  itself  does  not  describe  the  manner  in  which  a  is  used :  it  may 
be  some  as  or  all  as  ;  but  it  does  particularise  the  predicate,  B.  Here 
AS  (so  many  as  are  spoken  of,  be  it  some  or  all)  are  bs  ;  each  one  of 
these  AS  is  a  B,  but  other  bs  may  or  may  not  exist,  about  which  con- 
sequently nothing  is  affirmed.  "AU  horses  are  animals;"  all  the 
horses  nwi^e  up  as  pany  of  t^e  aniipab  as  there  are  horses :  under 
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thii  form  the  partioalAr  character  of  the  predicate  ib  exprnwed.  But 
if  we  aay  "  as  are  not  Ba/'  even  though  only  one  a  ihould  be  here 
■poken  of,  jret  every  b  ia  compared  with  it  and  rejected.  What  ia 
meant  is,  that "  this  one  a  ia  not  any  one  whatsoever  of  all  possible  Ba." 

Formal  logic,  though  an  excellent  exercise,  is  in  some  reapeeta  a 
dead  letter  unices  the  student  take  paina  to  trace  the  numeroua 
idioms  of  language  in  which  the  affirmative  or  negative  proposition  is 
conveyed.  So  vary  nice  are  the  circumstances,  frequently  of  mere 
position  or  of  context,  by  which  the  universal  form  is  distinguished 
m>m  the  particular,  that  it  would  be  easy  to  lay  down  an  isolated 
Bentence,  of  which  no  one  should  be  able  to  aav  which  of  the  two  it  is. 
For  example,  "  homicides  are  justifiable  which  are  committed  in  self- 
defence,"  and  "  homicides  which  are  committed  in  self-defence  are 
just^ftable."  Though  probably  the  leaning  of  a  grammatical  critic 
woidd  be  to  the  supposition  that  the  first  shoiud  stand  for  **  AU 
justifiable  homicides  are  those  which  are  committed  in  aelf-defence," 
Bod  the  second  for  "  Among  the  justifiable  homicides  are,"  Ac.,  yet  no 
person  would  be  sure  of  an  author^s  meaning,  whichever  of  the  pre- 
ceding forms  he  might  use,  until  he  had  examined  the  context 

UNIVERSAL   DISCHARGER.     [Eliotrioal  Battibt;    Eleo- 

ntlOITT,  COMMOV.] 

UNIVERSAL  JOINT.    [Hooke's  Joint.] 

UNIVERSE.  This  name  is  generally  uwd,  aa  the  word  wodd  once 
was,  to  signify  the  collection  of  all  created  things.  In  modem 
language,  ^'the  world*  generally  refers  to  the  eaitii  only,  and  the 
universe  to  all  stars  and  danets.  Before  the  reception  of  the  Copemi- 
oan  theory,  "  the  world,"  which  signifies  what  we  •  now  csll  the 
universe,  was  naturally  a  synonyme  for  "  the  earth,"  which  was  sup- 
posed to  be  the  principal  part  of  the  universe,  aH  the  other  celestial 
bodies  being  only  satellites.  But  since  the  time  when  other  planets 
have  been  advanced  to  the  dignity  of  being  separate  "  worlds,"  the 
term  univene  has  been  gradually  introduced  into  common  language. 

By  the  technical  term  Thwry  of  the  Univene  is  always  understood 
what  ia  known  of  the  general  arrangement  of  planets,  stari,  ftc.,  and  of 
their  connection  with  one  another. 

UNIVERSITIES,  Uy  corporations  to  which,  since  the  12th 
oentury,  the  charge  of  educating  the  members  of  what  are  called  the 
learned  professions  has  in  a  great  measure  been  confided  throughout 
Europe  and  the  colonies  founded  by  European  states.    [UNnrsRSiTT. j 

Tiie  three  oldest  learned  institutions  to  which  tiie  name  Universi^ 
oaa  with  propriety  be  applied  are  those  of  Paris,  Bologna  and  Salerno. 

It  is  impossible  to  fix  a  precise  date  at  which  the  educational 
institutions  of  Paris  can  be  ssid  to  have  assumed  the  form  and  name  of 
a  university.  As  for  the  name  {wMvemtae),  it  waa  not  confined  in  the 
middle  agea  to  scientific  bodies ;  it  was  used  in  a  sense  equivalent  to 
our  word  ooir^cr<Uion.  There  were  "  universities  of  tailors  "  hi  those 
days.  It  was  long  before  the  name  settled  down  into  its  present 
acceptation.  The  achool  of  Bologna  was  a  "  universitas  scholarium," 
that  of  Paris  a  "  univeraitas  magistrorum,"  because  the  former  was  a 
corporation  of  students,  the  latter  of  teachers.  The  oldest  printed 
statutes  of  the  university  of  Bologna  are  called  "  Statuta  et  privUeg^ 
ilmae  Universitatis  Juristarum  Gynmasii  Bononiensis ; "  and  in  not  a 
few  universities  we  find  an  "universitaa  juristarum"  and  an  "uni- 
versitas artistarum"  side  by  side:  from  this  it  appears  that  "uni- 
▼orsitaa "  at  one  time  i^proached  nearly  to  the  meaning  of  our  word 
*' faculty."  What  we  now  term  a  university  was  long  designated 
indifferently  "  schola,"  "  studium  generale,"  or  "  gymnasium."  The 
oocasion  of  this  vacillating  nomenclature  is  explainea  by  the  history  of 
oniversities. 

The  oldest  document  in  whi^  the  designaticn  ^universitas"  is 
applied  to  the  university  of  Paris,  is  a  decretal  of  Innocent  III.,  about 
the  beginning  of  the  18th  century.  But  as  early  as  1180  two  decretala 
had  been  issued  by  Alexander  III.,  the  first  of  which  ordained  that  in 
France  no  person  should  receive  money  for  permission  to  teach.  The 
glossa  of  Vicentinus  says  expressly,  that  this  prohibition  was  directed 
against  the  chancellor  of  the  university  of  Paris;  and  the  second 
decretal  alluded  to  exemptathe  then  rector,  Petrus  Comestor,  from  the 
operation  of  the  first ;  and  much  earlier  than  any  legislative  jffovisions 
of  popes  or  kings  we  find  the  foundationa  of  the  university  laid. 

To  almost  every  cathedral  and  monastery  of  Europe  there  had  been, 

from  a  very  early  period,  attached  a  school,  in  which  all  aspirants  to 

priestly  ordination,  and  such  laymen  as  wished  and  could  afford  it, 

were  instructed  in  the  Trivium  and  Quadriviam,    It  appears  from  the 

letters  of  Abelard  (died  1142),  and  from  other  contemporary  sources, 

that  the  poorer  estabUshments  intrusted  the  conduct  of  this  school  to 

one  of  their  number  called  the  Scholasticus;  and  that  the  wealthier 

bodies  maintained  a  Scholasticus  to  instruct  the  junior  pupils  in 

grammar  and  philosophy,  and  a   Theologus  to  instruct  tiie   more 

advanced  in  theology.    About  the  time  of  Abelard  the  great  concourse 

of  students  who  flocked  to  the  episcopal  school  of  Paris  appears  to  hav6 

rendered  it  necessary  to  assemble  the  two  classes  of  pupils  in  different 

localities  ;  the  juniors  were  sent  to  the  church  of  St.  Julian,  while  the 

theologians  remamed  in  that  of  Notre  Dame.    All  who  had  studied  a 

certain  time,  and  undeiigone  certain  trials  were  entitied  to  be  raised  by 

the  rector  of  the  schools  to  the  grade  of  teachers.     This  was  done  by 

three  successive  steps.    The  candidate  was  first  raised  to  the  rank  of 

master,  m  which  he  acted  for  a  year  as  assistant  to  a  doctor  (or  teacher) ; 

then  to  the  rank  of  baccalaureus,  in  which  he  taught  for  a  year,  under 


the  superintendence  of  his  doctor,  pupils  of  his  own ;  lastly,  to   the 
grade  of  independent  doctor.    The  number  of  students  rendered  tiie 
profession  of  a  teacher  at  Paris  lucrative,  and  many  from  all  nations 
embraced  it.    According  to  the  custom  of  those  unsettled  times,  tbey 
gradually  formed  themsiBlves  into  a  corporation  for  mutual  support. 
The  corporation  consisted  of  the  teachers  of  all  the  three  grades,  and 
stood  under  a  rector  elected  by  themselves.    According  to  &n  a>gree>- 
msnt  entered  into  in  1206,  the  rector  waa  elected  by  the  residents  of 
the  four  nations — French,  Engli^  or  Qerman,  Picards,  and  KorznansL 
Before  this  time,  in  1200,  Philip  Augustus  had  confirmed  the  exclusive 
control  of  the  rector  over  all  students  and  teachers.    The  local  aeparsr 
tion  of  the  artists  isom  the  theologians  would  have  been  of  little  con- 
sequence, but  for  the  rajMd  progress  which  the  Aristotelian  philosophy 
made  during  and  immediately  after  the  life  of  Abelard.    Tha  speeula- 
tions  into  whidi  studious  men  were  led  by  the  writings  of  Aristotle 
necessarily  brought  them  to  deal  with  topics  which  had  hitherto  been  con- 
ceived tone  within  the  exclusive  domain  of  theology.    Theoonsequenoes 
were  frequent  and  bold  attempts  by  indiriduals  to  modify  the  reoeived 
doctrines  of  the  church,  dsmours  about  heresy,  persecutionB»   sod 
counter-persecutions.     hXi  these  contributed  to  bring  about  a  tacit 
eompromise  between  the  professional  theologians  end  the  sdnurers  of 
speculative  philosophy:  the  former  were  left  in  possession  of  the 
pulpit  and  chairs  of  theology ;  the  latter  confined  themselves  ostensibly 
to  utenKtuie  snd  philosophy,  and  sought  to  avoid  ocoasionuig  scandal 
bv  rarely  overstepping  the  bounds  of  abstract  inquiry.     The  progices 
of  this  tadt  agreement  may  be  traced  in  the  writings  of  the  learned 
from  the  time  of  Abelard  down  to  that  of  Erumns ;  under  it  grew  up 
a  dass  of  literati,  who  may  be  called,  although  many  of  them  took 
orders,  secular  scholars.    It  waa  the  same  incompatibility  of  the  free 
spirit  of  speeulatire  inquiry  with  the  stability  of  a  dognuttio  theology 
which  led  to  this  compromise,  that  embittered  the  dispute  aboat  the 
claim  of  tiie  mendicant  orders  to  estabUsh  chairs  of  theology  in  the 
University  of  Paris  about  the  middle  of  the  18th  oentui^.    This  con- 
troversy ended  in  the  secession  of  the  doctors  of  theology  from  the 
university,  ss  it  had  for  some  time  been  called,  and  their  incorporating 
themselves  into  a  separate  college  or  faculty.    Their  example  was 
followed  not  long  after  by  the  doctors  of  canon  law  and  medicine,  who 
formed  themselves  into  separate  facultiea.    These  faoultiea  oonsisted 
exclusively  of  the  actually  teaching  doctors  (doctores  rsgsntes)  of  these 
three  branches  of  knowledge.    The  masters  and  baohelorB  remained 
members  of  the  univeratty  proper,  which,  from  the  seosssion  of  the 
theologians,  canonirts,  and  doctors  of  medicine,  came  in  time  to  be 
called  the  Faculty  of  the  Artists.    From  this  period  the  university 
consisted  of  seven  bodies  or  sub-inoorporationa — the  four  nationa  under 
their  procurators,  and  the  three  fiusulties  under  their  deans.    The 
rector  was  the  head  of  the  university;  he  was  elected  by  the  procu- 
rators of  the  old  university;  no  doctor  of  theolosgr>  canon  law,  or 
medicine  could  be  elected  or  take  part  in  the  election.    At  first  the 
rector  was  chosen  by  the  procurators,  but  latterly  by  four  electors, 
specially  elected  by  each  nation  for  that  purpose.    The  Prevdt  of  Paris 
(so  long  aa  that  officer  retained  any  authority)  was  the  conservator  of 
the  royal  privileges  in  the  unlversi^  ;  the  bishops  of  Meaux,  Beauyais, 
and  Senlis,  of  the  papal  privileges.    In  respect  of  criminal  jurisdictioD, 
the  university  stood  immediately  under  the  king,  till  ▲.D.  1200,  when 
ita  members  were  transferred  to  the  episcopal  court  of  Paris :  about 
the  middle  of  the  16th  century  they  were  transferred  to  the  Pariia' 
ment  of  Paris.    In  regard  to  civil  iurisdiotion  the  University  was 
originally  under  the  bishop ;  in  1840  it  was  transferred  to  the  court  o( 
the  Prevdt  of  Paris;  when  the  Chatelet  succeeded  to  the  judictsi 
functions  of  the  prevdt,  the  universitv  was  transferred  to  that  court. 
The  rector,  with  the  procurators  and  deans,  formed  a  court,  which  had 
jurisdiction  in  all  complainta  against  teachers  for  inoompeten^  or 
neglect  of  duty ;  and  a^junst  students  for  disobedience  to  their  teacheis, 
the  rector,  or  the  discipline  of  the  university,  and  in  all  cases  between 
students,   lodging-keepers,   booksellers,    stationers,    &c.      Frmn  the 
decisions  of  the  rectorial  court  there  was  an  appeal  to  the  university, 
and  from  it  to  the  Parliament  of  Paria    Each  faculty  (that  of  the 
artists  included),  had  its  own  common  school.      In  Uie  faculty  of 
canonists,  there  were  six  professors  (or  doctores  regentes) ;  the  number 
in  the  other  faculties  varied.      At  an   early  period  colleges  were 
established  within  the  University  of  Paris  by  private  families  or 
religious  orders.    Originally  they  were  intended  exclusively  for  poor 
scholars,  who  were  to  live  in  them  subject  to  certain  rules  of  discipline. 
By  degrees,  however,  as  more    numerous   and   able  teachers  were 
employed  in  these  colleges,  they  assumed  the  character  of  boarding- 
houses  for  all  classes  of  studenta    In  the  15th  century  the  studenU 
who  did  not  reside  in  any  college. had  come  to  be  regarded  as  excep- 
tions from  the  general  custom,  and  were  nidmamed  "martinets." 
The  college  of  the  Sorbonne  (founded  in  1260)  was  commonly  regarded 
as  identical  with  the  theological  faculty,  because  the  members  of  the 
one  were  most  frequentiy  members  of  the  other  also.    The  promotions 
however  continued  to  be  made  by  the  officers  of  the  university, 
although  the  charge  of   education  had  been    in  a    great  measure 
engrossed  by  the  colleges.    Degrees  were  conferred  in  the  faculties  of 
theology,  canon  law,  and  medicine,  by  the  deans,  with  the  concurrence 
of  the  chancellor  of  the  Cathedral  of  Notre  Dame ;  in  the  faculty  of 
artists,  by  the  rector,  with  the  concurrence  either  of  the  chancellor  of 
Kotre  Dame  or  the  chancellor  of  St.  Gtoneri^e. 
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The  oldest  authentic  document  beanng  ttpon  the  Univerei^^  of 
Bologna  is  the  priTilege  granted  by  the  emperor  Frederic  I.,  at  Bon- 
caglia,  in  November,  1158,  to  all  who  trayel  in  pursnit  of  learning,  in 
'whicH  the  professors  of  law  are  mentioned  in  terms  of  high  encomium. 
Bologna  is  not  named  in  this  instrument,  but  history  mentions  no 
other  law-school  as  existing  at  that  early  period.    The  contents  of  this 
privilege  are  twofold ;  foreign  scholars  are  declared  to  stand  under  the 
emperor's  immediate    protection,  and    a  special  jurisdiction  (their 
teachers,  or  the  bishop  of  the  city)  is  constituted  to  judge  in  all  com- 
plaints against  them:    It  seems  uniyersally  admitted  that  the  earliest 
teacher  of  civil  law  at  Bologna  was  Imerius:  he  is  said  to  have  been 
originally  a  teaeher  of  philosophy,  but  to  have  acquired  such  a  know- 
ledge of  Justinian's  compilations  that  he  was  invited  by  the  Countess 
Matilda  to  expound  its  doctrines  from  the  professorial  chair.    Matilda 
died  in  1115  :  between  1113  and  1115  the  name  of  Imerius  appears 
in  a  legal  document  as  "  causidicus**  for  the  countess.    From  1116  to 
1118  he  appears  to  have  been  employed  in  weighty  missions  by  the 
emperor  Henry  V.    Under  the  emperor  Frederic  "  the  four  doctors" 
of  Bologna  were  selected  to  investigate  the  rights  of  the  crown,  in 
order  to  determine  how  far  those  claimed  by  the  Lombard  towns  were 
usurpations.    These  circumstances  show  that  the  reputation  for  legal 
knowledge  acquired  by  the  law-teachers  of  Bolc«;na  had  proved  an 
introduction  to  state  employments,  honours,  and  emoluments ;  and 
this  attracted  to  the  city  in  which  they  taught  a  hu^  concourse  of  the 
moat  intelligent  and  aspiring  minds  of  Europe.    The  reputation  of 
having  studied  at  Bologna  was  a  passport  to  office  throughout  Christon- 
donci.    The  earliest  statutes  and  charters  of  the  University  of  Bologna 
are   compacts  entered  into  by  the  students  for  mutual  support  and 
assistance,  and  immunities  granted  them  by  the  popes  and  emperors. 
The  University  of  Paris  was  origuially  an  association  of  teachers :  it 
V7a8  a  corporation  of  graduates.    The  University  of  Bologna  was 
originally  an  association  of  students  who  had  repaired  from  distant 
lands  to  avail  themselves  of  the  instruction  of  a  few  celebrated 
teachers :  it  was  a  corporation  of  students.    Disputes  between  the 
magistrates  of  the  city,  and  between  the  students  and  professors, 
which  occurred  about  1214,  are  the  first  occasions  on  which  we  liear 
of  a  rector.     From  the  history  of  these  controversies  it  appears  that 
the  students  had  previously  been  in  the  habit  of  electing  the  rector, 
and  that  the  right  was  confirmed  to  them  for  the  future.    At  first 
there  was  merely  a  school  of  law  in  Bologna,  and  the  jurists  consti- 
tuted the  university,  or  rather  the  two  universities  of  the  Gitnmon- 
tani  and  Ultramontani.    In  course  of  time  teachen  of  philosophy  and 
medicine  settled  in  Bologna,  and  the  scholars  of  each  class  attempted 
to  form  a  university  :  weir  right  to  do  so  was  successfully  contested 
by  the  jurists  in  1295,  but  in  131 G  they  were  allowed  to  elect  a  rector 
of  their  own.    They  called  themsdves  "  phllosophi  et  medici,"  or 
"artistee."    In  1362  Innocent  VI.  founded  a  school  of  theology  at 
Bologna.    From  this  time  therefore  there  were  four  universities  in 
Bologna :  two  of  law  (which,  however,  were  so  intimately  connected, 
that  they  are  generally  spoken  of  as  one),  one  of  medicine  and  philo- 
sophy, and  one  of  theology.    Each  of  these  had  its  own  independent 
constitution.    That  of  the  law  universi|^  is  best  known,  and  agrees  in 
its  leading  features  with  the  others.    The  "  universities"  consisted  of 
the  foreign  students,  who  were  admitted  upon  the  payment  of  twelve 
soldi  entry-money,  and  obliged  to  renew  annually  their  oath  «f  obedi- 
ence to  the  rector  and  the  statutes  of  the  university.    The  Bolog^ese 
students  could  neither  hold  offices  in  the  university  nor  vote  in  its 
assemblies.    The   foreign  students  were  divided  into  Citramontanl 
and  Ultramontani :  the  former  were  divided  into  seventeen  nations, 
the  latter  into  eighteen.    The  rector  was  chosen  annually  from  among 
the  students  byhis  predecessor  in  office, the  rector's  council, and  a 
number  of  electors  chosen  by  the  nations.    A  rector  was  taken  from 
each  nation  in  rotation.    The  council  consisted  of  at  least  one  repre- 
sentative of  each  nation  :  some  had  two.    The  university  also  elected 
annually  a  syndic,  to  act  for  them  in  courts  of  law ;  a  notary ;  a  mas- 
sarius,  or  treasurer  (chosen  from  among  the  town  bankers) ;  and  two 
bidellL    The  rector  claimed  exclusive  jurisdiction  in  all  civil  cases  in 
which  one  or  both  of  the  parties  were  students,  and  in  criminal  cases 
in  which  both  were  students.    The  professors  were  elected   by  the 
students,  to  whose  body  they  were  reckoned,  and  all  whose  privileges 
they  enjoyed,  except  a  vote  at  elections.    They  stood  under  the  juris- 
diction of  the  rector,  who  could  fine  or  suspend  them.    The  degree  of 
Doctor  was  conferred  b^  those  who  had  previously  obtained  it :  it  was 
held  to  confer  the  pnvilege  of  teaching  everywhere,  the  power  of 
discipline  over  the  doctor's  own  pupils,  the  right  to  ta^e  part  in  the 
conferring  of  all  the  degrees.    At  first  there  were  only  doctors  of  dvil 
law:   the  doctors  of  canon  law  appear  later,   and  were  long  less 
respected.    In  the  13th  century  the  universitv  began  to  create  doctors 
of  medicine,  of  grammar,  of  philosophy  ana  arts,  and  even  of  the 
notarial  art    Any  student  who  had  studied  five  yean  might  be 
licensed  by  the  rector  to  expound  a  single  title,  or,  if  he  had  studied 
six  years,  to  expound  a  whole  book  of  tiie  Pandects.    He  wa0  termed 
a  licentiate ;  and  after  he  had  performed  his  task,  he  was  declared  a 
baccalaureus.    Salaried  professors  appear  in  Bologna  for  the  first  time 
about  1279.    The  doctors  taught  in  their  own  houses  or  in  haJls  hired 
for  the  purpose :  their  method  of  tuition  was  by  lectures,  ezamioa- 
tions,  and  disputations. 

The  history  of^the  University  of  Salerno  10  much  more  obscure  than 


the  histories  of  the  Universities  of  Paris  and  Bologna.  Ordericus 
Vitalis,  whose  annals  dose  with  the  year  1141,  speaks  of  Salerno  as  a 
place  long  eminent  for  its  medical  schools.  Its  most  celebrated 
teacher,  Constantino  of  Carthage  (died  1087),  was  a  privy  coundllor  of 
Louis  Quiscard.  This  school  was  still  flourishing  in  1224,  when  the 
University  of  Naples  was  established.  All  that  ean  be  inferred  from 
these  scanty  notices  of  the  school  of  Salerno  is,  that  the  scientific 
study  of  medicine  was  making  rapid  strides  about  tiie  same  time  that 
law  began  to  be  more  systematically  studied,  and  philosophical  and 
literary  pursuits  to  be  regarded  as  the  profession  of  a  class  whose 
members  might  or  might  not  be  priests.  [SALEBNirAKA  ScfHOLA|in 
Broo.  Dtv.] 

A  sense  of  the  advantages  of  general  knowledge  had  led  to  the 
foundation  of  cathedral  and  cloister  schools;  a  sense  of  the  use  of 
accomplished  profesdonal  men  led  to  the  encouragement  of  the  philo- 
sophical and  theological  schools  of  Paris,  the  law  school  of  Boloena, 
and  the  medical  school  of  Salerno.  The  peculiar  constitution  of  socdety 
and  government  at  the  period  led  to  the  peculiar  form  of  incorporation 
adopted  by  the  schools  of  Paris  and  Bologna.  The  same  social  neceft* 
sities  were  wcvking  under  the  infiuenee  of  similar  social  organisation 
m  many  different  places,  and  must  necessarily  have  led,  even  without 
communication,  to  similar  results.  But  quarrels  which  broke  out 
repeatedly  between  the  universities  of  Paris  and  Bologna  and  the  dvil 
authorities  of  these  cities,  induced  the  teachers  and  students  at 
different  times  to  emigrate  in  a  body  and  settle  in  other  towns.  After 
the  breach  was  healed,  they  returned;  but  in  some  instances  celebrated 
teachers  preferred  remaining  in  their  new  place  of  settlement,  and  in 
others  the  government  created  a  new  university  after  their  temponiiy 
visitors  had  left  them.  Other  universities  owed  their  foundation  to 
the  desire  of  princes,  ecclesiastics,  or  munldpal  authorities  to  dinemi- 
nate  learning ;  and  others  to  a  desire  on  the  part  of  these  authorities 
to  procure  for  their  territories  a  share  in  the  wealth  diffused  by  the 
resort  of  numerous  foreigners  to  any  celebrated  school.  Under  the 
influence  of  motives  so  variotis,  the  growth  of  imivendties  throughout 
£urope  was  rapid.  Before  the  Reformation  they  were  established  Itt 
many  of  the  prindpal  cities  of  Italy,  France,  the  Gfermanic  Empire^ 
the  Peninsula,  Great  Britain,  and  even  among  the  Slavonic  nations 
east  of  the  Qermans.  In  Qreat  Britain  the  dates  of  foundation 
were  .'—Oxford,  before  1149;  Cambridge,  uncertain;  St.  Andrews, 
1412;  Glasgow,  1454 ;  Aberdeen,  1494 ;  Edinburgh,  1582;  and  Dublin, 
1591,  are  of  subsequent  foundation. 

In  all  of  these  institutions  we  reoog^nise  the  leading  feature*  of 
Paris  or  Bologna.  All  of  them*  apart  from  the  consideration  of 
their  academic  character,  were  privileged  corporations,  with  an 
independent  jurisdiction  more  or  less  limited,  and  the  power  of 
making  bye-laws.  In  most  of  them  the  division  of  the  members  of 
the  corporation  into  nations  prevailed.  In  all  of  them  the  Acuities  of 
philoBophv  (or  arts),  theology,  law  (dvil  and  canon),  and  medidne  were 
more  or  less  fully  devdoped.  Some  contained  within  them  all  the 
faculties ;  some  only  two  or  more.  Almost  all  had  a  faculty  of  arts, 
which,  even  where  it  was  politically  the  most  powerful  (as  in  the  unl- 
verdty  of  Paris),  was  r^arded  as  in  a  great  measure  preparatory  to, 
and  therefore  in  its  scientifio  character  inferior  to  the  others.  In  the 
universities  of  spontaneous  growth  the  privilege  of  conferring  degrees 
appears  to  have  been  claimed  only  in  those  fatties  which  were  com- 
pletely organised;  in  the  factitious  universities  created  by  govern- 
ments the  right  of  bestowing  degrees  in  all  faculties  appears  to  htve 
been  daimed,  even  where  some  of  them  only  were  completely 
organised.  In  some  of  these  bodies  the  students  constituted  the 
corporation ;  in  others,  the  masters  or  teachers  :  the  former  appear  to 
have  assimilated  themselves  to  the  model-university  of  Bologna ;  the 
latter,  to  that  of  Paris.  The  Italian  imiversities,  and  the  greater  part, 
if  not  all,  of  the  French  universities,  except  Paris,  were  corporations  01 
students.  The  Parisian  institutions  were  adopted  in  England,  the 
Germanic  Empire,  and  the  states  on  the  Baltic.  Spanish  universities 
have  the  appearance  of  being  a  compromise  between  the  two  principles: 
in  Salamanca  the  rector  was  dected  by  the  scholasticus  of  the  cathe- 
dral from  among  the  students,  and  the  rector  appointed  the  profeesors 
and  fixed  their  salaries.  This  division  of  the  old  univerdties  into  two 
classes  appears,  like  everything  about  those  institutions,  to  have  had 
its  origin  in  the  social  necessities  of  ihe  time  and  countries.  The 
l^i;al  faculty  predominated  in  the  Italian  universities,  and  the  French 
universities  were  oalled  "  imiverdt^s  des  loix."  The  univerdties  of 
this  type  will  be  found  to  predominate  in  those  coimtries  in  which  the 
Roman  law  prevailed,  as  contradistinguished  from  Teutonic  Germany 
and  England,  and  the  "  pays  ooutumiers  *  of  France — in  the  countries 
in  which  the  old  Roman  dvilisation  had  never  been  entirely  extirpated, 
as  contradistinguished  from  those  in  which  the  Teutonic  invaders 
formed  the  majority  ol  the  population.  In  the  former  there  was  a 
civilisation  apart  from  the  church ;  in  the  latter  there  was  no  civili- 
sation but  what  came  throu^  the  church.  In  the  former  a 
secular  and  independent  spint  prevailed:  the  tmiverdties  were 
incorporations  of  grown  men  seekmg  secular  learning.  In  the  latter 
a  spirit  of  deri<al  domination  prevailed:  the  univerdties  were 
corporations  of  teachers  seeking  to  exerdse  the  functions  ol 
misdonaries. 

The  univerdties  founded  after  the  beginning  of  the  Reformation 
adapted  the  great  outUnes  of  the  organisation  of  their  predecessors : 
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the  political  incorporation,  the  privileged  jurisdiction  and  power  o£ 
making  bye-laws,  tne  faculties  and  modes  of  conferring  degrees  which 
custom  had  established.  But  the  altered  drcumstances  of  society 
modified  considerably  their  external  relations.  The  territorial  divisions 
of  Europe  bad  come  to  be  more  sharply  defined,  and  the  authority  of 
the  sovereign  to  be  more  eneigeticaUy  enforced  by  more  perfect  civil 
and  militaiy  oiganisation.  The  day  of  feudal  loros,  of  municipalitiee 
and  other  privileged  corporations,  each  standing  upon  his  or  its  defence, 
and  acknowledging  a  limited  and  precarious  subjection  to  the  nominal 
liege,  was  past ;  the  dav  of  great  states,  of  territorial  governments,  had 
come.  The  same  political  power  could  not  and  would  not  be  conceded 
to  universities  that  had  formerly  been  given  to  them.  The  old  were 
restricted  in  their  privileges ;  the  new  never  received  them.  The  pro- 
tracted strife  between  the  Romish  and  Protestant  churches  also  had  its 
effect :  universities,  though  no  longer  allowed  to  lay  down  the  law,  were 
cherished  as  advocates  of  a  party.  Roman  Catholic  and  Protestant 
universities  were  erected  to  do  battle  for  their  respective  creeds. 
Lastly,  other  sciences  had  had  their  practical  utility  recognised,  in  the 
same  way  as  the  sciences  of  law  and  medicine  haia  had  theirs  at  an 
earlier  period.  The  application  of  mathematical  science  to  the  pur- 
poses of  war  and  navigation  had  given  an  impetus  to  their  cultivation : 
these  new  practical  pursuits  never  produced  a  new  faculty,  but  they 
lent  greater  importance  to  the  miscellaneous  &culty  known  as  the 
^ulty  of  arts. 

i  The  number  of  universities  founded  in  Europe  from  the  time  of  the 
iReformation  down  to  the  French  Revolution  was  considerable.  But 
toany  events  occurred  during  this  period  to  lower  imiversities  in  the 
public  estimation.  The  extension  of  elementary  and  secondaxr  schools 
had  raised  the  standard  of  education  among  the  classes  which  did  not 
receive  a  university  education.  The  invention  of  printing,  increasing 
the  facilities  of  private  study,  had  operated  in  the  same  direction. 
The  diminished  privileges  and  restricted  jurisdiction  of  universities 
had  brought  them  to  be  regarded  merely  as  schools  of  a  higher  order. 
The  increasing  number  of  learned  societies  raised  up  a  body  of  non- 
iB4»demical  Uterali,  hostile  in  many  instances  to  the  academical ;  and 
the  public,  looking  only  to  the  transacUona  of  these  societies,  forgot 
that  their  members  were  indebted  for  their  training  to  the  universities. 
Amateur  dabblers  in  science  undervalued  these  institutions ;  and,  in 
the  feverish  spirit  of  innovation  which  occasioned  or  accompanied  the 
FVench  Revolution,  they  too  were  denounced.  In  France  the  old 
imiversities  have  entirely  disappeared.  In  the  rest  of  Europe,  as  soon 
as  the  storms  of  the  Revolution  were  passed  over,  they  revived ;  and 
adapting  themselves  more  to  the  social  necessities  of  the  age,  have  in 
many  instances  started  with  increased  energy  on  a  fresh  career  of 
utility.  In  England  two  new  universities,  London  and  Durham,  have 
been  constituted,  great  improvements  have  been  made  in  those  of 
Oxford  and  Cambridge,  and  further  reforms  are  about  to  be  introduced, 
as  well  as  into  the  universities  of  Scotland. 

In  the  United  States  of  North  America  the  medical  and  legal  pro- 
fessions are  educated  principally  in  distinct  schools ;  and  this  is  in  the 
latter  countiy  the  case  also  in  a  great  measure  with  the  students  of 
theologr^.  The  colleges  or  universities  contain  therefore  in  general 
only  a  mculty  of  arts. 

UNIVERSITY;  This  word  is  the  English  form  of  the  Latin 
tmivertitas,  which  is  often  used  by  the  best  Latin  writers.  The 
adjective  "  universus  "  signifies  the  whole  of  anything,  as  contrasted 
with  its  parts ;  the  plural  "  universi "  idso  is  often  used  to  express  an 
entire  number  of  persons  or  things,  as  opposed  to  individual  persons 
or  things.  The  uses  of  the  word  universitns  may  be  derived  from  the 
meaning  of  universus.  The  word  universitas  applies  either  to  a  number 
of  things,  or  of  persons,  or  of  rights,  viewed  as  a  whole.  The  Roman 
jurists  expressed  by  the  term  "  universitas  bonorum  "  the  whole  of  a 
property  as  contrasted  with  the  parts  (singula)  res)  which  composed  it. 
Such  a  universitas  might  be  the  object  of  a  universal  succession,  a 
term  which  signified  the  immediate  passing  from  one  person  to 
another  of  all  that  could  be  comprehended  under  such  a  universitas  of 
property.  The  Roman  hereditas  is  an  instance  of  such  universal 
succession. 

Rights  and  duties  are  properly  att^hed  to  individuals  aa  their  sub- 
jects :  but  a  number  of  individuals  may  be  viewed  for  certain  legal 
purposes  aa  one  person  or  as  a  unity.  Thus  the  notion  of  a  number  of 
persons  forming  a  juristical  person,  or  a  universitas,  obtained  among 
the  Romans,  and  universitas  was  a  general  name  for  various  associa- 
tions of  individuals,  who  were  also  indicated  by  the  names  of  collegia 
and  corpora.  The  essential  character  of  these  universitates  of  persons, 
viewed  as  juristical  persons,  was  the  capacity  of  having  and  acquiring 
property.  The  property,  when  had  or  acquired,  might  be  applied  to 
any  purposes  which  the  nature  of  the  association  required  :  but  it  was 
the  capacity  of  the  association  to  have  and  acquire,  like  an  individual, 
that  was  the  essential  characteristic  of  the  body  as  a  universitas ;  and 
the  purposes  for  which  the  property  might  be  had  or  acquired  were  no 
more  a  part  of  the  notion  of  a  universitas,  than  the  purposes  for  which 
an  individual  ha9  or  acquires  property  are  part  of  his  capacity  to  have 
or  acquire. 

The  universities  or  corporate  bodies  at  Rome  were  veiy  numerous, 
^ere  were  corporations  of  bakers,  publican!  or  farmers  of  the  revenue, 
of  BcriUe,  and  others.  The  name  was  also  applied  in  tiie  sense  above 
explained  to  civitates,  municipia,  and  respublicse ;   and  also  to  the 


component  parts  of    them,  as  curisB,  vici,  fora,  conciliabula,    and 
castella. 

From  the  Roman  words  universitas,  collegium,  corpus,  are  derived 
the  terms  university,  college,  and  corporation  of  modem  languages ; 
and  though  these  words  have  obtained  modified  significations  in 
modem  times,  so  as  not  to  be  indifferently  appUcable  to  the  same 
things,  they  all  agree  in  retaining  the  fundamental  signification  of  the 
terms,  whatever  may  have  been  superadded  to  them.  There  is  now  no 
university,  college,  or  corporation  which  is  not  a  juristical  person  in 
the  sense  above  explained  :  wherever  these  words  are  applied  to  any 
association  of  persons  not  stamped  with  this  mark,  it  is  an  abuse  of 
terms  which  requires  no  further  comment. 

The  word  university,  in  its  modem  acceptation,  has  often  been  mis- 
understood. Its  proper  meaning  is  explained  in  tiiis  article ;  and  the 
application  of  the  term  to  associations  of  teachers  or  pupils  ia  explained 
in  the  article  Universities. 

UNLAWFUL  ASSEMBLY.    [Riot.] 

UNLIMITED.  This  term  is  frequently  used  by  mathematical 
writers,  in  the  same  manner  as  Indefinite,  to  avoid  the  entrance  of 
the  word  Infinite.  It  is  also  used  to  describe  a  problem  which  may 
have  an  infinite  number  of  answers,  and  which  is  called  an  unlimited 
problem. 

UNSTABLE  EQUILIBRIUM.  [Stable  and  Unstable  jStabujtt.] 

UPAS  POISON.    [Antl^rin.] 

URAMIL.    [Uric  Group.] 

URAMILIC  ACID.    [Uric  Group.] 

URANIC  ACID.    [Uranium.] 

URANIUM  (U),  a  metal  discovered  by  Klaproth,  in  1789,  who 
named  it  after  the  planet  Uranus,  the  discovery  of  which  had  occurred 
in  1781 :  the  mineral  from  which  it  was  first  obtained  is  called 
ptchbiendCf  which  contains  about  80  per  cent,  of  the  black  oxide  of 
uranium  (2U0,  U.O,).  This  and  other  minerals  from  which  uranium 
is  extracted  are  described  in  the  Natural  History  Division  of  this 
CyclopaKlia. 

M.  Peligot  obtains  this  metal  by  decomposing  its  chloride  by  means 
of  potassium  or  sodium,  a  process  which  has  been  successfully  adopted 
for  procuring  aluminum  and  magnesiimi :  the  metal  so  separated  is 
partly  in  the  state  of  a  black  powder,  and  partly  agglomerated ;  by 
carefully  detaching  the  portions  which  adhere  to  the  sides  of  the 
crucible,  plates  of  a  metallic  lustre  comparable  to  that  of  silver,  are 
obtained ;  these  are  susceptible  of  being  filed,  but  possess  a  certain 
degree  of  malleability,  and  have  evidently  undergone  incipient  fusion. 
Uranium  is  very  combustible ;  at  a  moderate  degree  of  heat,  in  contact 
with  the  air,  it  bums  with  a  remarkably  white  and  shining  light ;  the 
combustion  occurs  at  so  low  a  temperature,  that  it  may  take  place  on 
paper  without  causing  it  to  bum.  If  small  particles  be  shaken  from 
the  filter  on  which  the  metal  in  powder  has  been  collected,  portions  so 
minute  as  to  be  scarcelv  visible  bum  with  brilliant  sparks  on  coming 
near  the  flame  of  a  candle.  When  heated  in  a  capsule,  uranium  bum ^ 
brilliantiy,  and  is  converted  into  a  deep  green-coloured  oxide,  the  bulk 
of  which  is  considerably  greater  than  that  of  the  metal  employed. 

Uranium  does  not  appear  to  suffer  any  alteration  by  exposure  to  the 
air,  nor  does  it  decompose  water  at  common  temperatures,  but  when 

Eut  into  diluted  acids  it  dissolves  in  them  with  the  evolution  of 
Tdrogen  gas.      It  somewhat  resembles  iron  and  manganese  in  its 
chemical  character.    Its  equivalent  number  is  60. 

Having  now  descri))ed  the  properties  of  uranium  we  proceed  to  con- 
sider the  compounds  which  it  forms  with  other  bodies. 

Oxygen  and  Uraniam. — According  to  M.  Pdligot,  there  exist,  or  may 
be  formed,  three  oxides  of  uranium :  the  protoxide,  formerly  con- 
sidered as  metallic  uranium ;  that  prepared  by  calcining  the  nitrate, 
known  by  the  name  of  deutoxide  of  uranium,  or  uranous  acid ;  L»tly, 
the  peroxide,  uranic  acid,  which  enters  into  the  composition  of  the 
yellow  salts.  Besides  these  oxides,  it  is  stated,  by  the  chemist  above 
named,  that  there  are  two  suboxides  of  iiranium  produced  by  the 
decomposition  of  the  subchloride  by  ammonia,  and  an  oxide  inter- 
mediate between  protoxide  and  peroxide  of  uranium,  which  is  formed 
when  the  oxide  obtained  by  calcining  the  nitrate  is  submitted  to  the 
action  of  oxygen. 

Suboxide  of  Uranium  (U^O  J.  When  ammonia  is  added  to  a  solution 
of  subchloride  of  uranium  a  brown  precipitate  is  formed,  which 
undeigoes  various  changes  of  colour  and  composition  by  absorbin:; 
oxygen.  Its  extreme  instability  renders  its  analysis  very  difficult  lb 
decomposes  water,  to  combine  with  its  oxygen  to  form  uie  apple-green 
suboxide,  the  analysis  of  which  is  equally  difficult. 

Protoxide  of  Uranium  (U  0),  formerly  regarded  as  metallic  uranium. 
This  may  be  prepared  by  several  processes ;  one  of  the  best  consists  in 
decomposing  the  yellow  oxalate  of  uranium  by  hydrogen  :  the  process 
requires  several  precautions.  Prepared  in  this  manner  the  protoxide 
is  extreme  pyrophoric,  the  access  of  air  causing  it  to  bum  with  feeble 
incandescence  and  converting  it  into  black  peroxide :  it  is  of  a  cinnamon- 
brown  colour.  When  the  protoxide  of  ui'anium  is  obtained  by 
reducing  the  double  chloride  of  potassium  and  uranium,  not  by  means 
of  hydrogen,  it  is  obtained  in  crystalline  scales  possessing  a  high 
degree  of  lustre,  and  being  then  in  a  higher  state  of  aggregation  it  is 
not  pyrophoric ;  and  when  procured  by  decompomng  the  nitrate,  the 
protoxide  is  of  a  maroon  colour.  When  thus  prepared  in  the  dry  way, 
it  is  not  acted  upon  either  by  hydrochloric  or  sulphuric  acid  when 
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diluted;  but  dissolves  in  the  latter,  when  concentrated:  nitric  acid 
also  dissolves  it,  but  nitrate  of  peroxide  of  uranium  is  obtained. 

This  oxide  may  likewise  be  obtained  in  the  moist  way,  and  then  it 
is  soluble  in  dilute  adds  :  it  is  precipitated  in  the  state  of  hydrate,  by 
adding  ammonia  to  the  green  solution  of  chloride  of  uranium ;  the 
lu-ecipitate  is  of  a  reddish-brown  colour,  which  by  ebullition  becomes 
black  and  dense,  probably  because  it  is  dehydrated.  It  may  also  be 
procured  by  putting  frajgments  of  marble  into  the  green  solution  of 
chloride  of  luimium. 

Black  Oxide  of  Uranium  (2U0,  U.O.)  is  obtained  by  calcining  the 
nitrate  at  a  high  temperature.  It  is  not  decomposable  by  heat ;  when 
added  to  acids  they  do  not  directly  combine  with  it,  but  a  mixture  of 
salts  of  the  protoxide  and  p3roxide  is  formed. 

Olive  Oxide  of  Uranium  (UO,  U0O3).— When  any  of  the  preceding 
oxides  are  submitted  at  a  low  red'  heat  to  the  action  of  oxygen,  the 
olive-coloured  oxide  is  formed.  It  has  a  velvety  appearance,  and 
when  strongly  heated  it  loses  oxygen  and  is  converted  into  the  black 
oxide,  and  when  acted  upon  by  acids  there  is  formed  a  mixture  of 
yellow  and  green  salts,  in  which  the  salts  of  the  peroxide  exist  in  the 
larger  proportion,  and  this  is  an  advantageous  process  for  preparing 
them. 

Peroxide  of  Uranium,  w  Oxide  of  the  YdLow  SaUs  (U.O,).— This 
oxide,  which  is  of  all  the  most  important,  is  obtained  with  difficulty  in 
a  separate  state :  when  nitrate  of  uranium  w  decomposed  with  a 
gentle  heat,  an  orange-coloured  subsalt  remains,  which  by  the  applica- 
tion of  a  stronger  heat  becomes  olive  and  then  black  oxide ;  when  an 
alkali  is  poured  into  a  saline  solution  of  this  oxide,  the  yellow  pre- 
cipitate formed  retains  alkali  in  combinat^'^n ;  even  uranate  of  ammonia 
resists  the  prolonged  action  of  boiling  water  and  also  of  a  vacuum ;  by 
heat  the  ammonia  and  water  are  not  expelled  till  peroxide  itself  under- 
goes decomposition. 

Chlorine  and  i/ronittni.— The  protochloride  (UCl)  is  obtained  by 
passing  a  current  of  dry  dilorine  gas  over  an  intimate  mixture  of  equal 
parts  of  any  oxide  of  uranium  and  charcoal  submitted  in  a  glass  tube 
to  a  high  temperature.  The  chloride  of  uranium  formed  appears  in 
the  state  of  a  red  vapour,  and  condenses  in  the  cool  part  of  the  tube  in 
veiy  regular  octohedrons  of  a  metallic  lustre,  and  ox  a  black  or  green 
colour  according  to  their  size. 

Chloride  of  uranium  is  volatile,  and  attracts  water  so  strongly  that 
it  very  soon  becomes  fluid  by  exposure  to  the  air,  the  moisture  of 
which  also  decomposes  it. 

Subchloride  of  Uranium  (U^Clj). — ^This  compound  is  obtained  by 
passing  a  current  of  dry  hydrogen  gas  over  the  chloride  of  uranium 
moderately  heated  in  a  glass  tube.  The  residue  of  this  operation  is  of 
a  deep  brown  colour,  in  fine  filaments  which  are  but  slightly  volatile 
at  the  temperature  at  which  it  is  formed :  it  is  veiy  soluble  in  ivater; 
the  solution  ia  purple  at  first,  but  in  a  few  seconds  it  becomes  green ; 
it  gives  out  hydrogen  gas,  and  at  the  same  time  deposits  a  red  powder, 
which  is  very  pro&bly  oxide  of  uranium,  yielded  in  consequence  of  the 
transformation  of  this  substance  into  chloride  of  uranium. 

Sulphide  of  Uranium  of  a  black  colour  may  be  obtained  by  adding 
the  alkaline  sulphides  to  solutions  of  uranium,  or  by  passing  the 
vapour  of  sulphide  of  carbon  over  the  oxide  at  a  high  temperature. 

We  shall  now  briefly  notice  some  of  the  oxysalts  of  uranium. 

Sulphate  of  Protoxide  of  Uranium. — This  salt  is  obtained  by  adding 
sulphuric  acid  to  the  protochloride  of  uranium,  and  heating  the  mix- 
ture, by  which  hydrochloric  acid  is  expelled,  and  sulphate  of  uranium 
remains;  by  dissolving  the  residue  m  water,  and  evaporating  the 
solution,  green  prismatic  crystals  of  the  sulphate  are  formed. 

It  frequently  happens  that  the  crystals  possess  a  silky  lustre,  are 
greenish,  and  but  slightly  soluble  in  water ;  in  this  case  they  contain 
excess  of  base.    This  salt  yielded  by  analysis : — 

Sulphuric  acid *        •28*0 

Protoxide  of  uranium    ••••••    46*1 

Yfa,tet 25*9 
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Oxalate  of  Protoxide  of  Uranium. — This  salt  is  of  a  greenish-white 
colour,  and  very  slightly  soluble  in  water  either  cold  or  hot.  It  may 
be  prepared  by  mixing  solutions  of  oxalic  acid  and  chloride  of  ura- 
nium; the  precipitate  formed  is  to  be  repeatedly  washed  with  boiling 
water,  in  onier  to  dissolve  the  yellow  oxalate  of  the  peroxide,  which  is 
more  soluble,  and  which  is  first  precipitated.  The  protoxalate  of 
uranium,  after  being  dried,  may  be  exposed  to  the  air  without  under- 
going  any  perceptible  change. 

Nitrate  of  Peroxide  of  Uranium  (U,Oj,NO,  +  6 Aq.). — This  salt  is 
easily  obtained  in  fine  regiUar  crystals.  It  is  of  a  yellowish  colour, 
efHoresces  in  vacuo,  and  loses  half  its  water  of  crystallisation. 

Uranium  forms  a  considerable  number  of  double  salts,  which  we 
have  not  thought  it  requisite  to  describe. 

Peroxide  of  uranium  is  employed  in  colouring  glass,  to  which  it 
inii^arts  a  fine  lemon  yellow. 

URANUS,  the  next  planet  beyond  Saturn,  counting  outwards  from 
the  sun.  This  important  member  of  the  planetary  system  was  dis- 
covered by  Sir  William  Herschel  in  the  year  1781.  On  the  evening  of 
the  13th  of  March  of  that  year,  while  examining  certain  small  stars  in 
the  constellation  Gemini,  the  attention  of  the  as&onomer  was  drawn  to 
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a  small  star  which  appeared  sensibly  larger  than  those  in  its  vicinity. 
With  the  view  of  testing  the  object  he  applied  different  magnifying 
powers  to  his  telescope,  whereupon  he  found  that  the  api)arent  magni- 
tude of  the  star  in  question  varied  in  the  direct  ratio  of  the  magnifying 
power,  while  the  stars  around  it  when  similarly  surveyed  by  him 
exhibited  only  a  slightly  perceptible  change  of  apparent  diameter. 
Suspecting  from  this  circumstance  that  the  object  was  a  comet,  he 
proceeded  to  make  careful  observations  of  its  position  by  measuring  its 
distance  from  the  stars  near  to  it.  A  few  nights  only  elapsed  before 
he  obtained  undoubted  evidence  of  the  star  being  in  a  state  of  motion. 
It  appeared  to  be  travelling  slowly  in  the  order  of  the  signs,  in  an  orbit 
inclined  at  a  small  angle  to  the  plane  of  the  ecliptic.  Having  con- 
tinued his  observations  down  to  the  19th  of  April,  he  then  drew  up  an 
account  of  them,  and  commimicated  it  to  the  Royal  Society  in  a  paper 
which  was  read  before  that  body  on  the  26th  of  the  same  month.  He 
appears  to  have  been  under  the  impression  that  the  object  discovered 
by  him  was  no  other  than  a  comet. 

Attempts  were  made  by  various  astronomers  on  the  Continent  to 
determine  the  orbit  of  the  supposed  comet,  on  the  hypothesis  of  its 
revolving  in  a  parabola  with  a  comparatively  small  perihelion  distance ; 
but  it  was  found  impossible  to  represent  the  observed  motion  of  the 
body  in  this  manner,  except  for  a  very  small  arc  of  the  orbit.  At  length 
Lexell,  in  a  paper  which  he  communieated  to  the  Academy  of  Sciences 
of  St.  Petersburg,  announced  certain  facts,  which  seemed  to  indicate 
that  the  object  discovered  by  Herschel  was  in  reality  a  planet.  In  the 
first  place,  it  differed  from  a  comet  in  being  well  defined.  On  the  other 
hand,  it  did  not  exhibit  the  bright  piercing  light  of  the  fixed  stais. 
But  while  thus  unlike  a  comet  or  a  star,  it  exhibited  several  features 
which  tended  to  support  the  idea  of  its  being  a  planet.  It  was  to  be 
remarked  that,  like  all  the  planets,  it  travelled  in  the  celestial  sphere  in 
the  order  of  the  signs.  Again,  while  it  was  actually  situate  near  the 
ecliptic,  its  motion  in  latitude  was  exceedingly  smcdl,  a  circumstance 
which  seemed  to  indicate  that  like  the  planets  it  revolved  in  an  orbit^ 
confined  within  the  limits  of  the  zodiac.  But  Lexell  obtained  still  more 
convincing  evidence  in  support  of  his  suspicion  that  the  object  was  a 
planet.  Taking  two  extreme  observations  of  its  position,  one  of  tiiem 
by  Herschel,  dated  March  17, 1781,  and  the  other  by  Maskelyne,  dated 
May  11,  of  the  same  year,  he  found  that  they  might  be  well  repre- 
sented by  supposing  the  body  to  revolve  in  a  circular  orbit,  the  radius 
of  which  amounted  to  18*93,  the  radius  of  Uie  earth's  orbit  being 
assumed  equal  to  imity.  Astronomers  henceforward  agreed  in  sup- 
posing that  the  object  discovered  by  Herschel  was  in  reality  a  planet 
revolving  around  the  sun  in  the  region  beyond  Saturn.  It  was  soon 
found,  however,  that  a  circular  orbit  was  incapable  of  satisfying  the 
observations,  and  that  the  real  orbit  must  be  an  ellipse  of  slight 
excentricity.  Laplace,  in  1783,  first  determined  the  elliptic  elements 
of  the  planet's  orbit,  which  he  communicated  to  the  Academy  of 
Sciences  in  the  same  year. 

The  right  of  naming  the  new  planet  belonged  to  the  discoverer,  who 
proposed  to  call  it  the  Gtorgium  Sidm,  as  a  mark  of  gratitude  to  his 
munificent  patron  George  III.,  under  whose  auspices  he  was  enabled 
to  prosecute  his  astronomical  labours.  This  designation,  however,  was 
at  variance  with  the  nomenclature  hitherto  employed  in  the  planetary 
system,  and  the  name  of  Uranus,  suggested  by  the  German  astronomer, 
Bode,  is  that  by  which  it  is  usually  designated. 

Herschel  found  by  micrometrio  measures  that  the  apparent  diameter 
of  the  new  planet,  when  viewed  at  its  mean  distance  from  the  earth, 
amounted  to  3'''91.  This  gave  34,217  miles  for  the  value  of  its 
absolute  diameter.  It  was,  therefore,  after  Jupiter  and  Saturn,  by  far 
the  most  considerable  of  the  planetary  bodies  hitherto  recognised  as 
revolving  around  the  sun. 

It  appeared  from  an  examination  of  the  recorded  observations  of 
Flamsteed  and  several  succeeding  astronomers,  that  Uranus  had  been 
observed  on  several  occasions,  previous  to  its  actual  discovery  as  a 
planet  in  1781,  under  the  impression  of  its  being  a  fixed  star.  These 
early  positions  proved  exceedingly  valuable  in  enabling  astronomers 
speedily  to  determine  the  elements  of  the  orbit  with  a  degree  of  pre- 
cision which,  from  the  slow  motion  of  the  planet,  could  otherwise  have 
been  expected  to  result  only  after  the  lapse  of  a  considerable  number 
of  years.  In  1790  Delambre  obtained  the  prize  of  the  Academy  of 
Sciences  of  Paris  for  the  construction  of  tables  of  the  planet.  These 
tables  were  founded  on  the  observations  made  subsequently  to  the 
discovery  of  the  planet  in  1781,  and  on  certain  earlier  determinations 
of  its  position.  For  several  years  they  sufficed  to  represent  the 
observed  motion  of  the  planet  with  tolerable  precision,  but  eventually 
discordances  became  apparent,  which  continued  to  increase  in  magni- 
tude from  year  to  year.  In  1821  Bouvard  published  new  tables  of  the 
planet.  They  were  based  exclusively  on  the  observations  made  after 
the  discovery  of  the  planet  by  Herschel,  their  author  having  found  it 
impossible  to  satisfy  by  means  of  the  same  orbit  both  the  earlier  and 
the  more  modem  obs^ations.  These  tables  continued  for  a  few  years 
to  represent  the  motion  of  the  planet  with  all  desirable  precision ;  but 
they,  in  their  turn,  soon  began  to  deviate  from  the  results  of  observa- 
tion, and  the  discordances  continued  steadily  to  increase  in  magnitude. 
The  reader  is  aware  that  the  study  of  these  irregulaiities  led  to  the 
discovery  of  a  new  planet  beyond  Uranus.  In  a  preceding  article 
[Neftunb]  a  detailed  account  has  been  given  of  the  circumstances 
connected  with  this  memorable  triumph  of  science. 


URANUS,  SATELLITES  OF. 


UREA. 


The  following  we  the  elements  of  the  orbit  of  Uranus : 


Mean  longitudci  Jan.  1,  1800  •        • 

Longitude  of  the  perihelion  .        . 

Lonffltudo  of  the  ascending  node       •        • 
Exccnirkity  6f  the  orbit         .        .        •    • 
InoUnstlon  of  tlie  orbSt  to  the  eeliptls 
Meioi  distance  trom  the  aiui      .        •        • 
Time  of  a  sidereal  roTolntion         .        • 

Mass  in  tenna  of  the  snn's  luin  ss  the  nnit 


ITS'"  30'  37" 
lOf*  SO*  lU" 
72*  30'  81" 
0.0466794 
46*88* 
19*188311 

I0.686«8  d^rs 
1 


the 

the 


17.818 

There  exists  some  uncertainty  with  respect  to  the  mass  of 
planet     The  foregoing  value   was    deduced  by  Bouvard  from 
observed  perturbations  of  Saturn.     lAmont,  from  the  observed  elon- 
gations of  the  satellite's,  has  determined  the  value  of  the  mass  to  be 

j^.    No  tables  of  Uranus  have  been  published  subsequently  to  the 

discovery  of  Neptune  in  1840.  A  correct  theory  of  the  planet,  with 
tables  founded  thereon,  is  still  a  desideratum  in  astronomy.  It  is  to 
be  presumed  that  M.  Le  Verrier,  who  is  at  present  engaged  in  a  syste- 
matic investigation  of  the  theory  of  the  various  bodies  of  the  planetary 
^stem,  will  In  due  time  accomplish  this  important  object. 

URANUS,  SATELLITES  OF.  In  the  beginning  of  the  year  1787 
Sir  William  Hersobel  discovered  two  satellites  around  Uranus.  Having 
made  a  series  of  careful  observations  of  their  position  with  respect  to 
the  primary,  be  next  proceeded  to  determine  the  elements  of  their 
orbits.  The  results  of  this  investigation  are  contained  in  a  paper  which 
be  communicated  to  the  Royal  Society  in  the  following  year.  He 
obtained  for  the  times  of  revoluti<m  of  the  two  satellites  these 
Talaea:-- 

d  h.  n.  s. 
Period  of  first  sateUito  .      '•        •        •    8  17  1  1»*3 
Period  of  second  satellils  •        .        «    .  IS  11  5     1-ft 

He  also  determined  the  apparent  distance  of  the  second  satellite 
from  the  centre  of  the  planet  to  be  44''-23.  .  The  first  satellite,  that  is, 
the  satellite  next  to  the  planet,  was  an  object  of  such  faintness  that  he 
was  unable  to  arrive  at  a  definite  conclusion  with  respect  to  the  appa- 
rent distance.  He  however  deduced  the  value  of  this  element  irom 
the  periodic  times  of  the  two  satellites,  and  the  apparent  distance  of 
the  second,  by  the  aid  of  Kepler's  third  law.  In  this  way  he  found 
the  apparent  distance  of  the  satellite  to  be  33^*09.  In  a  paper  which 
he  communicated  to  the  Royal  Society  in  the  year  17^7,  he  announced 
two  interesting  facts  with  res|ject  to  the  movements  of  those  minute 
bodies.  The  first  was  that  their  motions  arc  retrograde,  or,  in  other 
words,  th^-t  their  revolutions  are  effected  in  a  direction  contrary  to  the 
order  of  the  signs ;  the  second  consisted  in  this,  that  the  orbits  of  the 
satellites  are  nearly  perpendicular  to  the  plane  of  the  ecliptic. 

In  the  same  paper  Herschel  announced  his  discovery  of  four  addi- 
tional satellites  around  the  planet.  This  made  the  aggregate  number 
of  satellites  revolviug  around  the  planet  to  amount  to  six.  The  follow- 
ing values  of  the  periodic  time  and  distance  of  each  satellite  were 
ffiven  by  him.  The  distances  are  expressed  in  terms  of  the  semi- 
diameter  of  the  planet : — 


Order  of  Distance  from 

Petiodie  Uiue. 

Distanos  fraa 

the  Planet. 

d,  h*  m. 

the  Planet, 

lot  satellite        .        • 

.      8  8i  85 

18-180 

2nd      M         •        •        • 

•       8  17     1 

17-083 

Srd       „ 

.     10  23     4 

10-845 

^'l»       If         •        •        • 

•     13  11     S 

82-752 

sth      „ 

.     38     1  49 

45*507 

«th       „        .        .        . 

.  107   16  40 

91-008 

It  will  be  seen  from  this  table  that  the  two  satellites  originally  dis- 
covered by  Hersohel  are  the  second  and  fourth,  counting  in  the  order 
ol  distance  from  the  primary.  The  periodic  times  and  distances  of 
tliese  satellites  were  satisfactorily  determined  by  an  investigation 
founded  on  their  observed  positions.  The  case,  however,  was  ditterent 
with  respect  to  the  other  satellites.  The  distance  of  the  first  satellite 
was  indeed  the  result  of  micrometrical  measures,  but  the  distances  of 
the  other  satellites  were  mere  estimations.  The  orbit  of  the  third 
satellite  was  supposed  to  bisect  the  linear  interval  between  the  second 
and  fourth  satellites ;  the  fifth  satellite  was  supposed  to  be  twice  as 
distant  from  the  planet  as  the  fourth ;  and  the  sixth  satellite  to  be 
twice  the  distance  of  the  fifth.  The  periodic  times  of  the  four  satel- 
lites were  deduced  from  these  data,  and  the  elements  of  Uie  second  and 
fourth  satellites  by  the  aid  of  Kepler's  thuxi  law. 

A  paper  which  Herschel  communicated  to  the  Royal  Society  in  the 
year  1815,  contains  his  final  researches  on  the  motions  of  the  satellites 
of  Uranus.  It  appeared  from  his  observations  that  the  planet  passed 
through  the  common  ascending:  node  of  the  satellites  on  the  lith  of 
March,  1798.  He  hence  determined  the  longitude  of  the  node  to  be 
UG"  30'.  Ho  also  obtained  78*  68'  for  the  inclination  of  the  orbits  of 
the  satellites  to  the  ecliptic.  On  the  same  occasion  he  determined 
anew  the  synodic  revolutions  of  the  second  and  fourth  satelhtes,  which 
he  found  to  be  8^*  16>»  66«»  6'2%  and  18*  ll"  8"  59-  respectively.  He 
bUU  retained  his  belief  with  respect  to  the  existence  of  four  additional 
satellites^  and,  although  he  was  unable  to  assign  any  further  proof  of 
a  positive  nature  in  support  of  his  opinion,  he  communicated  a  series 
of  rough  notes  of  their  observed  positions  which  might  aid  the  labours 
of  future  inquirers. 


In  1828,  Sir  John  HerKhel,  having  directed  one  of  his  20-foot 
refiectors  towards  Uranus,  succeeded  in  obtaining  a  view  of  the  two 
satellites  originally  disoovered  by  his  father.  Having  subsequently 
exeoiitod  a  series  oi  micrometric  measures  of  their  observed  positiona^ 
he  instituted  a  ooraparison  between  them  and  the  corresponding  results 
of  his  father's  observations,  and  in  this  isay  he  was  enabled  to  deduce 
new  values  of  the  periodic  times  of  the  two  satellites.  He  foinod  the 
period  of  the  second  satellite  to  be  3<i  16*>  fie*"  31-3%  and  that  of  the 
fourth  to  be  13<*  ll**  7"  12  G*.  It  will  be  seen  that  these  results  do 
not  differ  matsriaUy  from  the  corresponding  numbers  which  the  elder 
Horschel  derived  from  his  researches.  M.  Lamont,  Director  of  the 
Munich  Observatory ,  having  in  the  year  1837  made  a  series  of  observa- 
tions of  the  same  satellites  with  a  refractor  of  11  inches  aperture, 
obtained,  by  a  comparison  of  his  own  measures  with  those  of  the  two 
Herschels,  values  of  the  periodic  times  agreeing  very  closely  with  those 
deduced  by  Sir  John  Herschel. 

Recently,  Mr.  Lassell  has  discovered  two  satellites  revolving  within 
the  orbit  of  Hersohers  second  satellite,  but  neither  of  which  appears 
to  coincide  with  Hersohers  first  satellite.  He  has  applied  to  them  the 
names  Ariel  and  Umbriel,  designating  at  the  same  time  the  seoond  and 
fourth  satellites  of  Herschel  by  the  names  Titania  and  Oberon.  He 
does  not  recognise  the  existence  of  any  other  satellites  around  the 
planet  except  the  four  to  which  he  has  applied  these  XMmea.  The 
following  synopsis  may  be  useful : — 


Order  of  Distance 
firom  Primary, 

1 

8    .        • 

3 

4   . 


Name  of 
Batellite. 

•  Ariel    . 

•  Umbriel 
.  Titania 

•  Oheroa 


Time  of  ReTolntion. 

d.  h.  m.  8. 
,  2  12  28  48 
.  4  S  87  88 
•  8  16  50  81 
.  IS  11     7  IS 


URATES.    [Urio  Gubup.] 

UREA  (C,H«N.,0,).  The  essential  solid  constituent  of  urine.  Con- 
taining nearly  half  its  weight  of  nitrogen,  it  forms  the  chief  vehicle  for 
the  fi^  concentration  and  eUminatiou  of  that  element  f  ix>m  the  animal 
organism.  Produced  in  -the  blood  by  the  oxidising  action  of  inspir«Mi 
air  on  albumen  and  other  nitrogenous  forms  of  assimilated  food  and 
exhausted  tissue,  it  is  removed  from  the  blood  by  the  kidneys,  and  is 
finally  excreted  in  the  lu-ine. 

Urea  was  first  separated  from  urine  in  1773,  by  Rouelle;  in  1779, 
Fourcroy  and  Vauquelin  isolated  it  in  the  pure  state.  Though  now 
usually  prepared  for  experimental  purposes  by  an  artifical  process  pre- 
sently to  be  described,  it  may  readily  be  procured  from  urine  by  the 
following  method.  A  solution  of  ammouiacal  nitrate  of  copper  is 
added  to  urine  until  no  farther  precipitation  of  albumenoid  and  colour- 
ing matter  occurs ;  the  mixture  is  then  filtered,  the  colourless  filtrate 
evaporated  to  a  thin  syrupy  consistence,  and  about  an  equal  bulk  of 
strong  nitric  acid  added  to  it.  The  mass  of  crystals  of  nitrate  of 
urea,  thus  obtained,  are  gently  pressed  between  blotting  paper  which 
frees  them  from  mother  liquor,  are  suspended  in  water,  carbonate  of 
baryta  added  so  long  as  effervescence  of  carbonic  acid  occivs,  the 
mixture  evaporated  to  dryness,  the  residue  treated  with  boiling  alcohol 
and  filtered,  and  the  filtrate  set  aside  to  cool  and  spontaneously  con- 
centrate, when  long,  slender,  oolourless,  striated  prisms  of  urea  crys- 
tallise out. 

Urea  is  formed  artificially  in  many  reactions.  Bv  the  aotiun  of 
oxidising  agents  on  urio  acid ;  by  the  influence  of  alkaliss  on  kre&tine 
or  alloxan ;  on  treating  fulminate  of  mercury  or  silver  with  sulphu- 
retted hydrogen ;  from  ammonia  and  carbonic  ether,  or  ammonia  and 
oxychloride  of  carbon.  A  method  of  greater  interest  than  any  of  the 
preceding,  inasmuch  as  it  gives  experimental  demonstration  of  its 
mode  of  formation  in  the  human  system,  is  that  by  M.  Bechamp,  who 
produced  it  from  albumen  and  other  azotised  compounds,  by  the 
oxidising  action  of  a  solution  of  permanganate  of  potash  at  a  tempera- 
ture of  176*  Fahr. 

But  the  most  convenient  and  economical  process  for  producing  urea 
artificially,  is  that  in  which  an  aqueo\is  solution  of  cjanate  of  ammonia 
has  simply  to  be  heated  to  near  the  boiling  point,  when  transformation 
into  nrsa  at  once  occurs  : — 

NH^O,  NC,0       =       C^H^N.O, 
V -/  V- 


Cyanate  of  ammonia. 


Vrea. 


This  dose  relationship  of  cyanate  of  ammonia  to  urea  was  first  noticed 
by  Wohler  and  Liebig  in  a  research  on  the  cyanates.  The  following 
are  the  details  of  the  process  by  which  the  cyanate  of  ammonia,  and 
ultimately  urea,  is  obtained.  Twenty-eight  parts  of  well-dried  ferro- 
cyanide  of  potassium  and  fourteen  of  binoxide  of  manganese  are  finely 
ix)wdered  and  intimately  incorporated ;  the  mixture  is  then  spread  out 
on  an  iron  plate,  and  exposed  over  a  furnace  containing  a  dull  red  fire. 
The  mass  soon  undergoes  a  smouldering  combustion,  absorbing  oxygen 
from  the  binoxide  and,  especially  if  frequently  stirred,  from  the  air. 
When  combustion  has  ceased  the  niixturo  is  removed,  allowed  to  be- 
come quite  cold,  is  then  treated  with  oold  water,  filtered,  and  the 
residue  washed.  To  the  washings  twenty  and  a  half  parts  of  sulphate 
of  ammonia  are  added,  and  the  first  filtrate  then  stirred  in.  Much 
sulphate  of  potash  will  now  go  out  of  solution  as  a  granular  precipitate, 
the  potassium  of  the  ferroqyanide  having  been  oxidised  during  the 


"V^ 


^^^^•^rv 


*'r? 


toi 


UREA. 


UREA. 


rofi»ting  operation :  the  cyanogen  of  the  ^crrocyanide  was,  howeyer, 
also  oxidised  at  the  same  time  and  by  the  same  meanB  to  cyanic  acid, 
which  remains  in  solution  combined  with  ammonia.  Eva^rated  to 
dryness  over  a  water-hath  the  solution  of  cyanato  of  ammonia  yields 
dry  urea,  which  is  separated  from  residual  sulphate  of  potash  by 
digesting  in  hot  alcohol,  containing  not  more  than  10  or  15  per  cent  of 
water.  The  alcoholic  solution  yields,  on  cooling,  oolourless  crystali  of 
urea  to  the  extent  of  38  per  cent  of  the  ferrocyanide  of  potassium 
used.  Should  the  solution  of  aulphate  of  potash  have  a  yeUoir  colour, 
it  will  be  due  to  undecomposed  ferrocyanide  of  potassium.  la  that 
case  sulphate  of  iron  must  be  added  till  prussian  blue  no  longer  pre- 
cipitates, and  any  ezoeas  of  iron  got  rid  of  by  carbonate  of  ammonia. 

Pure  urea  erystaliisas  in  colourless,  inodorous,  transparent;  four- 
sided  prisma.  It  has  a  saliuo  tasis  somewhat  like  that  of  nitrate  of 
potash.  It  is  soluble  in  its  own  weight  of  water,  and  requires  five 
parts  of  ooH  alc(^ol,  but  only  one  part  of  boiling  alcohol,  to  dissolve 
it:  it  is  less  soluble  in  ether,  and  insoluble  in  oil  of  turpentine. 
Exposed  to  the  air  it  becomes  somewhat  moist ;  melts  when  heated  to 
near  250'*  Fahr.,  and  at  higher  temperatures  yields  ammonia,  carbonate 
of  ammonia.  Biuret  and  Mjelanurio  Acid.  Solution  of  urea  is  stable 
if  purs,  but  in  urine,  or  in  the  presence  of  any  decomposing  organic 
nu^r,  the  urea  rapidly  changes  into  carbonate  of  ammonia  :— 
C,R«N,0.     -f     «HO     a 


Urea. 


■I     3(KH«0,  CO,) 

V — ^  ^ 

Carbonate  of  aaunoaia. 


The  same  change  occurs  If  solution  of  urea  be  heated  to  284*  Fiahr.  in 
a  sealed  tube.  Chlorine  produces  cyanuric  acid  from  fused  urea,  but 
quite  breaks  up  \irea  in  solution :  nitrous  acid  also  oxidises  it  to  car- 
bonic acid,  nitrogen  and  water. 

Urea  combines  with  acids  to  form  definite  salts.  The  formation  of 
nitraU  of  urea  (C.H^NjO,,  HO,  NO^)  has  already  been  described;  It 
crystallises  in  bright  transparent  rhombic  plates  or  leaflets,  only  sli^tly 
soluble  in  water,  alcohol,  or  nitric  acid.  HydrochlonOe  of  iw-ea  (C^H^ 
N,0„  Hd)  is  a  deliquescent  unstable  salt,  formed  when  hydrochloric 
acid  is  passed  into  xu-ea.  A  siMydrocklorate  (2CJB.^N^0^,  HCl)  crys- 
tallises in  long  transparent  blades  n-om  a  solution  containing  the  proper 
equivalents  of  each  compound.  Oxalate  of  urea  (CaH^N,0„  HO,  CjO,) 
falls  as  a  crystalline,  almost  insoluble,  precipitate  when  excess  of  strong 
solution  of  oxalie  add  is  added  to  solution  of  urea  ;  it  may  be  obtained 
in  long,  thin,  colourleas,  transparent  prisms.  It  is  pro^ble  that* 
Allofhahio  Acid  is  carboiuUe  of  urea. 

Urea  also  combines  with  metaJlic  protoxides.  If  freshly  precipitated 
oxide  of  silver  be  digested  in  a  strong  solution  of  urea,  a  yellowish 
crystalline  powder  is  formed  containing  (8  AgO,  C,H^NjOj,).  With  the 
red  oxide  of  mercuiy  urea  forms  compounds  containing  respectively 
two,  three,  and  four  atoms  of  mercuric  oxide  to  one  of  urea.  The  first 
(2  HgO,  CsH^N,0()  separates  out  as  a  white  powder  from  a  solution  of 
moist  mercuric  oxide  la  urea;  the  second  (3 HgO,  C^H^NjOa)  is. a 
gelatinous  precipitate  produced  when  solution  of  mercuric  chloride  is 
added  to  solution  of  urea  kept  alkaline  by  potash  :  it  becomes  granular 
and  of  a  pale  yellow  colour  on  boiling ;  the  third  (4  HgO,  C.H^NjOj) 
19  prepared  in  the  same  manner  as  the  second,  mercuric  nitrate  being 
used  instead  of  diloride. 

Urea  forms  eompounds  with  metaliio  salts.  Solutions  of  urea  and 
nitrate  of  silver,  mixed  and  evaporated  in  vacuo  over  sulf^uric  acid, 
yield  crystals  containing  (AgO,  NO,,  C,H,N,OJ  and  ( <2  AgO,  NO^), 
CaH^NgO,).  A  dilute  and  warm  solution  of  mercuric  nitrate  added  to 
a  warm  solution  of  urea,  gives  a  grantdar  precipitate  containing  (4 HgO, 
NOa,  CaH^NjOj) ;  if  the  mercuric  nitrate  be  lidded  in  excess,  and  the 
whole  maintained  at  a  temperature  ranging  from  104*  to  122*  Fahr., 
the  precipitate  occurs  in  six-sided  pridtMs,  and  has  the  oompositiou 
(3  HgO,  NOg,  C.H^NaO,) ;  if  the  mercuric  nitrate  be  aoidukted  with 
nitric  acid,  and  solution  of  nitrate  of  urea  be  added  until  a  precipitate 
occurs,  the  filtered  solution  deposits  shining  rectangular  tables  of 
(2  HgO,  NOj,  C,H,N,Oj.).  Double  nitrates  of  urea  and  soda,  baryta, 
lime,  and  magnesia  have  also  been  obtained. 

Compound  ureas.  As  already  indicated,  urea  is  formed  by  combina- 
tion of  ammonia  (NH,)  and  cyanic  acid  (CgHNOj)  :— 


Ammonia.  Cyanic  acid 

(cyanate  of  h7Urog:en}. 


C,(HJN,0, 


Urea  (ordinary). 


If  in  the  place  of  cyanic  add — or  cyanate  of  hydrogen  as,  for  the  sake 
of  analogy,  it  may  be  more  conveniently  termed— the  cj'anate  of  eome 
radioal,  other  than  hydrogen,  be  tidcen,  an  urea  will  be  obtained  con- 
taining the  radioal  of  the  cyanate  used,  in  the  place  of  one  of  the  four 
aqulTalents  of  hydrogen  in  common  urea.  Thus : — 
NH,     + 


KH, 


Nfi. 


^. — - — ^ / 

C^fanale  of  metbyl. 


C,(C,H„  n3)N.O, 

Xethyl.ttree. 

-»-     Ca(C,U5)N0,     =     C,(Cjr„  Il3)N^0, 

Cyanate  of  allyl.  Allyl-nrea. 

+    C,(Ci,H,)NO,    =     C.(Ci,H„H,)N.O, 


Cyanate  of  phenyl. 


^ 

PhenyUurea 
(carbanilamide), 


If  a  sulphocyanato  be  used,  a  sulpho-urea  will  of  course  be  pro- 
duced : —  *^ 


MH,     +     C,(C.U4)XS, 


KH.     + 


SulphoeyaDate 
of  allyl. 

C.{C|,H3)NS, 


SttlphallyUurea 
(thiofliBOMiiine). 

<Ja(CitH8.n,)Nag, 

^  1111  •^••■•B^BaiwiM^ 

6alpho-pbeayl»urea« 


Sulphoeyaaate 
of  phenyl. 

And  if  now  m  the  place  of  ammonia  itself,  a  derivative  of  ammoDia 
(naooammes,  &C.)  be  acted  upon  by  the  cyanate,  ureas  are  formed  in 
winch  two,  three,  or  even  the  four  equivalents  of  hydrogen  in  commoa 
urea,  are  replaced  by  compound  radicals.    Thus  ^-- 

yH<,C^H,     +     C,(C^H,)NO,     m     C,(iC^H«,  H,)N,0, 

Sthylamiae.  Cyanate  of  ethyl.  DlethyUurea. 


NHs.  C.aH, 


+     C.(Cx,H.)NO, 


Phttiylamtee.         Cyanate  of  pbeayl.  Diphenyl-urea  (flavin). 


NH,.  C.H, 


+     C.(C^H.)NO, 
V — —  * 


'Methylamine.         Cyanate  of  ethyl, 
KU„C^H,     ^     C,(C,H.)NO, 


EthylamLne. 
KH2,  CitHg 

Phenylaunine. 
KH.,C^H»     -i- 

EthyUunioe, 

NHj.Ci.H,     + 

' V ' 

Pbenylamioc. 

WH.C^oHj.-     -J- 


Cyanate  of  allyU 
+     C,(C,Hs)NO, 

Cyanate  of  elhyL 
+     C,(C,H5)N8, 

Sttlphoeyaaate 
ofallyL 

+     C,(C.H.)N8, 

^    I      ly / 

fiulpbocyaaate 
ofaUyl. 

C,(C^H,)NOj 


C.(C.H„  C^H„  H,)K,0, 

'^ -v ' 

MethyUethyUurca. 

C,(C^H„  C,H„  H,)N,0, 

EthyUallyl-urea, 
Ca(C,,H..C^H„H,)N,0, 

Fheayl^thyUnrea. 
C,(C,Hg.  CaHj.  H,)N,8, 

6«lpbethylsUyl 


Pipcridin«»  Cyaaato  of  ethyl* 

K(C»H,),     -f     C,(C^Ha)NO» 


C»(C>H6,C^,HB,n,)N,6, 
fiaiiihaUyUpbenyUiirea. 

Ca(C^H„CjeHi,*,H)K»0, 

I£thyl.pipa7Ui|x«a. 

«     Ca(C,H3)^N,0, 


Triethjlaffline.      Cyanate  of  tthyl.  TetrethyUurat. 

Compound  ureas  are  aJao  prepared  by  the  action  of  water  on  cvanates 
of  radicals.    Thus : — 


2C,(C,H,)N0, 

^^ -V ^ 

Cyanate  of  mctbyt 

2C,(C,H.)N0b 
'^ -v  ^* 

Cyanato  of  allyl* 


-J-     3H0 


2C0. 


+     C,(2C,H»,  a,)|f,0. 

*>- -^> — ^ 

Water.    Carbonic  acid. 


DimctbyUorca. 


SCO. 


+     C»(2C*H„  H,)N,0, 
DJAllyUurca  (smapoUiM). 


The  hydrogen  in  urea,  at  least  one  equi\'alent  of  it,  may  also  be 
replaced  by  negative  radicals.  The  general  method  of  formation  of 
these  wtad^,  so  called  in  allusion  to  their  amidic  analogy,  is  the  reac- 
tiMi  of  urea  on  the  diloride  of  the  negative  radical,  hydrochloric  acid 
bemg  eliminated.    Thus  are  obtained ;— 


Acctyl-orea  or  aceturcide 
ButyryLurea  or  butyrureido 
TuleryUurea  or  volcrureide 
BenaoyUurca  or  benzarelda 


.  C,(C^H,0„  H5)N,0. 
.  C,{C,H,0„  H,)K,0, 
.Cj(C,,H,0„as)N,0, 
•C,(C,4H40„Ha)N,08 


Constitution  of  urea.  Urea  is  now  generally  considered  to  be  a 
diamine ;  that  is,  diammonia,  in  which  two  equivalents  of  hydiogMi 
are  replaoed  by  the  diatomic  radical  oarbonyl  (0,0  ") ; ^^ 


c,n.N.o, 


H, 
IK 


Obviously,  any  of  the  compounds  already  described  in  this  article 

!c,o/ 
K  li,  R  beixig  any 
R  R  --^      ' 

radical ;  the  formula  of  several  ureas  will,  in  fact,  be  found  so  written 
in  the  article  Ohqakio  Bases. 

Estimation  of  urea.  The  amount  of  urea  in  a  specimen  of  urine  is 
often  required  to  be  known  by  the  physiologist  and  pathologist.  It 
was  originally  determined  in  the  state  of  nitrate  or  oxalate,  a  known 
quantity  of  urine  being  taken  and  treated  in  the  manner  al^ady  indi- 
cated; results  so  obtained,  however,  have  been  shown  to  be  very 
inaccurate.  Ragsky  and  Heintz  proposed  to  take  advantage  of  the 
facta,  that  urea  is  decomposed  into  ammonia  and  carbonic  acid  when 
boiled  with  strong  acids,  and  that  ammonia  may  be  estimated  by  bichlo- 
ride of  platinum,  the  weight  of  which  would  indicate  tie  tirea  present 
in  the  quantity  of  urine  acted  upon ;  this  method,  however,  is  not 
univernlly  applicable.  Bunsen  takes  a  weighed  quantity  of  urine, 
mixes  it  with  an  ammoniacal  solution  of  chloride  of  barium,  seals  it 


£03 


UREA. 


URIC  GROUP. 


S(M 


hermetically  in  a  glass  tube,  and  heats  it  to  a  temperature  of  from 
250"  to  460''  Fahr.  for  several  hours ;  carbonate  of  baryta  is  thus  pro- 
duced, the  weight  of  which  indicates  the  amount  of  urea  originally 
present,  inasmuch  as  urea  is  under  these  circumstances  always  split  up 
into  ammonia  and  carbonic  acid :  this  process  gives  accurate  results, 
but  requires  too  much  chemical  skill  and  experience  to  be  very  gene- 
rally applicable.  Liebig's  process  for  the  estimation  of  urea  (and 
chloride  of  sodium)  in  urine  is  the  one  now  always  used.  It  is  a 
volumetric  method,  and  depends  upon  the  facts  already  mentioned 
concerning  the  combinations  of  urea  with  nitrate  of  peroxide  of 
mercury. 

From  the  following  details  it  will  be  foimd  that  certain  standard 
solutions  have  to  be  made ;  these  require  time  and  care,  but,  when  once 
obtained,  the  actual  analytical  operation  is  one  requiring  a  few  minutes 
only  and  is  very  easy  of  execution.  Solution  of  mercuric  nitcate 
occasions  a  white  precipitate  in  pure  solutions  of  urea,  but  not  in  such 
impure  solutions  as  urine ;  this  is  because  chloride  of  sodium  is  present 
in  the  urine,  and  the  chlorides  of  the  metals  of  either  the  first  or  second 
groups  decompose  mercuric  nitrate,  mercuric  chloride,  which  does  not 
precipitate  \irea,  being  formed.  But  on  adding  mercuric  nitrate  to  urine 
imtil  the  whole  of  the  chloride  of  sodium  is  converted  into  nitrate  of 
soda,  further  addition  will  cause  a  precipitate  because  nitrate  instead  of 
chloride  of  mercury  will  then  come  in  contact  with  the  urea.  Obviously 
now  if  the  strength  of  the  mercuric  nitrate  solution — which  may  be 
distinguished  as  No.  I — be  known,  the  amount  of  chloride  of  sodium  in 
the  urine  will  be  at  once  indicated.  The  means  by  which  the  No.  I 
solution  is  standardised  will  be  given  presently.  It  might  be  thought 
that  the  further  addition  of  the  same  mercturic  nitrate  until  no  more 
precipitate  falls,  a  point  easily  ascertained,  would  afford  the  means  of 
determining  the  amount  of  urea  present ;  but  it  is  not  so,  probably 
because  the  mercuric  chloride  formed  would  keep  some  of  the  lu'ea  in 
solution,  a  definite  compound  of  the  two  having,  in  fact,  been  pro- 
duced. The  exact  amount  of  chlorine  in  the  urin^  therefore  having 
been  thus  determined,  it  must  now  be  got  rid  of  by  adding  to  a  fresh 
portion  of  uribe  the  requisite  quantity  of  a  solution  of  nitrate  of  silver 
of  known  strength.  The  chloride  of  silver  having  been  separated  by 
filtration,  the  filtrate  is  treated  with  mercuric  nitrate  solution  (No.  2) 
until  the  whole  of  the  urea  is  precipitated,  a  point  that  is  ascertained 
by  the  yellon^  colour  produced,  on  putting  a  drop  of  the  mixture  con- 
taining the  precipitate  on  to  a  drop  of  carbonate  of  soda  solution  placed 
on  a  white  plate ;  the  yellow  colour  (mercuric  oxide)  simply  showing 
that  mercuric  nitrate  is  then  in  solution,  a  state  of  things  that  ob- 
viously cannot  occur  so  long  as  urea  exists  in  the  liquid. 

The  only  remaining  fact  to  be  noticed  in  connection  with  this  pro- 
cess, before  describing  the  method  of  preparation  of  the  standard 
solutions,  is  that  phosphoric  acid  and  phosphates  must  be  removed 
from  the  urine  before  commencing  the  aualysis ;  this  is  readily  accom- 
plished by  adding  to  any  portion  of  the  urine  half  its  bulk  of  a  mixture 
of  two  parts  of  cold  saturated  baryta  water,  and  one  part  of  cold 
saturated  aqueous  solution  of  nitrate  of  baryta,  and  filtering;  remem- 
bering, of  course,  that  only  two-thirds  of  the  filtrate  is  urine.  The 
filtrate  will  probably  be  alkaline  from  excess  of  baryta,  if  so,  nitric  acid 
must  be  added  till  it  is  exactly  neutral  to-test  paper,  and  the  determi- 
nation of  chloride  of  sodium  and  urea  then  proceeded  with.  The 
quantity  of  the  filtrate  most  convenient  for  manipulation  is  225  grains 
(  =  150  grains  of  urine)  for  determining  the  chloride  of  sodium ;  and 
450  grains  (=300  grains  of  urine)  for  determining  the  urea.  The 
indicated  number  of  grains  of  nitrate  of  silver  solution  having  been 
added  to  the  450  grains  just  mentioned,  exactly  one-half  of  the  filtered 
product  (=150  grains  of  urine),  is  the  quantity  recommended  to  be 
used  for  estimating  the  urea  by  the  No.  2  mercuric  nitrate  solution. 

Solution  of  mercuric  nitrate  is  obtained  on  dissolving  pure  mercury 
in  nitric  acid,  and  boiling  until  the  solution  gives  no  indication  of  mer- 
curous  nitrate  on  the  addition  of  alkaUne  chloride.  It  is  then  evapo- 
rated to  dryness  over  a  water-bath  and  redissolved  in  seven  or  eight 
times  its  bulk  of  water.  For  the  No.  1  solution  above  described,  the 
strong  liquid  just  mentioned  is  standardised  by  pure  chloride  of 
sodium ;  and  for  No.  2  by  pm^  urea.  Pure  chloride  of  sodium  solu- 
tion is  procured  by  digesting  excess  of  pure  rock-salt  in  distilled  water 
for  one  or  two  days,  the  whole  being  occasionally  well  agitated: 
100  water  grain  measures  of  such  a  solution  contain,  at  all  ordinary 
temperatures,  31 '84  grains  of  chloride  of  sodium  :  150  grain  measures 
of  this  solution  of  salt  are  mixed  with  45  grain  measures  of  a  solution 
of  pure  urea  containing  about  4  per  cent,  of  that  substance,  and  also 
with  75  grain  measures  of  a  cold  saturated  solution  of  pure  sulphate  of 
soda ;  the  solution  of  mercuric  nitrate  is  then  to  be  added  to  the  mix- 
ture until  a  distinct  permanent  precipitate  is  formed.  The  number  of 
grain  measures  of  mercuric  nitrate  solution  added  corresponds,  of 
course,  to  4776  grains  of  chloride  of  sodium:  it  must  then  be  so 
diluted  that  100  water  grain  measures  may  correspond  to  one  grain  of 
chloride  of  sodium,  the  resulting  liquid  being  mercuric  nitrate  solution 
No.  1.  The  No.  2  solution  is  prepared  by  adding  the  strong  mercuric 
nitrate  solution  to  150  grain  measures  of  distilled  water  containing 
exactly  2  per  cent*  of  pure  urea  until  a  yellow  colour  is  produced,  with 
carbonate  of  soda  in  the  manner  already  indicated ;  the  strong  solution 
must  then  be  diluted  until  100  water  grain  measures  exactly  correspond 
to  one  grain  of  urea.  Finally,  the  nitrate  of  silver  solution,  employed 
for  removing  the  chlorine  of  H^^  chloride  of  sodium  in  urine  after  the 


amount  of  the  latter  has  been  indicated  by  the  No.  1  solution,  is  pre- 
pared by  dissolving  174-36  grains  of  fused  nitrate  of  silver  in  wat«r, 
and  diluting  till  the  whole  amounts  to  6000  grain  measures ;  100  water 
grain  measures  of  the  resulting  liquid  will  correspond  to  one  grain  of 
chloride  of  sodium. 

UREA,  ESTIMATION  OF.    [Urea.] 

UREAS.    [Urea.] 

URETHANE.    [Cabbamio  Acid.] 

URETHRA.    [Bladder,  Diseases  of  thb.] 

URETHYLANE.    [Cabbamio  Acid.] 

URIC  ACID.    [Urio  Group.] 

URIC  QROUP,  a  cluster  of  chemical  compounds,  derivatives,  or 
congeners  of  uric  acid.  Next  to  uric  acid  itself,  the  products  of  its 
artificial  oxidation  claim  chief  interest,  inasmuch  as  they  illustrate 
some  of  the  changes  which  oxygen  efiects  upon  the  exhausted  tissues 
of  the  human  frame  prior  to  their  elimination  as  urea.  Thus  uric  acid 
plus  moisture  and  oxygen  yields  urea  and  a  body  termed  alloxan. 
AUoxan  plus  moisture  furnishes  urea  and  mesoxalic  acid;  and  mesoxalic 
acid  contains  no  nitrogen,  the  latter  element  having  thus  artificially 
been  thrown  out  from  uric  acid  as  m^a.  It  is  probable  that  this 
change,  or  a  similar  one,  occurs  naturally  in  animals ;  for  although  uric 
acid  is  nearly  always  present  in  human  urine,  its  quantity  is  much 
modified  by  diet.  It  does  not  occur  in  the  urine,  but  does  in  the 
spleen,  of  the  dog ;  and  Professor  Haughton,  who  has  paid  oonsiderable 
attention  to  the  physiology  of  this  body,  says  that  ''no  uric  acid  what- 
ever should  occur  in  the  urine  of  man  in  perfect  health,  but  all  the 
nitrogen  of  the  urine  should  pass  off  in  the  form  of  urea, — a  more 
highly  oxidated  product  than  uric  acid." 

The  following  list  includes  nearly  all  the  members  of  the  uric  group. 
The  consideration  of  those  of  them  derived  from  lu-ic  acid  is  supposed 
to  be  simplified  by  assuming  that  body  to  contain  the  radicstl  uril 
{ury^  or  cyanoxalicacid  (O^Jd^=  ^fifiy^  '>  ^^^  i^,  oxaUc  anhydride, 
in  which  two  equivalents  of  oxygen  are  replaced  by  two  of  cyanogen : 
but  uril  has  not  been  isolated,  and  its  usefulness  is  very  slight. 

Uric  (Uthic)  acid      .        .        .        .  2H0,  CioHiN^O^ 

Uroxanicacid 2II0,  CjoHgN^O^, 

Alloxan CaH,N|0„  2  aq. 

Dialuric  acid HO,  CsH,N,Of 

Uramilio  acid  .        •        •        •        •  Cj^HjoNgO^g 

Allozantia  ••••••  CgUgN^Oa+CgH^N^O,,  Saq. 

Allitiuio  add  •        •        •        •        .  CgHjNgO^ 

DiUtarioacid 

Amalio  aoid  (dimethyUallozantiii)     .  C|g(CgHs)«K40i4 
Alloxanio  acid  ....  2H0,  C,HaN|Og 

Leuooturic  acid C«H,NgOg  t 

Diflnan    ..••••  C«H^NgO,  T 
Mycomelio  acid  •        •        •        •    .  HO,  CgHaN^O,,  aq. 
If  esozalio  add  •        •        •        .  2H0,  CgOg 

Parabanio  acid 2H0,  C«N,0« 

Ozaloric  acid HO,  C«n,N,0T 

UraxiU  (murezan  or  dialuramidc)      .  H^N,  CgH^NgOg 
Thionorio  acid  ....  2H0,  C^HgNgOg,  SSO^ 

Morexid  (purpurate  of  tmmonia) .     •  Cg ^H |  ,N ^  ,,0 ^  g 

Allantohi CgHgN^Og 

Hidantoio  acid     •        •        •        .    .  HO,  CgHgK^Og 
Allanturic  acid         •        •        •        .  HO,  C^o^«^|Ob 

Lantonnrio  acid HO,  CgH^NgOg 

Xanthio  (uric)  oxide  or  urouB  acid    .  C^gH^N^O^ 
Hypoxanthin   •        •        •        •        •  C^gH^N^Og 

Gaanino C^gHgNgOg 

Cyatin CgHgNOgS^ 

Uric  Acid  (2H0,  CjoHgN^O^). — This  substance,  sometimes  called 
lUhic  add,  was  discovered  by  Scheele;  Vauquelin  afterwards  found  it 
in  the  excrements  of  serpents,  Brugnatelli  in  that  of  silkworms,  and 
Roubiquet  in  cantharides. 

Uric  acid  is  secreted  by  carnivorous  animals,  birds,  and  by  seyeral 
insects.  When  in  excess,  it  is  deposited  from  human  urine  as  a 
brownish-yellow  powder,  which  is  usually  a  compound  of  uric  acid  and 
ammonia.  It  occurs,  in  combination  with  soda  or  ammonia,  in  those 
gouty  concretions  commonly  called  chalk-atones,  and  it  constitutes  the 
prindpal  portion  of  the  calculi  deposited  in  the  human  bladder.  The 
semi-solid  urine  of  serpents  and  birds  is  chiefly  composed  of  lunte  of 
ammonia ;  and  guano,  the  decomposed  excrement  of  aquatic  birds,  and 
which  is  imported  from  some  islands  in  the  South  Sea  and  extensively 
used  as  a  manure,  contains  a  large  quantity  of  urate  of  ammonia 

This  acid  is  conveniently  obtained  by  dissolving  the  excrement  of 
serpents — the  boa  constrictor,  for  example — in  a  solution  of  potash, 
and  decomposing  the  clear  solution  by  the  addition  of  hydrochloric 
add.  It  may  also  be  obtained  from  the  excrement  of  pigeons  and 
other  birds  by  the  same  process.  According  to  Liebig,  it  is  better  to 
employ  borax  as  a  solvent  than  a  caustic  alkali,  it  dissolving  less  of 
the  animal  matter.    On  the  large  scale,  as  a  source  of  murexia  as  a 
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pigment,  xiric  acid  is  obtained  from  guano,  wbich  is  treated  firat  with 
hydrochloric  acid  to  remove  carbonates  and  phosphates  of  lime,  mag- 
nesia, and  anmionia,  then  with  boiling  caustic  soda,  which  dissolves 
the  uric  acid  from  sand,  clay,  gypsum,  &c. ;  and  the  alkaline  solution 
is  finally  treated  with  hydrochloric  acid,  which  precipitates  the  uric 
acid,  in  a  state  sufficiently  pure  for  conversion  into  murezia. 

Uric  acid  occurs  in  small,  fine,  white,  silky,  crystalline  scaled ;  it  is 
inodorous  and  insipid,  heavier  than  water,  and  nearly  insoluble  in  it 
when  cold,  and  only  slightly  dissolved  by  it  when  hot ;  the  solution 
reddens  litmus-paper,  but  feebly.    It  is  insoluble  in  alcohol  or  ether. 

Nitric  acid,  even  diluted,  dissolves  uric  acid  with  brisk  effervescence ; 
the  gases  evolved  consist  of  equal  volumes  of  nitrogen  and  carbonic 
acid.  The  solution  contains  alloxan,  allozantin,  urea,  parabanic  acid, 
ammonia,  and  other  variable  products.  When  the  solution  is  evaporated 
to  dryness,  the  residue  is  of  a  fine  purple  colour :  the  formation  of 
this  residue  is  a  test  of  the  presence  of  uric  acid,  its  colour  is  much 
intensified  on  the  addition  of  ammonia. 

Sulphiuic  acid  when  concentrated  dissolves  uric  acid,  and  forms  a 
crystalline  compound  with  it;  it  is  decomposed  on  the  addition  of 
water ;  concentrated  hydrochloric  acid  dissolves  it  in  greater  quantity 
than  water. 

Uric  acid,  when  submitted  to  destructive  distillation,  yields  the 
same  products  as  urea,  namely,  cyamelide,  cyanic  acid,  cyanuric  acid, 
hydrocyanic  acid,  a  little  carbonate  of  ammonia,  and  a  brown  carbon- 
aceous residue  containing  much  nitrogen.  In  this  decomposition  the 
hydrated  cyanic  acid  and  ammonia  combine  in  the  neck  of  the  retort 
and  form  urea.  The  cyamelide  dissolves  in  potash,  and  yields  cyanurate 
of  potash. 

\Vhen  uric  acid  is  heated  with  a  little  water  to  892'*  Fahr.  in  a 
closed  tube,  it  is  converted,  without  any  disengagement  of  gas,  into  a 
yellow  transparent  liquor,  which  becomes  a  yellow  gelatinous  mass 
when  it  cools ;  this  is  soluble  both  in  cold  and  hot  water :  the  alkalies 
evolve  ammonia  from  it,  and  with  the  acids  it  produces  gelatinous 
precipitates ;  with  hot  nitric  acid  it  effervesces,  and  the  solution  by 
evaporation  yields  a  reddish  yellow  mass,  which  ammonia  renders 
purple. 

Hydrate  of  potash  when  fused  with  uric  acid  produces  carbonate  of 
potash,  cyanate  of  potash,  and  cyanide  of  potassium.  When  boiled  in 
water  with  peroxide  of  lead,  it  is  converted  into  allantoin  and  oxalic 
acid,  urea  being  set  free. 

Saline  combincUions  of  Uric  Acid, — Uric  acid  is  dibasic,  and  forms 
neutral  and  acid  urcUcs.  The  urates  of  the  alkaline  metals  and  of  the 
alkaline  earths  are  but  slightly  soluble  in  cold  water,  but  very  soluble 
in  boiling  water;  an  excess  of  alkali  increases  the  solubility;  the 
urates  are  generally  colourless,  and  are  all  decomposed  by  acids,  even 
by  the  acetic  acid ;  the  uric  acid,  which  is  set  free,  is  at  first  gelatinous, 
but  soon  assumes  the  form  of  fine  brilliant  laminae. 

UraU  of  Ammonia  (NH^O, HO,  CjJffaNjO J.— The  acid  salt  is  the 
only  one  known.  Urinaiy  calculi  occasionally  consist  of  this  com< 
I)ound.    [Calcull] 

Urates  of  PoioM.— The  neutral  salt  (2K0,  C^ffl,^Nfi^)  is  prepared 
by  dissolving  the  excrements  of  serpents  in  a  weak  boiling  solution  of 
potash ;  the  insoluble  portion  being  separated  by  filtration,  urate  of 
potash  is  obtained  as  a  white  ciystalline  mass  by  evaporating  and 
cooling  the  solution;  this,  after  washing  with  cold  water,  ia  converted 
by  drying  into  a  brilliant  powder,  composed  of  very  fine  needles. 
This  salt  is  very  slightly  soluble  in  cold  water ;  the  solution  has  an 
alkaline  reaction.  On  passing  carbonic  acid  through  its  solution,  acid 
wale  of  potash  (KO,  HO,  C,oH„NjOj)  is  deposited. 

Urates  of  Soda» — According  to  Dr.  Wollaston,  gouty  concretions 
consist  principally  of  these  salts.  They  may  be  prepared  in  the  same 
way  as  the  urates  of  potash ;  the  reactions  are  similai*.  Urate  of  soda 
is  also  formed  when  uric  acid  is  boiled  with  borax. 

Uroxanic  acid  {2'H.0,C^^iU^'Nfi^Q).  When  uric  acid  is  boiled  for  a 
long  time  with  caustic  potash  a  small  quantity  of  it,  by  assimilation  of 
six  equivalents  of  water,  I9  converted  into  a  new  acid  termed  uroxuuc. 
Uroxante  of  potash  (2  KO,  CjoHgN^Ojo  +  6  Aq.)  is  very  soluble  in  water, 
but  may  be  obtained  in  rhombic  tables ;  from  its  solution  hydrochloric 
acid  precipitates  uroxanic  acid  in  microscopic  tetrahedra;  boiling 
water  decomposes  it,  carbonic  acid  being  evolved. 

Alloxan  (OgHsN,Os  +  2  and  8  Aq.)  This  is  the  chief  product  of  the 
action  of  cold  nitric  on  uric  acid.  The  latter  is  added  to  the  former 
in  small  quantities  at  a  time,  carbonic  acid  and  nitrogen  escape,  pro- 
ducing brisk  efiervescence,  heat  is  evolved,  so  that  it  is  sometimes 
necessary  to  artificially  prevent  undue  elevation  of  temperature,  120" 
Fahr.  being  the  maximum  point  to  which  the  mixture  should  rise. 
After  a  time  crystals  begin  to  form  in  the  liquid  and,  on  repose,  octo- 
hedra  of  alloxan  separate  out.  They  contain  two  equivalente  of  water, 
but  from  resolution  in  water  crystallise  in  prisms  containing  eight 
equivalents  of  water. 

Alloxan  is  colourless,  of  faint  odour,  unpleasant  astringent  taste, 
stains  the  skin  pink,  is  very  soluble  in  water,  and  has  an  acid  reaction. 
By  the  action  of  sulphuretted  hydrogen  and  similar  reducing  agents 
it  yields  dialuric  acid  (CgH^NjOg)  and  free  sulphur : — 

C^UaNjO,     +     2118     =     CsH^N^O.     +     8^ 


The  dialuric  acid  ia  crystalline,  and  forms  crystallisable  salts. 
Gregory's  uramUic  acid  (O^f^H^Jsffl^^)  seems  to  be  the  bidialurate  of 
ammonia. 

Alloxantin  (C,aH^N^O,^  +  6  Aq.)  is  formed  on  adding  together 
solutions  of  equivalent  proportions  of  alloxan  and  dialuric  acid,  and 
would  seem  to  be  a  compound  of  those  substances.  It  may  also  be 
foitned  by  the  action  of  several  reducing  agente  on  alloxan.  It  occurs- 
in  small  colourless  rhomboidal  prisms,  slightly  soluble  in  cold  water, 
rather  more  so  in  boiling  water;  oxidising  agente  reconvert  it  into 
alloxan.  Boiled  with  hydrochloric  acid  it  yields  white,  pulverulent, 
allituric  add  {C^H^l^^OA  and  dilituric  acid,  which  has  not  been  fully 
examined.  The  dimethyl  derivative  of  alloxantin  is  identical  with 
amalic  add.    [Caffeine.] 

AUoxanic  Acid  (CgH^NjOjo)  may  be  considered  as  alloxan  plus  two 
equivalente  of  water.  It  is  a  product  of  the  action  of  bases  upon 
alloxan,  and  may  be  isolated  on  treating  on  aUoxanate  with  a  stronger 
acid.  By  evaporation  it  is  obtained  as  a  semi-crystelline  mass,  of 
unsteble  character.  Ite  aqueous  solution,  by  ebullition  and  evapora- 
tion to  near  diyness,  splite  up  into  Uucoturic  add  (CaHjNjOe  ?)  which 
dissolves  on  rediluting  with  water,  and  a  white,  insoluble,  slightly  acid 
powder  termed  dijluan.    Some  of  the  alloxanates  crystallise  readily. 

MycomeUc  Add  (HO, CgHjNjOj,,  Aq.),  or  aUoxanamide,  is  formed 
when  a  solution  of  alloxan  in  ammonia  is  boiled  and  cooled  slowly. 


CgHaNjO,     + 


Alloxan. 


2NH, 


HO,  CnHaN^Oj     +     4H0 
V ^ ' 

Myoomelio  acid* 


Mesoxalie  Add  (2HO,CeOg).     Where  solutions  of  alloxanates  are 
boiled  for  some  time,  they  break  up  into  urea  and  mesoxalie  acid : — 


SBaO,  CgHtNaOg 

"^ V ' 

AUoxanate  of  baryta. 


+     2H0     s     2BaO,  C.O.     -f     CjH^N.O, 
Hosoxalate  of  baryta.  Urea. 


V" 


Allozan. 


> V ' 

Slolarlo  ooid. 


Mesoxalie  acid  may  be  isolated  from  the  baryte  salt  by  sulphuric  acid 
or  from  the  lead  salt  by  sulphuretted  hydrogen.  It  is  very'soluble  in 
?rater,  but  may  be  obtained  in  crystals.  The  ulver  salt  is  decomposed 
when  heated,  brisk  effervescence  of  carbonic  acid  and  carbonic  oxide 
occurring. 

Parabanic  Add  (C^H,N,Oe)  may  be  obtained  in  flat  colourless 
prisms  on  evaporating  the  nitrio  acid  with  mother  liquor  of  alloxan. 
It  is  permanent  iteelf,  but  forms  unsteble  compounds  with  bases.  The 
parabanate  of  anmionia,  for  example,  decomposes  during  evap<Hation 
the  ammonia  salt  of  oxaluricadd  (NH^OjCoH^NjO,)  being  formed. 
The  latter  occurs  in  brilliant  crystals,  and  is  interesting  from  the  fact 
that  dumb-bell  crystals  of  oxaluric  acid — at  first  mis^en  for  oxalate 
of  lime — are  sometimes  met  with  in  urinary  deposite. 

Phenyl-oxaluramide  or  oxoUuranUide,  (C^HgNsOo)  is  a  white  crystol- 
line  powder. 

Thionuric  Add  (2H0,  CgH.NjOa,  2S0,).  Solutions  of  aUoxan, 
sulphite  of  ammonia,  and  ammonia,  combine  together  when  boiled, 
thionurate  of  ammonia  crystallising  out  on  cooling  in  brilliant  leaflete. 
The  lead  salt  decomposed  by  sulphide  of  hydrogen  furnishes  an  acicular 
mass  of  thionuric  acid. 

Uramil  (NH^,  CgH-NjOJ  murexan  or  dialuramide.  When  a  hot 
saturated  solution  of  thionurate  of  ammonia  is  treated  with  hydro- 
chloric acid  in  excess,  the  mixture  is  converted  into  a  semifluid  mass. 
The  uramil  thus  obtained  is  in  the  form  of  plumose  acicular  crystels, 
which  are  permanent  in  the  air,  and  become  of  a  pink  colour  when 
heated ;  they  are  insoluble  in  cold  and  but  slightly  soluble  in  boiling 
VTater.  The  alkalies  dLeuK>lve  uramil,  and  acids  precipitete  it  from  them 
unchanged.  The  solutions  in  ammonia  and  potash  become  of  a  purple 
colour  by  exposure  to  the  air,  and  deposit  green  acicular  crystals  of  a 
brilliant  metallic  lustre.  If  the  potash  solution  be  boiled,  ammonia  is 
evolved  and  uramilic  add  is  formed;  dilute  acids  produce  similar 
decomposition.  It  is  soluble  in  concentrated  sulphuric  acid,  and  is 
precipiteted  from  it  by  water;  by  concentrated  nitric  acid  it  is  resolved 
into  alloxan,  with  the  evolution  of  hyponitrous  acid,  and  the  formation 
of  nitrate  of  ammonia. 

Murexid  (C,^H„N,o9io  ')#  pvrpwrait  of  ammonia  of  Dr.  Prout.  This 
substence  may  be  obtained  by  several  processes.  The  least  operose  is 
probably  that  of  dissolving  uric  acid  in  dilute  nitric  acid,  evaporating 
the  solution  till  it  assumes  a  reddish  colour;  after  the  liquor  has 
cooled  to  158°  Fahr.,  add  excess  of  ammonia ;  then  dilute  it  with  half 
ite  volume  of  boiling  water,  and  allow  it  to  cooL  Care  must  be  taken 
not  to  employ  too  much  or  too  little  nitric  acid.  Whikt  ammonia 
continues  to^  give  a  red  precipitete,  when  added  to  small  portions,  the 
nitric  acid  is  insufficient.  If,  on  the  contrary,  ammonia  produces  a 
glairy  yellow  precipitete,  murexide  cannot  be  obtained  without  passing 
a  current  of  hydrosulphuric  acid  into  the  liquor. 

Murexide  crystallises  in  short  four-sided  prisms,  which  exhibit  a 
green  metellic  reflection.  They  are  garnet-red  by  transmitted  light. 
It  is  very  little  soluble  in  cold  water,  and  gives  it  a  magnificent  purplish 
red  colour.  It  dissolves  readily  in  water  at  158**,  and  crystallises  from 
the  solution  unaltered.  It  is  insoluble  in  alcohol  and  in  ether.  It  is 
insoluble  also  in  solution  of  carbonate  of  ammonia,  but  dissolves  in  a 
solution  of  potash,  producing  a  superb  indigo-blue  colour,  which 
disappears  by  heat,  with  the  evolution  of  ammonia. 

PwrpwaU  of  Poto«A.— According  to  Fritzche,  this  is  best  obteiaod 
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by  decomposing  a  boiling  solution  of  purpurate  of  ammonia  by  means 
of  excess  of  nitrate  of  i^otash.  ThiR  purpurate  consisUi  of  very  small 
reddish-brown  crystals ;  it  may  however  be  obtained  in  large  orystalBi 
which  have  the  colour  and  lustre  of  the  ammoniaoal  salt  It  is 
difficultly  soluble  in  water,  and  much  less  so  in  saline  solutions,  and 
hence  the  advantage  of  usidg  exoess  of  nitre  in  preparing  il  It 
spears  to  be  a  neutral  salt. 

Ptarpuiute  of  Soda  is  of  a  dark  brick-red  oolour,  and  may  be 
obtained  in  crystals ;  it  is  much  less  soluble  in  water  than  th«  potash 
salt,  requiring  3000  times  its  weight  for  solution,  or  even  more  at  60*. 
The  pmrgmratet  qf  lime,  bai-yta^  and  slrotUia  are  still  less  soluble  than 
those  above  described ;  they  are  of  a  deep  greenish  colour,  but  when 
dissolved  in  water  they  impart  a  purple  colour  to  it.  There  are  two 
salts  of  lime ;  one  of  which  is  a  bidky  red  crystalline  powder,  and  the 
other,  which  is  greenish-bhck,  appears  to  be  a  subsalU  The  pwrpmraU 
ftf  magnesia  is  very  soluble. 

When  purpurate  of  ammonia  is  added  to  a  solution  of  metallic  salts, 
the  effects  produced  are  sa  follows: — Cobalt,  a  graaukr  reddish 
precipitate ;  sine,  a  fine  ydlow ;  tin,  a  scarlet  precipitate ;  mercury, 
protosalts,  a  purple  precipitate ;  persalts,  a  pale  rose  precipitate ;  silver, 
a  deep  purple  one;  the  salts  of  lead,  iron,  nickel,  and  copper,  the  chlorides 
of  gold  and  platina,  alter  their  colour  by  the  addition  of  purpurate  of 
ammonia,  but  are  not  precipitated  by  it.  The  pink  sediment  which 
generally  appears  in  the  urine  of  those  Ubourlug  under  febrile  affec- 
tions, appears  to  owe  its  colo^ir  to  the  purpurate  of  ammonia. 

Allantoin  (CsH^^N^Oq)  ;  allantoic  or  anniotic  acid.  A  product  of  the 
oxidation  of  uric  acid  by  peroxide  of  lead  in  a  boiling  solution ;  the  hot 
filtered  solution  deposits  ci^ourless  brilliant  crystals  of  allantoin. 
Allantoin  also  occurs  in  the  urine  of  the  fojtal  calf,  and  in  the  allantoio 
fluid  of  the  cow.  It  is  a  neutral  body,  tasteless^  inodorous,  tolerably 
soluble  in  boiling  water,  but  only  slightly  so  in  cold  water.  Left  in 
contact  with  strong  caustic  potash  for  a  few  days  it  appears  to  assimi- 
late two  equivalents  of  water  and  become  hydantoic  acid  (CH^N^Og). 
Solution  of  ailantoin,  heated  in  a  closed  tube  to  2^0°  Fahr.,  gives  white 
deliquescent  aUanturic  acid  (HO,Cjo^e^4^6)  insoluble  in  alcohoL 
Lantantaic  acid<,  a  product  of  the  action  of  ferrocyanlde  of  potassium 
upon  uric  add,  is  probably  identical  w^ith  allanturic  acid. 

Xantfiic,  or  uric  oxide  (Cj^H^N^O^)  or  uruiis  acid,  forms  the  chief 
constituent  of  a  rare  form  of  urinary  calculus.  It  is  also  contained  in 
the  intestinal  concretions  of  animals  or  Bbzoars.  It  is  soluble  in 
alkalies,  but  is  repredpitated  as  a  white  powder  by  adds,  and  is 
insoluble  in  water,  alcohol,  or  ether. 

H¥PoxAKTHiN,GuA3iiNE,and  Cystut  are  treated  of  inaepsraiearticles. 

URIC  OXIDE.    (Ueio  Gaoup.] 

URIC  SERIES.    [Umo  Gbocp.J 

URIL.    [Urio  Group.] 

URINARY  CALCULI.    [Calculi.] 

UUINE,  PATHOLOGY  OF,  AND  MORBID  STATES  OP.  The 
normal  constituents  of  urine  are  treated  of  in  the  article  Urivk,  in  the 
Natural  History  Division  of  this  Cydopsedia.  We  shall  here  speak 
of  the  luine  in  states  of  disease,  and  more  particularly  of  its  abnormal 
constituents.  These  latter  may  be  divided,  first,  into  those  substances 
which  are  dissolved  in  the  lu-ine ;  and,  second,  those  substances  which 
are  thrown  down  as  sediments. 

I.  Substances  which  are  diflsolved  in  the  urine,  or  precipitated  only 
under  special  conditions. 

Hamatin,  or  blood-pigment,  appears  in  the  urine  in  two  states, 
either  in  the  blood-oeUs  or  ind^ndent  of  them.  When  the  latter 
occurs,  the  blood  is  of  a  more  or  less  brown  or  black  colour.  Such  a 
condition  does  not  indicate  the  rupture  of  blood-veesels,  but  a  state  of 
the  blood  produced  by  such  disputes  as  typhus  fever,  yellow  fever, 
scarlatina  maligna,  scurvy,  pyaemia,  and  other  diseases  in  which  tlie 
blood-oeUs  are,  as  it  were,  broken  up. 

AUmmtn  is  frequently  present  in  the  blood,  but  is  not  characterised 
by  any  particular  physical  appearance :  it  often  is  of  a  natural  colour, 
sometimes  a  little  paler,  at  other  times  it  is  obviously  tinged  with 
blood.  For  the  most  part  albuminous  urine  is  transparent  at  the 
instant  it  is  voided,  but  on  cooling  it  becomes  turbid :  its  odour  is 
ordinarily  less  urinous  than  the  urine  of  health.  The  tests  for  detect- 
ing albumen  are  various.  Nitric  add  is  one  of  the  best ;  for  if  a  few 
drops  be  added  to  the  urine  containing  albumen,  a  predpttate  is 
formed^  which  we  cannot  re-dissolve  by  an  excess  of  the  add,  but 
which  is  readily  dissolved  by  the  addition  of  a  sufficient  quantity  of 
alkali  Heat,  from  its  property  of  quickly  coagulating  albumen,  is  an 
excellent  test  for  recognising  t^iis  principle,  as  it  has  the  advantage  of 
not  coagulating  tiie  other  elements  of  urine.  Albuminous  urine,  on 
being  exposed  to  a  temperature  of  about  150%  becomes  opaque,  and 
deposits  Um  principle  in  a  coagulated  state.  The  precipitate  varies 
considerably  in  appearance  in  different  instances,  bdng  sometimes  firm 
and  similar  to  that  formed  by  the  serum  of  tlie  blood,  from  which  it 
may  then  be  supposed  to  be  derived ;  while  at  other  times  it  is  deti- 
cate,  fragile,  and  somewhat  resemlding  curd,  when  it  may  be  supposed 
to  be  of  chylous  origin. 

Albumen  is  generally  indicative  of  disease  of  the  kidneys.  [Kidnbts, 
Diseases  of.]  This  form  of  disease  may  come  on  in  many  diseases, 
such  as  intermittent  fever,  typhoid  fever,  measles,  somII  pox,  inflam- 
mation of  the  lungs,  phthisis,  rheumatism,  chlorosis,  and  disease  of  the 
heart.    It  has  also  been  obaenned  in  temp<x'ary  derangement  of  the 


digestive  oxgans,  and  even  in  healtii  after  eating  albuminous  food,  such 
as  eggs.  Dr.  Parkes  found,  on  examining  indiscriminately  all  css^ 
admitted  under  his  cars,  that  about  25  per  oent  had  albumen  in  the 
urine,  and  that  ol  these  12  per  cent,  wers  temporary^  and  18  par  cent 
were  permanent 

In  some  cssas  the  albumen  in  the  urine  is  of  a  modified  <diaracter, 
so  that  although  not  predpit^^  by  heat  or  nitric  scid  aloiM^  nitric 
scid  will  causs  a  predpitate  when  it  is  heated. 

Xanikic  {Urie)  Oxide  was  first  described  by  Dr*  Kaiost>  and  subse- 
quently by  FroleaBor  Stromeyen  It  is  said  oy  liebig  to  differ  from 
urio  sold  by  containing  one  proportion  less  of  oxygen..  Ths  chsimeien 
of  urine  oontaining  this  substsatce  are  not  known,  as  the  urine  of  ths 
persons  from  whom  ths  zsnthio  oxide  calculi  hitherto  mot  with  wers 
taken  was  not  aoslyssd. 

OjftUt  Oxide  does  not  exist  in  healthy  urins,  but  is  oooss&ooally 
found  in  certsin  states  of  dlsaase^  It  oontains  a  coosidsrabla  propor- 
tion of  sulphur,  no  less  than  two  atoms  being  present  in  saabi  «(|iuv»- 
lent  of  ths  oxida  This  substance,  when  present  in  the  uriae,  is 
always  ia  a  whits  crjrstaUind  state,  never  being  found  amorphous 
When  urine  whioh  oontains  a  depodt  of  this  kind  is  mixed  with 
hydrochloric  acid  it  is  not  rendered  clear ;  on  the  applicatioa  of  lieal^ 
however,  the  cystisis  sfewly  dissolves. 

Dr.  Bird  says  that  when  a  deposit  suspeoted  to  contain  oystuae  is 
examined,  it  uiould  be  wadisd  with  boiling  water  to  remove  tbe  mmtes 
and  any  crystals  of  common  salts  whioh  might  be  present*  and  then 
placed  in  a  drop  of  water  on  a  slip  of  glsss  under  the  mioraBoop& 
Crystals  of  cystlo  oxide  will  then  bs  readily  distinguisbsd,  by  thdr 
presenting  one  or  other  of  two  forms  under  which  it  occurs.  In  the 
first  of  these  it  appears  under  ths  form  of  tolerably  ragulsr  six-sided 
tables,  sometimes  transparent  throughout,  but  mors  generally  opaque 
in  the  oentrs.  In  the  second  it  oocuts  as  roundish  tables,  opiu^ue  in 
ths  oentre,  and  often  quits  so,  somevHist  oi«nsts  st  ths  od^jsSk 


Cyatis  Okids  Olystalk 

Cystic  oxide  may  be  distinguished  by  its  solubility  in  alkalines  sod 
most  adds,  and  by  the  duuucteristic  odour  it  yields  when  burnt.  It 
is  however  very  little  soluble  in  acetic  acid ;  hence  when  cystic  oxide 
exists  in  the  urine,  it  may  be  readily  precipitated  from  ihaX  fluid  by 
vinegar* 

Levdn  has  also  been  found  in  the  urine.  This  substance  exkt& 
normally  in  the  spleen,  liver,  pancreas,  and  thymus  gland.  It  has 
been  found  present  in  the  urine  in  disease  of  the  liver. 

Tyromn,  JJ^poxamtkin,  and  tannin  have  been  also  found  in  the 
urine. 

Stigar  does  not  exist  in  healthy  urine,  but  in  certain  states  of  disease 
it  is  found  in  kuige  quantities.  Sugar  of  diabetic  urine  difiers  in 
appearance  from  common  sugar,  and  approaches  in  its  properties  to 
the  sugar  of  grapes,  with  which  it  is  identical  in  composition.  Urine 
containing  sugar  is  generally  pale-coloured,  of  specific  gravity  above 
I'OSO,  and  its  natural  ingredients  ore  often  relatively  mudh  diminUhed 
in  quantity.    This  substance  is  present  in  the  disease  called  diabetes. 

[DlABBTJU.1 

Sugar  is  xo\md  tnnporarily  present  in  the  urine,  and  is  supposed  to 
be  produced  by  a  casual  absence  of  oxidation.  Thus  it  has  beoi 
observed  in  the  urine  after  temporaiy  injuries  of  the  head.  It  has 
also  been  said  to  occur  in  all  cases  in  wnich  respiration  is  impeded, 
emphysema,  hooping-cough,  epilepsy,  hysterics,  && 

OoUmring  matten  oi  various  kuids  have  been  found  in  the  blood. 
Prout  first  observed  Indigo  in  the  urine.  Hassall  examined  this  sub- 
ject, and  found  indigo  present  in  several  kinds  of  urine.  Heller  Las 
also  discovered  a  blue  colouring  matter  in  urine,  which,  he  calls  mox- 
anthin.  This  substance  is  dosely  related  to  indigo,  and  probably  both 
e^  produced  by  the  same  scries  of  changes.  A  green  pigment  and  a 
pink  pigment,  called  eiunoerythrin,  have  also  been  found  in  urine  in. 
various  forms  of  disease.  Bile  pigments  are  not  unfrequently  prasent 
in  the  urine  of  even  healthy  persons,  and  are  oonstautly  preset  in 
those  afiected  with  jaundice. 

Various  acids  besides  the  normal  acids  have  been  found  in  urine. 
Such  are  the  bile  adds,  taurocholic  and  giycochoUc,  acetic,  lactic, 
butyric,  and  nitric  acids.  Sulphuretted  hydrogen  is  also  occasiooally 
detected  in  the  mrine  when  first  passed. 

Of  the  abnormal  sediments  in  the  urine,  Uie  most  frequent  and 
interesting  is  the  salt  of  lime  with  : — 
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'     Oxalic  A  cid— Oxalate  of  lime.    Oxalic  acid  »  nerer  found  in  ^f^^J 
urine,  although,  according  to  the  important  investigations  of  Dr. 
CJolding  Bird,  deposits  of  oxalate  of  lime  are  of  common  ooourrence. 
Where  the  acid  does  not  result  from  the  peculiar  character  of  the 
ingesta  containing  it,  as  rhubarb  or  sorrel,  the  occasion  of  this  morbid 
deposit  is  the  formation  of  oxalic  acid  in  the  living  body,  possibly  from 
some  undue  oxidation  of  caibon  within  the  kidney.    So  strong  is  the 
affinity  between  lime  and  oxalio  acid,  and  lo  great  the  insolubility  of 
the  resulting  compound,  that  the  addition  of  a  very  minute  quantity 
of  oxalic  acid  occasions  in  the  urine  a  precipitate  of  oxalate  of  lime, 
because  the  oxalate,  unlike  the  phosphate  of  this  earth,  is  not  at  all 
soluble  in  the  natural  acid  of  the  secreted  fluid.    Dr.  G.  Bird  says, 
tliat  when  deposits  of  oxalate  of  lime  exist,  the  urine  is  acid ;  in  tint 
varying  from  a  pale  straw  colour  to  deep  amber,  sometimes  nearly 
limpid,  much  more  generally  containing  a  copious  deposit  of  urate  of 
ammonia  of  a  very  pale  colour,  rarely  being  tinged  with  pink;  and 
frequently  mixed  with  uric  acid  and  numerous  fragments  of  epithe- 
lium; the  specific  gravity  generally  exceeds  the  average  density  of 
healthy  urine,  but  sometimes  is  below  it,  varying  from  1"016  to  1029. 
An  excess  of  urea  is  frequently  present,  so  that  when  the  urine  is 
above  the  density  of  l-0'20,  it  crystallises  very  quickly  after  the  addi- 
tion of  an  equal  bulk  of  nitric  acid.     When  the  urine  contaiua  no 
urato  of  ammonia  the  deposit  of  oxalate  of  Hme,  on  Moount  ol  iU 


Onlate  of  I<imo  Crystals. 

transparency,  is  generally  nearly  imperceptible  ;  but  on  decanting  the 
superabundant  fluid,  after  a  few  hours*  repose,  and  placing  a  few  drops 
of  the  lowermost  layers  in  a  capsule,  a  white  crystalline  sediment  is 
very  readily  distinguiriiable,  and  this,  when  examined  under  the  micro- 
scope, presents  a  very  beautiful  appearance.  The  crystals  are  of  three 
forms,  octahedra,  hour-glass  or  dumb-bell  bodies,  and  small  flattened 
disc-like  bodies  sometimes  round  but  more  frequently  elongated,  which 
may  be  thft  beginning  of  the  dumb-bell  crystals.  The  octahedral 
crystals  are  the  most  oommon.  Bird  and  others  have  attributed  a 
variety  of  symptoms  to  the  presence  of  oxalic  acid  in  the  system,  but 
Lehmann  and  Scherer  have  denied  that  any  connection  whatever  can 
be  traced  between  the  symptoms  described  and  the  appearance  of 
oxalate  of  lime  in  the  urine.  Such  a  view  is  also  supported  by  those 
writers  who  maintain  that  the  oxalic  acid  is  not  formed  in  the  blood  at 
all,  but  is  the  result  of  changes  in  other  constituents  of  the  nrine  after 
it  has  passed  from  the  bladder. 

Carbonic  Acid;  Carbonate  o/ Ziiii«.— Carbonic  acid  was  long  ago 
supposed  to  exist  in  urine,  although  its  existence  in  this  fluid  is 
doubted  by  Berzelius.  Dr.  Prout  says  that  he  has  frequently  met 
with  this  acid  in  \vnne,  and  is  most  frequently  derived  from  the 
decomposition  of  urea,  which  with  water  is  readily  converted  into 
carbonate  of  ammonia.  Carbonate  of  lime  is  occasionaUy  foimd  in  the 
urine,  and  is  probably  formed  by  the  reaction  of  carbonate  of  ammonia 
on  the  phosphatic  salts :  the  urine  in  these  cases  is  alkaline^  Carbonate 
of  lime  dissolves  with  effervesceDoe  in  dilute  acid. 

i/rie  Acid  frequently  exists  in  larger  quantities  than  natural,  and  is 
then  precipitated  in  the  urine,  either  with  or  without  bases.  When 
combined  with  bases  it  forms  what  is  called  the  "  calculous  sediment'* 
of  urine.  The  exact  composition  of  the  sediments  of  uric  acid  with 
bases  has  been  the  cause  of  much  dispute.  At  one  time  all  uric  acid 
deposits  were  considered  as  combinations  ol  the  acid  with  ammonia. 
Subsequent  analysis  has  shown  that  urate  of  soda  is  a  very  oommon 
sediment  These  deposits  ooour  either  directly  after  the  urine  oas  cooled 
down  to  the  temperature  of  the  external  atmosphere,  or  some  hours  after. 
In  the  latter  case  the  production  of  some  other  acid  by  decomposition 
is  the  cause  of  the  precipitate.  These  deposits  may  not  alone  occur 
from  increase  of  uric  acid  in  the  urine,  but  also  from  a  decrease  of 
water  in  the  urine  and  a  relative  increase  of  uric  acid.  The  formation 
of  other  acids  may  also  cause  this.  Sometimes  the  uric  acid  is  depo- 
sited without  any  base,  and  then  assumes  its  characteristic  form& 
This  may  arise  from  exoesi  of  uric  acid,  but  it  may  also  arise  from  the 


formation  of  such  acid's  as  the  sulphuric,  phosphoric,  hippuric,  lactic, 
oxalic,  or  other  acids. 

Phosphoric  acid  forms  sediments  of  the  ammoniaco-magnesian  phos- 
phate, the  phosi>hate  of  Ume,  and  the  phosphate  of  magnesia.  The 
cause  ol  the  deposit  of  the  ammoniaco-magnesian  phosphate  is  the 
decomposition  of  the  urea.  The  carbonate  of  ammonia  thus  produced 
lessens  the  acidity  of  the  urine,  and  the  ammonia  partly  combines  with 
the  phosphate  of  ma^iesia.  As  soon  as  the  acidity  declines  the 
ammoniaco-magnesian  phosphate  is  depo.iited  with  phosphate  of  lime. 

If  the  urine  become  alkaline  from  potash  or  soda,  and  not  from 
ammonia,  then  the  phosphates  of  Ume  and  magnesia  are  tl|rown  down. 
This  occurs  after  eating  much  vegetable  food,  or  after  the  carbonates 
or  the  mixed  alkalies  have  been  used  for  a  length  of  time  as  medicines. 
This  group  of  deposits  often  become  the  soui'ce  of  stone  in  the 
bladder.    [Calculus.] 

The  next  group  of  abnormal  deposits  in  the  urine  are  those  which 
have  never  been  dissolved  in  the  urine,  and  which  fall  when  the  urine 
is  allowed  to  stand.  These  are  mostly  organic,  and  are  detected 
chiefly  by  the  aid  of  the  microscope. 

Blood  is  often  poured  out  in  abundance  from  the  mucous  membrane 
lining  the  urinary  pas.<wges,  and  is  generally  diffused  through  the  urine, 
or  is  passed  entire.  In  other  oases  small  quantities  of  blood  are  passed 
mixed  with  pus  or  mucus,  or  alone,  after  the  urine  has  been  voided. 
When  large  quantities  of  blood  arc  passed,  especially  without  pain,  it 
is  probably  a  simple  exudation  from  some  part  of  the  mucous  surface 
of  the  urinary  organs ;  on  the  other  hand,  when  the  blood  is  mixed 
with  pus  or  mucus,  and  passed  with  pain,  it  denotes  ulceration  of  the 
kidney  or  bladder,  and  may  be  combined  with  the  existence  of  a 
foreign  body  in  the  bladder.  Dr.  Willis,  and  other  writers,  quote 
several  authorities  to  show  that  haematuria  is  endemic  in  some  countries. 
M.  Chapotain,  for  instance,  informs  us  that  in  the  Isle  of  France 
children  from  their  infancy  are  liable  to  hematuria  without  suflering 
any  pain  from  it,  or  its  appearing  to  prejudice  their  general  health. 
M.  Salesse,  a  native  of  the  Isle  of  France,  and  now  a  practitioner  of 
medicine  there,  states  that  three-fourths  of  the  children  are  affected 
with  haomaturia  at  one  time  or  another.  In  these  cases  the  bloody 
urine  is  generally  observed  to  alternate  with  that  which  is  chylous  or 
oleo-albuminous.  During  the  invasion  of  Upper  Egypt  by  the  French, 
many  of  the  men  sufiered  from  an  epidemic  hrcmaturia. 

When  blood  corpuscles  are  present  in  the  urine,  of  course  albumen 
is  also  there.  It  is  sometimes  a  question  whether  the  albumen  is 
greater  in  amount  than  can  be  accounted  for  by  the  blood  or  not. 

Pus  is  often  found  in  great  abundance  in  the  urine.  Upon  standing, 
the  pus  subsides  to  the  bottom  of  the  vessel,  in  a  state  more  or  less 
pulverulent,  and  the  fluid  resumes  its  transparent  character.  If  pus 
'be  present  as  well  as  mucus,  the  former  is  found  lying  on  the  lalt  >r, 
and  presents  a  much  yellower  tint ;  it  is  also  quite  opaque,  whereas 
mucus  is  more  or  less  transparent.  A  ready  test  for  determining 
whether  the  deposit  from  the  urine  be  of  a  purulent  nature,  is  to  add 
liquor  potasssD  to  the- sediment  collected  in  a  phial  or  test  tube.  If  it 
be  purulent,  it  will,  on  agitation,  form  with  the  alkali  a  transparent 
viscid  compound. 

Fat  may  be  either  dissolved  in  the  form  of  a  soap,  or  free  in  the 
urine.  It  is  more  frequently  free.  The  urine  has  a  turbid  emulsion- 
like appearance.  What  is  called  chylous  urine  depends  on  the  presence 
of  fat  globules.  This  state  ol  the  urine  sometimes  comes  on  from 
fatty  food,  and  at  other  times  from  some  defect  in  the  assimilative 
functions.  It  is  not  at  all  a  dangerous  symptom.  The  administration 
of  gallic  acdd  is  said  to  arrest  its  development. 

ipitkelial  cells  are  very  frequently  present  in  abnormal  numbers  in 
urine.  In  all  urine,  after  standing,  a  slight  cloud  will  be  seen  forming, 
which,  when  examined  by  the  microscope,  is  found  to  consist  of  ill- 
defined  granular  cells  from  the  mucous  membrauce  of  f^e  urinary 
passages.  In  many  diseases  this  becomes  increased.  The  shape  of 
these  cells  will  indicate  their  source.  The  epithelial  cells  of  the 
urethra,  bladder,  and  kidney  are  of  difibrent  forms.  The  cells  of  the 
urethra  are  flattened,  those  of  the  bladder  ovate,  whilst  those  of  the 
renal  epithelium  are  caudate. 

Cancer  cells  are  also  found  when  cancerous  disease  of  the  kidneys  or 
bladder  is  present.  It  is  very  difficult  to  distinguish  between  the 
caudate  cells  of  cancer  and  the  cells  of  the  renal  epithelium.  The 
latter  are  not  often  in  such  abundance  aa  the  former,  but  general 
symptoms  must  assist  in  the  diagnoais. 

JUnal  casts  are  frequent  in  the  urine  in  disease.  They  vary  in 
breadth  from  the  g^th  to  the  Y{j[)oth  of  an  inch,  and  ai-e  from  the  ^^^th 
to  the  i^th  of  an  inch  in  length.  They  vary,  however,  in  size  and 
transparency,  according  to  the  materials  of  which  they  are  composed. 
It  is,  however,  impossible  to  diagnose  the  nature  of  the  disease  of  the 
kidneys  by  the  composition  of  the  renal  cast.  Large  bodies  are  often 
found,  called  cylinders,  which  are  not  found  in  the  kidneys,  but  in  the 
bladder,  prostate,  or  ureter.  The  casts  have  been  thus  named  accord- 
ing to  their  composition  by  Dr.  George  Johnson  :  epithelial  cssts, 
large  and  small  waxy  oasts,  granular  casts,  oily  oasts,  bloody  casts, 
purulent  casts. 

Other  bodies  are  less  frequently  found  in  the  urine,  as  fibrine, 
starch,  spermatosoa,  hydatids,  hair,  and  entozoa,  the  sources  of  which 
are  indicated  by  their  nature. 

Urine  sometimes,  after  standing,  presents  the  mycelium  of  lower 
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fungi  as  the  Ptnidlium  r/laucum,  cells  of  the  feculent  fungus,  and 
vibriones  and  monads.  These  and  similar  growths  are  evidently  intro- 
duced from  without. 

The  following  tables,  from  Dr.  Golding  Bird's  work  on  urinary 
deposits,  give  the  characters  of  the  various  kinds  of  deposits  found  in 
the  urine. 

Table  for  Discovkbikg  thx  NATuns  of  Urixaky  DErosrrs  bt  Ciiuiical 
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It  eonsistfl  of 
If  the  deposit  be  white,  and  soluble  by  heat        .        .        .    Urates. 
fi  ,1  insoluble  by  heat,  but  soluble 

in  ammonia     .        ...    Cystine. 
9t  M  insoluble  by  heat  and  ammonia,  )  Earthy  phos. 

but  soluble  in  acetic  acid       •  i      phatcs. 
It  i»  soluble  in  ammonia  and  acetic  )  Oxalate,  or  oxa- 

acid j  luratc  of  lime. 

„  be  coloured,  and  visibly  crystalline       •        .     Uric  add. 

ft  „  amorphous,   but    pale    and 

readily  soluble  by  heat    .     Urates. 
,  be  deeply  coloured,  amorphous,  and  slowly  )  Urates  stained 

soluble  by  heat  •        ,        .        ,        #  J  by  purpurine. 

Tablb  for  tbb  MiCRosoorxc  Exaxikatiox  of  Urixart  Deposits. 

If  the  deposit  be  amorphous,  and  disappear  on  the  addition       ^*  consisU  of 

of  liquor  potassco Urates. 

If  the  deposit  be  visibly  crystalline,  and  the  crystals  octo- 

hedral        •        .        •        •        • Oxalate  of  lime. 


If  the  deposit  be  visibly  crystalline,  and  the  crystals  hexa- 
gonal tables,  solnblc  in  ammonia 

If  the  deposit  be  visibly  crystalline,  and  the  crystals  radiated 
or  folioccouii,  not  soluble  in  ammonia,  but  soluble  in  acetic 
acid  with  effervescence 

If  the  deposit  be  visibly  crystalline,  and  the  crystals  radiated 
or  fpliaceous,  not  soluble  in  ammonia,  but  soluble  in  hcetic 
acid,  without  effervescence 

If  the  deposit  be  visibly  crystalline,  ond  the  crystals  be  dumb- 
bells, not  soluble  in  anunonia,  but  soluble  in  acetic  acid 
with  effervescence 

If  the  deposit  be  visibly  crystalline,  and  the  crystals  be  dumb- 
bells,  soluble  by  heat,  but  not  in  ammonia  nor  acetic  acid 

If  the  deposit  be  visibly  crystalline,  and  the  crystals  be  dumb- 
bells, insoluble  by  heat,  ammonia,  and  acetic  acid     . 

If  the  deposit  be  visibly  crystalline,  and  the  crystalH  be  dumb, 
bells  with  fringed  edges,  insoluble  in  alcohol  and  aeetic 
acid,  but  soluble  in  liquor  potass® 

If  the  deposit  be  visibly  crystalline,  and  the  crystals  lozenge, 
shaped  or  compound,  insoluble  in  acetic  acid  and  ammonia 

If  the  deposit  be  visibly  crystalline,  and  the  crystals  spherical, 
with  or  without  spictiles,  soluble  by  heat         •        .        • 


Cystine. 

Carbonate  of 
lime. 

Bibasic  tri|>le 
phosphate. 

Carbonate  of 
lime. 

Urate  of  soda. 

Oxalurate  of 
lime. 

Uric  acid. 

Uric  acid. 
>  Urate  of  soda. 


As  a  summary  of  the  courses  and  treatment  of  diseases  indicated  by 
a  disordered  state  of  the  urine,  we  give  the  following  table,  drawn  up 
by  Dr.  Marshall  Hall,  premising  that  considerable  advance  has  b<^n 
made  in  our  knowledge  of  urinary  deposits  since  the  table 
drawn  up. 


CAUSES. 

1 .  Errors  in  diet. 
'2.  Fatigue. 
S.  Djrspepsia. 

4.  Arthritis. 

5.  Dentition. 


I.  The  Lithlo. 

I 

s- 

An  intermediate  station 
is  to  be  allotted  to  the  i 
Oxalate  of  Lime— 


I.  Diathc»l8. 

II.  Amorphous  Deposits. 

III.  Crystals  or  Qravel. 

IV.  Concretions  or  Calculi.* 


{ 


( 


I.  Diathesis. 
II.  Anwrphous  Deposit. 
III.  Crystals  or  Gravel. 
^  IV.  Caioulns. 


Urine  Acid,  from  the  Superlithate 

of  Ammonia. 
I.  Lithate  of  Ammonia,  frequently 

mixed  with  the 
II.  Lithates  of  Soda  and  Lime. 
Lithic  Acid,  nearly  pure. 
I.  The  Lithic  Acid. 
II.  The  Lithate  of  Anunonia. 

Urine'nearly  natural. 


TREATMENT. 

Wholesome  Diet. 

Mild  .Aperients,  especially  Bochdl* 
Salt 
^  S.  Mild  Mercurials. 
The  Alkalies. 
Magnesia. 
The  Giun  Lancet. 


<3. 


1.  IrriUbility)  of  the  "^ 

2.  Debility       /  SysteoL 

3.  Sickly  ChUdhood. 

4.  *  Breaking  up '  of  the 

System. 

5.  Injuries  of  the  Spine.  ^ 


1    • 

I 

^11.  The  Phosphatic—     i 


I.  Diathesis. 


{ 


II.  Amorphous  Deposits. 

III.  Crystals  or  Qravel. 

IV.  Coneretions  or  Calculi.* 


The  Mulberry,  or  Hempseed. 

Uiine  Alkaline  and  abounding  in 

the  Phosphates. 
I.  Triple  Phosphate  (of  Magnesia 

ond  Ammonia),  mixed  with 
II.  Phosphate  of  Lime. 
Triple  Phosphate. 


1.  Antiphlogistics. 

2.  Mild  Aperients,  not  the  Roehdie 

Salts. 
S.  Mild,  wholesome  Diet. 
4.  The  muriatic  Acid. 

1.  Strict  Uegimen. 

2.  Mild  Aperients — as  Rhnbarh. 
8.  Opium;  Hyo»cyamua,  &c. 

4.  The    Uva    Ursi;    the    Alchemilla 

arvensis,  &c« 

5.  Rhenish  or  French  Wines,  Cider, 

Perry,  Lemonade,  &c. 


I.  The  IHple  Phosphate. 

1.  Triple  Phos- ^ 

II.  The  ir«-,d<  ,    „P^^«»J^'jJ 

Lime ;  j 


or  the 
Fusible 
Calculus. 


Avtnding. 

1.  Alkalis. 

2.  Salts,   with    a   vegetable 

Acid,  as  Roehelle  Salt. 
8.  Mercury. 


*  To  these  must  be  added — 


{ 


I.  The  Alternating  ; 


generally  con-  f  A  Lithic  acid,  or  Mulberry  NueUtu  ; 


sisting  of      \  An  External  OruMt  or  the  Mixed  Phoephates. 


} 


The  Prostatic  Calculi. 


II.  The  Mixed  ; 
generally  con-  f  The  Lithate  of  Ammonia ; 
sisting  of     \  The  Phosphates, 
r  These  consist  of 


A  special  place  is  to  be 

allotted  to  j  *»«  *  w«*««v  v.».vw^..  ^  pij^gp^j^^e  ^^  ^jj^g  alone. 

LasUy— The  Cystic  Oxide ;  the  Xanthio  oxide ;  the  Carbonate  of  Lime ;  the  Fibrine  Calculi,  are  all  extremely  rare. 
(  Urea  In  excess.         Diabetes  insipidus ;  Urine  of  high  Speciilc  Gravity;  as  1  "020.       /Blood-letting. 

Principles  dusolvcd  1  g^^^  Diabetes.  i  ^^^^  profuse ;  sp.  gr.  vfrj/  high ;  as  1050.  )  Mild  Animal  Diet. 

I  *  (      Sacchiurine.  j  Opium.     Dover's  Powder. 

\  Albumen.  Frequently  Disease  of  the  Kidney.       Urine  coagulates  by  heat.  ~" 

Scanty  when  fh>m  the  Kidney 


in  the  Urine. 


Prhieiples  mixed  with  the  Urine. 


Mucus. 

Pus. 
Blood. 


\  Warm  Baths.    Carbonate  of  Iron. 


ProfUse  when  from  the  Bladder. 

From  Calculus,  or  Disease,  of  the  Kidney  or  Bladder. 


Those  who  wish  to  master  the  subject  of  urinary  pathology  should 
study  the  work  of  Dr.  Edmund  Parks,  '  On  the  Composition  of  the 
Urine  in  Health  and  Disease,*  1860.  It  is  one  of  the  most  masterly 
works  hitherto  published  on  the  urine.  Dr.  Golding  Bird's  work  '  On 
Urinary  Deposits; '  Dr.  Beale's  '  Treatise  on  the  Microscope  in  Medi- 
cine/ and  his  '  Illustrations  of  Urine,  and  Urinary  Deposits,'  should 
also  be  consulted.  Dr.  Beale's  '  Tables  for  the  Piactical,  Chemical, 
and  Microscopical  Examination  of  Urine,  Urinary  Deposits,  and  Calculi,* 
will  be  found  of  great  service. 

URINO'METER,  an  instrument  for  ascertaining  the  weight  of 
urine.  It  is  constructed  on  the  principle  of  a  common  hydrometer, 
J^^^onsists  of  a  glass  tube,  which  at  its  lower  extremity  has  two 
bulbs,  the  lower  one  very  small,  containing  a  heavy  substance,  such  as 
mercury,  an^  the  other  immediately  above  it  much  htfger,  and  filled 
with  air.  The  tubular  portion  contams  a  scale  denoting  with  certain 
figures  the  specific  gravity,  the  use  of  which  will  be  illustrated  by  the 
foUowing  example :— Suppose  the  water's  edge  cut  the  scale  at  figure 
25,  then  add  that  number  to  1000,  and  the  specific  gravity  will 
be  1*025.  r  o        ^ 

URN.    [Vasks.] 


UROERYTHRIN.    A  red  pigment  in  urine. 

UROGLAUCIN.    [Uhoxanthin.] 

UROUS  ACID.    [Uric  Group.] 

UROXANIC  ACID.    [Uric  Group.] 

UROXANTHIN.  A  yellow  colouring  matter  in  urine,  which  by 
oxidation  is  said  to  be  converted  into  ruby-red,  Uirhoidin,  and  blue 
Uroglaucin. 

URRHOIDIN.    [Uroxanthin.] 

URSA  MAJOR  and  URSA  MINOR  (the  Greater  and  Lesser  Bear), 
two  of  the  most  remarkable  constellations  of  the  northern  hemisphere : 
the  latter  as  containing  the  pole  star,  or  the  visible  star  which  is 
nearest  to  the  northern  pole  of  the  heavens ;  the  former  from  its  well 
known  seven  stars,  by  two  of  which  the  pole  star  is  always  readily  found. 
These  seven  stars,  which  are  a,  iS,  7,  8,  «,  (*,  and  17  of  the  constellation 
Ursa  Major,  are  disposed  in  the  form  of  a  quadrangle  joined  by  one 
of  its  comers  to  a  triangle,  and  with  this  description  it  would  be 
difficult  to  avoid  finding  them  out.  A  line  drawn  from  3  to  a,  the 
two  pointers,  as  they  are  called,  passes  through  the  Pole  star  when 
continued :  these  two  pointers  being  the  stars  of  the  quadrangle  which 
ace  farthest  from  the  triangle.    This  Pole  star  (a  Ursce  Minoris)  \a  the 
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URSULINBS. 


USE. 


fili 


principal  star  in  Ursa  Minor,  which  has  seven  stars  placed  together  in 
a  manner  very  much  resembling  Ursa  Major,  the  Pole  star  being  the 
corner  of  the  triangle  which  is  jEarthest  from  the  quadrangle. 

The  common  people  of  most  countries  call  the  seven  stars  of  the 
Groat  Bear  by  the  name  of  "the  waggon/*  sometimes  by  that  of 
•*  the  plough."  Aratus  says  that  both  the  bears  were  called  waggons 
by  the  Qreeks;  and  'Charles's  Wain*  is  familiar  to-all  our  readers. 
The  later  stories  of  Grecian  mythology  are  hardly  worth  recording : 
the  nymph  Caliato  was  transformed  by  Diana  into  the  Great  Bear  for 
an  amour  with  Jupiter ;  while  the  Lesser  Bear  is  Cynosura  [CynosureI, 
one  of  the  nymphs  who  nur&ed  Jupiter. 

The  following  are  the  principal  stars  in  these  constellations : — 


Ursa  Majo^ 

• 

No.  In  Catalogne 

Mo.  in  Catalogue 

of  British 

Character. 

of  Flaxnstecd. 

Association. 

Magnitude. 

c 

9 

3048 

4 

h 

23 

8221 

4 

0 

25 

3242 

3i 

V 

29 

3346 

4 

\ 

S3 

8305 

3i 

f*. 

Zi 

3533 

3 

/3 

48 

3767 

2 

a 

50 

3777 

14 

^ 

52 

3812 

3i 

( 

53 

1 

8851 

4 

y 

54 

3852 

4 

X 

63 

3981 

4 

y 

64 

4017 

2 

8 

69 

4123 

2i 

€ 

77 

4335 

3 

( 

79 

4532 

3 

n 

85 

4607 

3 

Ursa  Minor. 

No.  in  Catalogue 

No.  in  Catalogue 

of  British 

Character. 

of  Flamsteed. 

Association. 

Magnitude. 

a 

1 

360 

8 

A 

5 

4822 

4 

/3 

7 

4936 

8 

7 

13 

5094 

8 

i 

16 

5285 

4 

c 

22 

6780 

4 

8 

23 

6281 

8 

URSULINES,  an  order  of  nuns  in  the  Roman  Catholic  church, 
founded  about  the  year  1537,  by  Angela  Merici,  commonly  called 
Angela  of  Brescia,  who  was  bom  in  1511,  at  Desenzano^  on  the  Lago 
di  Garda,  and  died  at  Brescia,  March  21, 1540.  The  institution  was 
formally  approved  of  and  confirmed  by  Pope  Paul  III.,  in  1544,  and  it 
was  upon  this  occasion  that  the  name  of  Ursulines  was  given  to  the 
order,  after  the  famous  British  Saint  Ursula.  The  order  of  the  Ursu- 
lines  was  designed  mainly  for  the  succour  of  poverty  and  sickness,  and 
for  the  education  of  the  young ;  and  wherever  it  was  established  the 
nuns  principally  devotea  themselves  to  these  services,  in  rendering 
which  they  mixed  freely  with  the  world,  much  in  the  same  manner  as 
the  memMrs  of  the  various  orders  of  charity  have  always  been  accus- 
tomed to  do.  At  first  indeed  they  neither  bound  themselves  by  the 
usual  irrevocable  vows,  nor  even  lived  together  in  communities ;  and 
there  appear  to  have  been  always  some  members  of  the  order  who 
continued  to  reside  with  their  fiimiliea  or  by  themselves  at  their  own 
houses.  In  course  of  time,  however,  the  Ursulines,  like  the  other 
religious  orders,  came  for  the  most  part  to  be  distributed  in  monasteries, 
especially  in  France,  where  they  chiefly  flourished. 

URYLE.    [Uril.] 

USANCE.    [Bill  op  Exchange.] 

USE.  A  use  at  common  law  was  a  beneficial  interest  in  land,  dis- 
tinct from  the  legal  property  therein.  The  origin  of  uses  is  derived 
by  Gilbert  ('  Law  of  Uses,'  8)  from  a  title  under  the  civil  law,  which 
allows  of  an  usufructuary  interest,  distinct  from  the  substance  of  the 
thing  itself,  and  which  was  called  in  that  law  the  fidei  cammitno.  He 
says  it  was  introduced  by  the  clergy,  who  were  masters  of  the  civil 
law,  and  who,  "  when  they  were  prohibited  from  taking  anything  in 
mortmain,  after  several  evasions  by  purchasing  lands  of  their  own 
tenants,  suffering  recoveries,  purchasing  lands  roimd  the  church,  and 
making  them  churchyards  by  bull  from  the  pope,  at  last  invented  this 
way  of  conveying  lands  to  others  to  their  own  use ;  and  this  being 
properly  matter  of  equity,  it  met  with  a  very  £ivourable  construction 
from  the  judges  of  the  chancery  court,  who  were  in  those  days  commonly 
clergymen.  Thus  this  way  of  settlement  began ;  but  it  more  gene- 
rally prevailed  among  all  ranks  and  conditions  of  men  by  reason  of  the 
civil  commotions  between  the  houses  of  York  and  Lancaster,  to  secrete 
their  poasessions,  and  to  preserve  them  to  their  issue,  notwithstanding 
attainders;  and  hence  began  the  limitation  of  uses  with  power  of 
revocation."    But  whatever  may  have  been  the  origin  of  uses,  it  ib 
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certain  that  the  desire  of  efiecting  frequent  and  secret  transfers  of 
property  without  resorting  to  the  simple  and  public  modes  of  con- 
veyance of  the  common  law,  as  well  as  the  natural  desire  to  dispose 
of  property  by  devise,  which  the  common  law  did  not  zdlow,  led  to 
an  early  adoption  of  the  system. 

The  system  of  uses  luiying  been  found  to  produce  many  incon- 
veniences, notwithstanding  the  statutes  which  had  been  passed  from 
time  to  time  to  modify  them,  it  was  thought  a  remedy  would  be 
found  by  joining  the  possession  to  the  use,  or,  as  it  is  usually  termed, 
transferring  uses  into  possession.  With  this  view  the  statute  of 
27  Hen.  Y III.,  c.  10,  commonly  called  the  Statute  of  Usee,  was  passed, 
which  enacted,  that  where  any  person  or  persons  stood  or  were  seised, 
or  at  anytime  thereafter  should  happen  to  be  seised  of  any  honours 
or  other  hereditaments  to  the  use,  confidence,  or  trust,  of  any  other 
person  or  persons,  or  of  any  body  politic,  by  any  manner  of  means 
whatsoever  it  should  be,  that  in  every  such  case  all  such  person  and 
persons,  and  bodies  politic,  that  had  or  thereafter  should  have  any 
such  use,  confidence,  or  trust  in  fee  simple,  fee  tail  for  term  of  life, 
or  for  years  or  otherwise,  or  any  use,  confidence,  or  trust  in  remainder 
or  reverter,  should  from  thenceforth  stand  and  be  seised,  deemed, 
and  adjudged  in  lawful  seisin,  estate,  and  possession  of,  and  in  the 
same  honours  and  hereditaments  with  their  appurtenances,  to  all 
intents,  constructions,  and  purposes  in  the  law,  and  in  all  such  like 
estates  as  they  had  or  should  have  in  use,  trust,  or  confidence  of  or 
in  the  same ;  and  that  the  estate,  title,  right,  and  possession  that  was 
in  such  person  or  persons  that  were  or  thereafter  should  be  seised  of 
any  lands,  tenements,  or  hereditaments,  to  the  use,  confidence,  or 
trust  of  any  such  person  or  persons,  or  of  any  body  politic,  should 
be  from  thenceforth  clearly  deemed  and  adjudged  to  be  in  him  or 
them  that  had  or  should  have  such  use,  confidence,  or  trust,  after 
such  quality,  manner,  form,  and  condition  as  they  had  before  in  or  to 
the  use,  confidence,  or  trust,  that  was  in  them. 

It  has  been  questioned  whether  or  not  the  legislature  intended  by 
this  act  to  put  an  end  to  the  system  of  uses ;  nevertheless  it  was  soon 
settled  that  it  had  not  that  effect,  but  that  uses  might  still  as  formerly 
be  raised,  upon  which  the  statute  would  instantly  operate.  However, 
some  modifications  of  the  system  were  introduced.  Before  the 
statute  a  mere  agreement  for  sale,  without  words  of  inheritance,  was 
sufficient  to  pass  the  equitable  fee  to  the  vendee;  but  by  the  27 
Hen.  YIII.,  c.  16,  it  was  enacted  that  no  contract  should  transfer  the 
legal  estate  in  the  fee,  unless  it  were  made  by  deed  enrolled.  And  it 
was  resolved  by  the  judges  that  words  of  ii^eritance  were  necessary 
to  pass  the  fee  at  law.  Indeed  no  contract  importing  a  future  con- 
veyance, even  though  made  by  deed  enrolled,  and  containing  words  of 
inheritance,  would  now  be  held  to  transfer  iJie  legal  estate  under  the 
Statute  of  Uses,  though  it  would  entitle  the  vendee  in  equity  to  call 
for  a  regular  conveyance.  A  further  modification  of  the  system  of 
uses  was  introduced  by  the  seventh  section  of  the  Statute  of  Frauds 
(29  Car.  II.,  c.  3),  which  required  that  all  declarations  of  trusts  or  con- 
fidences of  lands,  tenements,  or  hereditaments  (which  might  formerly 
have  been  created  by  parol),  should  be  manifested  and  proved  by 
writing,  signed  by  the  party  by  whom  it  is  declared. 

In  order  to  raise  a  use  which  the  statute  will  turn  into  a  possession, 
it  is  necessary  that  there  should  be,  1st,  one  person  seised  to  the  use 
of  another,  in  eue  ;  2nd,  a  use  in  ease,  limited  in  possession,  reversion, 
or  remainder.  The  use  may  be  either  expresB,  as  where  lands  are 
conveyed  to  A  and  his  heirs,  in  trust  for  B  and  his  heirs,  or  in  con- 
fidence that  he  and  they  shall  take  the  profits,  or  where  a  vendee,  for 
a  valuable  consideration,  conveys  by  bargain  and  sale  enrolled,  in  both 
which  cases  the  legal  estate  vests  in  the  grantee  or  bargainee  by  the 
statute ;  or  it  may  be  implied,  as  where  a  feoffment  is  made  without 
consideration  or  declaration  of  the  use,  in  which  case  the  use  results, 
and  the  estate  returns  to  the  grantor. 

It  was  settled  by  the  courts  of  law  that  the  statute  could  not 
operate  except  upon  an  estate  of  freehold,  and  that  therefore 
copyhold  and  leasehold  estates  are  not  affected  by  it.  A  term  of 
years  may  of  course  be  created  out  of  a  freehold  estate  by  way  of 
use,  but  when  once  subsisting  cannot  be  conveyed  to  uses.  If,  there- 
fore, a  term  were  assigned  to  A  to  the  use  of  B,  the  legal  estate 
would  remain  in  A,  who  however  would  be  considered  in  equity  as  a 
trustee  for  B. 

By  the  operation  of  the  Statute  of  Uses,  a  man  may,  through  the 
medium  of  a  feoffee  or  releasee,  make  a  conveyance  to  his  wife,  which 
he  could  not  do  at  common  law  (Litt.,  s.  168  ;  Co.  Litt.,  112  a.).  In  like 
manner  a  married  woman,  having  a  power,  namely,  a  right  to  limit  a 
use,  may  appoint  to  her  husband. 

At  common  law  a  man  could  not  limit  a  remainder  to  himself,  nor 
could  he  limit  it  to  his  heirs  so  as  to  make  them  take  as  purchasers, 
without  departing  with  the  whole  fee  simple  out  of  his  person  (Dyer, 
15(5  a,  foL  24 ;  Co.  Litt.,  22  b.),  but  he  may  do  so  by  means  of  a  con- 
veyance operating  under  the  statute. 

It  is  a  nile  of  the  common  law  that  joint  tenants  cannot  take  at 
different  periods.  (1  Co.,  100,  b.  2.)  Again,  by  its  rules,  a  fee  could 
not  be  limited  upon  a  fee ;  a  freehold  could  not  be  made  to  commence 
in  fiUuro,  and  an  estate  could  not  be  made  to  cease  by  matter  ex  post 
facto,  so  as  to  let  in  another  limitation  before  the  expiration  of  the 
former.  [Remaiivdeb.]  But  limitations  of  the  above  kinds  may  be 
made  to  take  effect  imder  the  Statute  of  Uses.    Such  limitations  are 
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called  shifting  or  secondary  and   sprhf/tufj  uscn ;  and  future  or  con- 
tin  f;f)U  IWM. 

Shiftinij  or  Secondary  Usa  are  properly  such  as  take  effect  in  deroga- 
tion of  Bome  other  estate,  and  are  either  limited  expressly  by  the 
deed,  or  are  authorised  to  be  created  by  some  person  named  in  the 
deed :  aa  if  an  estate  were  limited  to  the  use  of  A  and  his  heirs,  with  a 
proviso  that  if  B  pay  10^.  the  estate  shall  go  to  B  and  his  heirs.  Shift- 
ing uses  B«em  to  have  existed  before  the  statute,  when,  as  the  legal 
estate  remained  in  the  feoffees,  the  rule  of  the  common  law,  which 
did  not  allow  the  fee  to  change  from  one  to  another  except  upon 
breach  of  a  condition  annexed  to  the  estate  at  its  creation,  was  not 
violated.  They  are  now  of  constant  occurrence  in  settlements  of 
property.  [Settlemk^t.]  The  rules  against  perpetuities  in  settle- 
ments of  property  are  applicable  to  shifting  uses,  which  must  be 
limited  to  take  effect  within  the  same  period,  namely,  that  of  a  life  or 
lives  in  being,  and  twenty-one  years  afterwards,  unless  where  they  are 
to  take  effect  after  an  estate  tail,  iu  which  case,  as  the  tenant  in  tail 
may  defeat  the  use  by  barring  the  estate  tail,  such  a  limitation  has  no 
tendency  to  a  perpetuity. 

Springi7i{f  Uses,  though  often  confounded  with  shifting  uses,  are 
more  properly  such  as  are  limited  to  arise  in  a  future  event 
where  no  previous  use  is  limited ;  aa  in  the  case  of  a  bargain  and 
sale  to  take  effect  ten  years  hence,  where  the  use  in  the  mean  time 
remains  in  the  grantor.  They  are  subject  to  the  same  limits  as  shift- 
ing uses. 

Future  or  Contingent  Uses  are  properly  such  aa  are  limited  to  take 
effect  as  remainders;  such  as  a  ubo  to  the  fir^t  unborn  son  of  A,  after 
H  limitation  to  him  for  life  or  for  years  determinable  with  his  life. 
The  rule  of  law,  that  a  vested  freehold  must  precede  a  contingent 
remainder,  did  not  apply  before  the  statute  to  contingent  uses, 
because  the  freehold  remained  in  the  feoHecs ;  but,  since  the  statute, 
they  are  subject  in  this  respect  to  the  rules  of  contingent  remainders. 
[REMAnroER.] 

As  the  Statute  of  Uses  was  made  previously  to  the  Statute  of  Wills 
(32  &  34  Hen.  VIII.),  it  has  been  questioned  whether  the  former  can 
be  held  to  apply  to  the  latter ;  but  as,  before  the  statute,  devises  of 
the  use  were  permitted,  so,  since  the  statute,  the  courts  have  uniformly 
held  that,  where  a  devise  is  made  to  a  use,  the  intention  of  the  testa- 
tor must  be  taken  to  be  that  the  devisee  of  the  use  should  have  Uie 
legal  estate. 

Dj  a  construction  of  the  Statute  of  Uses,  adopted  soon  after  it  was 
passed,  the  grounds  of  which  it  is  not  easy  to  understand,  it  was 
settled  that  a  use  could  not  be  limited  on  a  use,  that  is,  that  the 
statute  would  operate  on  the  first  deolaration  of  use  only  :  so  that  if, 
"by  bargain  and  sale,  a  use  in  lands  were  limited  to  A  and  his  heirs  in 
trust,  or  to  the  use  of  B  and  his  heirs,  the  statute  would  vest  the  legal 
estate  in  A  without  adverting  to  the  use  declared  in  favour  of  B.  The 
Court  of  Chancery  availed  itself  of  this  construction  to  revive  Uses 
imder  the  name  of  Trusts;  and  it  was  determined  that  A  was,  in  the 
case  above  mentioned,  a  trustee  for  B  of  the  beneficial  interest  in  the 
land.  It  is  not  true,  however,  as  has  been  said  by  Lord  Hardwicke, 
that  the  Statute  of  Uses  ''  has  had  no  other  effect  than  to  add  at  most 
three  words  to  a  conveyance ;"  for  the  Court  of  Chanceiy,  availing  itself 
of  its  exclusive  jurisdiction  over  trusts,  and  aware  of  the  mischiefs 
attendant  upon  uses  before  the  statute,  has  gradually  established  a 
system  well  adapted  to  answer  the  exigencies  of  family  settlements 
and  provisions,  without  producing  any  of  those  evils  which  the  statute 
of  Henry  VIII.  was  intended  to  reme<ly.    [Trusts.] 

USES,    CHARITABLE    AND    SUPERSTITIOUS.      The    term 
"  Charitable  Use,"  as  understood  in  law,  is  of  very  extensive  applica- 
tion, and  includes  dispositions  of  property  which  cannot  with  any  pro- 
priety be  described  as  charitable,  but  which  are  so  called  with  reference 
to  the  purposes  enumerated  in  the  statute  43  Eliz.,  c.  4,  or  such  as  are 
considered  analogous  to  theuL    That  statute  enacted  that  the  Com- 
missioners thereby  empowered  should  inquire  as  to  the  lands,  &c.  given 
by  well-disposed  people  "  for  relief  of  aged,  impotent,  and  poor  people ; 
for  inaintenance  of  sick  and  maimed  soldiers  and  mariners ;  schools  of 
learning,  free-schools,  and  scholars  in  universities ;  for  repair  of  bridges, 
ports,  havens,  causeways,  churches,  sea-banks,  and  highways;  for  edu- 
cation and  preferment  of  orphans ;  for  or  towards  the  relief,  stock,  or 
maintenance  of  houses  of  correction ;  for  marriage  of  poor  maids ;  for  sup- 
portation,  aid,  and  help  of  young  tradesmen,  handicraftsmen,  and  persons 
decayed ;  and  for  rcUef  or  redemption  of  prisoners  and  captives,  and 
for  aid  or  ease  of  any  poor  inhabitants  concerning  payment  of  fifteens, 
setting  out  of  soldiers,  and  other  taxes."    Manv  gifts  not  within  the 
letter  have  been  held  to  be  within  the  equitable  construction  of  this 
statute ;  and  when  the  gift  is  to  charity  in  general,  without  any  par- 
ticular purpose  being  specified,  it  will  be  carried  into  effect  either  by 
the  Crown  or  the  Court  of  Chancery,  upon  principles  which  the  deter- 
minations of  that  court  have  established.    The  term  "  Charitable  Use," 
in  law,  is  applied  exclusively  to  gifts  for  what  are  called  public  chari- 
ties, the  objects  of  which  are  not  particular  individuals,  but  a  class  or 
the  public  in  general. 

A  superstitious  use,  in  its  original  sense,  was  where  lands,  tenements, 
rents,  goods,  or  chattels  were  given,  secured,  or  appointed  for  or  towards 
any  of ^  the  following  purposes,  namely  :  the  maintenance  of  a  priest  or 
chaplain  to  say  mass  ;  for  the  maintenance  of  a  priest  or  other  man  to 
pray  for  the  soul  of  any  dead  man  in  such  a  church  or  elsewhere ;  to 


have  or  maintain  perpetual  obits,  lamps,  torches,  &c.,  to  be  ii.>cui  at  c-  r- 
tain  times,  to  help  to  save  the  souls  of  men  out  of  purgatory.    (See  the 
15  Rich.  IL,  c.  5 ;  23  Hen.  VIIL,  c.  10  ;  and  1  Edw.  VI.,  c.  14.)      The 
statute  of  Richard  II.  was  passed  for  the  purpose  of  subjecting'  la&tl^ 
conveyed  to  uses  to  the  law  of  mortmain.    The  statute  of  Henry  V IIL 
relates  only  to  assurances  of  lands  to  churches  and  chapels,  wbicfa,  k' 
for  a  longer  term  than  twenty  years,  it  declares  to  be  absolutely  "^ohL 
By  the  Ist  of  Edward  VI.  certain  superstitious  uses  then  existing  were 
forfeited  to  the  king,  but  the  statute  has  no  prospective  operation. 
There  is  no  statute  making  superstitious  uses  void  generally,  but  the 
king,  as  head  of  the  commonwealth,  and  as  intrusted  by  the  coin  zn  no 
law^  to  see  that  nothing  is  done  in  maintenance  or  propagation  of  a 
false  religion,  was  considered  entitled  to  pray  a  discovery  of  a  tnxst  to 
a  superstitious  use,  and  to  order  the  property  to  be  applied  to  a  proivjr 
use.     The  same  principle  has  been  appUed  to  many  cases  of  g^ifts  «f 
property  for  purposes  which  cannot  properly  be  classed  as  superstitions 
uses,  but  are  either  expressly  prohibited  by  the  law  of  the  country  or 
contrary  to  its  policy.    A  change  in  the  doctrine  of  superstitious   us*^ 
has  been  made  by  the  2  &  8  Wm.  IV.,  c.  115,  which  puts  persons  pro- 
fessing the  Roman  Catholic  religion  upon  the  same  footing,  with  respect 
to  their  schools,  pLices  for  religious  worship,  education  and  charitable 
purposes,  as  Protestant  Dissenters ;  with  respect  to  whom  the  doctrine 
of  the  court  is,  that  it  will  administer  a  fund  to  maintain  a  society  of 
Protestant  Dissenters  promoting  no  doctrine  contrary  to  law,  though  at 
variance  with  that  of  the  Established  Church.    The  2  &  3  Wm.  IV., 
c.  115,  is  retrospective.    (2  M.  &  K.  225.) 

The  Court  of  Chancery  has  a  general  jurisdiction  over  property 
given  for  charitable  purposes,  and  the  fegular  mode  in  which  matters 
relating  to  charities  are  brought  before  it  is  by  information  by  the 
attorney-general  on  behalf  of  the  crown. 

The  Court  of  Chanceiy  adopts  a  very  liberal  construction  of  gifts  for 
charitable  purposes;  and  there  are  numerous  cases  of  gifts  for  objects 
not  within  the  letter  of  the  statute  of  Elizabeth,  which  have  been  con- 
sidered to  be  within  the  equitable  meaning  of  the  word  charity  ws 
understood  in  that  court,  and  have  been  administered  aocording^Iy. 
And  when  a  gift  is  made  for  cliarity  generally,  without  any  purpose 
specified,  if  the  gift  be  to  trustees,  the  court  will  order  a  scheme  to  be 
prepared  for  the  direction  of  the  trustees  in  the  admimstration  of  the 
trust ;  and  where  the  declared  object  is  charity,  but  no  trust  has  been 
interposed,  the  right  to  dispose  of  the  property,  and  to  declare  the  par- 
ticular charitable  purposes  to  which  it  is  to  be  applied,  belongs  to  the 
crown  by  sign-manuaL    Whtdre  the  particular  objects  which  the  donor 
had  in  view  fail,  either  wholly  or  in  part,  the  court  adopts  what  is  called 
the  principle  of  administration  ey-pres,  that  is,  it  directs  the  property 
to  be  applied  to  worthy  objects  in  its  judgment  most  nearly  resemblin;^ 
those  which  have  failed,  or  when  more  than  one  charity  has  been  named 
by  the  donor,  to  such  of  the  others  as  are  still  subsisting.     When  the 
revenue  of  the  property  Increases  from  any  cause,  the  increase  goes  to 
the  charity,  if  it  appear  to  have  been  the  intention  of  the  donor  that 
the  whole  should  be  disposed  of  in  that  manner ;  otherwise  the  increase 
will  go  to  the  legal  representative  of  the  donor.    In  cases  where  the 
revenue  of  the  property  was  distributable  among  several  charities,  the 
question  has  been,  in  what  manner  the  increase  of  income  was  to  be 
disposed  of  among  them.    The  principle  established  by  the  cases  seems 
to  be,  that  a  charity  to  which  a  fixed  annual  sum  has  been  given  has 
no  right  to  partici])ate  in  the  increase,  but  that  one  entitled  with  the 
other  charities  to  a  proportionate  pai-t  of  the  original  income  will  have 
a  right  to  a  similar  proportion  of  the  increase. 

When  property  is  given  to  a  superstitious  use,  or  for  a  charitable 
purpose  which  the  law  will  not  allow  to  be  carried  into  effect,  the 
court,  upon  the  not  very  satisfactory  ground  that  the  property  was 
meant  for  a  charity,  will  apply  it  to  some  other  charity  of  which  it 
approves.  In  the  words  of  Sir  William  Grant,  "  Whenever  a  testator 
is  disposed  to  be  charitable  in  his  own  way  and  upon  his  own  prin- 
ciples, we  are  not  content  with  disappointin|f  his  intention,  if  dis- 
approved by  us :  but  we  make  him  charitable  m  our  way  and  on  our 
principles.  If  once  we  discover  in  him  any  charitable  intention,  that  is 
supposed  to  be  so  liberal  as  to  take  in  objects  not  only  not  within  his 
intention,  but  wholly  adverse  to  it."  (7  Ves.,  495.)  If  the  superstitious 
use  be  one  which  the  court  considers  charitable,  the  fund  goes  to  the 
king  to  be  disposed  of  to  such  charitable  uses  as  he  shall  direct  by 
sign-manual :  if  the  use  be  not  charitable,  the  gift  is  merely  void, 
and  the  property  will  go  to  the  donors  representative.  (2  M.  &  K., 
684.) 

The  regular  mode  of  proceeding  in  cases  of  abuse  of  charitable  funds 
was  until  recently  by  way  of  information  in  the  name  of  the  attorney- 
general  on  behalf  of  the  crown.  But  the  act  16  &  17  Vict.  c.  137, 
known  as  the  Charitable  Trusts  Act,  has,  without  abolishing  the 
functions  of  the  attorney-general  with  respect  to  charities,  provided  a 
regular  maohiuory  of  commissioners  and  inspectors,  whose  duty  it  is 
to  investigate  all  cases  that  may  be  brought  to  their  notice,  and  to 
institute  such  proceedings  as  may  be  necessary  for  the  rectification 
of  abuses. 

The  jurisdiction  of  the  Court  of  Chancery  over  property  given  to 
charity  must  be  distinguished  from  the  authoritv  frequently  exercised 
by  the  lord  chancellor  or  lord  keeper  as  visitor  of  charities.  Charities 
are  either  under  the  management  of  individual  trustees,  or  are  esta- 
blished by  cliarter  as  eleemosynary  coiporationa.    On  the  institution 
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of  a  corporate  charity,  a  viaitorial  jurisdiction  arises  of  common  right 
to  the  founder  and  his  heirs,  whether  he  be  the  king  or  a  private 
person,  or  to  those  whom  the  founder  has  appointed  for  that  purpose ; 
and  the  office  of  visitor  is  to  determine  the  differences  of  the  members 
of  the  society,  and  to  superintend  generally  the  government  of  the  body, 
in  accordance  with  the  statutes  originally  propounded  by  the  founder. 
With  this  visitorial  power  the  Court  of  Chancery  has  nothing  to  do, 
its  right  of  interference  being  confined  entirely  to  the  administration  of 
the  property.  'Wlien  the  charity  is  of  royal  foundation,  the  visitorial 
power  of  me  king  is  exercised  by  the  lord  chancellor  as  his  repre- 
sentative ;  and  even  where  the  founder  of  the  charity  was  a  private 
person^  if  he  has  made  no  appointment  of  a  visitor,  and  if  his  heir 
cannot  be  discovered,  or  has  become  lunatic,  the  visitorial  power, 
rather  than  that  the  charity  should  not  be  visited  at  all,  results  to  the 
crown,  and,  as  in  the  case  of  royal  foundations,  is  exercised  by  the 
lord  chancellor.  The  mode  of  application  in  these  cases  is  not  by  way 
of  information,  but  by  petition  addressed  to  the  Great  Seal. 

Certain  restrictions  have  been  put  upon  the  power  of  making  gifts 
of  property  to  charitable  uses  by  the  9th  of  Geo.  II.,  c.  8o*,  commonly, 
though  improperly,  called  the  Mortmain  Act.  By  it  devises  of  land 
and  bequests  of  money  to  be  laid  out  on  land  or  in  an}'  interest  in 
land  are  decku-ed  void.  For  an  explanation  of  the  x^rovisiuns  of  this 
act,  see  Mortmain. 

USNEIN.    [Lichens,  Colouring  Matters  of.] 

USNIC  ACID.    [Lichens,  Colouring  Matters  op.] 

USUCAPIO.  Gains  (ii.  40-42)  states  that  if  a  Res  Mancipi  was 
transferred  bv  bare  tradition,  without  the  forma  of  Mancipatio  or  in 
Jure  Cessio,  the  original  owner  retained  the  Quiritarian  ownership,  and 
the  person  to  whom  the  thing  was  transferred  had  only  the  right  to 
the  enjoyment  of  the  thing  until  by  possession  he  had  acquired  the 
ownership  (possidendo  usucapiat).  For  the  effect  of  such  enjoyment 
was  to  give  him  the  same  rights  with  respect  to  the  thing  as  if  it  had 
been  transferred  in  due  legal  form.  In  the  case  of  moveables  the 
Twelve  Tables  fixed  one  year  as  the  term  of  Usucapio ;  in  the  case  of 
land  and  houses,  two  years.  The  acquisition  of  the  Quiritarian 
ownership  of  a  thing  by  enjoyment  of  it  under  the  circumstances  above 
stated  for  these  several  periods  was  called  Usucapio. 

Gains  states  that  there  might  also  be  Usucapio  in  the  case  both  of 
things  Mancipi  and  things  Nee  Mancipi  which  had  been  transferred  by 
bare  tradition  from  a  person  who  was  not  the  owner,  provided  the 
transferee  received  them  in  good  faith  (bonft  fide),  or,  in  other  words, 
believed  that  he  received  them  from  the  owner.  It  seems  probable 
that  this  rule  of  law  was  established  by  analogy  to  the  rule  of  the 
Twelve  Tables  as  to  Hes  Mancipi  which  had  been  transferred  by 
defective  modes  of  conveyance.  But  the  Twelve  Tables  may  have  fixed 
only  the  time  of  Usucapio :  the  origin  of  Usucapio  may  be  anterior  to 
the  Twelve  Tables. 

When  Gains  wrote  (in  the  second  century  of  our  sera),  Usucapio,  as 
it  appears,  had  become  a  regular  mode  of  acquiring  ownership ;  for 
property  of  all  kinds  might  be  so  acquired  which  had  been  received  by 
tradition  and  bond  fide  from  a  person  who  was  not  the  owner.  The 
case  of  things  stolen,  or  the  possession  of  whioh  had  been  acquired  by 
violenoe  (vis),  was  an  exception,  for  even  if  received  bonA  fide  they 
could  never  become  the  property  of  the  receiver  by  Usucapio.  The 
Res  Mancipi  of  women  also,  who  were  in  the  tutela  of  their  agnati, 
coidd  not  be  objects  of  Usucapio  vmless  they  had  been  received  from 
her  by  traditio  with  the  proper  consent  {auctoritas)  of  her  tutor  :  and 
the  hereditas  of  a  woman  who  was  in  tutela  legitima  could  not  be  an 
object  of  Usucapio.  As  land  (fundus)  could  not,  according  to  the 
best  opinion,  be  an  object  of  furtum,  a  bonA  fide  purchaser  of  land 
from  a  man  who  was  not  the  owner,  and  knew  ha  was  not  the  owner, 
might  acquire  the  property  of  it  by  Usucapio,  provided  the  seller  had 
not  acquired  the  possession  by  violence,  but  had  either  taken  possession 
of  land  which  was  vacant  through  the  carelessness  of  the  owner,  or 
from  the  owner  dying  without  a  sucoessor,  or  having  been  long  absent. 

Besides  individual  objects  of  property,  Usucapio  could  exist  in  the 
case  of  Servitutes,  and  marriage,  and  in  the  case  of  an  Hereditas. 
Originally  such  Servitutes  as  followed  the  rule  of  law  as  to  Res  Mancipi 
could  only  be  transferred  like  Res  Mancipi ;  and  therefore  Usucapio 
could  only  apply  to  such  servitutes.  But  by  analogy  to  Res  Mancipi, 
they  could  he  acquired  by  bare  contract,  to  which  Usucapio  was  super* 
added ;  and  when  Mancipatio  at  a  later  period  was  replaced  by  bare 
tradition,  they  could  be  acquired  by  contract  simply.  In  the  case  of 
marriage,  when  there  was  no  co-emptio,  the  woman  might  come  into 
the  i)Ower  of  her  husband  by  virtue  of  uninterrupted  cohabitation  for 
one  year ;  and  she  was  then  said  to  become  a  part  of  his  Familia  by 
Usucapio  founded  on  a  year's  possession.  (Gaius,  i.  111.^  In  the  case 
of  the  Hereditas,  when  the  testator  had  not  disposed  oi  his  property 
by  the  necessary  forms  of  the  Manoipatio  and  >luncupatio,  the  person 
who  was  named  heres  in  the  will  could  only  acquire  his  legal  title  as 
such  by  Usucapio. 

These  various  instances  will  show  the  original  notion  of  Usucapio. 
It  was  a  legal  effect  given  to  bonft  fide  possession  and  enjoyment  for  a 
fixed  time,  by  means  of  which  defects  in  the  transfer  of  a  thing  were 
made  good :  it  was  not  originally  a  mode  of  acquisition.  It  was 
ioanded  on  a  title  good  in  subetanoe,  but  defective  in  form ;  and  this 
defect  was  supplied  by  the  proper  period  of  enjoyment  (naus).  When 
this  usua  had  continued  for  the  legal  time,  it  gave  its  auctoritas  (as 


the  Romans  expressed  it),  its  efficiency  and  completeness  to  what  was 
in  its  origin  incomplete ;  and  the  phrase  Usus  Auctoritas  was  older 
than  the  expression  Usucapio,  which  was  afterwards  the  ordinary  term. 
But  Ubus  by  itself  never  signified  Usucapio ;  for  Usus  alone  could  not 
give  a  title  to  the  ownership  of  a  thing.  In  the  case  of  public  land 
the  possessor  had  the  usus,  but  this  was  all  that  he  could  be  entitled  to 
as  possessor.  Such  usus  could  not  from  the  nature  of  the  case  have 
an  auctoritas,  for  the  possessor  did  not  occupy  the  public  land  as  a 
bond  fide  purchaser.  A  man  might  also  have  the  usus  of  private  land 
without  having  a  title  to  anything  further  :  in  which  case  also  the  usus 
could  never  have  an  auctoritas.  In  the  Roman  law,  as  known  to  us  in 
the  Pandects,  Usucapio  appears  as  a  mode  of  acquisition,  which  must 
have  been  owing  to  the  circumstance  of  Mancipatio  ceasing  to  be  re- 
garded as  important :  for  bare  tradition  in  all  cases,  followed  by  the 
proper  usus,  gave  complete  ownership.  Finally,  when  the  difference 
between  Res  Mancipi  and  Nee  Mancipi  was  abolished,  Usucapio  in  its 
original  sense  ceased.  But  as  in  the  time  of  Gains  we  find  Usucapio 
applicable  to  the  case  of  things  Ncc  Mancipi,  which  a  person  had 
possessed  bond  fide,  this  rule  of  law  still  continued,  and  various  limita- 
tions were  in  course  of  time  established  as  to  the  mode  of  acquiring 
the  ownership  of  a  thing  by  the  enjoyment  of  it.  Thus  Justinian,  in 
his  *  Institutes '  (ii.,  tit.  6),  after  reciting  the  old  law,  refers  to  one  of 
his  Constitutions,  by  which  the  ownership  of  moveables  might  be 
acquired  by  use  (usucapiantur;,  provided  there  was  a  bond  fide  possession 
(justa  causa  possessionis  prjccedente)  for  three  years,  and  that  of  im- 
movable things  by  the  *•  longi  temporis  poesessio,"  which  he  explains 
to  be  ten  years  "  inter  pncsentes,"  and  twenty  years  *'  inter  absentee ;  ** 
and  the  Constitution  applied  to  the  whole  empire.  Usucapio  is  defined 
in  the  'Digest'  (41,  3,  3)  to  be  the  "addition  of  ownership  by  the 
uninterrupted  possession  for  a  time  fixed  by  law."  As  it  was  the  addi- 
tion of  ownership,  something  is  here  implied  to  which  this  addition 
was  to  be  made ;  and  this  something  was  a  bond  fide  possession. 

The  subject  of  Usucapio  admits  and  requires  a  much  more  complete 
exposition.  The  reader  may  refer  to  the  following  works  :  Engelbach 
*  Ueber  die  Usucapion  zur  Zeit  der  zwolf  Tafeln,Tfarburg,  182a ;  and 
Miihlenbruch, '  Doctrina  Pandectarum.' 

USUFRUCTUS,  or  USUSFRUCTUS,  and  USUS,  belonged  to  the 
class  of  Servitutes  Personarum  among  the  Romans.  Ususfructus  is 
defined  ('Dig.,'  7,  1, 1)  to  be  "the  right  to  use  and  take  the  fruita 
(fruendi)  of  what  belongs  to  another  without  impairing  its  substance." 
Usus  is  defined  ('  Dig.,'  7,  8, 1,  2)  to  be  the  right  "to  use.  but  not  to 
take  the  fruits  (frui)." 

The  objects  of  ususfructus  might  be  land  (fundus),  houses  (sedes), 
slaves,  beasts  of  biuden,  and  other  things.  He  who  was  entitled  to  a 
Ususfruotus  was  called  Usufructuarius,  or  Fructuarius.  A  right  to  a 
Ususfructus  might  be  given  to  a  person  by  testament,  or  it  might  be 
established  by  contract. 

Generally,  it  may  be  stated  that  all  the  "  fructus,"  or  produce  of  a 
thing  that  accrued  during  the  time  of  enjoyment,  belonged  to  the 
Fructuarius ;  but  his  title  to  fructus  was  not  complete  till  he  had 
taken  them,  and  it  was  a  general  rule  that  any  "  fructus  "  which  had 
not  been  got  in  or  taken  at  the  time  when  the  Ususfructus  ceased  did 
not  belong  to  him.  The  law  as  to  things  that  yield  an  increase,  such 
as  fruit-trees  and  animals,  did  not  present  many  difficult  questions.  As 
to  houses  and  lands,  the  questions  were  sometimes  more  difficult.  The 
Fructuarius  was  entitled  to  the  rents  and  profits  of  houses  during  his 
time  of  enjoyment,  and  he  was  boimd  at  least  to  keep  them  in  suffi- 
cient repair,  but  probably  not  to  rebuild  them,  if  they  were  in  a 
ruinous  condition.  He  was  bound  to  cultivate  land  in  a  proper 
husbandlike  manner.  He  could  work  existing  mines  and  quarries  for 
his  benefit,  and  he  could  also  open  new  mmes  and  work  them.  The 
Fructuarius  could  maintain  his  rights  to  ihe  ususfructus  by  actions  and 
interdicts.  The  period  of  ususfructus  might  either  be  for  a  fixed 
time  or  for  the  life  of  the  Fructuarius.  At  the  termination  of  the 
period  of  enjoyment,  the  thing  was  to  be  given  up  to  the  owner,  who 
could  generally  require  security  for  its  being  properly  used  and  given 
up  in  proper  condition. 

The  usus  of  a  thing,  as  already  explained,  was  a  right  to  the  enjoy- 
ment of  a  thing,  but  not  to  the  produce  or  profits  of  it.  Yet  in  some 
cases  the  usus  of  a  thing  implied  a  right  to  a  certain  amount  of  pro- 
duce. Thus  the  usus  of  cattle  impUed  that  the  usnarius  was  entitled 
to  a  moderate  allowance  of  milk ;  and  a  man  who  had  the  usus  of 
an  estate  could  take  wood  for  his  daily  use,  and  oould  enjoy  the 
orchard  and  other  things  in  moderation.  If  a  man  had  the  usua 
of  oxen,  he  could  employ  them  for  all  purposes  for  which  oxen  are 
properly  used.  The  duties  of  the  usuarius  resembled  those  of  the 
fructuarius. 

The  rules  of  law  which  related  to  the  ususfinictus  and  usus  wera 
numerous.  Many  of  them  are  collected  in  the  '  Digest,'  lib.  7 ;  see  also 
'  Fragmenta  Vaticana,' '  De  Usufructu ; '  and  MUhlenbruch,  '  Doctrina 
Pandectarum.' 

USURPATIO  is  sometimes  used  by  the  Roman  jurists  in  the  sense 
of  interruption  of  Usucapio.  But  the  verb  "  usurpo  "  and  its  deriva* 
tives  are  commonly  used  in  the  sense  of  "  using,"  or  "  employing,"  itt 
any  way  that  is  suitable  to  the  character  of  the  object  used  or  em- 
ployed. The  participle  **  usurpatus  "  sometimes  signifies  the  aoquisi' 
tion  of  a  right  by  use :  thus  "  usurpatam  mulierem "  (acowding  to 
the  ordinar    reading  in  Gcllius,  iii,  2)  means  a  woman  who  had  come 
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into  the  power  of  her  husband  by  uninteirupted  matrimoniAl  cohabita- 
tion for  one  year.  (See  Savigny,  '  System  dcs  heutigen  Romiachen 
Rechts/  iv.,  ch.  iii.,  §  183.  on  the  passage  of  Gellius,  which  is  a 
quotation  from  Q.  Mucius  Scsevola,  the  pontifez.)  The  word  is  also 
used  in  the  sense  of  taking  possession  of  a  thing;  and  in  course  of 
time  the  notion  of  wrong  was  attached  to  the  word.  Ammianus 
Marcellinus  (xxvi.  7,  ed,  Gronov.)  uses  "  usurpator  "  in  a  sense  some- 
what like  the  modem  "  usurper/'  when  he  says  "  usurpator  indebits 
potestatis." 

USURY.    Although  the  legitimacy  of  interest  upon  moderate  and 
conscientious  terms  has  long  been  recognised  amongst  us,  it  has,  until 
quite  recently,  been  believed  desirable  to  regulate  by  law  the  rate  at 
which  it  should  be  taken,  and  interest  beyond  this  allowed  limit  has 
long  been  stigmatised  with  the  odious  appellation  of  usury.  [Intebest.] 
It  has  lieen  reserved  for  our  own  time  to  carry  out  a  principle  which 
political  economists  had  preached  for  above  a  century,  that  of  per- 
mitting the  rate  of  interest  to  regulate  itself  according  to  the  exigen- 
cies of  the  time  and  the  nature  of  things.    The  first  eriuttute  by  which 
some  relaxation  of  the  usury  laws  was  xuade  in  favour  of  trade,  was  the 
8^4  Will.  IV.,  c.  98,  which  enacted,  that  no  person  taking  more  than 
the  rate  of  legal  interest  for  the  loan  of  money  on  any  bill  or  note  not 
having  more  than  three  months  to  run,  should  be  subject  to  any 
penalty  or  forfeiture.    Shortly  afterwards  the  statute  5  &  6  Will.  IV., 
c.  41,  enacted  that  bills  or  other  securities  should  not  be  void  because 
a  higher  rate  of  interest  than  was  allowed  by  the  statute  of  12  Anne 
had  been  received  thereon.    The  statute  1  Vict.,  c.  80,  next  enacted, 
that  bills  payable  within  twelve  months,  should  not  for  a  limited  time 
be  liable  to  the  usury  laws,  and  this  statute  was  followed  by  six  others, 
extending  from  time  to  time  the  application  of  the  original  act.    The 
statute  2  &  3  Vict.,  c.  37,  enacted  that  no  bill  or  note,  payable  within 
twelve  months  after  date,  or  not  having  more  than  twelve  months  to 
run,  nor  any  contract  for  the  loan   of  money  above  102.,  should  by 
reason  of  interest  token  thereon  or  secured  thereby,  or  any  agreement 
to  buy  or  receive  or  allow  interest  in  discounting,  negotiating,  or  trans- 
ferring any  such  bill  or  note,  be  void,  nor  any  person  so  lending  be 
liable  to  the  penalties  of  the  usury  laws ;  but  it  was  provided  that  this 
relaxation  should  not  extend  to  the  loan  or  forbearance  of  any  money 
on  the  security  of  land.    The  public  mind  having  thus  slowly  advanced 
in  the  direction  of  the  policy  advocated  by  Bacon  above  two  centuries 
ago,  at  length  became  prepared  for  a  still  wider  measure,  and  the 
statute  17  £  18  Vict.,  c.  90,  after  laconically  reciting  in  the  preamble, 
that  "  it  is  expedient  te  repeal  the  laws  at  present  m  force  relating  to 


usury,"  proceeds  to  repeal  wholly,  or  in  part,  eleven  EngliaH,  fiT« 
Scotch,  and  four  Irish  acts,  on  which  the  whole  penalties  of  ^  lisury 
previously  rested:  among  these  acte  are  included  those  relft^ixig  to 
annuity  transactions.  [Annuity.]  The  natural  laws  which  r^srii&ie 
the  terms  on  which  money  can  be  borrowed  are,  therefore,  now  le-ft  to 
operate  freely,  and  borrowers  and  lenders  are  amenable  to  no  otii^ 
rules  than  those  which  govern  contracte  in  general. 

(Blackstone's  Commentaries,  Mr.  Rerr*s  edition,  vol.  ii.,  p.  475.) 

UT.    [Gammut.] 

UTRECHT,  TREATY  OF.   [Tbeatibs,  CHBONOLOOirAL  Table  of. j 

UVA,  Vvce  papa.    The  former  is  the  name  of  the  fruit  of  the  -c-iiie^ 
in  the  natural  state  of  grape,  the  latter  when  the  grapes  have    l>eezi 
spread  out  and  dried,  and  so  made  raidiM,    Currante  are  a  peeuiiar- 
kind  of  grape  dried.    The  chief  employment  of  rainns  in  medidM^   is 
to  flavour  unpleasant  mixtures,  or  for  their  demulcent  properties.       la 
the  former  point  of  view  they  are  unimportant;  in  the  latter,  of  oon- 
siderable  utility.      Fresh    grapes  are    cooling,  aperient,  modera.tely 
nutritive,  and  demulcent.    Their  use  in  the  south  of  France  ia  thought 
to  contribute  greatly  to  the  amelioration  which  consumptive  persoos 
experience  there,  and  in  some  instances  their  effect  is  so  striking  as   to 
have  given  rise  to  the  term  cure  de  raitint.    The  dried  fruit  ia  leas 
acid,  but  more  nourishing,  and  more  demulcent.    It  possessefl  all  -t&e 
soothing  qualities  of  jujube,  and  is  much  cheaper.     It  may  be  easilx 
made  into  a  conserve  by  removing  the  seeds  and  beating  the  pulp  into 
a  thick  mass.    For  persons  with  irritable  throats  and  liable  to  wintei- 
coughs,  a  portion  of  this  put  into  the  mouth  before  going  into  the  open 
air  is  an  excellent  protective  measure,  and  often  prevents  cougb, 
which,  when  once  excited,  it  is  difficult  to  allay.    An  excellent  demul- 
cent drink  is  made  from  a  compound  of  barley  and  raisins.     Currants 
contain  more  acid  than  common  raisins,  and  should  be  preferred  where 
an  aperient  action  is  desired.    Much  tannin  of  a  very  pure  kind  is  al^o 
contained  in  the  pite  of  the  seeds.    This  may  render  the  seeds  astrin- 
gent ;  but  for  consumptive  persons  it  is  best  to  remove  the  seeds  from 
the  grapes,  at  all  events  not  to  swallow  them,  as  their  vexy  indigestible 
nature  may  irritate  the  bowels  and  cause  diarrhoea,  a  formidable 
symptom  in  consumptive  persona. 

An  oil  existe  in  the  seeds  of  the  grape,  in  the  proportion  of  12 
pounds  of  oil  to  100  pounds  of  seeds.  Though  it  is  not  obtained 
without  difficulty,  it  is  extracted  in  Italy  in  hirge  quantity.  When 
heat  is  used,  it  has  a  harsh  taste,  and  is  mostly  used  for  burning ;  but 
when  cold-drawn,  it  may  be  used  for  food. 

USUS,    [Ubufbuotub.] 


as  pronounced  by  the  English,  is  the  pressed  or  medial  labia! 

9  aspirate,  bearing  the  same  relation  to  /  that  b  does  to  p.  Its 
form  is  only  a  variety  of  the  character  by  which  the  vowel  u  is  denoted, 
the  latter  being  in  its  origin  the  cursive  character  employed  with  soft 
materials,  while  v  is  better  adapted  for  writing  on  stona  The 
Roman  letter  v  was  probably  pronounced  as  a  to,  a  supposition  which 
would  explain  the  fact  that  in  the  alphabet  of  that  language  one 
character  is  employed  for  both  u  and  v.  The  converse  of  tms  appears 
in  the  Qerman  alphabet,  where  to  has  nearly  the  power  of  v,  while 
the  latter  symbol  is  used  to  designate  the  sound  of  the  English  /,  as  is 
the  case  also  in  Welsh. 

V  is  interchangeable  with  h  and  m :  see  these  letters.  It  is  also 
interchangeable  with  /,  and  hence  the  confusion  between  the  characters, 
as  just  observed.  The  changes  with  w,  gu,  du,  will  be  considered 
under  the  letter  W. 

VACCINATION.    [Small  Pox  ;  Jknner,  in  Bioo.  Dnr.] 

VACCINIC  ACID.  This  name  was  applied  to  an  acid  substance 
extracted  from  butter,  but  it  is  now  believed  to  be  merely  a  mixture 
of  butyric  and  caproic  acids. 

VACUUM,  or  VOID,  the  name  given  in  physics  to  the  idea  of 
space  wholly  free  of  matter,  or  peiSectly  empty.  In  the  common 
phrase,  space  is  called  empty  when,  so  far  as  air  can  fill  space,  it  is  ftill 
of  air ;  and  even  in  a  more  scientific  form  of  speech,  there  is  said  to 
be  a  vacuum  when  there  is  only  such  an  approach  to  a  vacuum  as  the 
operations  of  philosophy  can  procure.  Thus  in  the  vacuum  of  the  air- 
pump,  however  long  the  attempt  at  exhaustion  may  be  continued, 
there  is  always  air  left,  though  in  a  highly  attenuated  state ;  and  even 
in  the  mercurial  vacuum,  or  in  the  space  which  is  left  over  ^e  mercury 
of  the  barometer,  there  is  not  imfrequenUy  a  slight  portion  of  air,  and 
always  an  atmosphere  of  the  vapour  of  mercury.  Physically  speaking, 
it  is  perhaps  impossible  to  procure  a  vacuum :  it  is  most  likely  that, 
even  if  a  real  vacuum  could  be  procured  for  an  instant,  air  or  other 
vapour  would  at  once  begin  to  be  disseminated  from  the  sides  of  the 
vessel  in  which  the  vacuum  was  made  and  that  the  vacuum  would 
thus  instantly  cease  to  exist. 

But  the  question  of  the  existence  of  vacuum,  in  its  strict  and  abso- 
lute sense,  and  as  to  whether  such  a  thing  were  possible  or  not,  was  a 
sabject  of  controversy  from  before  Aristotle  to  after  Newton.     It 


was  meant,  like  other  questions  of  physics,  to  receive  ite  solutioii  from 
the  exercise  of  tiie  intellect  employing  itself  upon  the  apparent  pro- 
perties of  material  bodies.  Aristotle  and  others  denied  the  actual 
existence  of  a  vacuum,  from  a  want  of  exact  knowledge  of  the  laws  of 
motion.  In  a  vacuum,  says  Aristotle  ('Physic.,'  1.  iv.,  c.  8),  there 
would  be  no  reason  why  motion  should  be  to  one  part  rather  than 
another.  He  apparently  attributes  all  motion  to  the  pressiure  of 
adjacent  matter,  not  only  in  its  commencement,  but  in  its  continuance. 
A  modem  philosopher  would  say  that,  even  if  the  creation  of  a  vacuum 
destroyed  the  cause  of  gravitation,  stiU  a  body  falling  downwards  into 
a  vacuum  would  move  through  it  with  the  velocity  which  it  had  at  its 
entrance.  Democritus,  Epicurus,  and  others,  assert  the  existence  of  a 
vacuum ;  and  most  of  the  different  secto  among  the  Greeks  seem  to 
admit  the  possibility  of  such  a  thing,  though  some  of  them  deny  its 
actual  existence. 

Descartes  denied  the  very  possibilitv  of  a  vacuum,  and  upon  such 
grounds  as  will  make  most  persons  feel  that  if  Newton  had  not  come, 
it  would  have  been  better  to  have  kept  to  Aristotle.  There  is  in  his 
writings  an  absolute  and  palpable  confusion  between  tpace  and  matter, 
to  the  extent  of  an  assertion  that  the  destruction  of  all  the  matter  in  a 
certain  space  would  be  the  destruction  of  the  space  itself.  He  places 
the  essence  of  matter  in  the  occupation  of  space,  and  thence  infers  by 
a  wrong  conversion  that  there  cannot  be  space  without  substance  (by 
which  he  means  matter).  As  follows :  "  Vacuum  autem  philosophico 
more  sumptum,  hoc  est,  in  quo  nulla  plane  sit  tuhstanUa,  dari  non 
posse  manifestum  est  ex  eo  quod  extensio  spatii  vel  loci  extemi,  non 
differat  ab  extensions  corportB.  Nam  cum  ex  eo  solo  quod  corpus  sit 
extensum,  rectd  concludamus  illud  esse  substantiam;  quia  omnino 
repugnat  ut  nihili  sit  aliqua  extensio;  idem  etiam  de  spatio  quod 
vacuum  supponitur,  est  condudendum  :  quod  nemp^  cbm  in  eo  sit  ex- 
tensio, neces8ari6  etiam  in  eo  sit  substantia."  ('  Prmcipia  Philosophise,' 
part  ii,  §  16.)  "  So  that,"  he  proceeds  (§  18),  "  if  God  were  to  destroy 
all  the  matt^  (corpus)  in  a  certain  vessel,  and  to  permit  no  other  to 
come  into  the  place  of  it  (locum  ablati),  the  sides  of  the  vessel  would 
be  contiguous ;  for  when  nothing  (nihil)  comes  between  two  bodies, 
they  must  touch  each  other."  Matter  and  space  are  both  things ;  but 
Descartes  falls  into  the  extraordinaiy  confusion  of  ideas  which  is  im- 
plied in  finrt  adopting  the  common  sense  of  the  word  nothing,  as  when 
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we  say  a  vacuum  is  full  of  nothing,  and  then  arguing  from  the  strict 
meaning  of  the  word  "  nothing,"  and  denying  that  **  nothing"  can  have 
extension.  It  is  not  true,  properly  spedting,  that  there  is  "  nothing" 
in  a  vacuum,  for  the  very  notion  of  a  vacuum  is  apace  void  of  matter. 

The  idea  of  Descartes  on  the  essence  of  matter  was  carried  by  his 
followers  to  the  full  extent  of  using  matter  as  a  synonyme  for  exten- 
sion.   Le  Grand  says  that  a  vessel  filled  with  gold  has  not  more  matter 
than  one  filled  with  water.    There  is  more  weight,  he  says,  more  hard- 
ness, &c.,  but  not  therefore  more  matter ;  for  the  essence  of  matter  is 
not  in  weight,  nor  hi  hardness,  &c.,  but  in  extension.    And  he  objects 
to  the  adage  that  "  Nature  abhors  a  vacuum/'  because  he  considers 
snch  an  assertion  merely  to  amount  to  saying  that  Nature  abhors  a 
contradiction  in  terms.    Newton  ('  Principia,'  book  iii.,  prop.  6,  cor.  4) 
expresses  his  opinion  of  the  vacuum  question  in  this  way :  ''  If  all  the 
solid  particles  of  bodies  are  of  the  same  density,  so  that  rarefaction 
<»tnnot  take  place  without  the  creation  of  pores,  there  must  be  a 
vacuum."    Since  matter  is  of  diflferent  density  in  different  substances, 
and  since  the  same  substance  may  be  compressed  into  smaller  space  or 
expanded  into  laiger,  it  must  eiUier  be  that  the  solid  particles  are 
contracted  or  expanded,  or  that  vacuous  pores  exist.    ThiJs  alternative 
does  not  do  mucm.    A  person  trained  in  ^e  sciences  as  they  now  exist, 
thinks  the  idea  of  8olid  matter  (that  is,  entirely  solid,  without  any 
vacuum)  being  compressed  into  more  solid  matter,  to  be  most  incon- 
gruous and  improbable ;  but  impressions  derived  from  habits  are  not 
argimients.    The  strong  part  of  the  Newtonian  argument  arises  how- 
ever from  the  results  of  the  planetary  theory.    These  celestial  bodies 
have  moved,  diuing  two  thousand  years  of  recorded  observations,  with 
exactly  the  same  mean  motions  as  at  present,  which  they  could  not 
have  done  if  they  had  moved  in  a  medium  of  any  sensible  resistance. 
If  then  the  celestial  spaces  be  full  of  matter,  it  is  matter  of  such  a 
degree  of  tenuity  that  two  thousand  years  Ib  not  enough  to  make  it 
show  any  visible  effect  in  altering  the  planetary  motions.    But  again, 
though  this  argument  has,  almost  up  to  the  present  time,  induced  astro- 
nomers to  suspect  an  absolute  vacuum,  yet  very  recently  the  feather 
has  shown  a  resistance  which  was  not  manifest  against  the  guinea.    A 
comet  has  been  strongly  suspected — all  but  proved — ^to  be  undergoing 
precisely  the  same  sort  of  change  in  its  mean  motion  which  it  is  known 
would  result  from  a  resisting  medium.    [Cou£TS,  coL  68.]    The  undu- 
latory  theory  of  Ught,  moreover,  which  is  now  pretty  generally  received, 
supposes  the  whole  of  the  celestial  spaces  to  be  filled  with  the  lumini- 
ferous  ether.      The  astronomical  argument,  therefore,  in  favour  of 
ai>solute  vacuum  has  fallen ;  but  the  views  of  the  constitution  of  matter 
which  have  grown  with  the  rise  of  the  molecular  sciences  of  chemistry, 
light,  heat,  electricity,  &c.,  have  supplied  its  place  with  much  more  effect. 
We  cannot  enter  into  the  various  probabilities  in  favour  of  the  molecular 
theory,  which  supposes  matter  to  be  atomic,  the  atoms  being  perl^ps 
separated  by  distances  which  are  many  times  their  own  diameters.  If  any 
one  were  to  assert  that  the  densest  substance  has  in  it  many  millions  of 
times  more  of  vacuity  than  of  solid  matter,  the  assertion  could  not  be 
disproved,  nor  even  shown  to  be  improbable.    *'  There  are  difl&culties," 
said  Dr.  Johnson,  "  about  a  plenum,  and  there  are  difficulties  about  a 
vacuum f  but  one  of  them  must  be  true  ;**  that  is,  either  all  space  is  full 
of  matter,  or  there  are  parts  of  space  which  have  no  matter.    The 
alternative  is  undeniable,  and  the  inference  to  which  the  modern  phi- 
losophy would  give  the  greatest  probability  is,  that  all  space  is  fiiUl  of 
matter  in  the  common  sense  of  the  word,  but  really  occupied  by  par- 
ticles of  matter  with  vacuous  interstices ;  showing  all  degrees  of  density, 
from  that  of  the  ether  of  Ught,  which  is  wholly  unappreciable,  to  that 
of  hammered  platinimi,  which  is  twenty-two  times  as  heavy  as  water. 

Probably  the  manner  in  which  the  reader  is  most  familiar  with  the 
use  of  our  leading  word  is  in  connexion  with  what  he  may  have  seen 
written  on  the  maxim  which  we  have  already  quoted — "Nature  abhors 
a  vacuum ;"  a  doctrine  which,  though  common  among  the  followers 
of  Aristotle,  must  not,  any  more  than  many  others,  be  therefore  taken 
as  emanating  from  that  philosopher  himself.  This  is  usually  cited  as 
a  proof  of  the  puerility  of  the  ancient  and  middle  philosophy — we 
think,  somewhat  imjustly.  The  personification  of  Nature  is  common 
to  all  times,  and  we  are  in  the  habit  of  saying  that  Nature  exhibits 
phenomena,  conceals  her  operations,  uses  the  simplest  means,  &c. 
Now  Nature  may  as  well  abhor,  as  exhibit,  conceal,  or  employ ;  and 
where  intelligence  is  understood,  all  who  use  the  word  Nature  mean 
the  Qod  of  Nature  :  while  when  the  mere  operations  are  referred  to. 
Nature  is  only  the  personification  of  the  collective  body  of  second 
causes.  As  the  statement  of  a  fact,  it  is  true :  Nature  does,  to  the 
best  of  our  knowledge,  abhor  a  vacuum;  the  (if  we  may  personify  her) 
never  suffers  it  to  exist  to  the  extent  of  allowing  any  space  which  is 
perceptible  to  our  senses  to  be  vacuous.  But  if  the  adage  were  meant 
to  supply  a  reason  for  the  fact,  those  who  used  it  were  deceiving 
themselves,  but  not  so  that  the  most  of  those  who  would  laugh  at 
them  would  have  any  reason  in  their  mirth.  It  is  the  error  of  every 
period  to  use  words  expressive  of  a  fact  observed  in  the  sense  of 
assignment  of  a  reason  for  that  fact ;  and  the  centuries  which  have 
always  been  ready  with  their  Jluids  to  stand  for  the  causes  of  heat, 
electricity,  magnetism,  &o.,  should  not  be  too  hard  upon  the  pre- 
ceding ages,  which  put  the  feelings  of  nature  in  the  place  which 
they  rather  prefer  to  occupy  by  hypothetical  gases.  The  very  word 
attraction  [Attraction],  in  the  sense  generally  assigned  to  it,  is  pre- 
wnlj  of  the  same  nature  as  the  natural  abhorrence  of  the  Aristotelioos : 


namely,  a  word  invented  to  supply  the  place  of  a  cause.  Those  who 
can  use  the  former  word  in  a  really  philosophical  sense  are  precisely 
those  who  can  see  that  some  of  the  ancients  may  have  done  ihe  same 
with  the  latter. 

"  The  question  of  the  existence  of  vacuimi,  in  its  strict  and  absolute 
sense,"  to  repeat  the  designation  given  in  the  preceding  portion  of  this 
article,  which  is  reprinted  as  it'  originally  appeared,  on  account  of  its 
historical  and  philosophical  value,  is  inseparable  from  that  of  the 
nature  of  space.  If  space,  as  suggested  in  a  former  article  [Physical 
Forces,  Correlation  of,  col.  496],  be  "  the  extension  of  material 
substance,  the  resultant  of  its  dimensions,  and  mere  consequence  of 
its  existence,"  an  absolute  vacuum  is  in  the  nature  of  things  impos- 
sible. But  the  admission  of  the  existence  of  space  distinct  from 
matter  is  equivalent  to  affirming  the  existence  of  an  absolute  vacuum. 
Space  distinct  from  matter  is  nothing  eke.  This  subject,  however, 
resembles  others  of  what  may  be  termed  transcendental  natural 
philosophy,  such  as  the  (alleged)  infinite  divlaibility  of  matter  or  of 
space,  the  absolute  zero  of  heat,  &c.  The  affirmative  of  each  is  purely 
imaginary,  being  something  which  is  mentally  conceived  to  b^ 
abstractedly  and  intrinsically  possible,  without  any  reference  to  known  * 
physical  facts,  which  are  gratuitously  assumed,  not  in  reality  to 
define  and  Umit  the  subjects,  but  to  depend  altogether,  in  relation  to 
them,  on  the  necessary  miperfections  of  the  senses  and  of  our  finite 
condition.  But  neither  by  observation  or  experiment,  nor  by  mathe- 
matical reasoning  from  either,  do  we  know  anything  about  space 
distinct  from  matter,  about  the  infinite  division  of  matter,  or  about  the 
existence  of  anything  but  at  some  temperature  or  amoimtof  heatin  the 
state  or  condition  in  which  it  causes  expansion.  (The  calculations  which 
have  been  made  as  to  the  number  of  thermometric  degrees  between  some 
known  temperature  and  the  supposed  absolute  £ero  are  entirely  nugatory, 
and  unworthy  of  attention.  There  is  no  more  reason  to  believe  in  the 
existence  of  an  absolute  zero  than  in  absolute  rest,  or  in  a  limit  to  space, 
or  than  to  believe,  for  philosophical  reasons,  in  the  cessation  of  pheno- 
mena, or  in  the  beginning  or  the  end  of  time.)  And  these  three  subjects 
— the  alleged  absolute  vacuum,  infinite  division  of  matter  or  of  space, 
and  absolute  zero  or  its  converse — are  as  inseparably  connected  in  mentid 
conception,  as  are  the  physical  types  of  which  they  are  abstxactions  in 
observed  fact. 

To  divest  the  subject  of  a  notion  introduced — ^we  think  imneces- 
sarily — into  modem  discussions  on  the  divisibility  of  matter,  we  must 
here  premise  that  absolute  vacuimi  and  empty  space,  or  space  distinct 
from  matter,  being  the  same  thing,  it  is  clear  that  there  can  be  no 
infinite  division  of  space ;  while,  by  hypothesis,  so  far  as  our  argument 
has  yet  advanced,  there  may  be  infinite  division  of  matter.  But  admit* 
ting  space  to  be  the  property  of  matter,  its  divisibiUty  is  the  some 
thing  as  that  of  matter,  and  the  possibility  of  that  divisibility  must 
depend  on  that  of  matter  itself. 

This  being  premised,  we  return  to  the  main  union  of  subjects  before 
us.  The  mental  conception  of  an  absolute  vacuum  is  in  reality  incom- 
patible with  that  of  the  infinite  division  of  matter  and  of  the  absolute 
privation  of  heat ;  though,  remarkably,  some  philosophers,  and  even 
modem  men  of  science,  have  affirmed  the  second  and  third  (the  two 
latter)  and  denied  the  first,  while  dthers,  also,  have  denied  the  first 
and  third  but  admitted  the  second.  If,  again,  matter  be  infinitely 
divisible,  there  can  be  no  absolute  zero,  since  everything  must  exist  at 
some  temperature,  which,  in  fact,  is  as  inseparable  from  material 
existence  as  space  and  time  themselves.  If  there  were  an  absolute 
zero,  matter  could  not  be  infinitely  divisible,  for  there  would  be  (an 
inferior)  limit  to  its  expansibility. 

But,  on  the  other  hand,  the  idea  of  the  only  finite  divisibility  of 
matter  does  not  imply  that  of  an  absolute  zero,  though  it  is  the  only 
notion  of  divisibility  compatible  with  it;  because  the  finite  particles  (2 
matter,  like  the  masses  they  compose,  must  be  susceptible  of  indefinite 
reduction  of  temperature,  if  they  retain  the  character  of  matter. 

We  must  descend,  however,  from  these  views  to  the  observed  facts 
from  which  we  believe  they  ore  necessary  inferences.  The  sum  of  our 
actual  knowledge,  whether  exclusively  experimental  or  also  inductive 
or  deductive,  is,  that  something  (but  not  everything)  exists  everywhere ; 
that  everything  exists  in  some  place— that  is,  in,  or  is,  some  part 
of  space,  is  of  some  magnitude  and  of  some  temperature,  and  that 
nothing  is  at  rest — ^that  is,  that  the  place  of  everything  is  always 
changing.  In  absolute  truth  these  ore,  we  believe,  if  not  identical 
propositions,  yet  such  as  involve  each  other,  though  to  prove  this  would 
require  greater  length  than  we  can  now  command. 

In  the  present  era  of  physical  science,  that  inaugurated,  in  certain 
directions,  by  the  successive  labours  of  Yolta,  Davy,  Oersted,  Seebeck, 
and  Faraday,  a  belief  that  the  intervention  of  material  particles  is 
necessary  for  the  transmission  of  any  kind  of  force,  and  therefore  that 
no  force  does  or  can  operate  through  unoccupied  space  or  vacuum,  has 
gradually,  but,  until  a  comparatively  late  period,  as  it  were  silently, 
grown  up.  The  force  of  the  evidence  which  had  accumulated,  however, 
appears  not  to  have  been  recognised  until  after  the  appearance  (in  the 
'Philosophical  Transactions'  for  1835-1838)  of  Dr.  Faraday's  experi- 
mental researches  on  electrical  induction.  We  have  been  of  opinion, 
from  the  time  of  their  publication,  that  these  in  reality  involve  the 
demonstration  of  the  impossibility  of  distant  action,  and  therefore  of 
the  necessity  of  the  intervention  of  particles  by  which  the  action  may 
be  and  ib  transmitted  from  one  acting  body  to  a  distant  one;  and  it  ia 
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certain  that  the  awakening  of  the  attention  of  philosophers  to  the  true 
condition  of  the  subject  involved,  dutca  from  about  that  time.*  This 
result  is  of  course  fatal  to  the  admiiudon  of  a  true  ])hyBical  vacuum.  It 
is  remarkable  that  this  result  had  been  clearly  anticipated  by  Newton 
himself,  who  held  that  the  planetary  spaces  could  not  really  be  vacuous 
because  they  wore  traversed  by  the  force  of  gravity.  This  remarkable 
expi'ession  of  Newton's  sagacity  and  power  of  thought  has  had  a  singular 
fate.  Recorded  in  1693,  it  remained  unpublished  for  nearly  a  century, 
when  it  appeared  (in  1783)  in  Horsley's  edition  of  his  works.  But  it 
seems  to  have  remained  unregarded  until  it  was  brought  forward  by 
the  celebrated  Professor  Playfair,  so  late  as  the  year  1819 — more  than 
a  century  and  a  quarter  after  its  original  enunciation — and  that  merely 
for  the  purpose  of  proving  "  that  Newton  did  not  consider  gravity  as  a 
property  inherent  in  matter."  But  even  Plavfair  did  not  perceive  the 
entire  force  of  the  passage,  and,  indeed,  the  light  which  electricity  was 
destined  to  throw  on  all  branches  of  molecular  physics  had  not  then 
been  received ;  Faraday  had  not  yet  replied  to  Playfair*s  question,  "  it  is 
not  quite  clear  in  what  manner  the  interposition  of  a  material  substance 
can  convey  the  action  of  distant  bodies  to  one  another."  +  A  third 
port  more  of  a  century  was  destined  to  elapse,  when  Faraday  cited 
Newton's  expression,  to  the  general  surprise  of  the  scientific  world,  in 
one  of  his  discourses  at  the  Royal  Institution,  in  1853,  in  order  to  show 
that  Newton  "  was  an  unhesitating  believer  in  physical  lines  of  gravi- 
tating force,"  and  must  be  ranked  "  amongst  those  who  sustain  the 
physical  nature  of  the  lines  of  magnetic  and  electrical  force."  +  The 
irreconcilability  of  the  conception  of  lines  of  physical  force  with  that 
of  an  absolute  vacuum,  identifies  the  subject  now  reviewed  with  that 
of  the  present  article. 

We  proceed  to  notice  some  modem  and  comparatively  recent  expe- 
rimental investigations,  involving  the  production  of  nearer  and  nearer 
approximations  to  a  physical  vacuum,  or  the  more  and  more  complete 
removal  of  ponderable  matter  from  an  inclosed  space.  It  is  matter  of 
this  kind  only,  the  quantity  of  which,  in  a  given  space,  can  at  all  be 
diminished ;  that  of  the  matter  of  a  higher  order,  the  ether  which 
manifests  and  transmits  heat  and  light  and  perhaps  magnetism,  accord- 
ing to  our  present  experimental  means,  cannot  be  affected ;  though 
apparently  acted  upon  in  a  certain  mannner  by  the  molecules  of 
ordinary  matter,  it  cannot  be  confined  or  diminished  in  amount,  any 
more  than  it  can  be  measured  or  weighed.  Or, — to  express  this  in 
terms  independent  of  theory, — a  vacuum  transmits  light  and  heat, 
diminished  only  by  the  imperfect  transparency  and  transcalescence  of 
the  including  vessel.  In  toe  investigation  in  question,  more  or  less 
perfect  vacua  have  been  obtained  bv  the  air-pump ;  others  on  the  prin- 
ciple of  the  space  void  of  air  left  above  the  mercury  in  the  bai'ometer, 
called  the  Torricellian  vacuum ;  some  by  the  combination  of  both  these 
means ;  and  others  again  by  the  union  of  one  or  both  with  chemical 
agency,  by  which  apparently  the  most  perfect  vacua  have  been  produced. 

Dr.  Thomas  Andrews,  F.R.8.,  Vice-President  of  Queen's  College, 
Belfast,  whose  refined  physico-chemical  researches  have  required  the 
use  of  the  nearest  approach  to  a  perfect  vacuum  in  which  certain 
instruments  could  be  observed,  has  devised  a  method  of  obtaining  pro- 
bably a  more  perfect  air-pump  vacuum  than  had  before  been  produced. 
He  characterises  the  Torricelluin  as  the  nearest  approach  to  a  x)erfect 
vacuum  which  at  the  time  when  his  method  was  devised  had  been 
obtained.  *'  It  is  true,"  he  remarks,  "  that  it  contains  a  Uttle  mer- 
curial vai>our  at  the  ordinary  temperature  of  our  summers,  and  probably 
also  at  lower  temperatures,  but  the  quantity  is  exceedingly  bmall,  and 
its  influence  in  depressing  the  barometric  column  must  be  altogether 
inappreciable.  Besides  the  merciirial  vapour,  a  trace  of  air  may  gene- 
rally be  detected."  Dr.  Andrews  shows  that  it  is  easv  to  calculate 
approximatively  the  depression  of  the  column  produced  by  this ;  and 
he  finds  that  if  the  diameter  of  the  bubble  be  0'02  inch,  the  pressure  of 
mercury  under  which  it  has  been  measured  2  inches,  and  the  volume 
of  the  space  above  the  mercury  when  the  tube  is  vertical  1'2  cubic 
inch,  the  depression  of  the  mercurial  column  is  nearly  000001 ;  " or 
the  depression  of  the  mercury,  in  consequence  of  the  vacuum  not  being 
absolutely  perfect  (with  respect  to  air),  amounts  only  to  ^—^  of  an 
inch.    It  is  easy  in  actual  practice,"  Dr.  Andrews  continues,  "  to  realise 

•  Be©  a  eriUcal  noUce  of  Foraday's  •  Kxp,  Res.*  ia  •  Phil.  Mag.,'  June,  1S89, 
■cr.  iii.,  vol.  xir.,  p.  460. 

t  'Second  DiaserUtion  on  the  ProgrsM  of  llatbematical  and  Phynesl 
Science;'  Supplement  to  ' Encycloptcdia  Britannica,'  vol.  iv.,  p.  83,  note: 
•£ncy.  Brit.,'  8th  edit,  vol.  I.,  p.  684,  note. 

X  Uow  important  to  the  progreu  of  the  science  of  physical  forces  this 
calling  the  attention  of  philosophers  to  Ne\rton's  views  has  really  been,  will 
appear  from  the  following  extract  from  the  •  Theory  of  the  Force  of  Gravity,' 
by  Professor  Challts,  published  In  the  *  rhilosophical  Magazine'  for  December, 
ISAO,  p.  442.  "The  actio  in  distam  has  been  so  long  and  so  extensively  re- 
gardcd  as  an  ultimate  principle,  and  not  as  a  temporary  hypothesis  admitting 
eventually  of  explanation,  that  it  requires  some  degree  of  moral  eonnge  to 
maintain  a  different  theory.  Seienee,  in  my  opinion,  is  mueh  indebted  to  Pro. 
feasor  Faraday  for  having  recently  directed  attention  to  the  opposite  views 
entertained  by  Newton  on  this  point,  and  for  giving  expression  to  analogous 
ideas  of  his  own.  (8ee  the  Lecture  on  the  Conservation  of  Force,  in  the  •  PhiU 
Mag.'  for  April,  1857,  vol.  xiii.,  p.  232.)"  The  lecture  referred  to  was  deliTcrcd 
in  the  preceding  February ;  but  Faraday,  as  we  have  seen  above,  had  originally 
directed  attention  to  Newton's  views  in  1863  ;  and  he  regarded  their  importance 
as  so  greaty  that  he  had  recalled  them  also  in  his  discourses  of  the  two  following 
years. 
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this  close  approximation  to  a  perfect  vacuum,"  and  tne  qiian>i-J«  - 
stated,  he  says,  apply  to  a  barometric  tube  employed  in  an  exp*»r.i 
he  subsequently  describes.     Observing,  however,  that    t.he   T«»iTi--.- .. 
vacuum  is  unfortunately  applicable  to  very  few  physicad  ixive!»ti^i.  -l 
as  no  instrument  of  any  kind  can  be  introduced  into  it,  nor  ctTcl;  -_ 
substance  which  is  acted  upon  by  mercury,  and  noticing  the  r^  ^ 
fection  of  the  ordinary  air-pump  and  of  M.   Regnatil"t'»  mtrtlt  --i 
I  pushing  the  exhaustion  further  after  the  valves  haTo   ceased  to  act  i- 
I  proceeds  to  describe,  in  the  following  terms,  a  process    tpy  vrhieh,  v. 
very  Uttle  trouble,  a  vacuum  may  be  obtaincKl  in  the  ordinary  reor:-- 
of  an  air-pump,  so  perfect  that  the  residual  air  exerts  ixo  apprec 
elastic  force. 

**  Into  the  receiver  of  an  ordinary  air-pump,  which  is  not  requircl 
exhaust  further  than  to  0"3  inch,  or  even  05  inch,  but  'which  :i.l- 
retain  the  exhaustion  perfectly  for  any  length  of  time,    two  <•*-•- 
vessels  are  introduced,  one  of  which  may  be  conveniently  placed  a.» 
the  other;    the  lower  vessel  containing  concentrated  suJi^liiiric  n. 
the  upper  a  thin  layer  of  a  solution  of   caustic  potaali^    vi-hicli  I  - 
been  recently  concentrated  by  ebullition.     The  precise   qtiantiti- ;  . 
these  liquids  is  not  a  matter  of  importance,  provided     ttiey   aru  •- 
adjusted  that  the  acid  is  capable  of  desiccating  completely  the  |*-»t-r^ 
solution,  without  becoming  itself  notably  diminished  in  streni^h.  ^    ! 
at  the  same  time  does  not  expose  so  large  a  surface  as  to  convert  *. 
potash  into  a  dry  mass  in  less  than  five  or  six  hours  at  the   least.     1^^ 
pump  is  in  the  first  place  worked  till  the  air  in  the  recci^'cr   ha*  ir 
clastic  force  of  0*3  or  0*4  inch,  and  the  stop-cock  below  the  plat^  a 
then  closed.    A  communication  is  now  established  between   the  t  iV«r 
for  admitting  air  below  the  valves,  and  a  gasholder  containing  .  ^r 
bonic  acid,  which  has  been  carefully  prepared  so  aa  to  exclude  tL* 
presence  of  atmospheric  air.     After  all  the  air  has  been   con3p4«.t<rjr 
removed  from  the  connecting  tubes  by  alternately  exhaustinjc  ^^^^ 
admitting  carbonic  acid,  the  stop-cock  below  the  plate  is  op€fned.  and 
the  carbonic  acid  allowed  to  pass  into  the  receiver.     The  exhau^ion  a 
again  quickly  performed  to  about  the  extent  of  half  an  inch   or  U  i& 
If  a  very  perfect  vacuum  is   desired,  this   operation   may    be    si^-^ 
repeated  ;  and  if  extreme  accuracy  is  required,  it  may  be  jierformed  a 
third  time.     It  is  not  likely  that  anything  would  be  gained  by  carry- 
ing the  process  further.    On  leaving  the  apparatus  to  itself,  the  cas- 
bonic  acid  which  has  displaced  the  residual  air  is  absorbed  by  the 
alkaline  solution,  and  the  aqueous  vapour  is  afterwards  removed  by 
the  sulphtiric  acid.    The  vacuum  thus  obtained  is  so  perfect,  that  even 
after  two  operations  it  exercises  no  appreciable  tension.*' 

Even  after  this  limit  has  been  reached,  the  exhaustion  may  be  pushed 
still  further,  "  till  it  must  become  at  last  not  less  complete  than  the 
Toiricellian  vacuum;  while  at  the  same  time  by  suppreasing  the 
maaometor,  the  existence  of  mercurial  vapour  may  be  altogether 
prevented.  The  manipulation  required  to  arrive  at  this  result  will 
not  interfere  with  the  presence  of  even  the  most  delicate  instrument's 
in  the  receiver."    In  an  experiment  which  Dr.  Andrews  describes,  the 


theoretical  residue  of  air  would  be  —^  of  the  entire  quantity  in  the 

receiver,  which  would  cause  a  depression  of  y^  of  an  inch  only^  and 
this,  he  says,  must  have  been  nearly  reahsed.  Such  a  vacuum  has 
remained  without  the  slightest  change  for  fourteen  days.  *  PliiL  Hag.,' 
Feb.,  1852 ;  '  Quart  Joum.  of  Chem.  Soc.,'  vol  v.,  p.  189-192. 

Unless  the  still  more  perfect  carbonic-acid  vacua  employed  Ijy 
Mr.  Gassiot,  and  about  to  bo  described,  should  be  obtainable  in  com- 
paratively large  vessels  acbiptcd  for  the  observation  of  instruments,  &c, 
— ^towards  which  result,  indeed,  Mr.  Gassiot  has  made  some  appmach, 
— Dr.  Andrews's  method  appears  to  be  the  most  eligible  for  the 
generality  of  exact  researches  for  which  a  vacuum  is  required. 

In  a  paper  '  On  the  Electrical  Phenomena  exhibited  in  Vacuo,'  l-y 
Sir  H.  Davy,  in  the  '  Philosophical  Transactions'  for  1822,  he  relates 
some  expenments  which  he  made  for  the  purpose  of  elucidating  "the 
relations  of  electricity  to  space,  as  nearly  void  of  matter  aa  it  can  be 
made  on  the  surface  of  the  earth."  He  repeated  the  electrical  exj)eri- 
ments  with  the  Torricellian  vacuum  of  Morgan  and  Walsh,  and 
instituted  others  with  similar  vacua  above  a  difficultly  fusible  amalgam 
of  mercury  and  tin,  and  above  fused  tin.  With  the  results  as  bear- 
ing on  the  theory  of  electricity  we  are  not  at  present  concerned ;  but 
these  approximations  to  vacuous  space  were,  of  course,  in  reohtr, 
atmospheres  of  the  vapours  of  the  metals  employed,  though  of 
excessive  rarity ;  aad  a  calculation  made  by  Mr.  Babbage  for  the  author 
may  be  cited,  as  indicating  how  minute  must  have  been  the  quantity 
of  matter  which  they  contained — how  great  must  have  been  its 
*'  attenuation,"  in  the  language  of  the  present  day — ^which  is  a  point  of 
information  important  to  the  subject  of  this  article.  Considering  the 
elastic  force  of  vapour  of  water  at  62"  to  be  equal  to  raise  by  its  pressure 
about  '46  of  an  inch  of  mercury ;  the  relative  strengths  of  vapour  will 
be,  reckoning  the  boiling  points  all  from  62%  for  mercury  at  600', 

*000015(J16, and  for  tin,  at  6000%  87016,  preceded  by  48  zeros. 

The  data  on  the  diminution  of  the  density  of  vapours  by  diminution 
of  temperature  supplied  in  this  case  by  the  chemist  to  the  mathema- 
tician were  probably  in  some  degree  erroneous,  and  the  results  would 
be  afi'ected  by  the  limit  to  vaporLsation  for  every  substance  at  a  certiin 
temperature  which  Faraday,  a  few  years  after,  rendered  so  higlily 
probable,  if  not  certain,  but  the  latter  would  operate  to  diminisli  the 
density  of  the  metallic  rapoun  in  question;  and  we  may,  all  things 
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considered,  accept  theae  numbers  as  fair  expreasiona  of  the  minute 
quantities  of  matter  they  are  intended  to  represent. 

Mr.  Grove  ('  Phil.  Trans.'  and  '  Phil.  Mag.,'  1852^  having  originally 
observed  a  peculiar  striation  in  electric  discharges  taken  in  a  well- 
exhauated  air-pump  receiver,  apparatus  in  some  respects  similar  to 
that  employed  by  Davy  has  been  constructed  by  Mr.  Gassiot,  for  the 
further  investigation  of  that  phenomenon  as  observed  in  Torricellian 
vacua,  and  partly  by  means  of  a  process  devised  by  the  late  Mr.  John 
"Welsh  ('  Phil.  Trans.'  1856,  p.  507),  he  has  produced  more  perfect 
Torricellian  vacua  than  any  before  obtained.    'Phil.  Trans.,'  1858, 

pp.  3,  6. 

In  the  continuation  of  the  researches  which  these  experiments  of 

Mr.  Orove  and  Mr.  Gassiot  initiated,  the  united  science  and  ingenuity 

of  several  physicists,  chemists,  and  mechanicians,  have  produced  vacua 

still  more  perfect,  that  is,  still  more  devoid  of  ordinary  or  ponderable 

matter ;  more  strictly  again,  spaces  in  which  a  smaller  amount  of  such 

matter  existed  than  in  any  obtained  before,  and  probably  greatly 

exceeding  in  this  respect  the  most  perfect  Torricellian  vacua  previously 

experimented  with  by  the  old  electricians,  and  by  Davy,  as  well  as 

those  first  employed  by  Mr.  Gassiot  himself.     For  the  purpose  of 

obtaining  them,  a  method  has  been  adopted,  often  indicated,  and  to  a 

certain  extent  employed,  in  chemical  and  physical  research,  but  now 

pursued  with  much  greater  care  and  refinement,  and  with  all  the 

resouTces  to  ensure  accuracy  which  the  most  delicate  operations  of 

mode  m  chemistry  can  supply.    The  vacuum  tubes  to  which  we  bow 

^ude  appear  to  have  been  first  constructed  about  1857,  bv  M.  Geissler, 

of  Bonn,  and  the  vacua  obtained  by  an  application  of  the  method 

alluded  to,  but  which,  it  is  understood,  he  has  not  precisely  explained. 

Mr.  Gassiot,  desirous  of  knowing,  during  the  progress  of  the  experi- 

menbal  research  upon  which  he  had  entered,  the  exact  conditions  imder 

'which  each  particular  vacuum  had  been  obtained,  and  finding  that 

there  was  some  uncertainty  in  the  description  of  those  he  had  obtained 

from  M.  Geissler,  employed  Mr.  Casella  to  construct  above  100  new 

tubes,  each  of  whi(^,  however,  was  charged  and  exhausted  by  himself 

or  in  his  presence.    Kaoh  tube  was  filled,  in  the  first  instance,  with 

atmospheric  air,  hydrogen,  oxygen,  or  nitrogen,  then  exhausted  by  a 

good  air'pump ;  another  supply  of  air  or  of  gas  admitted,  and  the  tube 

again  exhausted  ,*  after  the  repetition  of  this  process  two  or  three  times, 

mercury  was  introduced,  and  the  tube  finally  exhausted  as  a  Torri- 

celliaa  vacuum,  and  lastly  hermetically  sealed ;  the  attenuated  medium 

within  tiius  being  mercurial  vapour,  plus  the  remains  of  air  or  of  the 

gas  with  which  the  tube  had  been  originally  filled. 

Tested  by  the  appearance  of  the  electrical  discharge  from  the 
Buhmkorff  inductive  coil,  found  by  Mr.  Gassiot  in  these  researches  to 
be  the  most  delicate  of  all  tests  of  the  presence  of  ponderable  matter, 
these  vacuum-tubes  were  at  length  ascertained  to  be  void  even  of  the 
slightest  trace  of  air  or  gas,  merciirial  vapour  alone  remaining.  But 
the  progress  of  the  investigation  required  that  this  also  should  be 
removed,  and  a  still  nearer  approach  to  empty  space  obtained.  This 
was  efiected  by  a  refined  modification  of  Dr.  Andrews's  process  already 
described,  suggested  by  Dr.  Frankland;  tubes,  into  which  caustic 
potash  hsul  been  introduced,  being  repeatedly  filled  with  carbonic  acid 
and  exhausted ;  finally  exhausted  to  the  utmost  limit  of  the  capability 
of  the  air-pump,  and  sealed.  These  were  found,  on  the  application  of 
the  electrical  test,  to  be  &r  more  perfect  vacua  than  the  Torricellian, 
and  when  the  infinitesimally  rare  included  atmosphere  of  carbonic 
acid  gas  was  exposed  to  the  action  of  a  large  surfacs  of  hydrate  of 
potash,  the  vacuum  no  longer  permitted  the  electrical  discharge  to 
pass,  a  result  first  obtained  by  Mr.  Gassiot,  and  in  these  researches ; 
when  the  potash  was  heated,' more  ponderable  matter  being  diffused  in 
the  tube,  the  discharge  again  passed ;  but  on  allowing  it  to  cool, 
the  tube  resumed  its  insulating  state.  These  results  were  given 
by  a  tube  40  inches  long  and  1|  inch  internal  diameter.  An 
excellent  carbonic-acid  vacuum  was  obtained  by  the  same  method 
in  an  egg-shaped  vessel,  22  inches  long  and  7  inches  in  its  greatest 
diameter ;  but  this  did  not  insulate  the  discharge, — judging  from  the 
appearance  of  which,  this  vacuum  may  be  inferred  to  be  about  equal, 
though  in  so  large  a  vessel,  to  the  best  Torricellian  vacuum  in  com- 
paratively  narrow  tubes.  The  minute  fraction  of  ponderable  matter  pre- 
sent does  not  appear  to  have  been  calculated  in  any  of  these  instances. 
This  is  the  nearest  approach  to  a  true  physical  vacuum  that  science 
has  yet  succeeded  in  producing.  Mr.  Gassiot  concludes  his  paper  with 
the  remark — adopting  a  suggestion  made  by  Mr.  Brayley — **  The  fact 
that  a  vacuum  so  perfect  can  be  obtained  in  a  closed  vessel  containing 
such  a  substance  as  hydrate  of  potassa,  would  excite  a  hope  that  the 
limit  to  vaporation  (vaporisation),  the  existence  of  which  Faraday  and 
others  have,  if  not  proved,  at  least  rendered  so  probable,  may  be 
deterlnined,  and  even  its  consequences  exhibited  by  direct  experiments" 
('  Phil.  Trans.,'  1868,  p.  157.), 

Such  is  the  present  condition  of  this  subject,  one  of  the  most  in- 
teresting and  most  extensive  in  its  philosophical  applications  which 
can  claim  the  attention  of  the  physicist  and  the  chemist.  The  bearings 
of  Mr.  Gassiot's  results,  and  of  those  obtained  by  other  experimenters 
with  similar  apparatus,  on  the  nature  and  theory  of  electiicity,  how- 
ever important,  are  foreign  to  the  object  of  this  article.  But  the 
^irms  in  which  they  have  been  described  and  the  reasoning  which  has 
been  founded  upon  them,  involve  a  subject  which  is  strictiy  within 
its  scope.    We  conceive  that  the  true  and  inunsdiats  induction  from 


these  results,  is,  in  general  terms,  that  in  consequence  of  the  diminu- 
tion in  deuHity  of  the  media  through  which  the  electricity  has  to  pass 
— that  is,  of  the  diminution  of  the  quantity  of  matter  contained  in  a 
given  space — certain  properties  of  electricity  are  exhibited  in  a  manner 
which  a  denser  medium  precludes  it  from  manifesting :  that  this  takes 
place  up  to  a  certain  point  of  rarefaction,  through  which,  if  electricity 
can  pass  at  all,  greater  intensity  is  required ;  or  it  may  even  be  that  a 
vacuum  absolutely  free  from  ponderable  matter,  which  luminous 
electricity  requires  for  its  production  and  convection,  has  been  tempo- 
rarily obtained.  Considering  the  nature  and  circumstances  of  the 
vessels  and  materials  by  whicn  only  it  can  be  obtained,  it  must  necessa- 
rily be  temporary  only.  But  the  results  have  been  described  and 
reasoned  from  (originally,  we  believe,  on  account  of  certain  views 
respecting  the  nature  of  matter  entertained  by  Mr.  Grove,  to  which  we 
have  elsewhere  adverted),  as  if  they  depended,  not  on  the  removal  of 
ponderable  matter,  but  on  its  presence  in  an  increased  degree  and  witii 
increased  causation  of  phenomena.  But  in  proportion  to  the  com« 
pleteness  with  which  such  matter  is  removed  from  an  inclosed  spacsi 
the  ether  which  it  still  contains  will  be  more  free  to  exhibit  its  pecu- 
liar properties,  unimpaired  by  the  presence  of  an  inferior  and  grosser 
form  of  matter ;  and  the  phenomena  which  have  been  attributed  to 
"  attenuated  (ordinary)  matter,"  ought,  we  conceive,  to  be  ascribed  to 
the  unincumbered  etiier  which  remains.  The  fact  that  a  certain 
amount  of  ordinary  matter  is  essential  to  the  manifestation  of  any 
sensible  effects  whatever  by  the  electricity  does  not  militate  against 
this  conclusion.  It  should  be  so.  The  conduction,  or  the  convection 
by  induction,  of  electricity  belongs  to  ordinary  matter,  while  the 
reception  and  transmission  of  impressions  from  it  in  the  form  of  light 
and  heat,  belong  to  the  higher  order  of  matter,  the  ether* 

VAGABOND.    [Vaorant.] 

VAGBANT.  This  term,  which  in  its  etvmological  meaning  simply 
denotes  "  a  wandering  person,"  is  obviously  derived  from  the  Latin 
vago.  It  was  probably  introduced  into  our  law  language  from  the 
Norman  fVench ;  the  phrase  "  vageranU  de  lieu  en  lieu  currantz  per 
pcUii  *'  occurring  in  our  early  statutes  in  the  sense  in  which  the  word 
'*  vagrant "  is  used  in  common  language  at  the  present  day.  (Stat  7 
Ric.  II.,  c.  5.)  The  persons  to  whom  it  is  applied  in  ancient  documents 
are  usually  classed  with  "  faitours,"  (a  woid  of  doubtful  origin,  but 
meaning  an  idle  Uver  or  slothful  person :  Cowell's  '  Interpreter ; ' 
Kelham's  'Dictionary,')  ** travelyng-men,"  and  ''vagabonds.  The 
latter  expression,  ''  vagabundus,"  was  known  throughout  Kurope  iu 
connection  with  feudal  law,  and  is  interpreted  to  mean  "  orebro  vagans, 
cui  nee  certum  domicilium,  neo  constans  habitatio  est."  (Calvini 
'  Lexic  Jurid')  It  was  tised  in  this  sense  in  English  law  as  early  a* 
the  reign  of  Henry  II.  (Cowell's  '  Interpreter.')  Modern  laws  have 
however  given  to  the  word  "  vagrant "  a  much  more  extended  meaning, 
in  the  application  of  which  the  notion  of  wandering  is  entirely  lost. 

In  the  course  of  the  transition  made  by  tiie  lower  classes  of  society 
from  the  condition  of  feudal  villeins  to  tliat  of  free  labourers,  vagrancy 
and  mendicity  necessarily  ensued  from  the  unsettled  state  of  the  poor ; 
and  in  most  countries  where  feuds  had  prevailed,  severe  laws  were 
made  to  repress  the  evils  which  sprung  from  this  source.  In  England 
various  statutes  and  ordinances  passed  from  time  to  time  to  obviate 
the  inconveniences  arising  from  wandering  mendicancy.  The  earliest 
of  these  was  a  statute  of  ordinance,  made  in  the  23rd  year  of  Edward 
IIL  (1849),  commonly  called  the  Statute  of  Labourers,  which,  after 
reciting  that "  many  sturdy  beggars  (validi  mendicantes)  were  enabled 
by  the  gains  of  begging  to  live,  and  to  devote  themselves  to  pleasures 
and  sins,  and  sometimes  to  thefts  and  other  crimes,"  forlwde  "all 
persona,  on  pain  of  imprisonment,  to  give  anything  under  colour  of 
piety  or  chanty  to  such  as  were  able  to  labour."  In  1366  there  is  a 
petition  of  the  Commons  complaining  of  wandering  artificers  and 
servants  becoming  bcqggars  in  order  to  support  an  idle  Ufe,  and  praying 
that  it  might  be  forbidden  under  a  penalty  for  any  one  to  give  alms  or 
sustenance  to  any  such  idle  beggars ;  and  that  they  should  be  appre- 
hended and  put  in  the  stocks  or  sent  to  jail  until  they  found  surety  for 
their  retum  to  their  own  country.  (*  Rolls  of  Parliament,'  vol.  i.,  p. 
840.)  The  answer  to  this  petition  does  not  appear  :  but  a  few  years 
afterwards  a  statute  was  passed  making  it  (almost  in  the  language  of 
the  petition)  penal  for  artificers,  servants  in  husbandry,  and  others, 
without  a  special  licence,  to  quit  the  town,  hundred,  or  wapentake  in 
which  they  lived,  to  live  and  work  in  another  town,  hundred,  or 
wapentake;  and  persons  found  vagrant  {v<igarant)  without  such 
licence  might  be  placed  in  the  stocks  and  imprisoned  by  the  local 
authorities,  until  they  found  security  for  their  retum  to  the  place  to 
which  they  properly  belonged.  (Stat.  12  Hie.  II.,  a  3.)  It  was  also 
enacted  that  *'  those  who  were  able  to  work  and  went  begging  should 
be  dealt  with  as  persons  travelling  without  a  licence,  and  that  beggars 
unable  to  work,  dwelling  in  cities  or  towns,  should  remain  in  such 
cities  or  towns ;  that  if  such  cities  and  towns  were  unable  to  support 
them,  they  should  be  taken  to  other  places  within  the  same  bundled  or 
wapentake,  or  to  the  place  of  their  birth,  and  there  remain  during 
their  lives."  (Stat.  12  Hie.  II.,  o.  7.)  And  it  was  probably  upon  the 
principle  declared  by  these  laws,  that  in  the  15th  century  it  was  held 
to  be  lawful  for  any  person  to  arrest  and  send  to  jail  a  man  "  found 
wandering  {vagararU)  in  such  manner  that  it  is  unknown  how  he  gets 
his  living."  (*  Year  Book,'  9  Edw.  IV.,  c.  27.)  A  sUtute  which  was 
passed  in  1494  declared  that  all  "vagabonds,  idle  and   suspected 
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persons,  should  be  set  in  the  stocks  three  days  and  three  nights,  and  > 
have  none  other  sustenance  but  bread  and  water,  and  then  should  be 
put  out  of  the  town ;  and  that  whosoever  should  give  such  idle 
persons  more  should  forfeit  12  pence;  and  that  every  beggar  not  able 
to  work  should  resort  to  the  hundred  where  he  last  dwelt,  was  best 
known,  or  was  bom,  and  there  remain,  upon  the  pain  aforesaid." 
(Stat.  11  Hen.  VII.,  c.  2.)  This  vague  enactment  was  followed  by  the 
more  definite  provisions  of  the  stat.  19  Hen.  VII.,  c.  12,  which 
declared  that  impotent  beggars  should  go  to  and  abide  in  the  citv,  town, 
or  hundred  where  they  were  bom,  or  else  the  place  where  they  had 
made  their  last  abode  for  three  years ;  and  this  rule  of  settlement  was 
adopted  in  the  statutes  subsequently  passed  against  vagrancy  in  the 
reigns  of  Henry  VIII.,  Edward  VI.,  Mary,  and  Elizabeth.  (Nolan's 
•  Poor  Law,*  chap,  xv.)  By  stat.  22  Hen.  VIII.,  c.  12,  the  justices  of 
the  peace  in  every  county  were  empowered  to  grant  licences  under  seal 
to  "  poor,  aged,  and  impotent  persons,"  to  beg  within  a  certain  precinct; 
and  persons  begging  without  licence  or  out  of  their  precincts  were  to 
be  whipped  or  set  in  the  stocks  for  three  days  and  tnree  nights,  with 
bread  and  water  only.  This  provision  applied  to  impotent  vagrants. 
On  the  other  hand  it  was  provided  that  if  any  person, ''  being  whole 
and  mighty  in  body,"  and  able  to  labour,  should  be  found  begging  or 
vagrant,  he  should  be  taken  before  a  magistrate,  who  might  directhim 
to  be  whipped  out  of  the  place  at  the  end  of  a  cart,  "  till  his  body  was 
bloody,"  and  should  then  be  sworn  to  return  to  the  place  where  he  was 
bom,  or  last  dwelt  by  the  space  of  three  years,  and  there  to  put  him- 
self to  labour  as  a  true  man  ought  to  do.  He  was  to  be  provided  with 
tk  certificate  of  his  punishment,  stating  the  place  to  which  he  was  going 
and  the  time  allotted  for  his  journey ;  and  during  that  time  he  might 
ibeg  by  the  way.  Another  law  passed  against  beggars  and  vagabonds 
was  the  27  Hen.  VIII.,  c.  25,  which,  though  severe  in  its  terms  against 
^uch  persons,  approached  more  nearly  to  just  principles  than  previous 
enactments  on  the  same  subject,  inasmuch  as  it  provided  a  legal  mode 
of  supporting  the  poor,  and  thus  took  away  the  common  apology  for 
•vagrancy.  This  law  directed  the  governors  of  shires,  cities,  towns, 
jhamlets,  and  parishes,  to  find  and  keep  every  aged,  poor,  and  impotent 
person,  by  way  of  voluntary  and  charitable  alms,  with  such  convenient 
alms,  that  none  of  them  should  be  compelled  to  go  openly  in  begging : 
childi-en  under  fourteen  years  of  age  and  above  five,  taken  begging, 
were  to  be  put  to  work :  "  a  valiant  beggar  or  sturdy  vagabond  "  was 
to  be,  for  the  first  offence,  whipped  and  sent  to  his  place  of  settlement ; 
and  if  he  continued  his  roguish  life,  to  have  the  upper  part  of  the 
gristle  of  his  right  ear  cut  off;  and  if  after  that  he  was  taken  wandering 
in  idleness,  or  did  not  apply  to  his  labour,  or  was  not  in  service  with . 
any  master,  he  was  to  be  indicted  and  tried  as  a  felon,  and  if  found 
guilty,  to  suffer  death. 

Notwithstanding  the  above  laws,  vagnmcy  appears  to  have  greatly 
increased  at  the  commencement  of  the  reign  of  Edward  VI.,  of  which 
effect  the  abolition  of  monasteries  was  one  main  cause.  Previously  to 
the  Reformation  churches  were  bound  by  law,  both  civil  (stat.  15 
Rich.  II.,  c.  6)  and  ecclesiastical,  to  contribute  a  portion  of  their 
income  to  the  living  and  sustenance  of  the  poor,  and  the  gates  of 
the  religious  houses  were  thronged  by  beggars,  who  daily  received  a 
donation  of  food,  and  sometimes  of  money.  This  practice  contributed 
no  doubt  to  increase  the  number  of  idle  beggars,  who,  upon  the  with- 
drawal of  their  accustomed  means  of  support  by  the  dissolution  of 
the  monasteries,  became  vagrants.  To  remove  the  pressure  of  the 
evil  thus  occasioned,  an  enactment  of  unexampled  severity  was  devised. 
The  stat.  1  &  2  Edw.  VI.,  c.  8,  after  reciting  that "  the  multitude  of 
people  given  to  vagabondrie  and  idleness  had  always  been  within  this 
realm  very  great,  and  more  in  number  than  in  other  regions,"  and  that 
the  laws  of  preceding  reigns  had  been  found  ineffectual,  repealed  all 
statutes  previously  made  for  the  punishment  of  vagabonds  and  sturdy 
beggars.  It  then  enacted  that  all  able-bodied  persons,  without  property 
sufficient  for  their  support,  who  should,  "either  like  serving  men 
wanting  masters,  or  like  beggars,  or  after  any  other  such  sort,  be 
lurking  in  any  house,  or  loitering  or  idle-wandering  by  the  highway's 
side,"  or  who  in  towns  should  not  apply  themselves  to  any  service  or 
art,  and  should  so  continue  for  three  days  without  offering  to  labour 
for  meat  and  drink  (if  no  man  otherwise  will  iaike  them);  or  who, 
having  been  taken  to  service,  should  leave  their  work  or  run  away, 
should  be  taken  to  be  vagabonds ;  and  that  it  should  be  lawful  for 
any  person  having  offered  or  given  work  to  any  such  idle  person,  and 
for  any  other  person  espying  the  same,  to  bring  such  idle  person  before 
two  justices,  who  should  inmiediately  cause  him  to  be  marked  with  a 
hot  iron  on  the  breast  with  the  letter  y,  and  adjudge  him  to  such  pre- 
senter "  to  be  his  dave  ;  to  have  and  to  hold  the  said  dave  wUo  him,  his 
executors,  or  asnfftis,  for  the  space  of  two  years  then  next  foUowing,  and 
to  order  the  said  slave  as  followeth  (that  is  to  say),  to  take  such  slave 
with  him,  and  only  giving  him  bread  and  water,  or  small  drink  and 
such  refuse  of  meat  as  he  shall  think  meet,  cause  him  to  work  by  beat- 
ing, chaining,  or  otherwise  in  such  work  and  labour  (how  vile  soever  it 
be)  as  he  shall  put  him  unto."  The  statute  also  provides  that  an  action 
of  trespass  may  be  maintained  for  a  nmaway  slave,  and  that  the  run- 
away himself  shall,  upon  his  apprehension,  be  adjudged  by  two  justices 
to  be  his  master's  slave  for  ever.  If  he  ran  away  a  second  time,  the 
slave  became  a  felon,  and  might  be  tried  and  executed  as  such.  This 
lingular  enactment  further  declared  that  a  master  might  "  let,  set 
forth,  sell,  bequeath  or  give"  the  service  and  labour  of  such  slaves. 


upon  such  condition  and  for  such  term  of  years  as  he  might,  do^whlj 
any  other  of  his  moveable  goods  or  chattels.  *'  Some  thought,"  bats 
Burnet,  "  this  Jaw  against  vagabonds  was  too  severe,  and  coDtrary  t » 
that  coDomon  liberty  of  which  the  English  nation  has  always  been  vrry 
sensible.  Yet  it  could  not  be  denied  but  extreme  diseases  required 
extreme  remedies;  .and  perhaps  there  is  no  punishment  too  m&rere 
for  persons  that  are  in  health,  and  yet  prefer  a  loitering  course  ul 
life  to  an  honest  employment"  ('  Histoxy  of  the  Refoimation, 
vol.  ii.,  p.  45.) 

The  consequence  of  the  absurd  severity  of  this  law  was  iha^  ite  pro- 
visions were  not  carried  into  execution;  and  being  found  '^h.c*]lT 
ineffectual,  it  was  repealed  by  the  statute  8  &  4  Edw.  VI.,  c  16,  Drhicli 
also  repealed  all  former  laws  upon  the  same  subject  exceptixig^  thv 
22  Hen.  VIII.,  c.  12.  Another  statute  of  the  same  reign  {5  St  6 
Edw.  VL,  c.  2)  slightly  modified  the  preceding  laws;  but  the  r«|^u]a- 
tion  of  vagrants  and  mendicants  stood  in  eff^  upon  the  footing  c<f 
the  three  last-mentioned  statutes  until  the  latter  part  of  the  rei^n  o€ 
Elizabeth. 

About  the  beginning  of  the  reign  of  Elizabeth,  a  deserip^on  of  per- 
sons called  rogues  first  appeared  in  the  general  class  of  vagrants.      The 
derivation  of  this  word  is  variously  given  by  etymologists.     Home 
Tooke  derives  it  from  a  Saxon  word  signifying  **  cloaked,"  or  covered. 
('  Diversions  of  Purley,'  vol.  ii.)    Webster  takes  it  from  another  Saxon 
word,  and  Dr.  Johnson  admits  its  derivation  to  be  imcertain.     Hadi- 
bard  says  "the  word  is  but  a  late  guest  in  our  law;  for  the  ancient 
statutes  call  such  a  one  a  valiant,  strong,  or  sturdy  beggar,  or  va^»- 
bond,  and  it  seemeth  to  be  fetched  from  the  Latin  *  rogator,'  an  aaker 
or  beggar."    ('  Eirenarcha,'  book  iv.,  chap.  4.)    Dalton  also  says  "  s 
rogue  may  be  so  called  quia  ostiatim  rogat."    ('  Country  Jnstice/ 
chap.  88.)     It  is  believed  that  the  word  does  not  occur  in  the  English 
language  before  the  middle  of  the  16th  century ;  and  if  so,  it  is  pro- 
bably  one  of  those  numerous  cant  worda  by  which,  at  that  period, 
vagrants,  in  counterfeiting  Egyptians  or  gipsies,  began  to  designate 
different  classes  of  their  own  *' ungracious  rabble,"  and   of  which 
Harrison  enumerates  twenty-three  degrees.     (Harrison's  '  Description 
of  England,'  prefixed  to  Holinshed's '  Chronicles.') 

In  the  course  of  the  reign  of  Elizabeth  the  evils  of  vagrancy  increased 
to  an  alamiiing  extent ;  and  although  the  accounts  given  by  historians 
of  the  multitude  of  vagabonds  in  England  are  founded  upon  rude  esti- 
mates, and  are  probably  somewhat  exaggerated,  there  is  undoubted 
evidence  that  the  numbers  and  attitude  of  these  persons  at  that  period 
constituted  an  evil  of  dangerous  magnitude.    Strype  relates  that  in 
1569  circular  letters  were  issued  by  the  privy  council  to  the  sheriffs  of 
the  different  counties,  directing  them  to  search  for  and  apprehend  ''all 
vagabonds  and  sturdy  beggars,  commonly  called  rogws  or  Egyptians  /* 
and  he  says  that  on  the  search  through  the  nation  13,000  "  masterless 
men  "  were  taken  up.     (Strype's  *  Axmals,'  vol  i.,  part  2,  pp.  295,  296, 
554.)    Harrison,  who  wrote  towards  the  end  of  Elizabeth's  reign,  states 
that  the  number  of  vagrants  in  England  in  his  time  amounted  to  above 
10,000  ('  Description  of  England") ;   and  Stiype  publishes  a  paper, 
written,  in  1596,  by  a  justice  of  the  peace  of  Somersetshire,  which 
affirms  that  there  were  800  or  400  wandering  idle  people  in  every 
county,  who  met  at  fsdrs  and  markets  for  purposes  of  theft  and  rapine, 
and  who  sometimes  assembled  in  troops  to  the  number  of  60,  and  com- 
pletely overawed  the  magistrates  and  constables  by  their  audacious 
threats.    (Strype's  *  Annals,'  vol.  iv.,  p.  405.)    The  recorder  of  .Loudon, 
in  a  letter  to  Lord  Burleigh,  written  in  1581  (Ellis's  '  Letters,'  voL  iL, 
p.  283),  gives  a  remarkable  account  of  the  prevalence  of  vagrants  in  the 
metropolis  at  that  period.     He  says,  that  being  informed  that  the 
queen,  "in  taking  of  the  air  in  her  coach  at  IsUngton,  had  been 
environed  with  rogues,"  he  went  abroad  himself  and  took  seventy-four 
rogues, "  whereof  some  were  blind,  and  yet  great  usurers  and  very 
rich."    A  day  or  two  afterwards  he  says  that,  in  consequence  of  war- 
rants issued  by  him,  he  received  "  a  shoal  of  forty  rogues,  men  and 
women,  from  Southwark,  Lambeth,  and  Newington,"  and  after  bestow- 
ing them  in  Bridewell,  he  **  pemsed  "  St.  Paul's,  and  took  about  twenty 
'*  cloaked  rogues  that  there  used  to  keep  standing."    Notwithstanding 
this  zeal  and  activity,  vagrants  still  increased  in  the  metropolis,  both 
in  numbers  and  audacity ;  and  the  efforts  of  the  ordinary  magistrates 
having  failed  to  prevent  the  frequent  and  dangerous  disorders  and 
tumults  occasioned  by  offenders  of  this  description,  they  were,  in  1595, 
placed  under  martial  law.     The  instrument  appointing  a  provost- 
marshal  for  this  purpose  authorises  that  officer  ''  to  repair  with  a  con- 
venient company  to  all  common  highways  near  to  the  city  of  London, 
where  he  should  understand  that  any  vagrant  persons  did  haunt ;  and 
calling  to  his  assistance  some  convenient  number  of  justices  and  con- 
stables, to  apprehend  all  such  vagrant  and  suspected  persons,  and 
deliver  them  to  the  said  justices,  to  be  by  them  committed  and 
examined  of  the  causes  of  their  wandering."    It  then  directs  him  that 
"  if  such  persons  should  be  found  notoriously  culpable  in  the  unlawful 
manner  of  life,  as  incorrigible,  and  should  be  so  certified  to  him  by  tbe 
justices,  he  should  by  law-martial  cause  some  of  them  to  be  executed 
upon  the  ^ows  or  gibbet."    (Rymer's  '  Foedera/  vol.  xvL,  p.  279.) 

The  means  of  suppressing  or  diminishing  vagrancy  and  mendicancy 
were  constant  subjects  of  discussion  in  the  parliaments  of  EUizabetlL 
With  this  view,  extraordinary  means  of  relief  were  devised.  Voluntanf 
subscriptions  of  sums  of  money,  varying  in  amount  according  to  the 
rank  and  supposed  ability  of  the  contributors,  were  made  in  both 
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Houses  to  relieve  "  the  great  number  of  poor  people  pressing  in  the 
Btreeta  to  beg."    (D'Ewes's  '  Journals/  pp.  462,  463,  499,  603.)    Orders 
"Were  alas  m^e  that  those  who  preferred  private  bills  in  the  House  of 
CoDimons  should  pay  lOl.  or  5/.,  accoi'ding  to  the  subjects  of  their 
bills,  to  the  relief  of  the  poor,  to  be  distributed  as  the  House  should 
appoint.     (D'Ewes^s  'Journals,'  p.  665.)     Several  statutes  were  also 
passed,  at  one  time  increasing  the  punishment  for  vagrancy,  and  then 
repealing  it,  without  any  settled  principle  of  legislation.    In  some  of 
these  statutes,  however,  the  notion  of  a  parochial  fund  tof  the  relief  of 
the  poor,  and  the  principle  of  taxing  the  parishioners  for  that  purpose, 
are  distinctly  recognised.     (Stat^  5  Eliz.,  c.  3;  14  Eliz.,  c.  5;  and 
18  Eliz.,  c.  3.)    At  length,  in  1597,  after  experience  had  shown  that 
temporary  expedients  and  ill-directed   charity    only   increased   the 
amount  of  vagrancy,  and  that  severe  punishments  and  penalties  were 
whoUy  ineffectual  in  preventing  it,  the  House  of  Commons  appointed 
a  committee  to  whom  most  of  the  existing  laws  relating  to  the  con- 
dition of  the  poor,  as  well  as  certain  bills  for  their  amendment,  wera 
referred.    (D'Ewes's  'Journals,'  p.  561.)    This  committee,  of  which 
Sir  Francis  Bacon  was  member,  and  which  was  composed  of  all  the 
practical  men  of  the  House,  seems  to  have  perceived  and  to  a  certain 
extent  acted  upon  the  principle  that,  in  order  to  justify  severity  against 
vagrancy  and  mendicity,  it  was  necessary  to  provide  the  means  of 
relieving  that  destitution  which  was  the  ready  and  plausible  excuse  for 
both.    They  therefore  prepared  the  stat.  39  Eliz.,  o.  3,  which  for  the 
first  time  organised  that  machineiy  for  the  legal  relief  of  the  poor 
which  was  a  few  years  afterwards  completed  and  made  perpetual  by 
the  stat.   43  Eliz.,  c.  2.     The  same  committee  also  recommended 
measures  for  encouraging  the  building  of  "  hospitals,  or  abiding  and 
working  houses,"  for  the  poor,  and  for  improving  and  refqnning  such 
as  were  already  in  existence,  but  had  been  nusappUed  or  abused.    And 
at  the  same  time  they  introduced  a  more  rational  enactment  for  the 
correction  and  suppression  of  fraudulent  vagrancy  than  had  previously 
existed.     (Stat.  39  EHz.,  c.  4.)    ''Many  statutes,"  says  Sir  Edward 
Coke  (2  '  Inst.'  728),  "  have  been  made  for  the  punishment  of  rogues, 
vagabonds,  and  sturdy  beggars,  but  very  few  to  find  them  work  and  to 
enforce  them  thereunto."    The  statute  39  Eliz.,  c.  4,  supplied  this 
deficiency  by  providing  houses  of  correction,  with  stocks,  and  materials 
for  the  employment  of  the  inmates,  and  by  enforcing  the  use  of  the 
means  thus  placed  in  the  hands  of  the  poor  by  severe  penalties  against 
the  idle.    The  provisions  of  this  statute,  with  some  alterations  nuide  by 
the  stat.  1  Jac  I.,  c.  25,  continued  in  force  during  the  whole  of  the 
17th  century;  and  when  repealed  by  the  stat.  12  Ann.,  stat.  2,  c.  23, 
still  served  as  the  model  and  foundation  for  future  acts.    It  declared 
that  the  following  persons  should  be  deemed  rogues,  vagabonds,  and 
sturdy  beggars : — 1,  persons  calling  themselves  scholars  going  about 
begging ;  2,  sea-faring  men,  pretending  losses  of  their  ships  or  goods, 
goiug  about  begging ;  3,  idle  persons  going  about  the  country,  either 
begging  or  using  any  subtle  craft  or  unlawful  games  or  plays,  or 
feigning  themselves  to  have  knowledge  in  physiognomy,  palmistry,  or 
telling  fortunes ;  4,  persons  that  were  or  uttered  themselves  to  be  pro- 
curers or  collectors  for  jails  or  hospitals ;   5,  fencers,  bear-wsurds, 
common  players  of  interludes  and  minstrels  wandering  abroad,  other 
than  players  of  interludes  belonging  to  any  baron  of  the  realm,  or  any 
other  honourable  personage  of  greater  degree  [Theatre]  ;  6,  jugglers, 
tinkers,  pedlars,  and  petty  chapmen,  wandering  abroad ;  7,  wandering 
persons  and  common  labourers,  able  in  body,  using  loitering,  and 
refusing  to  work  for  reasonable  wages,  and  having  no  other  means  of 
maintenance;  8,  persons  delivered  out  of  jail  who  begged  for  their 
fees,  or  otherwise  travelled  begging ;  9,  persons  who  wandered  abroad 
begging,  pretending  losses  by  fire,  or  otherwise ;  10,  persons,  not  being 
felons  {i.e.,hj  a  late  statute,  5  Eliz.,  c.  20),  wandering  and  pretending 
themselves  to  be  Egyptians.    A  person  who  committed  any  of  the 
above  offences  might,  by  the  appointment  of  any  justice,  constable, 
hcadborough,  or  tything-man  (the  headborough  or  ty thing-man  being 
assisted  therein  by  the  advice  of  the  minister  and  another  of  the 
parish),  be  openly  whipped  till  he  was  bloody,  and  then  sent  from 
parish  to  parish  till  he  came  to  the  parish  where  he  was  bom :  if  that 
was  unknown,  to  the  parish  where  he  last  lived  for  a  year ;  and  if  that 
again  was  unknown,  to  the  parish  where  he  last  passed  without  punish- 
ment.    He  was  provided  with  a  testimonial  of  his  punishment,  and  of 
the  place  whereunto  he  was  to  go,  stating  the  time  limited  for  that 
purpose ;  and  if  he  was  found  loitering  by  the  way,  he  might  again  be 
whipped.    If  any  rogue  appeared  to  be  dangerous  to  the  inferior  sort 
of  people,  or  not  likely  to  be  reformed  (an  expression  which  seems  to 
have  led  to  the  phrase  "  incorrigible  rogues  "),  two  justices  might  com- 
mit him  to  jail  till  the  next  quarter-sessions,  and  then  he  might  by  the 
justices  there  be  either  banished  out  of  the  realm,  or  adjudged  per- 
petually to  the  galleys  of  the  realm ;  and  any  banished  rogue  returning 
witliout  leave  became  a  felon. 

The  several  judicious  measures  which  were  enacted  at  this  period 
for  the  relief  and  employment  of  the  deserving  poor,  and  the  punish- 
ment of  idle  and  profligate  beggars  and  vagrants,  effectually  checked 
for  a  time  the  evil,  which  had  only  increased  in  magnitude  under  the 
previous  inefficient  and  inconsistent  laws.  Sir  Edward  Coke,  whose 
testimony  as  a  contemporary  is  valuable,  says,  that "  upon  the  making 
of  the  statute  of  39  Elizabeth,  and  a  good  space  after,  whilst  justices  of 
peace  and  other  officers  were  diligent  and  industrious  there  was  not  a 
rogue  to  be  seen  in  any  part  of  England ;  but  when  justices  t^nd  othe^ 
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officers  became  tqndi  or  trepidi,  rogues,  &c.  swarmed  again."  (2  '  Inst.' 
729.)  TIus  disposition  on  the  part  of  magistrates  to  neglect  or  relax 
the  laws  relating  to  vagrants  is  noticed  in  a  proclanoation  made  soon 
after  the  accession  of  James  I.,  in  September,  1603,  which,  after  re- 
citing  the  stat.  89  Eliz.  c.  4,  and  that  great  benefit  hiui  at  first  ensued 
from  its  due  execution,  but  that,  by  the  remissness,  negligence,  and 
connivancy  of  justices,  vagrants  again  swarmed  and  abounded  every* 
where  more  frequently  than  in  times  past,  calls  upon  all  justices  of 
peace,  mayors,  and  other  officers  whatsoever,  to  see  that  the  said 
"profitable  and  necessary  law"  should  be  carefully,  duly,  and  exactly 
executed  (Rymer's  '  Fooa.,'  vol.  xvi,  p.  554).  The  continued  unwil- 
lingnesB  of  magistrates  to  enforce  the  statute  of  Elizabeth,  notwith- 
stauading  the  above  proclamation,  occasioned  the  passing  of  the  stat. 
7  Jac.  I  .c.  5,  which  compelled  the  j^istlces  of  every  county  under 
heavy  penalties  to  erect  proper  houses  of  correction  for  setting  rogues, 
vagabonds,  and  other  idle  and  wandering  persons  to  work,  and  also 
required  them  to  meet  twice  a  year  or  oftener,  if  occasion  required,  for 
the  better  execution  of  the  Jaw.  The  justices  were  also  directed  to 
cause  a  general  privy  search  to  be  made  before  each  of  their  meetings 
for  finding  out  and  apprehending  vagrants,  who  were  then  to  be 
brought  before  them  for  pxmishment ;  and  all  constables  and  tything- 
men  were  required  to  make  a  return  on  oath  to  the  justices  of  the 
number  of  vagrants  apprehended  by  them.  By  this  statute  it  was  also 
enacted  that  persons  running  away  and  leaving  their  families  upon  the 
parish  should  "  be  deemed  and  taken  to  be  incorrigible  rogues,  and 
endure  the  pain  of  incorrigible  rd|;ue&"  This  phrase  was,  therefore,  at 
that  time  become  familiar,  though  it  does  not  occur  in  any  earlier 
statute.  In  all  probability,  however,  it  denoted  the  class  of  persons 
mentioned  In  the  stat.  39  Eliz.  c.  4,  who  are  there  called  "  dangerous 
rogues,  or  rogues  not  likely  to  be  reformed,"  and  who  were  liable  to  be 
committed  to  jaU  until  the  sessions,  and  then  banished. 

The  laws  relating  to  vagrants  continued  substantially  upon  the  foot- 
ing of  the  statutes  of  39  Eliz.  and  7  Jaa  L  for  more  than  a  century, 
until,  in  1744,  they  were  reconsidered  and  remodelled  by  the  stat.  17 
Qeo.  II.,  c.  5.  This  was  the  first  legislative  measure  which  distributed 
vagrants  into  the  three  classes  of  idle  and  disorderly  persons,  rogues 
and  vagabonds,  and  incorrigible  rogues.  Although  tms  statute  ia  now 
wholly  repealed,  it  continued  in  force .  nearly  a  century ;  and  as  its 
provisions,  as  well  as  those  of  two  supplemental  statutes  on  the  same 
subject,  are  material  with  respect  to  tne  general  history  of  the  laws 
respecting  vagrants,  it  may  be  desirable  briefly  to  state  them.  It  may 
be  remarked  that  the  several  offences  comprised  in  these  classes  still 
bore  the  character  of  wandering,  in  conformity  with  the  object  of  all 
previous  enactments  upon  this  subject. 

By  the  stat.  17  Geo.  II.,  c.  5,  and  the  supplemental  statutes  passed 
previously  to  the  new  Vagrant  Act,  5  Geo.  IV.,  c  83,  idle  and  dis- 
orderly persons  were  defined  to  be — 1.  Those  who  threatened  to  run 
away  and  leave  their  families  upon  the  parish.  2.  Those  who  returned 
to  a  parish  from  which  they  had  been  removed  as  paupers.  3.  Those 
who  refused  to  work  for  usual  wages.  4.  Those  who  neglected  work  or 
spent  their  earnings  improperly,  so  that  their  families  became  change- 
able to  the  parish  (stat  32  Geo.  III.,  c.  45,  s.  8).  And  all  such  persons 
might  be  summarily  convicted  by  a  magistrate,  and  committed  to  hard 
labour  in  the  house  of  correction  for  a  month. 

Jtoffues  and  vagabonds  were  defined  to  be — 1.  Those  who  went  about 
as  gatherers  of  alms  under  pretence  of  loss  by  fire  or  other  casualty,  or 
as  collectors  for  prisons  or  hospitals.  2.  Fencers  and  bear-wards.  3. 
Common  players  of  interludes,  and  all  actors  for  hire  not  authorised 
by  law  [Theatre].  4.  Minstrels  and  jugglers.  5.  Those  who  pre- 
tended to  be  gipsies,  or  to  have  skill  in  physiognomy,  palmistry,  or 
like  crafty  science,  or  to  tell  fortunes,  or  who  used  any  subtle  craft  to 
deceive  people,  or  played  at  unlawful  games.  6.  Those  who  ran  away 
and  left  their  families  chargeable  to  the  parish.  7.  Petty  chapmen 
and  pedlars  wandering  abroad  without  licence.  8.  Those  who  wan- 
dered abroad  and  lodged  in  alehouses,  bams,  outhousefif,  or  in  the 
open  air,  not  giving  a  good  account  of  themselves.  9.  Those  who 
wandered  abroad  and  b^ged,  pretending  to  be  soldiers  or  sailors,  or 
pretending  to  go  to  work  in  harvest.  10.  All  wandering  beggars.  11. 
Those  who  should  be  apprehended  having  upon  them  any  picklock  key, 
crow,  jack,  bit,  or  other  implement  with  intent  to  bre^  into  houses, 
&c. ;  or  any  pistol,  hanger,  cutlass,  bludgeon,  or  other  offensive  weapon, 
with  intent  feloniously  to  assault  any  person.  12.  Those  who  should 
be  found  in  any  dwelling-house,  warehouse,  coach-house,  stable,  or  out- 
house, or  any  inclosed  yard  or  garden,  or  area  belonging  to  any  house 
with  intent  to  steaL  The  two  classes  hut  enumerated  were  added 
by  the  stat.  23  G^.  III.,  a  88. 

Incorrigible  rogues  were  defined  by  the  stat.  17  Geo.  II.,  c.  5,  to  be — 
1.  End-gatherers  offending  against  the  stat.  13  Geo.  I.,  c  23,  for  the 
regulation  of  the  woollen  manufacture.  2.  Those  who  being  appre- 
hended as  rogues  and  vagabonds  escape  from  those  who  apprehend 
them,  or  refuse  to  go  before  a  magistrate,  or  to  be  examined  on  oath, 
or  to  be  conveyed  by  a  pass,  and  those  who  knowingly  give  a  false 
account  of  themselves.  3.  Those  who  escape  from  the  house  of  cor- 
rection before  the  expiration  of  their  term  of  imprisonment  as  rogues 
and  vagabonds.  4.  Those  who  after  punishment  as  rogues  and 
vagabonds  again  commit  offences  in  the  same  class. 

Rogues  and  vagabonds  and  incorrigible  rogues  were,  by  the  stat. 
17  Geo.  IL,  c.  5,  to  be  committed  by  magistrates  to  the  house  of 
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correction  until  the  next  quarter-eeesions,  when  the  jiistioeB  were 
empowered  to  order  rogues  and  vagabonds  to  be  furthor  confined  in 
the  house  of  correction  for  any  time  not  exceeding  six  months ;  and 
incorrigible  rogues  for  any  time  not  less  than  six  months,  nor  more 
than  two  years,  and  to  be  whipped. 

The  statute  17  Qeo.  IL,  c.  5,  was  by  no  means  a  well-considered  or  a 
well-expreesod  law..     It  has  been  justly  said  that  "  in  the  long  cata-  ' 
logue  of  actions  which  it  holds  up,  many  are  of  a  dubious  nature,  and 
nice  legal  acumen  would  often  be  required  to  distinguish  whether  a 
person  had  incurred  any  and  what  penalty  under  the  statute."  (Eden's 
*  State  of  the  Poor/  vol.  i.,  p.  30(3.)    The  courts  too  complained  of  the  , 
inaccuracy  of  its  expression  and  the  consequent  difficulty  of  under- 
standing its  meaning.      (Rex  v.  Rhodes,  4  '  Term  Reports/  222.)  | 
Repeat^  attempts  were  made  in  parliament  to  modify  and  improve  ' 
ite  provisions.    A  committee  of  the  House  of  Commons,  appointed  in 
1775  to  review  and  consider  the  Poor  Laws  and  the  laws  relating  to 
vagrants,  resolved  "  that  the  stat.  17  Geo.  II.,  c.  17,  should  be  explained 
and  amended  in  such  a  manner  as  to  enforce  the  execution  thereof, 
and  prevent  the  practice  of  begging  in  the  streets  and  highways,  per- 
nicious in  its  consequences  and  highly  disgraceful  to  this  country." 
Nevertheless  this  statute  continued  in  force  until  the  year  1822,  when 
a  temporary  act,  stat.  8  Qeo.  lY.,  c.  40,  passed,  repealing  all  former 
laws  and  re-enacting  most  of  the  provisions  of  the  stat.  17  Geo.  II., 
e.  5,  with  many  additions  and  modifications.    The  provisions  of  the 
stat.  8  Geo.  IV.,  a  40,  were  however  entirely  superseded  by  the  stat. 
6  Geo.  IV.,  c.  88,  which  now  coustitiHes  the  law  respecting  vagrants. 
By  the  third  section  of  this  statute  the  following  persons  are  declared 
to  be  idle  and  disorderly  persons,  and  may  be  committed  by  a  single 
magistrate  to  hard  labour  in  the  house  of  correction  for  any  time  not 
exceeding  one  month : — 1.  Every  person  able  to  maintain  himself  and 
his  family,  refusing  or  neglecting  to  do  so,  whereby  he  or  his  family 
become  chargeable  to  the  parish ;   2.  Every  person  returning  and  be- 
coming chargeable  to  a  parish  from  which  he  has  been  legally  removed 
by  order  of  two  justices  without  having  a  certificate  of  his  settlement 
in  some  other  parish  from  the  officers  of  such  parish ;   3.  Petty  chap- 
men or  pedlare  wandering  abroad  and  trading  without  licence;   4. 
Prostitutes  wandering  in  the  street«  or  highways,  or  in  any  place  of 
public  resort,  and  behaving  riotously  or  indecently ;  5.  Every  person 
wandering  abroad  or  placing  himself  in  any  public  place  to  beg  and 

Sther  alms,  or  procuring  any  child  to  do  so.  To  which  other  statutes 
,ve  since  added : — 6.  Paupers  in  workhouses,  not  doing  task-work 
when  required,  or  injuring  their  clotheti  or  damaging  uie  property 
of  the  guardians ;  7.  Women  neglecting  to  maintain  their  illegitimate 
children ;  and,  8.  Persons  applying  for  relief  as  paupers,  having  pos- 
session of  money,  Ac,  of  which  they  do  not  make  disclosure.  These 
offenders  are  punishable  by  a  single  justice  with  one  month's  imprison- 
ment and  bard  labour. 

The  4  th  section  of  the  5  Geo.  IV.,  c.  83,  declares  the  following  per- 
sons to  be  rogua  and  vagabonds,  and  empowers  a  single  magistrate  to 
commit  them  to  hard  labour  in  the  house  of  correction,  for  any  time 
not  exceeding  three  months : — 1.  Every  person  oommitting  any  offence 
which  would  constitute  him  an  idle  and  disorderly  person ;  2.  Every 
person  pretending  to  tell  fortunes,  or  using  any  device,  by  palmistry 
or  otherwise,  to  deceive  and  impose  upon  the  people ;  8.  Every  person 
wandering  abroad  and  lodging  in  any  bam  or  outhouse,  or  in  any 
deserted  building,  or  in  the  open  air,  or  under  a  tent,  or  in  any  cart  or 
waggon,  not  having  any  visible  means  of  subsistence,  and  not  giving  a 
good  account  of  himseU ;  4.  Every  person  wilfully  exposing  to  view  in 
any  street,  road,  highway,  or  public  place,  any  obscene  print,  picture, 
or  other  indecent  exhibition.  (By  1  ft  2  Vict.,  c.  88,  this  provision  is 
declared  to  extend  to  exposing  such  articles  in  a  shop  window.)  5. 
Every  person  wilfully  and  obscenely  exposing  his  person  in  anv  street 
or  highway,  or  in  the  view  thereof,  with  intent  to  insult  any  female; 
8.  Every  person  wandering  abroad  and  endeavouring  by  the  exposure 
of  wounds  or  deformities  to  gather  alms ;  7.  Every  person  going  about 
as  a  gatherer  or  collector  of  alms,  or  endeavouring  to  procure  charitable 
contributions  under  a  false  pretence ;  8.  Every  person  running  away 
and  leaving  his  wife  actually  or  probably  changeable  to  the  parish ;  9. 
Every  person  playing  or  betting  in  any  street,  highway,  or  public  place 
with  any  table  or  instrument  of  gaming,  at  any  game  of  chance ;  10. 
Every  person  having  in  his  possession  any  pioklock-key,  crow,  jack, 
bit,  or  other  implement,  with  intent  feloniously  to  break  into  any 
house,  &c,  or  l:«ing  armed  with  any  gun,  pistol,  hanger,  cutlass, 
bludgeon,  or  other  offensive  weapon,  or  having  upon  him  any  instru- 
ment with  intent  to  commit  any  felonious  act;  11.  Every  person, 
being  found  in  any  dwelling-house,  warehouse,  coach-house,  stable  or 
outhouse,  or  in  any  inclosed  yard,  garden,  or  area  for  any  unlawful 
purpose ;  12.  Every  suspected  person  or  reputed  thief  frequenting  any 
river,  canal,  or  navigable  stream,  dock,  basin,  or  any  quay,  wharf,  or 
warehouse  near  or  adjoining  thereto,  or  any  street,  highway,  or  avenue 
leading  thereto,  or  any  place  of  public  resort,  or  any  avenue  leading 
thereto,  or  any  street,  highway,  or  place  adjacent,  with  intent  to  com- 
mit fslony ;  18.  Every  person  apprehended  as  an  idle  and  disorderly 
person,  and  violently  resisting  any  peace-officer  so  apprehending  him, 
and  being  subsequently  convicted  of  the  offence  for  which  he  shall 
have  been  so  apprehended. 

InoorrigibU  rogues  are — I.  Persons  breaking  or  escaping  out  of  any 
place  of  legal  confinement  before  the  expiration  of  the  term  for  which 


they  shall  have  been  committed,  or  ordered  to  bo  confined  by  virtue  U 
the  statute;  2.  Persons  committing  any  offence  against  the  sUtute 
which  subjects  them  to  be  dealt  with  as  rogues  and  vagaboo.ia,  sunh 
persons  having  been  at  some  former  time  adjudged  ao  to  be  and  duly 
convicted  thereof;  and,  3.  Every  person  apprehended  a»  a  rogue  and 
vagabond,  and  violently  resisting  any  constable  or  otlier  peaoo-oilicer  «o 
apprehending  him,  and  being  subsequently  convicted  of  the  offence  f^r 
which  he  shall  have  been  so  apprehended.  These  oflfendera  are  to  be 
committed  to^he  next  sessions,  and  kept  to  liard  labour  in  the  inU*nm: 
and  the  sessions  may  further  punish  them  by  imprisonment  with  hard 
labour  for  one  year,  and  if  males,  with  whipping. 

The  statute,  besides  the  definition  of  the  facts  and  circujmtamxs 
which  are  to  constitute  offences  in  the  several  classes  above  enumerated, 
contains  various  provisions  for  the  prosecution  of  vagprants  and  the 
regulation  and  disposal  of  them.    Thus  it  is  enacted  that  stny  penon 
may  apprdiend  a  vagrant  and  bring  him  before  a  magistrate.    The 
persons  as  well  as  the  carriages  or  luggage  of  the  several  d^criptioBi 
of  vagrants  may  be  searched,  and  money  or  goods  found  upon  them 
may  on  their  conviction  be  applied  towards  the  costs  of  appx^hending 
them  and  maintaining  them  in  prison.    If  proceedings  at  the  seaaioiB 
are  contemplated,  either  by  reason  of  an  appeal  against  a  Bumnurj 
conviction  or  the  commitment  of  an  incorrigible  rog^e,  the  committing 
magistrate  may  bind  over  witnesses  to  prosecute,  and  the  justices  at 
sessions  may  order  the  payment  of  costs  to  persons  so  bound.    And 
an  appeal  is  given  to  the  next  sessions  to  any  person  aggrieved  by  aa 
act  or  determination  of  any  magistrate  out  of  sessions  concerning  tie 
execution  of  the  act. 

(See  Blackstone's  Commentaries,  by  Kerr,  vol.  iv.) 
VALER4CET0NITRILE.    [Valerianic  Group.] 
VALERAL.    [VALEAiAinc  Group.] 
VALERALDEHYDE.    [Valerianic  Group.] 
VALERALDINE.    [Valerianic  Group.] 
VALER AMIDE.    [Valerl^nic  Group.] 
VALERANILIDE.    [Valerianic  Group.] 
VALERENB.    [Valerianic  Group.] 

VALERIA'NA  OFFICINALIS— Ifcdicoi  Properties  of.    The  root, 
or  more  properly  the  rhizoma  with  its  root-fibres,  of  this  species,  par- 
ticularly the  variety  termed  sylvestris,  is  used  in  medicine.     It  should 
be  collected  in  spring  before  it  shows  flower,  or  late  in  autumn.    It  Ja 
best  from  plants  of  two  or  three  years  old,  which  groW  in  elevated 
stony  places,  rather  than  in  very  moist  meadows.      It  v.-iries  con- 
sidenibly  in  appearance  and  in  its  sensible  properties,  acconiing  U)  the 
age  of  the  plant,  its  place  of  growth,  and  the  length  of  time  it  has  been 
kept.    The  rhizoma  is  small,  short,  rouuded  or  oblong,  truncated, 
furnished  with  very  many  root-fibres,  which  are  about  the  thickncB  of 
a  straw,  and  from  two  to  six  inches  long ;  the  colour  of  the  freshly 
obtained  root  is  a  dirty  yellowish- white ;  the  consistence  fleshy ;  bj 
drying,  which  is  easily  effected,  it  becomes  wrinkled,  more  yeWow  or 
browmsh,  and  in  time  dark.    The  root  gathered  in  spring  becomes 
most  wrinkled.    The  odoiu:  is  heavy,  penetrating,  and  very  charac- 
teristic.   This  odour  is  stronger  in  the  dried  than  the  fresh  root,  and 
is  scarcely  impaired  by  time,  even  when  the  access  of  the  air  is  freely 
idlowed.    The  taste  ia  acridly  aromatic,  camphoraceous,  and  bitter. 
The  English  Valerian  is  the  most  esteemed  :  it  is  abundant  in  Hamp- 
shire, formerly  in  Kent  and  Essex,  and  the  wild  plant  is  to  be  preferred 
to  that  which  is  cultivated  for  medical  use.    It  is  to  be  regretted  thai 
this  root  is  often  confounded  or  fraudulently  adulterated  with  tha^  oi 
the  Valeriana  dioica,  which  is  smaller  and  of  much  feebler  odoiu,  and 
that  of  the  Oeum  urbanum  or  avent,  which  is  pleasantly  aromatic. 
Much  more  serious  is  the  confusion,  probably  always  accidental  or 
merely  from  ignorance,  of  the  genuine  root  with  those  of  several 
species  of  ranunculus,  or  crowfoot,  namely,  Jl.  repens,  aeris,  and  even 
polyantkemos,  also  those  of  Sium  angustifolium  and  S,  latifoUufn,  or 
more  rarely  IfeUdtorus  niger  and  Asclepias    Vincetoxicum ;  but  the 
absence  of  the  peculiar  odour  of  valerian,  or  the  presence  of  a  very 
repulsive  one,  may  always  distinguUh  them  with  moderate  attention.  ^ 
According  to  the  analysis  of  IVommsdorf  {*  Journal  der  Pharinade, 
xviii.,  p.  8),  100  parts  of  the  dried  root  yield  of  vohitile  oil  1'2,  peculiar 
resinous  extractive  (termed  valerianin)  12*5,  gummy  extractive  9'4,  »)/i 
resin  6-2,  woody  fibre  707 ;  by  distillation  a  volatile  fatty  acid  termed 
valerianic  acid  is  obtained,  besides  the  volatile  oil    The  medicinal 
action  is  chiefly  due  to  the  volatile  oil  and  extractive.     Valerian  n 
considered  a  cerebrospinal  stimulant,  large  doses  of  it  causing  marked 
excitement  of  the  nervous  system,  not  only  of  the  human  race,  but 
also  of  cats,  which  are  remarkably  fond  of  it     In  the  slighter  forma  oi 
nervous  diseases  not  dependent  on  any  change  of  structure  of  the 
brain  or  spinal  cord,  valerian  ia  of  considerable  utility.     In  several 
instances,  especially  if  there  be  much  acidity  of  stomach,  its  hene&cii^ 
effects  are  increased  by  combination  with  ammonia.    In  other  instances 
valerian  (in  powder)  greatly  heightens  the  tonic  power  of  the  dii»^ 
phate  of  quiniaf  the  absence  of  aU  aroma  from  which  renders  it  inferior 
as  a  tonic  to  many  of  the  other  forms  of  administering  bark.  [Cikcboxa.] 
Valerianie  acid,  combined  with  various  bases,  such  as  iron,  unc, 
quinine,  ftc,  furnishes  compounds  of  great  value  as  antispasmodics^ 
more  usehil  than  any  of  these  agents  singly. 

VALERIANIC  ACID  (HO,CioH,03).  Valeric  aad.  Ddpkinie 
acid.  Phocenic  acid.  This  body  exists  in  valerian  root,  hence  it^ 
name ;  in  the  oil  secreted  by  several  species  of  phoca  (hence  phoctnic) 
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and  cetacea,  and  in  the  berries  of  the  guelder  rose.  It  is  also  a  product 
of  the  action  of  caustic  potash  on  oil  of  camomile;  of  oxidising  agents 
oti  fats ;  is  often  present  in  decaying  cheese ;  and  is  formed  on  passing 
ainylic  alcohol  (f ousel  or  fusel  oil)  vapour  through  a  tube  containing  the 
hydrates  of  soda  and  lime  heated  to  400  Fahr.  In  the  latter  process 
valerianate  of  soda  is  produced,  which,  when  cool,  must  be  plunged 
rapidly  into  cold  water,  or  it  would  take  fire  spontaneously.  The 
aqueous  solution  acidified  with  sulphuric  acid  and  distilled  furnishes 
valerianic  acid.  Another  and  more  convenient  method  is  to  distil  a 
mixture  of  amylic  alcohol,  bichromate  of  potash,  and  sulphuric  acid : — 

CioHjiO,  no  -}-  O4  =  2II0  +  no,  CipH,o, 

* ^ f  y ^^ J 

Amylic  alcohol.  Valerianic  add. 

Some  valerianate  of  amyl  also  passes  over ;  the  distillate  should  there- 
fore be  heated  with  caustic  potash  when  amylic  alcohol  is  volatilised  : 
the  residual  valerianate  of  potash  may  Uien  be  decomposed  by  sulphuric 
acid  and  the  mixture  distilled,  when  pure  valerianic  acid  will  be 
obtained. 

Valerianic  acid  forms  two  hydrates.  When  it  is  separated  from  the 
acjueous  solution  of  a  valerianate  by  a  stronger  acid,  it  contains, 
according  to  Liebig,  three  atoms  of  water,  of  which  two  may  be 
separated,  by  distillation,  in  the  state  of  pure  water,  which  afterwards 
beccmies  milky,  and  at  last  the  colourless  monohydrate  passes  over  in 
distillation. 

This  monohydrate  is  oleaginous,  very  fluid,  of  an  acid  penetrating 
odour,  like  the  valerian  root ;  its  taste  is  acrid  and  sharp,  with  a 
sweetish  after-taate ;  it  produces  a  white  spot  on  the  tongue.  It  does 
not  become  solid  at  0°  Fahr.  Its  density  is  0*937,  and  it  boils  at  847'* 
Fahr.  The  terhydrate  boils  at  about  270**.  The  monohydrate  dis- 
solves in  SO  parts  of  water  at  about  53** :  it  dissolves  in  all  pro- 
portions in  alcohol,  ether,  and  crystallisable  acetic  acid;  sxilphiuic 
acid  when  heated  carbonises  it.     It  dissolves  iodine  and  camphor. 

Valerianic  acid  combines  with  bases  to  form  salts,  which  are  called 
valerianates  ;  the  potash  and  soda  salts  are  very  soluble,  deliquescent, 
and  crystallise  with  difficulty.  The  valerianates  of  lime  and  baryta 
are  also  very  soluble,  but  they  are  crystallisable  and  unalterable  in  the 
air ;  the  magnesian  salt  crystallises  in  efflorescent  needles.  The  pure 
monohydrate  absorbs  mucn  ammonia,  becoming,  after  a  time,  a  solid 
mass  of  snow-white,  non-deliquescent,  crystals  of  valerianate  of 
ammonia.  Valerianate  of  zinc,  readily  prepared  by  double  decom- 
position BJid  used  to  some  extent  in  medicine,  is  a  pearly  white  salt, 
having  a  faint  odour  of  valerianic  acid  and  a  metallic  astringent  taste. 

CMorovalerisic  Acid  (HO,C^o(HeCl3)0-)  and  cMorovalerotic  add 
(HO,C,o(HsCl^)03)  are  formed  when  chlorine  gas  is  passed  into 
valerianic  acid.  They  are  heavy  colourless,  inodorous  liquids,  and 
form  well-defined,  stable  monobasic  salts.  From  the  amount  of 
chlorine  in  them,  these  acids  are  sometimes  termed  trichlorcvaUrianic 
and  tetrachlorovalerianie  acid, 

Nitrwalerianic  Acid  (HO,0,o(HgNO,)03)  is  a  volatile,  beautifuUy- 
crystalline  body,  resulting  from  the  prolonged  action  of  the  strong^ 
boiling  nitric  acid  on  valerianic  acid.  It  is  sublimable  and  forms 
stable  salts. 

Valerianic  anhydride  or  anhydrous  valerianic  acid  {C^Jl^O^)^  is 
formed  when  one  part  of  oxychloride  of  phosphorus  is  gradually 
added  to  six  parts  of  dry  valerianate  of  potash ;  the  product  is  washed 
with  dilute  solution  of  carbonate  of  soda,  digested  in  ether,  the 
etherial  solution  dried  with  chloride  of  calcium  and  evaporated,  when 
valerianic  anhydride  is  left  as  a  coloxirless  liquid  of  agreeable  odour; 
sp.  gr.  0-934 ;  boiling  point,  419°  Fahr. ;  vapour  density,  6*23. 

VALERIANIC  GROUP.  A  cluster  of  chemical  substances,  each 
supposed  to  contain,  or  be  derived  from,  the  theoretical  radical  vakryl 

Valerianic  add  is  best  produced  by  the  action  of  strong  oxidising 
agents  on  fusel  oil.    [Valerianic  Aoid.J 

Valeryl-aldehyd  or  valeral  (CioH^O.^,  H),  hydride  ofvaUryl,  is  formed 
on  oxidising  fusel  oil  (amylic  alcohol)  with  less  powerful  agents  than 
those  necessary  to  form  valerianic  acid.  Thus  a  mixture  of  bichro- 
mate of  potash,  sulphuric  acid,  and  fusel  oil  furnishes  valeral.  It  is 
purified  by  mixing  with  a  saturated  solution  of  bisulphite  of  soda, 
recrystallising  the  double  salt  thus  formed,  distilling  with  carbonate 
of  potash,  and  drying  the  distillate  over  chloride  of  calcium.  Valeral 
is  a  colourless  limpid  liquid  of  powerful  penetrating  odour,  and  burn- 
ing taste ;  soluble  in  alcohol,  ether,  and  the  volatile  oils ;  insoluble  in 
water ;  bums  with  a  bright  flame ;  boils  at  230''  Fahr. ;  vapour 
density,  2*96 ;  specific  gravity,  at  71°  Fahr.,  is  0*820 ;  oxidising  agents 
convert  it  into  valerianic  acid,  and  ammonia  combines  with  it  to  form 
crystalline  vaieryl-aldehyd-amfnanium  -or  valerylide  of  ammonium 
(C.oH  0„  NHJ. 

Valcraldine  (C30H3JNS J  results  from  the  action  of  sulphide  of 
hydrogen  on  valeryl-ammonium  suspended  in  water  containing  a  small 
quantity  of  free  ammonia : — 

SCCioH^O,,  NH^)  -f  ens  =  CaoHsiNS;  +  6H0  -f  2NH4S 

It  is  an  oily,  volatile,  alkaHne  liquid  of  disagreeable  odour,  and  com- 
bines with  acids  to  form  salts. 

Leucin,  a  body  associated  with  the  chemistry  of  animal  substances, 
appears  to  be  a  valeryl  derivative,  inasmuch  as  it  may  be  formed  by 


the  action  of  hydrocyanic  and  hydrochloric  acids  upon  valerylide  of 
ammonium.    It  is  treated  of  in  detail  in  a  separate  article.     [L£UCtN.] 

ChUmde  of  valeryl  {CioH./)^,C\)  is  formed  on  reacting  with  proto- 
chloride  of  phosphorus  and  monohydrated  valerianic  acid.  It  is  a 
colourless  mobile,  fuming,  liquid ;  rather  heavier  than  water,  and  boils 
at  about  240°  Fahr. 

Bromide  of  valeryl  (GpHgO,  Br),  is  obtained  in  the  same  manner  as 
the  chloride,  the  bromiae  instead  of  the  chloride  of  phosphorus  being 
used.    It  boils  at  about  290**  Fahr. 

Valerone  (Oj^H^.O,),  the  valerylide  of  butyl  (C.H,,  C.^H^O,),  is  a  light 
colourless  liquid  of  agreeable  ethereal  odour,  produced  when  valeri- 
anic acid  is  distilled  with  excess  of  lime.  A  mixture  of  valerate  of 
potash  and  acetate  of  soda  yields,  by  distillation,  an  oil  which  is  pro- 
bably valerylide  ofmetliyl  (C^H,,  Q^Jifi^), 

( C,oH,0, 

Valeramide  (N  <  H  )  is  formed  by  boiling  valerianic  ether 
(  H 
(valerate  of  ethyl)  with  strong  ammonia :  on  concentrating  and  cooling 
the  solution,  valeramide  crystallises  out  in  brilliant  plates.  It  is 
neutral,  fusible,  volatile,  and  soluble  in  water,  alcohol,  or  ether.  Heated 
with  phosphoric  anhydride  it  loses  the  elements  of  water  and  is  con- 
verted into  cyanide  of  butyl  (CgHg,  NC^)  or  valeronitrile  (CioHp,  N). 

Valeronitrile  is  also  one  of  the  products  of  the  oxidation  of  gelatin 
by  chromic  acid;  it  is  accompanied  bv  another  somewhat  similar 
Uquid  valeracetonitrile  (C^gH^^KjOo).     Valeranilide  or  phenyl-valera' 

f  C,oH,0, 
mide  (N  <    O.^Hg  )  is  produced  on  digesting  valerianio  anhydride 

I      H 
and  aniline  together.    It  crystallises  in  long,  brilliant  needles,  slightly 
soluble  in  water,  but  very  soluble  in  alcohol ;  melts  at  239°  Fahr.,  and 
boils  without  decomposition  at  428"  Fahr. 

Valerins.  Combhiations  of  valerianio  acid  and  glycerin.  Three  of 
these  have  been  obtained,  namely : — 


Uonovalerin 
Divalerin  . 
Trivalerln 


.  CjflHj.Oa  =  CioUjpO^-fC.H.Oe-aHO 
.  C„H,40jp  =  2CioHjoO^+CeH,0,~4HO 
.  CaeHj.OijaSCjoHi.O^+CeHgO.-eHO 


The  proportion  of  the  constituents,  the  temperature  employed  and 
the  state  of  concentration  of  the  mixture,  determines  which  of  the 
three  shall  be  formed.  Valerochlorhydrin  is  a  valerin  containing  the 
elements  of  hydrochloric  acid. 

Valeryl'urea  or  vcUerureide  has  already  been  alluded  to  [Urea]. 

OH  of  valerian,  obtained  as  described  under  essential  oils, 
generally  contains  about  5  per  cent,  of  valerianic  acid ;  25  per  cent, 
of  a  neutral  volatile  hydrocarbon,  boiling  at  160°  Fahr.,  and  termed 
valerene  {C^JEL^q),  identical  with  the  bomeene  of  Borneo  camphor ;  and 
about  70  per  cent,  of  an  oxidised  portion  containing  resin  and  valerol. 
VtUerol  (Cj^Hy^Og)  is  a  stearopten,  and  condenses  as  a  crystalline  solid 
in  the  neck  of  the  retort  in  which  the  oil  of  valerian  is  fractionated. 
It  is  lighter  than  water,  in  which  it  is  iqsoluble ;  is  readilv  dissolved 
by  alcohol,  ether,  and  essential  oils ;  is  resinified  slowly  m  the  air, 
more  readily  by  nitric  acid;  and  with  sulphuric  acid  forms  blood*red 
su^hovaleroUe  add, 

VALERIC  ACID.    [Valerianic  Acid.] 

VALERIC  ETHER.    [Ethyl.] 

VALERINB.    [Valerianio  Group.] 

VALEROCHLORHYDRIN.    [Valerianic  Qboup.] 

VALEROLE.    [Valbrlanic  Group.] 

VALERONE.    [Valerianic  Group."] 

VALERONITRILE.    [Valerianic  Group.] 

VALERURElt)E.    [Urea  ;  Valerianic  Group.] 

VALERYL.    [Valerl^io  Group.] 

VALERYLUREA.    [Urea  ;  Valerianic  Group.] 

VALLEYS.  The  term  Valley,  from  the  Latin  Vallis  or  Valles,  of 
the  same  signification  generally,  may  be  applied,  in  its  most  compre- 
hensive meaning,  to  any  depression  on  the  surface  of  the  globe.  "  The 
largest  valleys  form  the  beds  of  the  great  oceans.  Seas,  bays,  gulfs, 
&c.,  are  all  valleys  below,  or  partially  below,  the  level  of  the  sea.*'  But 
in  the  common  acceptation  of  the  term,  valleys  are  those  depressions 
which  are  observable  above  the  sea-level,  separating  or  intersecting 
mountain-ridges,  and  in  fact  breaking  them  up  into  separate  mountain- 
masses,  and  in  which  are  the  basins  of  inland  seas  and  lakes,  the  beds 
of  rivers,  &c  Mountains  and  hills,  therefore,  are  the  boundaries  of 
valleys.  Occasionally  a  valley  is  formed  by  a  ridge  of  elevated  land 
entirely,  or  almost  entirely,  surrounding  the  basin  of  an  inland  sea  or 
of  a  lake.  The  word  vale,  sometimes  employed  synonymously,  is  the 
diminutive,  but  is  more  properly  applied  to  the  depressions  between 
eminences  of  moderate  elevation,  or  hills,  which,  together  with  them, 
form  what  is  called  undulating  country.  VaUeys  parallel  to  the 
mountain-ridges  or  chains  which  they  separate,  or  which  bound  them, 
are  said  to  be  longitudinal;  while  thos6  the  direction  of  which  is 
transverse  are  so  billed.  Both  may  be  principal  or  lateral,  the  latter 
designation  being  usually  applied  to  the  smaller  transverse  valleys 
uniting  the  principal.  But  these  epithets  admit  of  innumerable 
variations,  and  merge,  in  fact,  into  common  descriptive  language. 

The  citation  above,  in  which  the  term  vallev  is  applied  to  the 
depressions  filled  by  sea,  is  from  an  imquestioned  authority,  the  Rev. 


II 


B36 


VALLEYS. 


VALLEYS. 


t39 


C.  O.  Nicolay,  in  the  '  Manual  of  Geographical  Science.'  Cut  though 
the  sea-basins  or  ocean-hollows  may  be  included  within  the  necessary 
geometrical  definition  of  valleys,  as  being  depressions  below  the 
average  level  of  the  external  surface  of  the  Eolid  crust  of  the  globe, 
and  continents  and  islands  within  that  of  mountains,  as  being  elevations 
above  it,  we  conceive  that  some  distinction  in  this  respect  should  be 
established  in  the  nomenclature  of  geology  and  physical  geography. 
The  surface  of  the  globe  above  which  continents  and  islands  are  raised, 
— that  is,  the  bed  of  the  sea,  universally, — cannot  be  considered  as 
identical,  as  a  geographical  or  geological  element^  with  the  surfaces  of 
those  masses  of  land  themselves,  on  which  are  the  minor,  and  in  this 
sense  secondary,  elevations  and  depressions  we  conmionly  call  moun- 
tains  and  valleys.  Many  of  the  phenomena  of  configuration  and 
physical  state  presented  by  the  latter  could  only  have  been  occasioned 
by  causes  connected  with  the  agency  of  an  aerial  atmosphere ;  and 
while  many  of  them  also  have  had  a  subaqueous  origin,  yet  the  con- 
figuration of  those  parts  of  continents  and  islands  which  are  below  the 
level  of  the  sea  must  have  been  received  from  operations  exclusively 
subaqueous.  The  forms  of  the  proper  surface  of  the  land  were 
produced  originally  by  its  elevation  through  the  surface  of  the  ocean  to 
a  subaeria]  position  above  it,  and  have  been  completed  by  atmo^heric 
and  fluvial  erosion. 

Many  valleys,  for  example,  were  first  excavated  by  marine  currents 
during  their  elevation,  and  have  been  reduced  to  their  present  figure 
by  the  rivers  which  have  flowed  through  them  from  the  period  of  the 
elevation  above  the  sea-level  of  the  eminences  which  bound  them. 

But  the  forms  of  the  masses  constituting  continents  and  islands 
have  been  produced  by  the  agency  of  elevatory  and  marine  forces  only, 
except  in  the  cases  of  the  subsidence  of  land  .previously  fashioned 
more  or  less  by  atmospheric  action.  However,  the  chief  dififerences, 
probablv,  between  the  configurations  of  the  surface  of  the  land  and 
those  of  the  more  extended  surface  consisting  of  the  sea-bed  and  the 
land  regarded  as  one,  depend  on  their  relative  magnitude  and  op  the 
depth  of  the  sea,  which,  in  fact,  is  merely  the  measure  of  the  vertical 
dimensions  of  the  latter.  Around  the  islands  of  ihai  part  of  the  Indo- 
Australian  archipelago  which  is  physically  a  portion  of  Asia,  the  sea  is 
80  shallow  that  those  islands  may  truly  be  regarded  as  the  summits  of 
mountain-masses  separated  by  valleys  of  very  inconsiderable  depth, 
inferior  indeed  to  that  of  many  of  the  terrestrial  valleys  upon  them. 
Those  islands  are  in  fact  united  by  a  vast  submarine  pkun,  which 
abruptly  terminates  westward  near  the  north-eastern  coasts  of  Borneo, 
in  the  middle  of  the  Straits  of  Macassar,  and  in  the  Strait  of  Lombock, 
in  an  unfathomable  ocean.  We  then  come  to  the  island-masses  of 
Lombock  and  the  chain  immediately  to  the  west,  the  Moluccas,  New 
Guinea,  and  the  other  Australian  islands,  rising  abruptly  again  from 
the  bottom  of  this  ocean,  and  thus  exemplifying  one  of  the  peculiar 
characters  of  the  masses  of  land  which  rise  from  and  bound  ocean- 
hollows  ;  and  how  characteristic  of  them  is  the  form  thus  produced 
vdll  appear  in  the  sequel  Islands  fundamentally  volcanic — especially 
if,  like  Tenerifie,  they  contain  one  principal  volcano — are  probably 
altogether  conoidal,  the  submarine  portion  b^ng  merely  the  continuation 
of  the  subaeriaL    [Volcanos.] 

Another  difference,  originating  in  the  diflerent  process  of  formation, 
is  this  :  while  mountains  proper  have  characteristically  smaller  dimen- 
sions above  than  below,  and  thus  approximate  more  or  less  noirly  to 
the  figure  of  triangular  prisms,  of  pyramids,  or  cones,  their  altitude 
being  their  principal  dimension,  the  masses  of  continents  and  islands 
are  tabular  in  form,  with  sides  of  every  degree  of  obliquity,  and  some- 
times very  nearly  vertical,  their  upper  sur^ce  being  much  greater  in 
area  than  their  sides,  their  altitude  being  their  least  dimension,  and 
their  form  thus  approximating  to  that  of  a  low  paralldopiped.  Valleys 
proper,  again,  are  widest  at  the  top,  and  approach  in  general  to  the 
form  of  an  inverted  triangular  prism,  more  or  less  obtuse  or  acute,  or 
to  that  of  an  inverted  pyramid,  or  to  the  fruBtum  of  such  a  prism  or 
pyramid,  the  edge  or  apex  bemg  replaced  by  a  plane—the  fioor  of  the 
valley ;  whUe  the  intervals  between  continents  are  almost  as  tabular  in 
form  as  the  masses  of  the  land,  but  tiieir  lower  surface,  while  its  area 
is  much  greater  than  that  of  the  sides,  being  less  than  the  upper 
formed  by  and  at  the  level  of  tiie  sea.    [Soundikob,  Deep  Sea.] 

The  configuration  of  land  above  the  level  of  the  sea  which  most 
nearly  resembles  the  continental  masses  is  that  which  is  called  TabU" 
ktnd,  such  as  the  table-lands  of  Tibet,  Eastern  Africa,  and  Mexico ;  and 
the  intervals  which  separate  different-  portions  of  them  most  nearly 
answer  to  the  ocean-hoUows  between  continents.  As  an  example  of 
this  may  be  cited  the  hollow  between  tiie  table-land  of  Tibet  on  the 
south,  and  its  recurvature  called  the  Thian-Slum,  bemg  a  portion  of 
North- Western  China,  on  the  north,  of  which  the  plain  or  plateau  of 
Yarkend  and  Khotan,  and  what  is  termed  the  valley  of  Lake  Lhop, 
form  the  base,  and  which,  if  we  compare  the  two  portions  of  the 
table-land  to  mountains,  will  answer  to  a  valley,  according  to  the  com- 
mon mode  of  description.  [Plains.]  This  comparisonwSl  hold  good, 
and  is  illustrative  m  another  respect  Colonel  Strachey,  in  his  '  Physical 
Geography  of  the  Himalayas  *  (not  yet  published,  but  quoted  in  *  PhiL 
Tnms.,'  1859,  pp.  774-776),  represenU  that  •*  the  summit  of  the  teble- 
land  (of  Tibet),  though  deeply  corrugated  with  mountains  and  valleys 
in  detail,  is  in  its  general  reUef  kid  out  horizontaUy."  This  description 
will  aocuiately  apply  to  the  mass  of  elevated  land  which  forms  a  conti- 
nent or  great  iidand,  of  which  it  may  always  be  said  that  while  its 


summit  is  corrugated  with  valleys  and  mountains,  it  i^  in  itd  Qemsiid 
relief  horiisontal. 

We  are  led  by  the  previous  comparison,  and  on  further  investigation, 
to  the  apparent  fact,  that  some  portions  of  the  earth's  surface,  however, 
above  the  sea-level,  present  us  with  the  essentially  unaltered  configura- 
tion of  other  portions  which  are  still  below  it.    From  the  united  g&y- 
graphical  researches  and  inductions  of  Dr.  Thomas  Thomson,    Dr. 
Joseph  D.  Hooker  ('  Himalayan  Journals,'  vol  ii,  p.  399),  and  Professor 
James  D.  Forbes,  it  has  appeared  that  the  structure  of  Norway  very 
closely  resembles,  on  a  small  scale,  that  of  Central  Asia,  particularly  of 
the  Himalaya ;  and  that  if  it  were  so  elevated  that  the  bottom  of  the 
deep  fiords  which  penetrate  it  became  dry  land,  we  should  have  a 
model  of  the  Himalaya,  with  its  deep  valleys  and  bdgh  acute  sunimitd  ; 
or,  conversely,  if  the  latter  country  were  depressed,  so  that  those 
valleys  became  ocean-hollows,  the  land  and  mountain-peaks  remaining 
above  the  sea-level  would  correspond,  on  the  great  scale,  to  the  moun- 
tain-peaks of  Norway,  and  the  submerged  valleys  to  the  fiords.     £>r. 
Thomson  ('  Western  Himalaya  and  Tibet,'  p.  492)  has  extended  %liia 
comparison  to  the  structure  of  Scotland,  well  known  to  resemble  that 
of  Norway,  and  to  be,  in  fact,  d  continuation  of  it.    He  has  aLso 
described  (pp.  429-438)  the  remarkable  elevated  plain  of  Earakoram, 
south  of  the  pass  of  that  name,  occupying  an  immense  concavity  in 
the  great  chain  of  the  Kouen-lun,  the  northern  face  of  the  table-land 
of  Tibet.    It  measures  from  six  to  eight  miles  in  diameter,  and  has  a 
mean  altitude  of  not  less  than  17,000  feet,  being  surrounded  by  great 
depressions  separating  it  from  the  mountains.    It  has  the  appearanoo 
of  having  formerly  been  the  bed  of  a  lake,  but  is  itself  crossed  by 
several  ranges  of  hills,  and  by  a  rivulet,  and  has  a  water-parting.    This 
is  evidently  the  configuration  of  an  island  in  the  ocean,  agreeing, 
therefore,  with  the  examples  above  described. 

Conversely,  a  portion  of  the  bed  of  the  Atlantic,  from  the  coaat  of 
Ireland  westward,  has  a  configuration  res-.-mbling  that  of  the  land  of 
Western  Europe ;  but  still  further  west,  the  great  Atlantic  depression, 
vexy  unlike  a  terrestrial  valley,  commences  abruptiy,  the  depth  of  the 
sea  increasing,  within  a  distance  of  twenty  miles  only,  from  1320  to 
9000  feet,  forming  a  sort  of  marine  cliff  on  a  gigantic  scale.  For  at 
least  a  thousand  miles  the  whole  surface  is  one  vast  depressed  plateau, 
which,  according  to  Professor  Ansted  (in  his  '  Geological  Gossip,'  a 
work  deserving  of  a  more  appropriate  title),  is  ''totidly  unlike  any 
equal  extent  of  dry  land,  though  more  resembling  that  on  the  eastern 
side  of  the  Andes,  in  South  America,  than  any  other  known  land." 
On  the  (North)  American  side  of  the  Atlantic  plateau  "  there  is  a  second 
cliff,  facing  eastward,  having  a  total  rise  of  about  5000  feet,  imme- 
diately to  the  west  of  which  the  ground  slopes  gradually  upwards  at 
the  rate  of  about  forty  feet  in  a  mUe,  till  it  reaches  the  American 
continent." 

We  thus  arrive  at  the  final  confluence  of  the  two  branches  of  the 
subject.  The  elevations  and  depressions  of  certain  parts  of  the  globe, 
of  various  magnitudes,  closely  resemble  some  of  the  continental  masses 
and  ocean-hollows ;  while  the  latter  more  generally  have  a  distinct  and 
peculiar  character ;  and  the  corrugations  of  the  upper  surface  of  those 
masses,  ordinarily  termed  mountains  and  valleys,  in  their  actual  con- 
dition, usually  differ  from  both,  as  already  represented.  In  a  paper 
'  On  the  Lines  of  Deepest  Water  around  the  British  Isles,'  by  the 
Rev.  R.  Everest,  F.G.S.,  read  before  the  Geological  Society  of  London, 
on  June  19th,  1861,  and  which  will  probably  appear  in  the '  Quarterly 
Journal'  of  that  Society,  the  student  will  &id  new  materials  for  pur- 
suing this  particular  subject. 

Some  geographical  observers,  because  a  river-basin  (defined  in  the 
article  Rivsrs)  is  necessarily  bounded  by  high  land,  except  where  it 
declines  to  the  sea,  employ  the  terms  "  basin  "  and  "  valley  "  of  a  river 
indiscriminately  and  convertibly.    Thus,  Mr.  Alfred  R.  Wallace  begins 
the  chapter  of  his  '  Travels  on  the  Amason  and  Rio  Negro,'  he^ed 
"  The  Physical  Geography  and  Geology  of  the  Amazon  V^ey,"  with 
the  statement  that  **  the  basin  of  the  Amazon  surpasses  in  dimeusion 
that  of  any  other  river."    Now,  although,  strictly  speaking,  the  difier- 
ence  between  river-valleys  and  -basins  is  comparative  only,  and  meigea 
in  nature,  yet  tius  practice  leads  to  erroneous  conceptions  of  fact ;  for 
though  a  wide  valley,  through  which  a  river  of  moderate  dimeoBions 
having  many  small  tributaries  takes  its  course,  may  be  termed  a  basin 
(sometimes  called  a  valley-basin),  yet  the  main  stream,  as  well  an  its 
tributaries,  must  each  have  its  own  separate  valley,  however  shallow : 
such  hi  the  Thames,  which  ia  described  as  having  a  basin,  while  its 
valley  is  often  not  recognised,  though  some  of  its  affluents  flow  through 
well-characterised  valleys.    [Thames,  in  Geoo.  Div.]     On  the  other 
hand,  the  basin  of  a  great  river  may,  and  in  fact  must,  include  many 
such  wide  valleys ;  and  a  river-basin,  more  properly,  is  the  countty 
which  is  made  up  of  them,  and  the  drainage  of  which  at  last  finds  its 
way  into  one  stream,  and  through  one  principal  outlet  into  the  ocean. 
In  this  sense,  the  depression  through  which  the  upper  course  and 
affluents  of  the  river  flow  may  sometimes  be  regarded  as  the  baam, 
while  that  giving  passage  to  the  lower  course  is  properly  termed  ita 
valley.    In  the  case  of  the  Nile,  the  depression  through  which  the 
single  stream  runs  for  ISOO  miles,  from  the  junction  of  its  Ust 
affluent,  the  Atbara,  to  the  Mediterranean,  that  is,  its  lower  course,  is 
properly  the  valley  of  that  river ;  while  its  basin  comprehends  a  vast 
extent  of  country  in  Africa,  to  the  eastward,  southward,  and  south- 
west of  that  point,  made  up  of  many  valleys  of  lax^  ditueoslooB,  Bomo 


ear 


VALLETa 


giving  paaMgo  to  its  great  head-atreams  and  tnbularies,  nod  alnmrt  •!! 
to  oonsiderabla  riven,  tUe  afflueuls  oE  the  Conner  respecUvcly. 

A  form  of  vailey  to  which  tho  convenient  appellation  of  Talloy-plaJn 
lia.4  been  given  ia  that  which  eiiata  when  an  eiteoBive  horiioTital  sur- 
face of  land  at  anjr  elevstioo,  and  gDuerall;  of  greater  length  than 
wiilth,  ia  aurrounded  by  continuous  ranged  of  mouatains  rising  from 
and  above  it.  Of  tbU  form  the  eo-termsd  Vale  of  Tenochtitlan, 
iiaiiall;  callsd,  after  Humboldt,  the  Valley  of  Meiico,  «nd  the  plain, 
vollay,  or  "  Vale  "  of  Caahmera,  are  eiamplea.  Tils  latter  is,  in  fact, 
the  valley  of  liie  river  Behat  or  JeUm  (by  which,  however,  at  least  in 
its  present  form,  it  wan  clearly  not  eicavated),  and  the  inclosed  plain, 
as  in  many  caaei  of  tbU  description,  has  once  been  the  bed  of  a  lake, 
and  consists,  itaelt,  of  a  lacustrine  formation.  It  depends  on  the  extent 
of  tlis  plain,  its  degree  of  unevenneea,  and  the  inclination  of  the  slopes, 
whether  or  not  it  shall  become  and  deserve  to  be  called  a  river-basin. 

Another  form  of  valley  is  the  circular  spiral,  alluded  to  in  the  article 
Rivsns,  <m\.  lis.  This  has  been  Doticed,  hitherto,  in  Eastern  Africa 
only,  in  the  bosina  and  valleys  of  the  eastern  afQuents  of  the  Nile, 
Tiiough  plainly  shown,  in  one  instance  at  least,  in  the  maps  of  Abys- 
Bioia  constructed  at  the  beginning  of  the  17th  century  by  the  Portu- 
guese Jesuit  missionaries.  Dr.  Beke  appears  to  have  been  the  first 
geographer  of  modern  times  to  coll  attention  to  it,  and  that  from  his 
own  explorations.  In  retereuce  to  the  Mareb.  one  of  the  tributaries  of 
the  Atbam,  already  mentioned,  he  points  out  "the  remarkable  pecu- 
liarity which  it  poesessea,  in  common  with  many  of  the  rivers  of  the 
Abysunian  table- land,  of  retummg  on  itself,  so  as  to  perform  a  sort  of 
BpiraL  course."  The  river  Abai,  or  the  Nile  of  Sruoe,  for  example,  has 
n  circular  spiral  course  round  the  peninauU  of  Qi!<ijam ;  and  white 
foiming  this  curve,  or  Sowing  in  a  valley  of  the  same  figure,  it  is  joiued 
by  numerous  streama,  having  their  sources  in  the  mountdns  fonnJDg 
tlio  cono]dal  core  of  the  peniuBula.  Dr.  Beke  has  recorded  hia  opinion 
of  the  protuibility  that  the  head-stream  of  the  Nile  itself  has  auch  a 
Circular  spiral  course,  and  therefore  flows  through  a  valley  of  that 
figure,  around  a  lofty  mountain-moss,  sinular  in  character  to  the 
Huuw  capped  mountains  of  Samicn  and  KaSa,  in  Abyssinia,  around 
which  some  of  the  riven  alludod  to  take  their  own  curved  course. 
This  remarkable  subject  vrill  be  noticed  again  in  the  geological  part  of 
tho  article.  ('  Soun^  of  the  Nile,'  pp.  10,  S3 ;  '  Journal  of  Boyal 
Geographical  Society,'  ToL  ivii.,  pp.  S,  81.) 

In  the  article  KiVER3,cal.  113,  Uie  Arabian  viadia  have  been  noticM 
BE  the  winter-brooks  of  the  countries  of  which  they  are  eharacteriatic 
But  this  is  a  figurative  use  of  the  term.  A  wadi),  the  correlative  of 
the  Hebrew  naeiol  (not  nahar,  with  which  it  is  confounded  in  the 
authorised  version  of  the  Scriptures,  but  which  is  a  river  proper),  is 
originally  a  valley  of  a  peculiar  kind.  It  ia  a  depression,  more  or  len 
deep  or  wide  or  long,  worn  or  washed  hj  the  mountain  torrents,  or 
vinter  rains  for  a  few  months  or  weeks  in  the  year.  In  the  article 
Deserts,  coL  481,  tho  oaaa  have  been  described,  after  Ualte-Brun,  aa 
rising  in  the  midst  of  the  sandd  like  islands  in  the  ocean.  If  we  con- 
sider the  sources  of  tho  springs  of  witfr  which  supply  them,  and  to 
which  they  owe  their  existence,  to  be  included  in  the  locality 
designated  an  oaiii,  this  description  is  correct.  But  the  oaais  itself, 
like  the  wady,  is  properly  a  species  of  vaUey.  What  the  oasis  of 
Ammon,  in  the  weslam  desert  of  the  Nile,  "  is  on  a  great  scale  may  be 
seen  on  a  small  scale  elsewhere ;  namely,  deep  depressions  of  the  high 
table-Uod,  which  tltus  became  the  receptacles  of  all  the  rain  aud 
torrents,  and,  consequently,  of  the  vegetation  and  the  life  of  the  whale 
of  that  portion  of  the  desert.  These  oases,  therefore,  are  to  be  found 
wherever  the  waters  from  the  diflrrent  wftdys,  or  hilts,  whether  from 
winter  streams,"  or  from  the  few  living  perhaps  perennial  springs  of 
the  country,  "  converge  to  a  common  reservoir."  We  are  indebted  for 
these  explicit  characters  of  geographical  features  much  of tener  aUuded 
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to  than  understood,  to  the  Rev.  A.  P.  Stitnley,  who,  in  bis  '  Sinai  and 
Palestine/  has  so  well  dencribed  the  det^ls  of  the  physical  geography 
of  those  coimtriea. 

The  preceding  statements  and  views  relate  principally  to  the  subject 
of  valleys  geographically  considered  :  their  geological  history  is  discussed 
in  the  followiug  esday,  which  originally  constituted  the  article.  We 
have  now  appended  to  it  some  facts  and  considerations  disclosed  by 
and  arising  from  Uie  subsequent  progress  of  geology. 

"  Why  bos  the  earth  any  mountains  I "  is  the  qneation  from  which 
De  Luc,  writing  in  1792,  sets  out  to  expound  his  whole  geological 
system ;  and  to  answer  at  the  present  time  the  corresponding  question. 
Why  has  the  earth  any  ValleyB  t  requires  reference  to  almost  the  entire 
series  of  general  truths  which  have  been  established  by  iuvesligation 
into  the  Btracture  of  the  crust  of  the  globe.  For  in  Uiese  hollows  on 
the  sui'foccs  of  plains,  hilly  slopes,  azid  steep  mountains,  we  behold  not 
only  the  results  of  atmospheric  agencies,  both  chemical  and  mechanical, 
and  of  the  flowing  of  streams,  operating  under  the  actual  conditions 
of  nature  on  matt^ials  of  unequal  induration,  but  also  the  eai'Usr  eiTccta 
of  other  water;  agencies,  under  other  physioU  conditions,  on  materials 
difTerently  circumstanced,  both  as  to  tbeir  consolidation  and  their 
position  in  reference  to  the  general  curve  of  surface  of  the  globe  and 
the  relative  level  of  the  sea.  The  origin  of  valleys  aacends  to  the 
earliest  geological  eras,  but  their  completion  includes  the  latest  phe- 
nomena produced  in  our  own  days. 

To  discuss  the  literary  history  of  this  celebrated  question,  and  esti- 
mate the  degrees  of  truth  attained  in  the  conBicting  hypotheses  of 
Dr.  Button  and  De  Luc — which  may  stand  as  the  typt«  of  two  great 
ohiBses  of  rival  speculations,  not  yet  completely  reconciled — would  be 
a  long,  intricate,  and  unfruitful  labour.  The  problem  to  be  solved  has 
seldom  been  seized  by  any  but  the  most  modem  writers  in  all  its 
gener^ity;  and  the  partial  solutions,  really  arrived  at  in  porticuhir 
cases,  were  not  permitted  to  have  even  the  value  which  limited 
truths  often  do  possess,  because  they  were  unwisely  made  the  basis  of 
what  was  called  a  general  theory.  Though  De  Luc  could  prove  thai 
valleys  on  whose  hne  were  deep  lakes  could  not  have  been  eicavotoi 
by  the  streams  now  running  in  them,  he  was  scarcely  entitled  to  say 
that  "  all  tho  notions  of  the  great  ravages  produced  by  the  rain-waters 
upon  our  continents  since  their  existence  have  been  mere  illusions." 
(Letter  I.  'On  Geology.')  And  Dr.  Button  might  have  carried  his 
pupils  beyond  the  mechanical  effects  of  "  rivulets  that  run  only  in  time 
of  rain,"  before  he  required  them  to  admit  "  the  great  fact,  that  riven 
have  in  general  hollowed  out  their  vaJleya."  (Playfoir's  '  Jllustratioos 
of  Huttonion  Theory,'  Not«  xvi.) 

Theories  thus  supported  were  only  successful  in  destroying  each 
other  :  modem  geology  has  been  advanced  by  a  very  different  process. 
Mr.  Lyell,  M.  D'HoUoy,  Mr.  Scroj|e,  and  other  modem  writera,  have 
contributed  similar  partial  solutions  of  particular  cases,  by  careful 
investigation  of  the  features  of  the  valleys  of  Auvergne,  Belgium,  and 
the  Rhenish  provinces  (see  cola.  641-2) ;  but  to  obtain  a  general  view 
of  the  theoiy  of  valleys,  we  must  odd  to  these  many  other  equally  esta- 
blished locu  results.  This  necessity  is  indeed  virtually  acknowledged 
by  the  eloquent  writer  to  whom  the  Huttonian  hypothesis  owes  its 
celebrity,  for  even  while  he  declares  the  great  hollow  of  the  Valais  to 
be  the  work  of  the  Puhflne,  he  adds,  thU  tract,  when  the  Alps  rose  out 
of  the  sea,  may  have  included  many  depressions  of  the  surface  which 
the  river  joined  together,  and,  from  being  a  series  of  lakes,  became  one 
great  valley. 

To  take  the  problem  o(  the  formation  of  valleys  in  all  its  extent,  let 
us  trooe  in  imagination  the  course  of  >  considerable  river,  which,  com- 
mencing in  a  mountjun-ridge,  runs  to  the  eastward,  namely,  in  the 
direcdun  of  the  dip  of  the  strata,  and,  after  traversing  the  usual  variety 
of  ground,  empties  itself  into  a  shallow  sea  full  of  powerful  cunents. 
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A,  The  summit  of  dnunaga  between  one  river  area  and  anotlier 
Ung  sup[>o^cd  to  be  below  the  level  of  perpetual  snows,  we  find, 
alm-e  the  permanent  sources  of  many  rivers,  occasional  feeders,  which 
dejend  on  particular  falb  of  rain,  becoming  dangerous  torrents  or 
spiearinj  Mmeralinaa  of  pebbles  according  to  the  stateof  the  weather. 


After  heavy  runs  the  hill-sidel  of  Uie  highland  districts  o(  Scotland, 
Wales,  and  Cumberland  are  whitened  by  abundance  of  short-lived 
torrents,  which  hurry  down  eonaiderable  heaps  of  tbe  loosened  materiaU 
of  the  hilU,  and  spread  them  into  little  deltas  on  tbe  margin  of  tbe 
valley  betovr.    Similar  etTeeto  on  a  parUcular  slope  follow  the  hutsUng 
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of  a  waterspout  (High  Pike,  in  Cumberland)  [Waterspout],  or  the 
intumescence  of  a  wet  peat-bog  (above  Keighley,  Yorkshire).  Frost 
and  the  sun's  heat  are  felt  in  extreme  in  the  high  regions  which  give 
birth  to  rivers,  and  by  their  alternation  the  rocks  are  broken  and 
disintegrated.  To  these  regions  Button  and  Playfair  rightly  propose 
to  carry  their  pupils  for  the  purpose  of  impressing  upon  their  minds 
the  extensive  waste  produced  on  the  earth's  surface  by  modem  causes 
in  action.  Examples  are  everywhere  abundant :  Qlen  Coe,  Borrow- 
dale,  Snowdonia,  may  be  cite^.  (N.B.  The  general  features  of  the 
higher  parts  of  mountain-valleys  are  nearly  the  same  around  glaciers, 
and  these  features  are  liable  to  change  by  t|xe  violent  alternations  of 
temperature.) 

B.  The  second  stage  of  valleys  is  that  which  admits  of  the  union  of 
permanent  natural  springs  to  the  occasional  hill-side  floods,  and  of  the 
gathering  of  these  streamlets  into  a  rapid  and  agitated  river.  The  now 
augmented  water  is  often  confined  in  a  narrower  glen  than  any  of  its 
tributaries,  and  rushes  and  cascades  among  rocks  and  mounds,  which 
are  so  disposed  as  to  show  proof  that  the  course  of  the  stream  has 
varied  from  time  to  time,  as  the  levels  changed,  in  consequence  of 
eroding  action. 

C.  At  length  the  glen  opens  in  a  pebbly  plain,  or  sinks  into  a  broad 
and  quiet  lake.  Such  lakes,  or  plains  which  seem  to  have  been  lakes, 
are  of  very  general  occurrence  along  the  line  of  rivers,  while  they  are 
engaged  in  the  midst  of  their  parent  mountains  (Derwent  Water, 
Llanberis,  Loch  Tay).  They  even  appear  at  the  foot  of  particular 
mountains,  receiving  only  occasional  streams  (Red  Tarn,  under  Hel- 
vellyn),  and  in  a  very  great  variety  of  cases  appear  to  be  irregular 
hollows  left  after  great  ^turbances  of  the  stratification  amongst  the 
angularly  posited  masses  of  broken  ground.  Their  depth  is  from  a 
few  feet  to  a  thousand  feet  (Lake  of  Qeneva)  below  the  level  of  the 
valley ;  and  as  the  rivers  which  enter  the  upper  ends  there  lose  their 
force  in  the  expansion  of  water,  and  drop  their  transported  sediments, 
the  growth  of  new  land  in  that  part  of  such  lakes  is  proportioned  to, 
and  is  in  truth  a  measure  of,  the  whole  effects  of  those  rivers  in  trans- 
porting away  the  detritus  of  the  mountains  round  their  soiurce.  Such 
Ues  then  are  nahtnU  dynamometert,  which  may  with  proper  caution 
be  Miicd  to  determine  the  amount  of  transported  materials  delivered 
into  them  in  given  times  by  rivers ;  they  also  give  the  sum  of  all  the 
effects  of  this  kind  performed  by  such  rivers ;  and  thus  finally  they  are 
natural  chronometers;  for  by  dividing,  in  any  particular  case,  the 
integral  effect  or  mass  of  deposited  materials  by  the  rate  of  annual 
progress,  an  approximate  answer  in  years  is  given  to  the  question  of 
the  length  of  time  which  has  elapsed  since  that  river  began  to  flow. 
By  this  argument  De  Luc  arrived  at  the  conclusion  that  the  desicca- 
tion of  our  continents  by  elevation  above  the  sea  is  a  phenomenon  of 
no  very  great  antiquity,  belonging  to  an  epoch  only  a  few  thousand 
years  removed  from  our  own.  Though  geologists  cannot,  from  the 
evidence  of  particular  lakes  in  certain  districts,  adopt  this  conclusion 
for  other  districts  where  quite  different  phenomena  appear.  Professor 
Sedgwick  and  other  eminent  persons  have  declared  the  argument  of 
De  Luc,  within  its  proper  limits,  to  be  unanswered  and  unanswerable. 
In  all  cases  then  where  lakes  are  so  interposed  in  the  path  of  a  river 
that  they  must  be  believed  to  have  received  all  the  sediments  which 
that  river  has  brought^  the  cubic  volume  of  these  accumulations  in 
the  lake  may  be  compared  with  the  cubic  space  of  the  concavities 
between  the  hills  along  the  line  of  the  rivers  and  rivulets  above  the 
lake ;  and  if  found  to  be  inferior  in  a  noteable  degree,  we  may  posi- 
tively conclude  that  these  concavities  have  not  been  produced,  though 
doubtless  they  have  been  enlarged  and  modified,  by  the  atmospheric 
agencies  belonging  to  that  particular  area  of  drainage.  Now  this  com- 
parison has  been  often  maide,  and  generally  with  the  positive  result, 
that  the  excavation  of  the  valleys  above  the  lakes  is  not  the  effect  of 
those  watery  agencies  now  exerted  within  them.  Excavated  however 
some  of  them  have  been  by  watery  o^ncy^  and  in  all  of  them  the 
surface  slopes  have  been  adjusted  by  this  power,  both  in  level  and  in 
direction,  to  the  boundaries  of  the  present  lake ;  but  we  must  avoid 
the  error  of  assuming  that  no  other  currents  having  a  different  origin 
may  have  operated  in  those  valleys  before  the  existence  of  tiie  lakes. 

D.  Beyond  the  region  of  the  lakes,  the  rivers,  flowing  away  from  the 
rugged  mountains,  encounter  ranges  of  stratified  rocks,  often  very 
regularly  inclined  at  a  moderate  angle,  in  parallel  ridges  and  hollows 
which  correspond  to  alternately  hard  and  soft  portions  of  the  series  of 
strata.  If  there  were  no  gaps  across  these  ridges,  so  as  to  connect 
their  intervening  hollows,  each  of  these  hollows  would  include  one  or 
many  lakes,  and  the  river  whose  course  we  are  tracing  could  not  pass 
over  the  first  of  the  ridges  until  the  hollow  space  between  it  and  the 
lake  district  (C)  was  filled  with  water,  generally  at  a  high  level.  If 
such  a  circumstance  were  supposed  ever  to  have  happened,  the  waters 
might  be  imagined  to  make  themselves  a  passage  across  this  ridge,  and, 
by  like  reasoning,  across  any  lower  ridges  lying  beyond.  (See  the 
figures  above,  and  in  art.  Geology,  in  Nat.  Hist.  Drv.) 
^  It  sometimes  happens  that  more  than  one  group  of  such  parallel 
ridges  and  hollows— as  the  moimtain  limestone  group  (/),  followed  by 
the  oolitic  ridges  (o),  or  those  by  the  chalk-hills  (c)— lie  on  the  course 
of  even  one  river,  and  require  the  repetition  of  such  phenomena  to 
account  for  the  course  of  the  valley.  But  a  greater  difficulty  must  be 
encountered.  The  very  hollows  themselves  in  which  these  sheets  of 
water  are  imagined  to  liave  spread  are  valleys,  and  yield  as  plain  proof 


that  they  also  have  been  excavated  and  modified  by  watery  action,  as 
the  river-channels  which  cross  them.  For  in  the  midst  of  such  hollows, 
insulated  hills  (the  unremoved  portions  of  the  same  or  the  neare^t 
superjacent  strata)  remain  variously  distributed,  to  mark  the  ancie^it 
height  of  the  land  therein,  and  attest  the  enormous  degradation  which 
has  been  there  occasioned.  If,  then,  the  supposed  lake  gave  the  it>rtje 
to  break  over  and  cut  through  the  inclosing  barrier  of  rock  beyond,  so 
as  to  shape  a  course  and  descent  to  the  river,  the  excavation  of  tbf 
space  in  which  the  lake  was  gathered  was  the  fruit  of  csarlier  and 
difierent  watery  action.  This  conclusion  is  again  and  again  forced 
upon  our  attention  as  we  proceed  along  the  line  of  the  valley. 

E.  In  crossing  through  the  parallel  ridges  and  hollows  of  hard  and 
soft  strata,  the  river  is  confined  to  steep,  narrow,  angularly  bent 
passages  among  the  hard  rocks ;  but  in  the  softer  strata  between  them 
it  flows  and  winds  more  at  liberty,  through  wider  spaces,  vrhich  ojjeo 
far  on  each  side,  and  bring  additional  supplies  of  water.  In  these 
hollows  the  velocity  of  the  stream  dies  away,  and  the  sediments  derived 
from  wasting  qt  the  adjoining  high  grounds  fall  on  fertile  meadows  in 
floods  or  silt  up  their  own  channels  in  times  of  slack-wrater,  while 
around  appear  insulated  hills,  left  by  the  ancient  water-currents  which 
swept  away  the  materials  around  them. 

F.  The  river,  on  emerging  from  these  ranges  of  secondary  strata, 
enters  a  wide  region  of  plains  and  low  hills  of  gravel  (jr),  rising:  irregu- 
larly amidst  alluvial  plains  and  marshes  (m),  amongst  which,  for  a 
certain  distance,  the  tide  flows  up  the  expanded  river-channeL 

Wherever  these  marshy  plains  and  gravelly  ridges  are  locally  related 
by  geographical  situation  and  distribution  to  the  main  stream  or 
smaller  branches,  so  as  to  allow  of  the  possibility  of  referring  their 
formation  to  the  action  of  the  existing  fluviatile  and  tidal  currents,  it 
would  be  false  philosophy  to  look  for  a  more  remote  or  moi-e  general 
cause.  This  is  often  the  case,  perhaps  generally  so,  with  the  alluvial 
sediments,  for  they  contain  often  freshwater  shells  and  other  marks  of 
limited  lacustrine  or  fluviatile  action ;  but  it  is  seldom  the  czise  vrith 
the  gravel  beds  and  ridges.  These  often  lie  across  the  path  of  the 
river  (c  e),  and  often  riije  to  a  great  height  above  it ;  often  consist  of 
stones  not  only  beyond  the  present  power  of  the  river  to  txunsport,  but 
such  as  do- not  occur  in  situ  in  any  part  of  the  area  drained  by  its  main 
stream  or  tributary  waters. 

Yet,  from  their  form,  distribution,  and  composition,  there  is  no 
doubt  that  some  have  been  wholly  accumulat<^  and  all  modified  by 
water-currents  ,*  so  that  here  again  we  have  proof  of  the  waste  and 
remodelling  of  the  surface  of  the  earth  by  other  forces  than  the  existing 
atmospheric  agencies. 

G.  On  reaching  the  sea,  we  find  the  influence  of  the  river  prolonged 
into  the  salt-water,  augmenting  the  mass  of  sediments  drifted  coast- 
wise by  the  tide,  and  feebly  assisting  in  the  distribution  of  them.     But 
the  beS  of  the  sea  is  unequal,  soft,  or  rocky,  excavated  into  hollows, 
and  varied  by  sand- banks  and  gravel- beds,  not  unlike  those  on  the 
neighbouring  land,  and  even  yielding,  as  they  do,  bones  of  gigantic 
extinct  mammalia  (Happisburgh  coast  [and  in  fact  the  eastern  coast  of 
England  from  Bridlington  to  beyond  the  mouth  of  the  Thames]  ). 
These  points  of  agreement  between  the  actual  sea-bed  and  the  neigh- 
bouring lands  mark  some  community  of  origin  :  the  land  has  been 
raised  out  of  the  sea,  and  owes  some  of  its  irregularities  to  marine 
currents  (as  Buffon  thought),  or  the  sea's  bed  is  subsided  land.   Each  of 
these  may  be  partially  and  locally  true,  b\it  there  can  bo  no  doubt  of 
the  sea-currents  having  power  to  alter  the  distribution  of  sand-banks 
and  gravel-banks  to  some  considerable,  though  not  precisely  known, 
depth ;  and  as  all  the  stratified  crust  of  the  earth  has  been  once  the 
bed  of  the  sea,  it  is  evident  that  the  action  of  marine  currents  is  a 
cause  of  universal  application  to  the  theory  of  the  inequalities  of  the 
earth's  surface,  as  well  as  of  extraordinary  ix>wer. 

The  slight  sketch  here  presented  includes  phenomena  which  may  be 
seen  on  the  English  rivers,  though  not  all  on  one  and  the  same  stream : 
the  description  may  be  verified  in  every  one  of  its  stages  a  hundred 
times,  and  augmented  with  additional  phenomena  by  any  intelligent 
reader  personaJly  acquainted  with  the  physical  geography  of  Britain. 
Exactly  similar  phenomena,  either  all  in  the  same  order  or  variously 
associated,  may  be  paralleled  by  instances  selected  from  other  parts  of 
the  worldj  and  it  only  remains  to  apply  a  plain  course  of  reasoning 
to  them. 

The  action  of  atmospheric  agencies,  river-streamlets,  and  rivers, 
with  or  without  lakes,  with  or  without  glaciers,  is  always  one  and  1(he 
same :  to  degrade  the  high  lands  and  to  raise  the  low,  and  thus  to 
equalise  the  levels,  and  to  diminish  the  irregularities  of  the  surface  of 
the  globe ;  and  this  because  of  the  universal  action  of  gravity,  wher- 
ever there  are  weighty  masses  and  inequality  of  level.  The  sea's 
action  is  similar,  and  though  complicated  by  tidal  fluctuations,  as 
rivers  and  lakes  are  by  drought  and  inundations,  and  by  the  variable 
influence  of  wind  and  temperature^  its  final  results  are  of  the  same 
character. 

This  is  indisputable.  It  is  equally  true  that  the  direction  of  the 
existing  watery  agencies  on  the  land  is  determined  by  the  present 
relation  of  levels  between  the  different  parts  of  the  land,  and  between 
the  land  and  the  sea.  Moreover  the  effects  of  these  agencies  are  perfectly 
adjusted  to  these  levels.  It  follows  inevitably  that  the  sum  of  the 
effects  of  these  existing  agencies  has  been  to  diminish  the  original 
inequalities  of  the  earth's  surface,  that  is  to  say,  to  lower  the  hilis,  to 
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smooth  and  level  the  valleys,  to  fill  up  the  lakes,  which  are  a  part  of 
tbe  valleyB ;  in  a  word,  to  change  gulls  into  lakes,  and  chasms  into 
vales,  by  a  mere  surface  action  on  forms  which  had  been  more  boldly 
uiarkcd  in  earlier  eras  of  nature. 

We  must  therefore  believe  that  immediately  after  the  desiccation  of 
the  land,  its  grand  chains  of  mountains  and  long  continuous  vales 
^ere  more  firmly  outlined,  more  roughly  and  strongly  modelled,  deeper 
and  higher  than  they  now  appear,  and  it  only  remains  to  inquire  to 
what  known  geological  causes  this  can  be  justly  ascribed. 

We  must  remember,  first,  that  the  surfaces  of  stratification  on  the 
sea's  bed  were  once  continuous,  but  on  the  land  they  are  now  inter- 
rupted by  excavated  valleys  and  left  dismembered  on  residual  hills  : 
secondly,  that  these  surfaces  were  plains  or  nearly  so,  and  horizontal 
or  nearly  so;  but  now  they  are  found  contorted,  ruptured,  placed 
in  angular  positions,  vertical,  or  even  reversed  in  particular  regions. 
The  latter  class  of  effects  depends  on  the  violent  nature  of  the  elevating 
movements  to  which  the  land  was  subject ;  the  former  is  often  inde- 
pendent of  local  diBturbance,  and  seems  to  be  due  to  the  mere  action 
of  powerful  currents  of  water.  But  it  is  often  seen  that  the  line  of 
these  vidleys  is  the  line  of  a  fault,  of  a  synclinal  basin,  or  anticlinal 
ridge,  that  Lb  to  say,  a  line  of  weahieta,  a  line  of  least  resistance,  deter- 
mined by  causes  anterior  to  the  current  of  wat^r  which,  flowing  up  or 
down  the  line,  or  both  up  and  down,  has  worn  it  into  a  valley. 

Now  if  Wo  remember  that  the  most  powerful  mechanical  action  of 
water  takes  place  on  the  seacoast ;  if  we  remember  that,  by  the  con- 
tinual or  the  periodical  rising  of  the  land,  this  Uttoral  action  has  been 
transferred  from  point  to  point  over  every  part  of  the  area  of  the  land, 
beginning  among  the  mountains  at  the  source  of  the  present  rivers, 
and  successively. washing  and  wasting  every  part;  we  shall  readily 
admit  in  this  one  imiversal  and  powerful  agency  the  principal  cause 
which  broke  the  continuity  of  the  planes  of  strata,  washed  away  the 
least  i*e8isting  and  left  the  hardest  parts,  and,  by  successively  retiring 
lines  of  action,  gradually  completed  the  main  features  of  the  valleys 
and  hills  which  had  not  been  previously  impressed  by  violent  subter- 
ranean movements. 

Atmospheric  agencies  must  be  admitted  to  have  greatly  co-operated 
in  this  result,  especially  if,  as  geologists  suppose,  there  were  grounds 
for  behoving  these  to  have  been  more  powerful  in  the  earlier  [or  in 
some  past]  eras  of  the  world,  when  the  temperature  was  perhaps 
higher  and  the  atmosphere  in  consequence  more  highly  vaporous. 
Nor  must  we  undervalue  the  eroding  power  of  modern  streams,  or  the 
volume  of  the  disintegrated  earthy  masses  which  they  transport  away. 
It  is  past  a  question  that  modem  rivers  have  cut  their  own  channels 
through  lava  (Lyell, '  Principles  of  Geol.'),  through  diluvial  gravel  and 
clay  drifted  from  other  regions  (Phillips,  *  Sections  of  the  Yorkshire 
Coast '),  and  through  trap  throvm  up  by  the  Eifel  volcanoes  ([Phillips], 
MS.,  1829).  But  iu  each  of  these  latter  instances  the  valley  of  diluvial 
gravel  and  clay  lies  in  and  conceals  in  part  an  older  valley  of  ruder 
aspect,  excavated  in  the  stratified  rOcks  of  sandstone  or  limestone  or 
argillaceous  slate ;  and  we  may  often  contemplate  in  the  course  of  one 
stream  the  fragmentary  state  of  the  rocks  as  left  by  elevatory  forces, 
the  wasting  of  these  when  they  formed  part  of  an  ancient  shore,  the 
obliteration  of  the  old  valleys  by  some  yet  ill-imderstood  cause  of  local 
accumulation,  and  the  final  adjustment  of  levels  and  slopes  by  causes 
which  are  still  continuing  this  beneficent  process,  enlarging  and  en- 
riching our  meadows,  contracting  the  areas  of  our  lakes,  and  softening 
for  the  future  wants  of  mankind  the  rugged  features  of  hills  which 
will  not  always  defy  the  hand  of  industry. 

(The  reader  who  desires  to  follow  out  this  large  subject  may  consult 
with  great  advantage  De  Luc's  works — as,  '  Letters  on  Qeology,' 
'  Lettres  sur  I'Hist.  de  la  Terre  et  de  I'Homme ;  *  Playf air, '  Illustrations 
of  Uuttonian  Theory ; '  Buekland's  '  Reliquise  Dil^vianaa ; '  Lyell, 
'  Principles  *  and  '  Manual  of  Gteology ; '  Murchison ;  Darwin ;  [John 
Phillips,  '  ^vers.  Mountains,  and  Seacoast  of  Yorkshire '] ;  and  other 
modem  writers.  The  article  Parallel  Roads  [Nat.  Hist.  Biv., 
with  addition  in  the  present  article],  may  also  be  read.  H.  Agassiz's 
'  Speculations  on  Glaciers,'  have  several  points  of  important  bearing  on 
the  subject  of  Valleys.) 

Allusion  has  been  made  in  the  article  Surface  of  the  Eabth,  of 
which  subject  valleys  constitute  so  important  a  feature,  to  the 
reaearches  on  the  subject  of  their  excavation  of  Mr.  G.  Poulett  Scrope, 
Y.P.G.S.,  a  not  less  philosophical,  if  leas  popular  advocate  of  the 
Buiiicieney  of  existing  causes  in  geological  dynamics  than  Sir  C.  Lyell, 
and  to  the  views  which  his  inductions  from  their  restdts  have  led  him 
to  form.  In  the  first  volume  of  the  '  Proceedings  of  the  Geological 
Society  of  London,'  p.  170,  the  reading  (now  above  thirty  years  since) 
is  recorded  of  a  x)aper  by  that  geologist,  hitherto,  we  think,  unappre- 
ciated, in  which  attention  is  drawn  to  the  value  which  would  attach  to 
a  test  by  which  any  one  valley  could  be  ascertained  to  be  the  result 
either  of  a  rapid  and  violent,  or  of  a  slow  and  gradual  excavatory 
process ;  since  the  forces  of  aqueous  erosion  are  of  a  general  nature, 
and  while  in  activity  in  one  river  channel,  were  probably  not  idle  in 
others.  Such  a  test  was  previously  pointed  out  by  Mr.  Scrope,  In  his 
work  on  the  '  Geology  of  Central  f 'ranee,'  where  lava-currents  which 
have  flowed  into  valleys  at  intervals  of  time  appear  now  at  diflierent 
heights  above  the  actual  river  bed,  marking  the  successive  steps  of  the 
progress  of  excavation.  In  the  paper  here  cited  he  finds  another,  and 
an  equally  valuable  test  in  the  extreme  sinuosities  of  some  valleys. 


Any  sudden,  violent,  and  transient  rush  of  water  of  a  diluvial  character* 
that  is,  a  flood  of  wide  area,  could  only  produce  straight  trough-shaped 
channels  in  the  direction  of  the  current,  and  could  never  wear  out  a 
series  of  tortuous  flexures,  through  which  some  rivers  now  twist  about, 
and  often  flow  for  a  time  in  an  exactly  opposite  direction  to  the  general 
straight  line  of  descent,  which  a  deluge  or  d^bdcle  would  naturally 
have  taken.  Curvatures  of  this  extreme  kind  are  frequent  in  tha 
channels  of  rivers  flowing  lazily  through  flat  alluvial  plains;  these 
curves  are  gradually  deepened  and  extended,  till  the  extreme  of 
aberration  is  corrected,  and  the  direct  line  of  descent  restored,  by 
the  river  cutting  through  the  isthmus  which  separates  two  neigh^ 
bouring  curves.  There  are  occasional  instances,  where  the  bias  of  the 
river,  or  direction  of  its  lateral  force  of  excavation  has  remained  so 
constant,  as  to  give  the  valley  itself  the  utmost  degree  of  sinuosity. 
But  such  examples  must  be  immensely  rarer  than  those  of  the  con- 
figuration previously  described :  because  the  frequent  shiftings  of  the 
channels  of  streams  tend  to  obliterate  their  windings,  and  reduce  the 
sum  of  the  several  successive  excavations — ^that  is,  the  valley — ^to  a 
more  or  less  straight  form. 

The  valley  of  the  Moselle,  between  Bemcastle  and  Roam,  excavated 
to  a  depth  of  from  600  to  800  feet  through  an  elevated  platform  of 
later  palsdozoio — ^formerly  termed  transition — crooks,  constitutes  a 
striking  instance  of  the  former  class.  Its  windings  are  often  so 
extreme,  that  the  river  returns  after  a  course  of  seventeen  miles  in  one 
instance,  and  nearly  as  much  in  two  others,  to  within  a  distance 
of  a  few  hundred  yards  of  the  spot  it  passed  before :  wearing  away  on 
either  side  the  base  of  the  ridge-shaped  isthmus  separating  the  curves, 
and  enclosing  a  peninsula  of  elevated  land  five  or  six  hundred  feet 
high;  but  sloping  towarde  the  bottom  of  the  curves,  where  it  is 
strewed  with  bouldei*s,  left  there,  it  may  be  presumed,  by  the  river, 
as  it  gradually  deepened  its  channel  and  extended  its  lateral  curvature. 
The  valley  of  the  Mouse  near  Givet  ofiers,  through  a  great  distance,  a 
number  of  similar  windings,  and  the  same  character  is  seen  at  intervals 
in  many  of  the  other  rivers  of  the  same  physical  district  of  Europe. 
Parts  of  the  Seine  below  Paris,  and  the  valley  of  the  Wye  between 
Hereford  and  Chepstow,  are  examples  nearer  home. 

Valleys  which  like  theee  twist  about  in  the  same  regular  curves  ai 
the  channel  of  a  brook  meandering  through  a  meadow,  can  only  be 
accounted  for  by  the  slow  and  long  continued  erosion  of  the  streams 
that  still  flow  in  them,  increased  at  intervals  by  wintry  floods.  To 
attribute  them  to  a  transient  and  tremendous  rush  of  water  in  the 
main  direction  of  the  valley  appears  to  be  impossible.  Whilst  these 
valleys  were  slowly  excavated,  other  rivers,  during  the  same  protracted 
period,  will  have  produced  likewise  an  amount  of  excavation  propor- 
tioned to  their  volume  and  velocity,  and  the  nature  of  the  rocks  tney 
flowed  over.  In  the  examples  cited  above,  the  rocks  are  mostly  hard 
strata,  yet  the  valleys  are  wide  and  deep.  Where  softer  strata,  as 
sands,  clays,  and  marls,  were  the  materials  worked  upon,  the  valleys 
excavated  may  be  expected,  as  they  are  found  to  be,  far  wider  in  pro- 
portion to  the  volume  of  water  flowing  through  them.  The  comparative 
softness  of  the  materials  also,  by  accelerating  the  lateral  erosion  of 
the  stream,  will  have  multiplied  the  shiftings  of  its  channel,  and 
reduced  their  sum  with  greater  certainty  to  one  average  direction. 
Hence  the  deeply  sinuous  valleys,  such  as  those  particularised,  are  only 
found  penetrating  the  more  soUd  rook  formations.  Mr.  Scrope  con- 
cludes by  a  confirmation  of  his  opinion  that  extreme  curvature  of 
channel  can  only  be  produced  by  a  slow  and  comparatively  tranquil 
process  of  excavation,  by  a  reference  to  mountainous  districts,  in 
which,  where  the  torrente  and  rivers  are  most  rapid,  their  course  is 
nearly  straight;  from  which  a  legitimate  converse  induction  arises, 
that  a  certain  subdued  velocity  in  the  stream  is  necessary  to  produce 
the  former  result. 

It  may  deserve  investigation,  whether  the  spiral  course  of  the  rivers 
and  valleys  of  eastern  Africa,  noticed  in  the  geographical  portion  of 
this  article,  may  not  have  originated  in  the  windings  of  the  rivers  in  a 
former  and  very  different  geological  condition  of  the  country,  of  which 
the  actual  curves  are  the  remains,  after  the  elevation  of  the  land  into 
its  present  form. 

In  a  paper  on  the  elevation  and  denudation  of  the  lake  district  of 
Cumberland  and  Westmoreland  ('  Quart  Journ.  of  Geol.  Soc.,'  voL  iv., 
pp.  70-98),  Mr.  Hopkins  has  investigated  and  apparently  solved  the 
problem  of  the  origin  and  process  of  formation  of  the  lake  valleys; 
throwing  great  light  on  the  history  of  similar  valleys  in  other  countries. 
The  probable  origin  of  the  lakes,  it  may  be  remarked,  that  is,  in  the 
first  instance,  of  their  valleys,  in  diverging  diBlocations,  was  first 
suggested  by  Professor  Sedgwick,  but  Mr.  Hopkins  has  placed  the 
ailment  in  its  favour,  for  the  first  time,  in  a  determinate  and  demon- 
strative form. 

It  would  appear  impossible  not  to  ascribe  the  origin  of  the 
lakes  of  Coniston  and  Windermere,  for  example,  to  the  disloca- 
tions of  strata,  with  which  they  are  so  immediately  associated.  Mr. 
Hopkins  has  described  an  enormous  dislocation  of  the  band  of  lime- 
stone interstratified  with  the  older  paloeozoic  rocks  seen  just  above 
Coniston  Water,  producing  a  horizontal  displacement  of  about  a  mile. 
The  direction  of  tne  fault,  as  determined  by  a  line  joining  the  extremi- 
ties of  the  dislocated  portion  of  the  Umestone  band,  passes  exactly 
down  the  lake.  Another  fault  ranges  down  the  valley  of  Troutbeck^ 
as  indicated  by  a  dislocation  of  the  limestone  band,  and  a  great  hori- 
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Kontal  displacement.  It  ranges  accurately  with  that  part  of  the  lake 
of  Wiodermere  which  lies  to  the  south  of  the  embouchure  of  the 
valley.  On  the  east  of  Troutbeck  also,  there  are  dislocations  evidently 
connected  with  the  formation  of  the  two  striking  valleys  of  Troutbeck 
and  Kentmere.  The  line  of  dislocation  would  seem  to  pass  exactly 
along  that  part  of  the  latter  valley  in  which  the  mere  is  situated. 
Indeed,  according  to  the  geologist  whose  views  we  are  reciting,  the 
existence  of  any  of  the  larger  lakes  cannot  be  accounted  for  in- 
dependently of  similar  dislocations.  Taking  Wastwater,  for  instance, 
its  depth  is  found  to  be  forty-five  fathoms,  so  that  its  bottom  is  pro- 
bably  almost  a  hundred  feet  lower  than  the  level  of  the  sea.  It  is 
evident  that  such  a  basin  could  not  be  scooped  out  by  the  action  of 
water ;  nor  is  its  depth  increased  by  an  accumulation  of  detritus  at 
the  mouth  of  the  valley,  for  the  river  by  which  its  surplus  water  is 
discharged  cuts  into  the  solid  rock.  The  lake  (and  its  including 
valley),  could  only  be  formed,  therefore,  by  a  relative  subsidence  of  its 
bottom,  the  strata  being  relatively  displaced  on  opposite  sides  of  the 
fault.  If,  in  any  such  case,  this  relative  subsidence  do  not  extend  to 
the  mouth  of  the  valley,  or  be  less  there  than  in  the  upper  part  of  it, 
a  lake  will  necessarily  be  formed.  This  general  explanation  will  apply 
to  all  the  lakes  of  the  district, 

The  lakes,  Mr.  Hopkins  concludes,  are  thus  only  "  the  secondary  and 
accidental  consequences  of  the  faults  with  which  they  are  associated, 
the  primary  effects  being  the  valleys  in  which  those  lakes  are  situated ; 
for,  whatever  may  have  been  the  agency  by  which  the  masses  once 
occupying  those  valleys  have  been  removed,  it  is  easy  to  see  that  it 
*would  act  more  efficiently  along  lines  of  dislocation  than  elsewhere ; 
and  since  the  existence  of  dislocations  along  the  lake  valleys  may 
'be  considered  as  established,  it  would  seem  impossible  to  avoid  the 
conclusion,  that  those  valleys  must  themselves  have  originated  in 
such  dislocations.  We  are  thus  led  to  conclude  that  a  disloca- 
tion was  produced  before  the  valley  began  to  be  formed ;  that  this 
led  to  the  formation  of  the  valley  by  denuding  causes ;  and  that  the 
subsidence  which  caused  the  lake  was  one  of  the  last  of  that  series  of 
•repeated  disturbances  which  might  occur  during  the  long  interval  of 
time  which  was  probably  necessary  for  the  completion  of  the  valley. 
....  This  view  of  the  origin  of  valleys  of  thiis  kind  must  be  con- 
sidered as  applicable  principally  in  places  nearest  the  centres  or  axes 
of  elevation.  In  other  cases  they  may  have  arisen  altogether  from 
aqueous  action ;  or,  when  they  originated  in  dislocations,  they  may 
have  had  their  direetions  so  altered,  and  their  character  so  modified  by 
denuding  causes,  as  to  retain  no  distinct  traces  of  their  origin." 

From  these  illustrations,  derived  from  local  phenomena,  we  return 
to  a  part  of  the  general  histoxy  of  the  subject,  in  which  again  physical 
geography  and  geology  are  xmited,  but  remain  distinct. 

Whatever  influence  the  geological  constitution  and  lithological 
nature  of  the  strata  and  rock-masses  in  which  a  valley  has  been  ex- 
cavated, may  have  upon  its  form,  that  form  is  still  independent  of 
what  may  be  termed  the  geometrical  disposition  and  configuration  of 
those  strata  and  rock-masses.  This  is  equally  true  of  mountains  as  of 
valleys.  It  seems  natural  to  suppose  that  when  a  group  of  strata 
inclining  upwards  towards  the  same  line  from  opposite  points  form 
what  is  denominated  an  anticlinal,  a  hill  or  a  mountain  should  be  pro- 
duced ;  and  that  when  a  synclinal  is  formed  by  the  similar  meeting 
in  one  line  of  a  group  of  strata  inclining  downwards  from  opposite 
points,  a  valley  should  be  the  result ;  and  in  many  cases  such  is  the 
fact.  But  in  many  cases  also  the  reverse  occurs,  valleys  being  situated 
on  anticlinal  arches,  and  mountains  consisting  geologically  of  syn- 
clinal troughs  of  strata.  (Lyell, '  Manual,*  p.  57.)  Thus  it  has  been 
recently  shown  by  Sir  R.  I.  Murchison  and  Mr.  Oeikie  ('Quart  Joum. 
of  OeoL  Soc./  May,  1861),  that  the  enormous  mass  of  Ben  Lawers, 
"like  many  other  mountains  in  Scotland,  as  well  as  elsewhere," 
actually  occupies  a  synclinal  trough,  while  the  deep  valley  of  Loch 
Tay,  like  that  of  the  Great  Glen  through  which  the  Caledonian  canal 
extends,  runs  along  an  anticlinal  arch.  In  this  manner  the  geogra- 
phical configuration  of  the  land  is  often  quite  different  from  its 
geological  configuration,  or  that  of  its  geological  elements.  In  con- 
nection with  this  subject,  it  may  be  useful  to  advert  to  the  manner  in 
which  the  terms  in  question  have  come  to  be  employed  in  modem 
physical  geography,*  and  which  has  already  led  to  erroneous  inferences. 
AVhen  a  geographer  speaks  of  on  anticlinal  line,  ridge,  or  axis,  he 
simply  means  the  ridge  formed  by  the  meeting  of  an  upward  slope 
and  counterslope,  or  the  imaginary  line  drawn  through  or  along  it; 
and  by  a  synclinal,  in  like  manner,  he  merely  understands  a  linear 
depression  or  valley,  formed  by  the  meeting  of  a  downward  slope  and 
counterslope;  without  reference  to  the  geological  constitution  of  the 
land  having  such  figures.  Thus  geographical  anticlination  and  syncli- 
natiou  (derivatives  employed,  we  believe,  for  the  first  time  by 
Mr.  Brayley),  are  quite  different  things  from  the  disposition  of  groups 
of  strata,  designated  by  the  geologista  as  anticlinal  and  syndmaL 
Thus,  also,  the  slope  and  counterslope  may  consist  of  strata,  either 
meetmgor  sloping  away  from  each  other;  a  difference  quite  unim- 
portant m  geography,  but  of  great  moment  in  geology.    Geographeni 

♦  Tlio  term  anticlinal  seems  to  have  been  first  adopted  in  geography  in  Dr. 
Bckc  8  •  Origines  BiWicw,'  Lend.,  18S4,  p.  316,  where  It  Is  rcmsrked,  that  the 
range  of  mountains  called  the  Kara^jch  Dagh,  "forms  the  geographical  anU- 
clmal  line  between  the  two  great  rivers  Tigris  and  Eiiphrtteii,  and  their 
respective  tributary  «treRm!«.'» 


are  often  not  geologists,  and  borrow  i^pellations  from  the  sdeoce  of 
the  latter,  which  they  use  in  a  sense,  quite  correct,  of  their  owBt,  Vnt 
at  the  same  time  quite  different  from  its  original  one. 

Another  and  frequently  occurring  case  of  the  position  of  a  valley  on 
an  anticlinal  axis  is  the  following.    In  certain  dome-shaped  hills,  or 
elevated  regions,  which  all  consider  as  having  been  thrust  up  \>y  a 
force  from  below,  there  is  often  an  elliptical  cavity  at  the  summit^  <lix<e 
partly  to  the  fracture  of  the  upraised  rocks,  but  still  more  to  aqixjeous 
denudation,  as  they  rose  out  of  the  sea.    The  central  cavity  is  called 
a  valley  of  elevation.    It  exposes  to  view  the  subjacent  strata  or  rock^ 
and  the  incumbent  stratified  mass,  the  central  portion  of  which  has  ttitia 
been  removed,  dips  away  on  all  sides  from  the  axis.    The  struct^xre 
and  the  theory  of  the  production  of  such  valleys  were  first  reoognise<l, 
and  the  appellation  given  to  them,  by  the  late  Bev.  Dr.  Backlaxid, 
who  described  a  remarkable  instance  in  the  valley  of  Kingadere,  in 
Berkshire,  together  with  others,  all  presenting  the  same  features  of  » 
valley,  circumscribed  on  all  sides  by  an  escarpment,  whose  compon^Dt 
strata  dip  outwards  from  an  anticlinal  line,  running  along  the  central 
axis  of  tiie  valley.    The  most  symmetrical  valley  of  elevation  in  tlie 
British  isles  occurs  in  the  Woolhope  district  in  Herefordshire^  con- 
sisting  of  two  concentric  narrow  ranges  of  hills,  almost  oontinuouttljr 
surrounding  a  broad,  nearly  elUpticflJ  dome;  the  lowest  and  moe^ 
ancient  strata  forming  the  dome,  the  incumbent  strata  the  induding 
hills.    (Buckland,  '  Trans.  GeoL  Soc,'  series  II.,  voL  iL ;  Hurchisoa, 
'Siluria;'  J.  Phillips,  in  'Mem.  of    QeoL  Survey/  voL  ii;   Lyell^ 
'  Principles,'  1863,  p.  421.) 

The  perusal  of  the  artide  Parallel  Roads  in  the  Natural  History- 
Division  of  this  work  is  referred  to  above  (coL  541),  as  desirable  for 
the  student  of  the  history  of  valleys.  Subsequently  to  the  investiga- 
tions of  the  eminent  observers  referred  to  in  that  article,  and  also  to 
those  of  Professor  Agassiz,  Sir  Q.  S.  Mackenzie,  Mr.  R.  Chamben,  and 
others,  the  structure  of  the  parallel  roads  of  Lochaber  has  been  care- 
fully studied  by  a  disUngidwed  American  geologist.  Professor  Henry 
D.  Rogers,  F.R.S.,  who  occupies,  greatly  to  the  advantage  of  sclenoey 
the  chair  of  Natural  History  in  tiie  University  of  Glasgow.  The  results 
of  this  study  he  stated  in  a  discourse  delivered  at  the  Royal  Institution, 
in  London,  on  March  22nd  of  the  present  year  <1861),  of  which  an 
abstract  appears  in  the  '  Proceedings ; '  and  in  which  he  states  that  he 
has  been  led  by  it  to  reject  all  the  hypotheses  hitherto  offered  in 
explanation  of  tiie  terraces,  as  inadequate,  and  to  recognise  in  certain 
phenomena  discovered  by  him,  but  not  before  noticed  or  theoretically 
considered,  a  key  to  the  solution  of  the  problem.  Of  these  we  wiU 
briefly  notice  the  principal,  omitting  the  details,  and  subjoin  the  con- 
clusion at  which  Professor  Rogers  has  arrived. 

These  parallel  roads  aro  apparenUy  level,  and  therefore  parallel, 
*'  but  f urUier  instrumental  measuroments,"  Professor  Rogers  remarks, 
*'  are  necessary  before  the  question  of  their  absolute  horisontality  can 
be  regarded  as  satisfactorily  settled ; "  on  which  point,  therefore,  he 
seems  to  be  at  variance  with  Mr.  Darwin,  as  well  as  with  Sir  T.  L.  Dick 
and  Mr.  Maclean,  by  whom,  as  stated  in  the  former  article,  they  were 
carefully  levelled. 

Each  "  road,"  *'  shelf,"  or  '*  terrace,"  according  to  Professor  Rogers* 
is  a  nearly  level,  wide,  deep  groove,  in  the  easily  eroded  boulder-drift 
or  diluvium  [Surface  of  the  Earth]  which,  to  a  greater  or  less  thick- 
ness,  everywhero  clothes  the  sides  of  the  mountains  exhibiting  them. 
They  vary  greatiy  in  their  relative  distinctness.  With  scarcely  au 
exception,  ^ch  terrace  or  shelf  is  most  deeply  imprinted  in  the  hill- 
side, and  is  broadest,  where  the  surface  thus  grooved  has  its  aj^pect 
down  the  glen,  or  towards  the  Atlantic;  and  is  faintest  where  the 
ground  fronts  towards  the  head  of  the  valley,  or  th«  Qerman  Ocean. 
While  conspicuous  on  the  open  sides  and  the  westward  sloping  shoulders 
of  the  hills,  the^rraces  disappear  altogether  in  the  recesses  or  deejHT 
corries  which  scollop  the  flanks  of  the  mountains.  Each  grows  usually 
more  and  more  distinct  as  it  approaches  the  head  of  its  own  specid 
glen,  imtil  those  of  the  two  opposite  sides  meet  in  a  round  spoon-like 
point.  Each  again  coincides  accurately  in  level  with  some  "  water- 
shed "  (?)  or  notch  in  the  hiUs  leading  out  from  its  glen  into  some  other 
glen  or  valley  adjoining. 

The  internal  structure  of  the  matter  composing  each  terrace  consists 
in  an ''  oblique  lamination  "  or  slant  bedding  of  the  layers  of  gravel, 
sand,  and  other  sediment  which  constitute  it,  such  as  geologists  fami- 
liarly recognise  as  the  result  of  a  strong  current  pushing  forward  the 
fragmentary  material  which  it  is  depositmg,  and  which  is  held  by  them 
to  mdicate,  in  the  direction  towards  which  the  laminie  dip,  the  direc- 
tion towards  which  the  current  has  moved.  The  "  dip,"  or  downward 
slant,  is  almost  invariably  up  the  glen,  or  towards  its  he<td,  and  not 
down  the  glen,  or  towards  the  Atiantic. 

In  all  previous  hypotheses,  the  agency  of  Handing  water  is  assumed, 
either  the  ocean  in  its  ordinary  state  of  repose,  or  lakes  pent  within  the 
glens,  as  explained  in  the  former  article.  But  to  these  Professor 
Rogers  opposes  the  facts,  that  these  level  shelves  are  not  true  marine 
beaches,  exhibiting  not  a  vestige  of  any  marine  organic  remains,  no 
rippled  sands,  no  shingle,  and  no  sea-cliffs ;  that  they  display,  in  like 
manner,  a  total  absence  of  the  distinctive  marks  of  lake-sides,  not  ono 
lacustrine  organism,  neither  fresh-water  plant  nor  animal  having  ever 
been  discovered  imbedded  in  them.  Nor  has  any  feasible  cause  of 
blockage  of  the  glens  at  different  stations  above  their  mouths,  to  pond 
the  waters  to  the  respective  heights  of  the  terraces,  been  assigned ; 
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there  are  no  traces  of  former  barriers  in  any  of  those  localities  where 
alone  we  can  afisurae  them  to  have  existed,  to  produce  the  required 
embaying  of  the  waters.  The  hypothesis  of  successive  "  sea-margins," 
or  sea-levels,  is  stated  to  be  overthrown  by  the  now  well-established 
deduction  from  the  recent  measurements  of  Professor  Rogers  himself, 
that  none  of  the  several  shelves,  or  "  roads "  of  Glen  Roy  correspond 
in  level  with  any  of  those  seen  in  the  adjacent  valley,  Glen  Oluoi,  a 
marked  discrepancy  separating  the  two  groups  of  terraces  into  two 
independently  produced  systems. 

After  adducing  further  objections,  both  of  fact  and  reasoning,  to 
former  hypotheses  on  the  origin  of  the  parallel  roads.  Professor  Rogers 
concludes  by  sketching,  in  the  following  terms,  the  action  to  which  he 
ascribes  their  formation  : — "  He  supposes  the  several  terraces  to  have 
been  cut  or  grooved  in  the  sides  of  the  hills  by  a  great  inundation  from 
the  Atlantic,  engendered  by  some  wide  earthquake  disturbance  of  the 
ocean's  bed,  and  forced  against  the  western  slope  of  Scotland.  The 
features  of  the  country  indicate  that,  while  a  portion  of  such  a  vast 
sea-tide  entering  the  Frith  of  Linnhe  rushed  straight  across  the  island 
through  the  deep  natural  trench.  Glen  Mor  or  the  great  Caledonian 
vaJley,  a  brandi  current  was  deflected  from  this,  and  turned  by  the 
Spean  valley  and  its  ^tributary  glens.  Glen  Roy  and  Glen  Gluoi,  into 
the  valley  of  the  Spey,  and  so  across  to  the  German  Ocean.  In  thii^ 
transit,  the  deflected  waters  first  embayed  in  these  glens,  and  then 
filling  and  pouring  through  them,  would,  upon  rising  to  the  levels  of 
the  successive  water-sheds,  or  low  passes,  which  open  away  to  the 
eastern  slope  of  the  island,  take  on  a  swift  current  through  each  notch, 
and  as  long  as  the  outpour  nearly  balanced  the  influx,  this  current, 
temporarily  stationary  in  height,  would  carve  or  groove  the  soft 
**  drift "  of  the  hill-side.  But  the  influx  increasing,  the  stationary  level 
and  grooving  power  of  the  surface-stream  would  cease,  and  would  only 
recommence  when  the  flood  rising  to  the  brim  of  another  natural  dam, 
a  new  equilibrium  would  be  established,  a  new  horizontal  superficial 
current  set  in  motion,  and  a  second  shelf  or  terrace  begin  to  be  eroded 
at  the  higher  level.  So  each  of  the  parallel  roads  is  conceived  to  have 
been  produced  in  the  successive  stages  of  the  rising  of  one  vast  steady 
incursion  of  the  sea.  The  lapsing  back  of  the  waters,  unaccompanied 
by  any  sharp  localised  surface-currents  through  the  passes,  could 
imprint  no  such  defined  marks  on  the  suiface,  nor  accomplish  more 
than  a  faint  and  partial  obliteration  of  the  terraces  just  previously 
excavated  during  their  incursion." 

A  succinct  view  of  the  controversy  respecting  the  formation  of  the 
parallel  roads,  showing  the  position  of  the  subject  prior  to  Professor 
Rogers's  investigation,  will  be  found  in  Sir  C.  Lyell's  *  Manual  of 
Elementary  Geology,'  6th  ed.,  1856,  pp.  86-89. 

VALUE  signifies,  in  political  economy,  the  quantity  of  labour,  or  of 
the  product  of  labour,  which  will  exchange  for  a  given  quantity  of 
labour  or  of  some  other  product  thereof.  It  is  necessary  in  the  outset 
to.  distinguish  utility  from  value,  or,  as  Adam  Smith  expresses  the 
distinction,  **  value  in  use  "  from  "  valvut  in  exchange,"  The  utility  of 
an  article  causes  it  to  be  an  object  of  demand ;  and  without  some  real 
or  imaginary  utiUty  an  article  will  not  have  value ;  or,  in  other  words, 
no  one  will  give  other  articles  in  exchange  for  it :  but  utility  alone 
does  not  constitute  value,  except  when  there  is  a  limited  and  exclusive 
possession,  which  enables  one  man  to  refuse  to  others  the  enjoyment 
of  any  natural  product  without  the  payment  of  an  equivalent  or  price. 
It  is  the  labour  of  man  alone  which  in  ordinary  circumstances  creates 
value.  What  all  may  enjoy  alike  without  labour  may  indeed  be  most 
useful  and  necessary,  but  cannot  be  an  object  of  exchange,  and  tiiere- 
fore  is  destitute  of  value.  "The  real  price  of  every  thing,"  says 
Adam  Smith,  "  what  eveiything  really  costs  to  the  man  who  wants  to 
acquire  it,  is  the  toil  and  trouble  of  acquiring  it.  What  eveiything  is 
really  worth  to  the  man  who  has  acquired  it,  and  who  wants  to  dis- 
pose of  it  or  exchange  it  for  something  else,  is  the  toil  and  trouble 
which  it  can  save  to  himself,  and  which  it  can  impose  upon  other 
people."  Hence  the  labour  of  man  becomes  the  real  measure  of  the 
exchangeable  value  of  all  commoditira. 

To  illustrate  the  distinctive  character  of  utility,  and  the  effects  of 
labour  and  of  exclusive  possession  respectively  upon  value,  suppose  a 
party  of  settlers  to  occupy  a  tract  of  land,  and  to  divido  it  amongst 
them  in  equal  portions  by  lotw  Suppose  also  that  each  settler  ha«  upon 
his  own  land  timber,  lime,  and  stone.  They  all  need  houses,  and  have 
the  materials  to  btiild  them  with ;  but  the  unaided  labour  of  each 
man  is  unable  to  appropriate  and  apply  the  materials  in  the  manner  he 
desires.  One  man  calls  in  the  assistance  of  his  neighbour,  and  by 
their  joint  labour  a  house  is  built ;  and  this  service  he  repays  by 
helping  his  neighbour  also  to  build  a  house.  He  can  only  repay  him 
by  labour,  because  the  materials,  though  of  the  highest  utility,  are 
common  to  both,  but  need  labour  to  make  them  available.  It  is  clear 
that  the  timber,  the  lime,  and  the  stone  are  in  this  case  without  value, 
and  could  not  be  offered  by  one  man  in  exchange  for  the  labour  of 
another.  But  suppose  it  should  happen  that  all  the  timber,  lime,  and 
stone  in  the  whole  district  should  be  found  in  the  portion  of  land 
allotted  to  one  of  the  party.  Here  the  materials  would  not  only  be 
objects  of  utility,  but  the  limited  and  exclusive  possession  of  them 
would  endow  them  with  value.  The  fortunate  owner  of  them  niight 
say  to  his  neighbours,  "  You  shidl  not  have  any  of  my  matenals 
until  you  have  first  built  me  a  house;  but  when  you  have  each 
worked  for  me  a  day,  instead  of  repaying  each  of  you  with  a  day's 
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labour  myself,  I  will  permit  you  to  take  the  materials  for  buHduig 
from  my  estate."  Here  the  power  of  withholding  the  products  of  nature 
from  others  is  productive  of  value,  being  equivalent  to  a  certain 
quantity  of  labour.  But  even  in  this  case  it  is  labour  which  creates 
the  value,  and  is  the  measure  of  exchange  between  the  parties. 

The  great  mass  of  commodities  which  are  made  the  subject  of 
exchange  amongst  men  are  produced  by  labour  only,  and  are  not 
affected  by  any  exclusive  possession  whatever.  With  these  therefore 
the  quantity  of  labour  used  in  their  production  is  the  measure  of  their 
real  value.  They  will  ordinarily  exchange  for  other  commodities  upon 
which  an  equal  quantity  of  labour  has  been  expended ;  but  there  are 
curcumstances  which  may  affect  their  exchangeable  value,  while  their 
real  value  or  cost  of  production  may  remain  the  same.  If  a  larger 
quantity  of  any  article  has  been  produced  than  there  is  an  effective 
demand  for,  its  exchangeable  value  is  reduced ;  if  on  tiie  contrary,  its 
supply  is  unequal  to  the  demand,  its  value  is  raised.  But  these  varia- 
tions cannot  be  of  long  duration.  Articles  which  do  not  repay  the 
cost  of  production  will  soon  cease  to  be  produced,  untfl  the  diminished 
supply  has  again  raised  their  value ;  and  when  articles  bear  a  market 
value  mueh  higher  than  their  cost,  production  vrill  be  encouraged  until 
the  supply  is  not  veiy  wide  of  the  demand.  Any  permanent  altera- 
tion, tnerefore,  in  the  exchangeable  value  of  one  commodity  as  com- 
pared with  another,  cannot  be  referred  to  these  fluctuating  and 
accidental  causes,  but  must  be  the  result  of  a  change  in  the  real  value 
of  one  or  the  other,  that  is  to  say,  in  the  quantity  of  labour  required 
to  produce  it.  The  value  of  labour  is  always  the  same,  but  the  value 
of  the  products  of  labour  changes  with  circumstances. 

The  real  value  of  a  commodity  having  been  shown  to  be  dependent 
solely  upon  the  quantity  of  labour  necessary  for  its  production,  and 
the  exchangeable  value,  for  the  causes  stated,  never  varying  materially 
either  above  or  below  the  real  value,  it  follows  that  the  price  paid  for 
labour  does  not  affect  the  exchangeable  value  of  articles  produced 
under  similar  circumstances.  If  the  labourer  gains  a  larger  share,  the 
profits  of  his  employer  are  proportionately  diminished;  and  if  his 
share  is  less,  then  profits  are  increased:  while  both  are  generally 
preserved  by  competition  from  any  great  disproportion. 

Equal  quantities  of  labour  however  are  not  always  equivalent ;  the 
skill  of  one  labourer,  or  the  severity  of  his  employment,  may  render 
the  time  for  which  he  is  engaged  more  than  equivalent  to  the  same 
time  occupied  in  labour  by  another.  But  tiiis  ciroumstance,  though  it 
originally  affects  the  comparative  value  of  commodities  produced  by 
different  descriptions  of  labour,  is  no  cause  of  subsequent  variation  in 
their  relative  value.  The  relations  of  different  quidities  of  labour  are 
soon  practically  adjusted,  and  are  not  afterwards  liable  to  much 
variation. 

Every  reduction  in  the  quantity  of  labour  required  to  produce  a 
commodity  diminishes  its  real  value,  and  therefore,  for  we  causes 
already  explained,  its  value  in  exchange.  Improvements  in  tools  and 
machinery,  by  saving  the  labour  of  num,  reduce  the  value  of  com- 
modities; but  in  estimating  their  influence,  we  must  not  omit  to 
calculate  the  quantity  of  labour  bestowed  upon  the  article,  directly  and 
indirectly — from  the  growth  of  the  raw  material  to  its  finished  state 
— throughout  the  whole  process  of  xnanu^ture— upon  the  tools, 
machinery,  biuldings,  and  other  appliances  by  which  labour  is  assisted. 
Upon  the  same  principles  every  increase  in  the  quantity  of  labour 
direHly  or  indirectly  applied  adds  to  the  value  of  a  commodity. 

Ths  amount  of  capital  employed  also  enters  into  the  computation  of 
value.  Capital  is  only  accumulated  labour.  Where  it  is  abundant  a 
small  interest  is  accepted,  but  where  it  is  scarce  a  larger  portion  of 
interest  has  to  be  added.  Labour  can  hardly  ever  be  profitably 
exerted  without  the  intervention  of  capital,  as  the  labourer  must  be 
provided  with  subsistence  until  his  labour  has  realised  a  profit.  All 
improvident  attacks,  therefore,  of  the  labourer  upon  th#  labour  fund  by 
lessening  the  amount  of  capital  to  be  advanced  for  his  support  in  view 
of  prospective  realisation,  must  inevitably  react  upon  himself  to  his 
own  disadvantage. 

The  effects  of  labour  upon  price  become  further  complicated  by  the 
durability  of  the  machinery  employed  to  assist  it.  If  two  commodi- 
ties are  produced  by  machinery  at  an  equal  cost  of  labour,  and  if  the 
same  quantity  of  labour  has  also  been  bestowed,  in  each  case,  upon  the 
machinery — ^the  value  of  such  commodities  would  appear  to  be  the 
same ;  but  if  one  machine  wears  out  in  two  years  or  needs  much 
labour  to  keep  it  in  repair,  while  the  other  lasts  for  ten  years  requiring 
but  little  repair — ^the  relative  quantities  of  labour  expended  indirectly 
upon  the  two  commodities  become  so  unequal,  that  a  considerable 
duproportion  must  be  found  in  their  respective  degrees  of  value. 

Disturbances  of  the  relative  value  of  different  commodities 
apparently  produced  by  the  same  amount  of  labour,  are  also  caused  by 
the  comparative  quantities  of  fixed  and  ciroulating  capital  employed, 
and  by  the  length  of  time  over  which  the  labour  is  spread,  and  before 
the  products  are  brought  to  market.  Under  these  varying  circum- 
stances in  the  production  of  articles,  the  price  of  labour  becomes  an 
element  in  their  relative  value,  which  is  not  the  case  when  com- 
modities are  produced  under  precisely  similar  dreumstances.  If  aQ 
commodities  were  produced  by  an  equal  proportion  of  fixed  and 
ciroulating  capital,  any  rise  or  fall  of  wages  would  affect  them  all 
equally,  and  would  not  therefore  disturb  their  relations  to  each  other. 
If  a  yard  of  woollen  doth,  for  instance,  exchanged  for  a  yard  of  silkj 
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and  wages  rose,  the  value  of  each  would  rise  in  an  equal  proportion, 
and  the  articles  would  continue  to  exchange  for  each  other  as  before. 
But  if  the  doth  were  produced  almost  entirely  by  machinery  and  the 
Bilk  entirely  by  manual  labour,  a  rise  of  wages  would  scarcely  affect  the 
former  at  all,  while  it  would  add  materially  to  the  cost  of  producing 
the  latter.  They  would  therefore  no  longer  exchange  for  each  other, 
or,  in  other  words,  their  relative  value  would  be  altored.  The  general 
law  of  such  variations  is  thus  stated  by  Mr.  Ricardo,  namely,  that  in 
the  event  of  a  ritie  in  the  price  of  labour,  **  only  those  commodities 
would  rise  which  had  less  fixed  capital  employed  upon  them  than  the 
medium  in  which  price  was  estimated,  and  that  all  those  which  had 
more  would  positively  fall  in  price  when  wages  rose.  On  the  contrary, 
if  wages  fall,  those  commodities  only  would  fall  which  had  a  less  pro- 
portion of  fixed  capital  employed  on  them  than  the  medium  in  which 
price  was  estimated ;  all  those  which  had  more  would  positively  rise 
in  price." 

With  all  these  causes  of  disturbance  in  the  relations  which  the 
different  products  of  labour  bear  to  each  other,  it  is  obvious  that  no 
commodity  can  be  a  perfect  standard  by  which  to  compare  the  varia- 
tions in  the  value  of  other  commodities ;  but  as,  in  an  advanced  stage 
of  society,  labour  cannot  be  the  ordinary  measure  of  value,  some 
representative  of  labour  must  be  selected,  by  which  to  carry  on  the 
exchanges  of  trade,  and  the  more  nearly  it  represents  the  amount  of 
labour  expended  upon  it,  and  the  less  that  amount  varies,  the  fitter 
will  it  be  for  a  common  standard  of  value. 

!  The  precious  metals,  or  paper  convertible  into  them,  are  the 
standoras  usually  adopted.  They  are  however  articles  of  commerce 
varying  in  supply  and  demand,  and  in  the  quantity  of  labour  required, 
it  diMerent  times,  to  produce  them.  They  cannot  therefore  be 
invariable  standards,  but  must  fluctuate  more  or  less  like  other  com> 
modities.  Practically,  this  variation  is  not,  upon  the  whole,  so  great 
as  in  the  case  of  other  articles,  but  in  the  degree  in  which  it  prevails  it 
makes  gold  and  silver  imperfect  standards  of  value.  The  circum- 
stances and  results  of  this  imperfection  and  the  means  of  obviating 
them  are  among  the  most  important  speculations  of  the  political 
economist,  but  are  more  fitly  treated  of  in  other  parts  of  this  work. 
[Bank;  Banking;  Currency;  Exchange;  Wages.] 

(Adam  Smith,  Wealth  of  NcUiont;  Ricardo,  PHncipUs  of  Political 
Economy  and  TaaMtion ;  Mill,  Blementa  of  Political  Economy;  Say, 
RicJuste  dta  Nations.) 

VALVASOR.    LVavasor.] 

VALVE.  A  moveable  pi^tion  introduced  in  ntiachinery  for  the 
purpose  of  alternately  opening  and  closing  a  passage  through  which  steam 
or  water  may  be  intended  to  pass,  is  called  a  valve  ;  and  this  generic 
name  receives  many  specific  designations  according  to  the  position,  or 
the  function,  the  valve  naay  be  required  to  occupy,  or  to  perform. 
Thus  there  are  head,  or  feet  valves;  suction  ^ves;  delivery,  dis- 
charge, air-pump,  steam,  safety,  blow-off  valves ;  spindle,  clack,  flap, 
slide,  cup,  crown  valves;  stop,  expansion,  distribution,  equilibrium, 
and  countless  other  varieties  of  valves,  which  can  only  be  described  in 
the  detailed  notices  of  the  machinery  of  which  they  form  part  It 
may  suffice,  then,  to  state  here  briefly,  that  the  conditions  a  valve 
is  re(^uired  to  fulfil  are,  that  it  shall  open  freely  in  the  required 
direction ;  that  it  offer  no  obstruction  to  the  passage  of  the  fluid  it 
is  desimed  to  pass  when  it  is  open ;  that  when  it  is  closed  it  shall  not 
allow  the  fluid  to  return.  Valves  must,  therefore,  fit  closely  on  their 
seats ;  be  sufficiently  strong  to  resist  the  pressure  to  which  Uiey  are  to 
be  exposed ;  they  must  be  composed  of  materials  which  should  not  be 
likely  to  suffer  deterioration  or  wear ;  they  must  be  aocessible  at  any 
time  for  examination  and  repair.  In  the  exceptional  forms  of  throttle- 
valves,  the  majority  of  the  last-named  conditions  apply ;  though,  of 
course,  as  those  valves  are  not  intended  effectually  to  close  the  passage 
of  the  fluids  th^  intercept,  they  do  not  require  the  same  amount 
of  strength,  or  the  same  perfection  in  the  seating,  as  the  ordinary 
valves  do. 

It  follows,  from  the  nature  of  the  work  performed  by  ordinary 
valves,  that  great  mechanical  perfection  is  necessary  in  their  execution. 
The  bearing  surfaces  are,  therefore,  carefully  planed,  turned,  and  fitted ; 
and  the  face  of  the  valve  itself  is  firequently  covered  with  a  semi- 
elastic  material,  for  the  purpose  of  more  effectually  excluding  the 
passage  of  the  fluids;  or  it  may  be  kept  dose  agamst^the  seatmg  by 
means  of  springs.  These  contrivances,  however,  necessarily  give  rise 
to  considerable  friction  on  the  opening  and  shutting  of  the  valves,  and 
it  theuce  becomes  necessary,  in  designing  machinery,  to  diminish  the 
weight  and  the  number  of  the  valves  as  much  as  possible.  Moreover, 
as  valves  only  open  when  the  pressure  on  one  side  exceeds  that  upon 
the  other,  the  effort  required  to  open  them  may  become  a  question 
of  serious  importance,  and  the  reaction  which  may  ensue  upon  their 
bemg  suddenly  closed  may  frequently  exercise  a  powerful  effect  upon 
the  sohdity  of  the  machmery;  as  for  mstance,  in  the  cases  of  a  valve 
upon  the  rising  main  of  a  lai^e  pump,  or  of  the  expansion  gear  of  a 
steam-engine.  It  is  for  the  purpose  of  obviating  these  sources  of 
mconvemence  and  danger,  that  the  cup-valves  and  the  equilibrium- 
valvM,  before  alluded  to,  under  Pump  and  Steam-Enqine,  are  intro- 
duced  ;  for  onUuary  nuiposes  it  may  be  considered  that  UfUng-yaiyea 
are  adapted  for  rough  work  and  for  dense  fluids;  that  Aiiiryerf-valvos 
present  some  mechanical  advantages  over  the  lif ting- valves ;  and  that 
when  there  is  a  necessity  for  gradually  closing  a  passage,  or  for  pre- 


venting the  escape  of  a  rare  fluid,  the  diding-valYea  should   be 
sorted  to. 

Flap-valves,  and  screw-valves,  are  occasionally  used   in  hydraulic 
engineering;  the  former,  for  the  purpose  of  securing  an  autonocnl? 
discharge  of  drainage  waters  whenever  the  internal  pressure  on  th^ 
valve  shall  exceed  the  external  pressure ;  and  the  latter,  for  the  purp<  -ci« 
of  intercepting  the  flow  of  water,  or  even  of  gas,  in  pipes.     Self -acting 
balance- valves  are  often  used  for  ventilation,  and  occasionally  for  tlie 
purpose  of  regulating  the  draught  in  furnaces,  chiumies,  Ao.     A  very 
ingeniotis  system  of  self-acting  balance  valves  was  introduced  bj  Mr. 
Thom  in  the  Greenock  Water  Works,  to  ensure  the  unifonnity  of  flow 
of  the  mill  streams  he  had  there  to  deal  with :  a  full  account  of  theoe 
contrivances  is  to  be  found  in  the '  Annales  des  Ponts  et  Chouss^es  * 
for  1831. 

VALYL.    [Butyl.] 

VAMPIRE.  According  to  Dom  Calmet's  '  Dissertation  sur  les 
Vampires,'  the  vampire  is  a  dead  man,  who  returns  in  body  and  soul 
from  the  other  world,  and  wanders  about  the  earth,  doing  every  kind 
of  mischief  to  the  living.  Generally  he  sucks  the  blood  of  persons 
asleep,  and  thus  causes  weir  death.  Those  who  are  destroyed  in  this 
way  become  vampires.  The  only  manner  of  getting  rid  of  such  un- 
welcome visitors  is,  according  to  the  same  author,  to  diaiuter  their 
bodies,  to  pierce  them  with  a  stake  cut  from  a  green  tree,  to  cut  off 
their  heads,  and  to  bum  their  hearts. 

The  belief  that  the  dead  sometimes  return  to  this  world,  in  order  to 
annoy  the  Uving,  was  prevalent  in  very  early  times.  ICastem  nations 
have  a  similar  superstition  about  malicious  ghosts,  called  "  gouU,"  &c. 
The  belief  in  these  apparitions  was  not  destroyed  by  the  introduction 
of  Christianity,  but  remained,  like  many  other  superstition^ 
bequeathed  by  paganism,  in  full  force  during  the  middle  ages.  The 
laws  of  Charlemagne  {'  Capitidarium  pro  Partibus  Saxonise ')  contain 
certain  enactments  respecting  apparitions  called  Striga  or  Masca  (this 
last  won!  signifies  a  shapelen  being).  This  circumstance  proves  the 
generality  of  this  belief  dining  that  period. 

The  advance  of  civilisation  in  modem  times  was  unable  to  destroy 
a  superstition  founded  upon  a  feeling  by  which  the  great  mass  of  man- 
kind is  so  frequently  actuated — fear ;  and  many  authors  wrote  books 
on  the  subject  Besides  Dom  Calmet,  whom  we  have  quoted,  we  may 
mention — Philip  Rerius,  an  author  of  the  17th  century;  BOchael 
Rauft,  who  published  in  the  last  centuiy  a  treatise  '  De  Masticatione 
Mortuorum  in  Tumulis ;'  Ferdinand  von  Schers, '  In  Magia  Poethuma,* 
Olmutz,  1706,  ftc. 

The  superstition  about  the  vampires  is  chiefly  prevalent  in  some 
parts  of  Eastern  Eiu-ope.  These  apparitions  are  known  in  Poland 
under  the  name  of  "  Upior ;"  in  Uie  Ukraine, "  Upeer ;"  in  Russia, 
"  Googooka ;"  in  Hungary,  Servia,  Greece,  &c.,  "  Vrouoolackas,'* 
«*  Vardoulacka,"  "  Broncolucka,"  Ac 

Of  all  those  countries,  Hungary  and  its  dependencies  may  be  con- 
sidered as  the  principal  seat  of  vampirism,  and  little  more  than  a 
century  has  elapsed  since  all  Europe  was  fiUed  with  reports  about  the 
exploits  of  vampires  in  Hungary  and  Servia.  It  was  during  the  five 
years  from  1730  to  1736  that  vampirism  reached  its  height  It  was 
so  general,  that  Louis  XV.  of  France  commissioned  his  ambassador 
at  Vienna,  the  Duo  de  Richelieu,  personally  to  ascertain,  in  Hungary 
and  other  Austrian  dominions,  the  reality  of  vampirism.  The  Fr^ch 
diplomatiBt  denied  in  his  report  to  the  king  the  existence  of  the 
vampires,  and  he  informed  him  at  the  same  time  that  the  anecdotes 
about  them  were  inserted  in  the  contemporary  records  of  the  Austrian 
tribimals.  This  superstition  gained  ground  so  much  that  the  chief 
periodicals  of  that  time  contain  accounts  of  cases  of  vampirism  in 
Hungary ;  such  as,  for  instance,  the  '  Mercure  Historique  et  Politique,' 
for  October,  1736,  pp.  403, 411 ;  and  the  Dutch  paper, '  Le  Glaneur,' 
No.  ix.,  for  1738. 

A  great  number  of  anecdotes,  many  of  which  had  been  officially 
registered,  are  related  by  contemporary  writers ;  some  of  them  even 
described  the  manners  and  customs  of  those  vampires ;  as  for  instance, 
that  lying  in  their  graves  they  suck  and  chew  their  winding-sheets, 
and  that  it  was  therefore  necessary  to  place  under  their  chins  a  piece 
of  green  turf  in  order  that  they  might  not  be  able  to  reach  the  sheets 
wiw  their  teeth,  and  to  bind  their  hands,  that  they  might  not  turn 
about  in  their  coffins.  Many  believe  that  the  vampires,  notwithstaod- 
ing  all  the  means  used  to  destroy  their  bodies,  will  resmne  their  shape, 
and  recommence  their  mischievous  wanderings  as  soon  as  the  mys 
of  moonlight  fall  on  their  graves.  This  superstition  is  chiefly  pre- 
valent in  Greece,  and  the  tale  of '  The  Vampire,'  written  by  Dr. 
PoUdori,  was  founded  upon  it 

It  may  be  supposed  that  the  superstition  about  the  vampire  has 
derived  considerable  strength  from  cases  where  men,  supposed  to  be 
dead,  have  been  buried  alive.  Such  cases  have  happened  in  many 
countries,  as  has  been  shown  by  the  altered  position  of  the  body  in 
the  coffin,  spots  of  blood  on  the  torn  winding-sheets,  bites,  on  the 
hands,  and  other  marks  of  the  struggle  and  despair  before  life  becama 
extinct  It  is  probable  that  such  signs  have  been  sometimes  interp^^ 
ted  as  the  marks  of  vampirism. 

VANADIC  ACID.    fVANADniu.] 

VANADIUM  (V).  A  rare  metal.  It  was  discovered  in  1801  by 
Del  Rio,  and  in  1S30  named,  by  Sefstrom,  Vanadium,  from  Vanadit,  a 
cognomen  of  the  Scandinavian  goddess  I^a,    In  exceeding^  minute 
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quantity  it  exiata  in  nearly  all  clays,  but  occurs  in  abundance  in  a  lead 
ore  (vauddiate  of  lead)  found  at  Waulockhead  in  Scotland,  Zimapan  in 
Mexico,  and  reoently  in  Chili 

By  reducing  vanadic  iuihydride  with  potaasium,  and  digesting  the 
product  in  water,  yanadium  is  obtained  as  a  brilliant,  metallic  powder ; 
soluble  in  nitric  acid  or  aqua  regia,  but  unacted  upon  by  boiling  sul- 
phuric, hydrochloric,  or  nitric  acids. 

The  equivalent  of  vanadium  is  68*46. 

Vanadium  and  oxygen  combine  in  three  proportions.  The  protoaade 
(VO)  has  the  appearance  of  graphite,  and  is  formed  when  hydrogen  is 
passed  over  heated  vanadic  acid.  The  binoxide  (VOJ  is  a  black  powder 
produced  when  the  protoxide  is  heated  in  the  air ;  it  combines  with 
acids  to  form  salts,  which  have  a  blue  colour.  The  teivxide  or  vanadic 
anhydride  (VO,)  is  a  brownish-red  powder  that  remains  on  heating 
bivanadiate  of  ammonia.  It  fuses  at  a  red  heat,  and  is  slightly  soluble 
in  water,  to  which  it  communicates  a  yellow  tint  and  an  acid  reaction. 
Vanadi4i  acid  (2  HO,  VO,)  falls  as  a  precipitate  when  nitric  acid  is  added 
to  a  hot  solution  of  a  bivanadiate ;  in  appearance  it  much  resembles 
hydrated  oxide  of  iron.  Dried  over  sulphuric  acid  it  loses  an  equivalent 
of  water,  and  protohydrate  (HO,  VO,)  remains. 

VanadiaUs  are  obtained  on  decomposing  bivanadiate  of  ammozua  by 
a  chloride.    They  contain — 


Bivanadiate  of  soda      . 
atrontia     • 
lime      . 
y,  magnesia  • 

Baryta  salt  • 


f* 
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NaO,  2V0a  -f9H0 
SrO,  2V0,  +9H0 
CaO,  2VO3  -f  9H0 
MgO,  2VO3+8HO 
SBaO,  5YO3  +19H0 


To  produce  bivanadiate  of  ammonia  Hauer  recommends  that  the 
crude  vanadium  compound  be  calcined,  the  residue  digested  in  water, 
the  insoluble  portion  fused  with  nitrate  of  potash,  the  resulting  mass 
digested  in  water,  the  solution  concentrated,  and  vanadiate  of  ammonia 
precipitated  by  adding  excess  of  chloride  of  ammonium ;  it  is  purified 
by  repeated  crystallisations  from  water  containing  acetic  acid. 

Two  chloridea  (VCl,  and  VCI3),  as  well  as  sulphides,  bromides,  iodides, 
and  fluorides  of  vanadium,  have  been  obtained. 

Tests  for  Vanadium,  By  reducing  agents,  such  as  sulphide  of  hydro- 
gen, or  a  boiling  mixture  of  sulphuric  acid  with  alcohol  or  sugar, 
vanadiates  yield  beautiful  blue  solutions.  This  reaction  distinguishes 
them  from  chromates,  which  under  the  same  circumstances  give  green 
liquids. 

VANDALS.    [Teutonic  Nations.] 

VANILLA,  [Vanilla,  Aromatica,  in  Nat.  Hist.  Div.]  is  a  native 
of  Brazil.  The  fruit  is  the  only  part  of  the  plant  that  is  used.  It  has 
a  balsamic  odour,  and  a  warm  agreeable  flavour.  For  these  properties 
it  is  indebted  to  a  peculiar  volatile  oil,  and  to  a  considerable  quantity 
of  benzoic  acid.  The  fruit  ia  gathered  when  it  gets  yellow,  and  it  is 
flrst  allowed  to  ferment  for  two  or  three  days :  it  is  then  laid  in  the 
sun  to  dry,  and  when  about  half  dried  it  is  rubbed  over  with  the  oil  of 
cocoa :  it  is  again  exposed  to  the  sun  to  dry,  and  oiled  again  a  second 
time.  The  fruit  is  then  collected  in  small  bundles,  and  wrapped  up  in 
the  leaves  of  the  Indian  reed,  and  sold  to  the  Europeans.  It  is  used  to 
flavour  chocolate. 

VANISH  (Mathemiatics).  A  quantity  is  said  to  vanish,  or  to  become 
evanescent,  when  its  arithmetical  value  is  nothing,  or  denoted  by  0. 
When  the  evanescent  quantity  ia  only  a  part  of  another,  there  is 
seldom  or  never  any  more  difficulty  about  the  case  in  which  it 
vanishes  than  about  that  in  which  it  takes  any  other  specified  value  : 
but  when  the  whole  of  what  is  under  consideration  vanishes,  any  or 
all  of  those  views  may  be  required  to  render  this  case  intelligible 
which  are  explained  in  Nothing  ;  Infinite  ;  Limits  ;  Ratios,  Prime 
AND  Ultimate  ;  &c.  And  in  particular  the  phrase  of  two  quantities 
vanishing  in  a  certain  ratio  is  to  be  referred  to  the  last  of  the  articles 
cited.  When  a  value  given  to  a  letter  makes  an  expression  vanish,  or 
reduces  it  to  0,  it  would  be  very  convenient  to  say  that  the  given  value 
nuilifie$f  and  is  a  nuiUfier  of  the  expression:  but  this  language  is 
not  used. 

VANISHING  FRACTIONS.    [Fractions,  Vanishing.] 

VANISHING  POINT,  LINE,  &c.    [Perspective.] 

VAPORISATION  is  the  process  by  which  a  liquid  on  being  suffi- 
ciently heated  passes  off  in  the  form  of  vapour.  It  differs  from 
Evaporation  in  being  generally  an  artificial  and  a  quicker  process, 
vrbile  the  latter  is  spontaneous. 

VAPOUR.  There  are  many  substances,  both  flmd  and  soHd,  which 
when  exposed  to  the  air,  or  to  the  more  powerful  agency  of  heat,  are 
gradually  but  totally  dissipated,  owing  to  their  particles  assuming  the 
state  of  vapour  by  what  is  termed  fpontaneous  evaporation.  A  vapour, 
then,  consists  of  ponderable  matter  combined  with  sufficient  specific 
heat  to  enable  it  to  retain  its  aeriform  existence:  we  have  already 
[Gas]  given  a  similar  definition  of  a  gas.  The  question,  then,  natu- 
rally arises.  In  what  do  vapours  differ  from  gases  ?  The  answer  is, 
that  the  difference  is  a  conventional  one,  being  of  dogree  only,  and  not 
0!  kind :  thus,  when  atmospheric  air  containing,  as  it  always  does,  the 
vapour  of  water,  is  suddenly  cooled  by  exposure  to  a  colder  substance, 
the  water  which  it  contained  in  the  state  of  invisible  vapour  is  depo- 
sited in  the  state  of  palpable  water  on  the  colder  body ;  we  say  then 
aqueous  vapour  or  the  vapour  of  water,  and  not  aqueous  gas.     No 


similar  change  is  produced,  by  this  abstraction  of  heat,  in  the  form  of 
the  constituents  of  the  air,  and  they  are  therefore  termed  gaseous 
bodies  or  gases.  The  difference,  however,  we  repeat,  is  one  of  degree 
only ;  for  many  gaseous  bodies  which  had  been,  not  many  years  since, 
considered  as  permanently  elastic  as  atmospheric  air,  have  been  shown 
by  the  important  investigations  of  Dr.  Faraday  to  be  reducible  to 
liquids  [Oases,  Liquefaction  of]  ;  and  additional  experiments  have 
even  shown  that  carbonic  acid  gas,  which  requires  a  pressure  of  85 
atmospheres  to  render  it  fluid,  may  )jy  particular  management  be  con- 
verted into  a  solid.    [Carbonic  Aoid.] 

A  practical  difference  between  a  vapour  and  a  gas  is  illustrated  by 
iho  use  of  the  vapour  of  water,  and  its  subsequent  condensation,  as  a 
motive-power  in  the  steam-engine.  [Steam  and  Stbam-Enqinb.]  No 
known  gaseous  body  could  be  employed  with  the  same  advantage, 
owing  to  the  great  degree  of  pressure  and  cold  required  for  its  con- 
densation. Nor  could  the  vapour  of  any  other  liquid  tiian  water  be  so 
profitably  employed  as  a  prime  mover,  for  tiie  reason  given  under 
Latent  Heat. 

It  was  formerly  supposed  that  the  air  dissolved  vapour  and  held  it 
in  solution  as  water  holds  sugar  or  salt.  This  was  the  theory  of  Le 
Roi,  propounded  in  some  otherwise  ingenious  papers, '  Sur  I'El^vation 
et  la  Suspension  de  TEau  dans  I'Air  et  sur  la  Ros^.'  ('  Mem.  Acad. 
Royale  des  Sciences,'  1752 ;  and  also  in  a  separate  volume, '  Manges 
de  Physique  et  de  Medicine/  1771.)  This  theory,  however,  was  com- 
pletely demolished  by  Dalton  at  the  commencement  of  the  present 
century  ('  Manchester  Memoirs '),  who  showed  that  a  vapour  forms 
much  more  easily  in  a  vacuum,  and  that  the  pressure  of  air  retards  and 
obstructs  the  evaporation  of  a  liquid.  Dalton's  apparatus  consisted 
chiefly  of  two  barometers  placed  side  by  side.  A  drop  of  a  given 
liquid  was  sent  up  into  the  vacuum  of  one  of  them,  when  it  became 
converted  into  a  transparent  vapour,  and,  exerting  a  pressure  on  the 
mercurial  column,  lowered  the  mercury  in  the  tube.  The  amount  of 
this  depression  was  measured  by  comparison  with  the  adjacent  baro- 
meter, and  the  elasticity  of  the  vapour  was  expressed  not  by  that 
depression,  but  by  an  equal  quantity  of  meroury  which  the  vapour 
would  support.  Thus,  if  the  summit  of  the  colunm  of  the  mercury 
containing  the  vapour  stood  half  an  inch  below  the  meroury  in  the 
adjacent  barometer,  the  pressure  of  the  vapour  would  be  such  as 
would  support  a  column  of  mercury  half  an  inch  in  heights  In  esti- 
mating this  pressure,  sufficient  liquid  must  be  sent  into  the  vacuum  to 
saturate  it,  and  it  is  then  found  that  the  elasticity  of  the  vapour  is 
directly  as  the  temperature.  By  surrounding  the  tube  with  some 
vessel  capable  of  containing  hot  water,  with  a  thermometer  for  indi- 
cating temperature,  the  temperature  of  the  vapour  can  be  known,  and 
the  relation  between  its  temperature,  pressure,  and  density  ascertained. 
[Evaporation.]  Various  forms  of  apparatus  have  been  contrived  by 
Dalton,  Gay-Lussac,  Arago,  and  Dulong,  and  by  Regnault,  for  deter- 
mining the  pressures  and  densities  of  vapours,  and  obtaining  such 
results  as  are  given  in  the  table  under  Steam  and  Stbam-Enqine. 

The  specific  gravities  of  vapours,  like  those  of  gases,  are  referred  to 
air  as  a  standard  at  the  temperature  of  32**  and  a  pressure  of  30  inches ; 
or  the  density  of  a  vapour  may  merely  express  tlie  ratio  of  a  given 
volume  to  an  equal  volume  of  air  of  the  same  temperature  and  pressure. 
In  the  case  of  steam  above  250"  this  ratio  is  invariable,  and  indeed  the 
ratio  of  the  densities  is  constant  for  the  vapour  of  most  liquids  above 
their  boiling  points.  These  ratios  have  been  thus  determined  by  Gay- 
Lussac: — 

Air 10,000 

Tapoar  of  water        .•••..•  6,285 

„  alcohol  ...••,.  1G,138 

„        sulphuric  ether 25,860 

„  sulphurct  of  carbon         .        •        •        .  26,447 

„  essence  of  turpentine          •        .        ..  50,130 

„       mercury •  6,976 

„  Iodine        .......  8,716 

When  a  gas  and  a  vapour  which  do  not  act  chemically  on  each  other 
are  inclosed  in  the  same  space,  they  will  exert  separately  on  the  sides 
of  the  vessel  the  same  pressures  that  each  would  produce  if  it  occupied 
the  same  space  in  the  absence  of  the  other,  so  that  the  total  pressure  of 
the  mixture  is  equal  to  the  sum  of  the  separate  pressures. 

When  vapour  receives  a  supply  of  heat  after  it  has  been  separated 
from  the  liquid  it  is  caUed  super  heated  vapour.  Such  vapour,  unlike 
ordinary  vapour,  may  lose  a  portion  of  its  heat,*and  still  the  whole  of 
it  continue  to  be  vapour.  If,  after  a  vapour  has  been  raised  from  a 
liquid,  it  be  compressed  into  a  smaller  space,  its  temperature  will  rise, 
and  if  expanded  it  will  &11 ;  but  the  temperature,  pressure,  and  volume 
will  always  be  such  as  the  vapour  would  have  had  if  it  had  been  raised 
directly  from  the  liquid  at  such  temperature  and  pressure.  Thus, 
vapour  raised  from  water  at  68°  has  a  volume  58*224  times  greater 
than  the  water  that  produced  it.  If  this  vapour  bo  separated  from  the 
water,  and  its  volume  be  compressed  until  it  is  only  1696  times  that  of 
the  water,  its  temperature  will  rise  to  212*",  or  that  which  it  would 
have  had  if  directly  raised  from  the  water  under  the  increased 
pressure. 

Evaporation,  both  spontaneous  and  artificial,  and  especially  the 
latter,  is  employed  in  numerous  manufacturing  and  chemical  processes. 
When,  for  example,  common  salt  is  prepared  from  sea-water,  it  is 
exposed  in  the  first  instance  to  the  air  in  shallow  clay  pita,  by  which 
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VAPOUR.BATH. 


VAPOUR-PLANB. 


■pontanaouB  oTaporation  takes  place ;  and  this  oocun  to  the  greatest 
extent  in  hot  weather,  and  when  the  surlace  of  the  brine  is  agitated  by 
the  wind.  It  is  found,  however,  that  spontaneous  evaporation  can  be 
carried  on  with  advantage  to  a  certain  extent  only ;  and  when  this 
point  is  arrived  at,  the  operation  of  salt-making  is  finished  by  removing 
the  concentrated  brine  to  iron  vessels,  in  which  the  evaporation  is 
artifidally  conducted  by  the  application  of  heat,  the  vaporisation  being 
greater  as  the  temperature  is  hijg^her,  till  the  boiling-point  is  arrived  at, 
when  it  is  greatest! 

Evaporation  is  used  for  numerous  purposes  and  processes,  and  in 
different  modes,  according  to  the  substances  operated  on  and  the 
objects  to  be  attained.  When  contrivances  are  adopted  for  condensing 
the  whole  or  any  portion  of  an  evaporated  liquid,  the  process  is  termed 
Distillation,  and  the  ends  accomplished  by  it  are  various.  When, 
for  example,  vrater  is  distilled,  it  is  for  the  purpose  of  separating  the 
saline*  and  earthy  impurities,  which,  not  being  vaporisable,  remain  in 
the  body  of  the  still,  while  the  pure  vapour  of  the  water  is  condensed 
by  coolmg  in  the  worm  :  so,  Again,  when  wine  is  submitted  to  distilla- 
tion, it  is  for  the  purpose  of  evaporating  and  subsequently  condensing 
the  spirit  or  brandy  irom  the  water  and  the  colouring-matter.  When 
herbs,  as  lavender,  peppermint,  &c.,  are  heated  with  water  in  a  still, 
the  oU  and  water  rise  in  vapour  and  are  condensed;  when  turpentine 
IS  similarl  V  treated,  a  volatile  oil  rises  in  vapour,  while  the  resin  or 
rosin,  not  being  volatile,  remains  in  the  stilL  Vaporisation  in  the  form 
of  distillation  is  also  largely  empl<nred  in  the  preparation  of  various 
acids,  such  as  the  nitric  acid,  hydrochloric  acid,  &o. 

When  solid  bodies  are  vaporised  and  subsequently  condensed,  the 
operation  is  termed  subUmaticn,  and  it  is  resorted  to  with  different 
intentions,  as  for  the  purification  of  camphor  and  the  preparation  of 
corrosive  sublimate  and  calomel. 

It  will  be  evident  on  slight  consideration  that  vessels  of  very  different 
materials  and  construction  must  be  employed  in  evaporation,  distilla- 
tion, and  sublimation,  and  according  to  the  nature  of  the  substance 
operated  on.  Thus  the  first  stage  of  the  concentration  of  sulphuric 
acid  is  conducted  in  lead,  the  concluding  one  in  glass  or  platinum ; 
saline  solutions  are  evaporated  to  the  crystallising  point  m  lead  or 
copper ;  the  caustic  alkalies  in  iron  or  silver ;  the  distillation  of  spirits 
in  copper ;  that  of  acids  in  iron,  earthenware,  or  glass ;  while  the 
preparation  of  common  salt  is  completed  in  vessels  of  iron. 

For  further  information  we  refer  to  Evapobation  ;  Dsw;  Htoro- 
vbtrt;  Boiliko  of  Liquids;  Ebullition;  Distillation;  Steam 
and  Steam-Enoinb  ;  Latent  Heat  ;  Specific  Heat  ;  Tbanspiration. 

VAPOUR-BATH.    [Bath;  Bathing.] 

VAPOUR,  OPALESCENT.  This  appears  to  be  the  most  con- 
venient appellation  for  what  has  sometimes  been  termed  red  or  orange 
steam.  It  is  a  condition  of  condensed  and  condensing  aqueous  vapour 
which  was  first  distinctiy  recognised,  and  its  optical  properties  inves- 
tigated by  Dr.  James  D.  Forbes,  F.R&,  when  Professor  of  Natural 
^ilosophy  in  the  University  of  Edinburgh.  Its  effects  in  nature 
have  b^en  observed  from  time  immemorial,  though  ascribed  to  other 
causes;  and  there  can  be  no  doubt  that  it  would  long  ago  have  been 
recognised  and  described  by  those  practically  conversant  with  steam  and 
steam-engines,  had  not  its  effect  on  luminous  bodies  been  confounded 
with  that  of  smoke,  from  which  it  is  in  fact  undistinguishable  by  the 
eye.  In  the  year  1888,  Professor  Forbes,  standing  near  a  locomotive 
engine  which  was  dischsiging  a  laxge  quantity  of  high-pressure  steam 
by  its  safety-valve,  chanced  to  look  at  the  sun  through  the  ascending 
column  of  vapour,  and  was  struck  by  seeing  it  of  a  very  deep  orange 
colour,  exactiy  similar  to  dense  smoke,  or  to  the  colour  imparted  to  the 
sun  when  viewed  through  a  common  smoked  glass.  The  same  he 
found  might  be  observed  during  the  ordinary  progress  of  the  engine  in 
the  steam  thrown  into  the  chimney,  but  the  presence  of  smoke  itself 
rendered  the  experiment  less  satisfactory.  He  afterwards  observed 
that  while  for  some  feet  or  yards  from  the  safety-valve  at  which  the 
steam  blows,  its  colour  for  transmitted  light  is  the  deep  orange  red,  at 
a  greater  distance,  the  steam  being  more  fully  condensed,  the  effect 
entirely  ceases.  Even  at  moderate  thicknesses  the  steam  cloud  is 
absolutely  opaque  to  the  direct  solar  rays,  the  shadow  it  throws  being 
as  black  as  tiiat  of  a  dense  body ;  and  when  the  thickness  is  very  smsS 
it  is  translucent^  but  absolutely  colourless,  just  like  thin  clouds  passing 
over  the  sun,  which  indeed,  according  to  Professor  Forbes,  have  a 
perfect  analog  of  structure.  When  the  steam  is  in  this  state  no  in- 
dication of  colour  is|)eroeptible  in  passing  from  the  thickness  corres- 
ponding to  translucency  to  that  which  is  absolutely  opaque. 

Professor  Forbes  proceeded  to  investigate  this  novel  subject  by  means 
of  a  high-pressure  steam-boiler,  and  a  theodolite  with  a  good  prism 
placed  in  front  of  the  telescope,  and  from  the  experiments  he  made 
deduced  the  following  conclusions :—"  1.  Steam  in  its  purely  gaseous 
form  is,  as  commonly  supposed,  colourless,  at  least  in  small  thicknesses. 
2.  The  orange-red  colour  of  steam  by  transmitted  light  appears  to  be 
due  to  a  particular  stage  of  the  condenamg  process.  Before  condensation 
steam  is  colourless  and  transparent ;  it  is  next  transparent  and  smoke- 
coloured  ;  finally  it  becomes  colourless  at  small  thicknesses,  and 
absolutely  opaque  at  greater.  3.  The  state  of  tension  of  the  steam 
seems  only  to  affect  the  phenomena  so  far  as  it  renders  the  critical 
colorific  stage  of  condensation  more  or  less  completely  observable. 
4.  The  absorptive  action  of  steam  on  the  spectrum  is  not  exerted  in 
the  same  way  as  that  of  other  gaseous  coloured  bodies,  such  as  nitrous 


add  gas,  and  iodine  vapour.    It  cuts  off,  however,  totally  tlie 
part  of  the  spectrum  as  nitrous  acid  does.    Its  phenomena   perbaps 
nave  a  greater  analogy  to  those  of  opalescence  than  any  other."     '  PbiL 
Mag.,'  series  2,  voL  xiv.,  p.  121-126;   the  paper  having 
before  the  Royal  Society  of  Edinburgh,  on  January  21,  1839. 

The  combination  of  a  variety  of  other  facts  with  those  thaa  i 
known  by  Professor  Forbes,  relating  to  the  nature  and  properties  of 
condensing  steam  with  respect  to  light,  have  subsequently  led  other 
men  of  science  to  unite  in  the  conclusion,  that  the  structure  of  oran^ 
steam  is  in  reality  that  of  opalescent  bodies,  with  the  phenomena  at 
which,  as  we  have  seen,  he  recognised  the  analogy  of  those  preac^nted 
by  it.     Innumerable  globules  of  water  are  formed  throughout  tbe  stiH 
gaseous  vapour,  by  the  joint  action  of  which  on  light  the  colour  of  tlie 
aggregate  mass  is  produced.    It  is  on  this  account  that  its  abcorptire 
action  on  the  spectrum  is  not  exerted  in  the  same  way  as  nitrous  sbcid 
gas  and  iodine  vapour,  which  themselves  possess  true  colour.      Tbe 
other  results  obtuned  by  Professor  Forbes  also  harmonise  with   this 
conclusion. 

But  though  we  are  thus  obliged  to  relinquish  the  idea  that  aquaous 
vapour  in  any  state  is  itself  &uly  coloured,  the  observation  of  the 
existence  of  this  particular  condition  of  a  condensing  volume  of  steazn 
is  of  great  value;  especially  in  its  application  to  tiie  phenomena  of 
nature.    Professor  Forbes  at  once  inferred  from  his  investigation  of  it, 
that  the  condition  of  watery  vapour  he  had  observed  "  is  the  princijwd 
or  only  cause  of  the  red  colour  observed  in  clouds ; "  and  he  is  entitled 
to  the  credit  of  being,  in  tauet,  the  discoverer  of  the  true  cause  of  the 
colours  of  dawn  and  sunset.    In  a  subsequent  elaborate  communication 
'  On  the  Colours  of  the  Atmosphere,'  he  investigated  the  history  of 
science  on  this  subject,  refuting  the  fallacious  inferences  which  had 
prevailed,  and  applied  to  it  his  own  observations^     "  Soon  after  the 
maximum  temperature  of  the  day,  and  before  sunset^"  he  remarks, 
"  the  surface  of  the  groimd,  and  likewise  the  strata  at  different  heights 
in  the  atmosphere,  b^gin  to  lose  heat  by  radiation ;  this  is  the  cause  of 
the  deposition  of  dew,  and  consequently  in  severe  weather  we  have  vast 
tracts  of  air  containing  moirture  in  that  critical  state  which  precedes 
condensation/* — in  other  words,  in  the  red  opalescent  condition,  by 
which  the  rays  of  the  setting  sun  are  coloured  accordingly.    For  the 
details  of  this  subject  we  must  refer  to  Professor  Forbes*s  paper  in  the 
*  Trans,  of  the  Royal  Society  of  Edinburgh/  voL  xiv.    But  we  cannot 
wholly  agree  with  him  as  to  the  colours  of  the  morning  sky,  the 
phenomena  of  which  appear  to  us  to  be  t^e  same  with  those  of  the 
evening,  but  in  the  reverse  order.    Mr.  Luke  Howa^  had  long  before 
observed  the  connection  of  the  presence  in  the  sky  of  a  stratum  of 
vapour  having  the  peculiar  red  colour,  with  the  coming  or  actual 
formation  of  dew,  and  had  given  to  it  the  name  of  the  dew-band,  of 
which  many  observations  will  be  found  in  his  '  Climate  of  London.' 

VAPOUR-PLANE.  This  term,  which  was  probably  adopted  by 
Luke  Howard  from  De  Luc,  denotes  a  region  of  the  atmosphere  hori- 
zontal in  its  general  direction,  though  subject  to  elevations  and 
depressions,  at  or  on  and  above  which  clouds  form  by  the  condensation 
of  aqueous  vapour,  and  on  which,  therefore,  they  appear  to  float.  Its 
position  is  most  readily  recognised  by  the  eye,  by  observing  the  modi- 
fication of  cloud  called  cumulus,  the  various  aggregations  of  which,  or 
distinct  clouds,  have  a  common  base-line,  or  have  their  inferior  surfaces 
at  the  same  height.  The  subject  has  already  been  noticed  in  the 
articles  Cloud  (coL  981)  and  Dew-Point  ;  but  in  the  latter  the  vapour- 
plane  is  erroneously  stated  to  be  the  superior,  instead  of  the  inferior, 
mnit  of  a  certain  stratum  of  the  atmosphere,  and  also  that  cloud  forms 
below  instead  of  above  it,  when  it  is  regarded  as  a  mathematical  plane. 
But  there  are  in  fact  as  many  vapour-planes  in  the  atmosphere  of  any 
locality  on  the  earth's  surface,  and  at  any  time,  as  there  are  strata  of 
clouds  at  different  elevations;  and  in  each  case  the  plane  becomes 
itself  a  physical  plane,  or  stratum,  throughout  which  cloud  is  produced. 
These  successive  strata  originate,  of  course,  in  alternations  of  tempe- 
rature and  in  the  amount  of  aqueous  vapour  present  in  a  given  volume 
of  air. 

The  following  statement,  founded  upon  the  principal  results  deduced 
by  the  late  Mr.  J.  Welsh  from  experiments  made  by  him  and  described 
in  his  account  of  meteorological  observations  in  four  balloon  ascents 
made  in  1852  ('  Phil.  Trans./  1853,  pp.  811-346},  already  cited  under 
Cloud,  gives  a  general  view  of  the  nature  of  the  alternations  in 
question,  which  may  be  compared  with  the  particulars  of  the  height  of 
tne  several  strata  of  cloud  passed  through  in  those  ascents,  and  stated 
in  that  article,  coL  988. 

The  temperature  of  the  air  decreases  uniformly  with  the  height 
above  the  earth's  surface,  until,  at  a  certain  elevation,  varying  on 
different  days,  the  decrease  is  arrested,  and  for  a  space  of  from  2000 
to  8000  feet  the  temperature  remains  nearly  constant,  or  even  increases 
by  a  small  amount,  the  .regular  diminution  being  afterwards  resumed 
and  generally  maintained,  at  a  rate  slightiy  less  rapid  than  in  the  lower 
part  of  the  atmosphere,  and  commencing  from  a  higher  temperature 
than  would  have  existed  but  for  the  inteiTuption  noticed.  This  inter- 
ruption in  the  decrease  of  temperatiu^  is  accompanied  by  a  large  and 
abrupt  fall  in  the  temperature  of  the  dew-point,  or  by  actual  condensa- 
tion of  vapour,  from  which  it  may  be  inferred  that  the  disturbance  in 
the  progression  of  temperature  arises  from  a  development  of  heat  in 
the  neighbourhood  of  the  plane  of  condensation,  or  vapour-plane.  The 
subsequent  falls  in  the  temperature  of  the  dew-point  are  generally  of 
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on  abrupt  character,  and  productive  of  as  many  vapour-planes ;  oorre- 
Bponding  interruptions  in  the  decreasing  progression  of  temperature 
are  sometimes  distinguishable,  but  in  a  lets  degree,  as  might  indeed  be 
expected  from  the  fact  that  at  greater  elevations,  and  consequently 
lower  temperatures,  the  variations  in  the  absolute  amount  of  aqueous 
vapour  are  necessarily  smaller,  and  their  thermic  effects  consequently 
dizxiinished. 

V AHEC.    An  obsolete  name  for  crude  carbonate  of  soda. 
VARIABLE.    A  quantity  is  said  to  vary  when  it  changes  value, 
"Whether  gradually,  or  by  jumps  or  starts.    The  notion  of  a  variable 
quantity  is  the  first  which  must  be  established  in  teaching  the  Diffe- 
rential Calculus,  and  requires  a  little  explanation. 

One  magnitude  at  least  is  hardly  conceivable  without  the  notion 
of  variation ;  we  mean  time  or  duration.  Reckoning  from  a  fixed 
cx^och,  the  idea  of  the  j>resent  time  is  nothing  but  that  of  the  other 
extremity  of  a  variable  quantity,  the  variation  of  which  we  cannot 
Biispeud,  even  in  thought  Again,  in  space-magnitudes,  though  we  are 
not  obliged  to  consider  them  as  formed  by  variation,  yet  it  is  in  our 
poAver  to  do  so,  and  we  are  constantly  learning  the  variation  of  length, 
aren,  or  solidity  consequent  upon  motion.  And  we  can  even  consider 
thiu  variation  as  arising  from  no  act  of  our  own,  as  independent  of  us, 
auc^  out  of  our  power  to  stop :  though  even  when  this  is  physically 
tru^e,  namely,  that  the  variation  is  out  of  our  power,  we  can  conceive  or 
imagine  that  it  does  stop,  and  trace  the  consequences  of  such  stoppage. 
Va^riable  magnitude,  then,  presents  natural  ideas,  such  as  we  not  only 
e:uslly  acquire,  but  such  as  it  would  be  difficult,  if  not  impossible,  to 
s'lf  )[>ose  that  we  could  help  acquiring. 

iiut  when  we  come  to  speak  of  numher,  the  case  is  much  altered. 
Tl  10  constant  phrase  of  an  algebraist, "  let  x  be  a  variable  quantity," 
ck^ar  as  it  may  be  when  quantity  means  magnitude,  is  not  quite  so 
plain  when  quantity  means  number  as  the  representative  of  magnitude. 
Tbere  is  something  to  be  said  as  to  how  number  is  imagined  to  vary 
at  all :  and  still  more  as  to  its  gradual  variation. 

Number  is  an  abstraction  of  the  mind ;  it  is  not  magnitude,  but  a 
mode  of  reference  of  one  magnitude  to  another.  If  we  might  dare  to 
say  it,  number  is  more  of  the  nature  of  an  opinion  about  magnitude 
than  of  magnitude  itself.  When  we  speak  of  a  symbol  representing  a 
variable  number,  we  know  that,  though  we  say  the  symbol  changes  its 
value:),  it  is  we  ourselves  who  arbitrarily  change  the  meaning  of  the 
symbol.  We  can  imagine  (waving  all  question  about  the  possibility  of 
our  imagination,  or  its  metaphysical  truth)  everything  annihilated 
except  two  material  points,  one  or  both  of  which  are  in  motion  with 
respect  to  the  other :  but  we  cannot  in  such  a  case  imagine  x  to  be  a 
symbol  of  a  variable  number.  Unless  some  intellect  be  in  existence  to 
mean  something  by  x,  or  to  make  a  symbol  of  x,  there  can  be  no  such 
thing  as  a  variable  number,  or  as  the  abstract  idea  of  number  at 
all.  When  we  say,  let  x  be  a  variable  number,  we  must  always  be 
understood  to  mean,  let  x  be  a  symbol  which  at  one  time  we  may  be 
allowed  to  make  to  stand  for  one  number,  and  at  another  time  for 
another. 

Now  as  to  gradual  variation.  A  point  never  changes  its  distance 
from  another  by,  say  a  foot,  without  making  every  assignable  lesser 
change  in  the  interval.  Or,  a  line  which  is  lengthened  from  a  b  to  a  o 
by  the  motion  of  a  point,  must  at  some  period  of  the  change  be  equal 
to  A  D,  if  A  D  be  anything  between  a  b  and  a  o.  At  least  it  is  a  neces- 
sary condition  of  our  existence  to  believe  this  to  be  as  evident  as  that 
two  straight  lines  cannot  inclose  a  space,  though  [Space  and  Time] 
we  believe  some  would  be  found  to  deny  it  But  in  the  case  of  number, 
wc  cannot  form  anything  but  an  approximation  to  this  idea  of  gradual 
variation.  We  can  pass  from  1  to  2  by  successive  steps,  by  millions  of 
millions  of  steps  if  we  please :  that  is,  h  representing  a  ainall  fraction, 
wo  can  proceed  from  1  to  2  by  the  steps  1  -f  A,  1  -t-  2A,  1 +8A,  &c.,  in 
Buch  manner  that  we  shall  not  arrive  at  2  till  a  million  of  million  of 
steps  have  been  made.  But  this  is  not  gradual  variation,  such  as  is 
in  our  ideas  when  we  think  of  a  line  increasing  in  length  by  the  reces- 
sion of  one  extremity  from  the  other.  Nor,  if  we  subdivide  our  steps 
ever  so  far,  can  we,  in  coimting,  cease  to  make  steps ;  that  is,  we 
caDnot  imagine  gradual  variation  of  number.  When,  therefore,  we 
talk  of  X  standing  for  a  number,  which  is  also  to  represent  the  number 
of  units  in  a  variable  length,  we  can  only  mean  that  our  numerical 
progression  can  be  made,  if  we  please,  by  steps  so  small,  that  whatever 
length  A  D  may  represent,  the  linear  representatives  of  some  or  other  of 
the  numerical  steps  by  which  we  pass  from  the  number  in  a  B  to  the 
number  in  a  0,  may  be  made  as  near  to  a  d  as  we  please.  It  is,  no 
doubt,  in  this  essential  distinction  between  the  ideas  involved  in  the 
variation  of  number  and  in  that  ol  magnitude,  that  the  existence  of 
Incumuknsubable  quantities  takes  its  rise. 

The  first  steps  of  the  Differential  Calculus  are  often  embarrassed  by 
a  mode  of  speaking  which  appears  as  if  two  different  symbols  were 
used  for  the  same  thing.  **  Thus,"  it  is  said,  "  let  x  be  a  variable,  and 
y  a  function  of  that  variable,  such  that  y  is  always  =afl.  Then  let  x 
be  changed  intox  + A,  in  consequence  of  which  y  becomes  y -h  I* ;  so 
that  y +  i;=  (x-j-A)*."  Now  if  x  be  the  symbol  of  the  variable  quantity, 
irliich  can  only  mean  this,  that  both  before  the  quantity  has  changerl, 
and  after,  it  is  represented  by  x,  how  can  it  be  edlowed  both  to  let  x, 
as  it  were,  imply  its  o^n  variation  in  its  very  meaning  and  yet  alter 
X  into  x-i-  A  to  denote  that  x  changes  ?  The  truth  is  that  the  language 
is  incorrect;    it  should  be  as  follows: — Let  there  be  two  variable 


quantities,  one  of  which  is  always  the  square  of  the  other ;  let  x  be  the 
value  first  given  to  one  of  the  variables,  and  y  to  the  other,  so  that 
y=x2.  Then  let  a  new  value  x-t-A  be  given  to  the  first  variable,  in 
consequence  of  which  the  second  becomes  y-f  ib,  so  that  y-^k  =  (x-\-k)\ 
In  ^t,  X  does  not  represent  a  variable  quantity,  but  a  certain  value 
given  to  a  variable  quantity. 

VARIABLE  STARS.  This  term  has  been  applied  to  a  class  of 
stars  which  exhibit  variations  of  brightness  when  observed  from  time  to 
time.  The  branch  of  astronomy  which  takes  cognisance  of  such  objects 
is  entirely  of  modem  origin.  The  first  star  of  which  the  light  was 
found  to  be  variable  is  a  small  star  in  the  constellation  of  the  Whale, 
usually  designated  in  the  catalogues  of  astronomers  as  o  Ceti,  or 
omicron  Ceti.  This  star  was  observed  by  Daniel  Fabricius,  on  the 
13th  of  August,  1596,  and  noted  by  him  as  a  star  of  the  third  magnitude. 
In  the  month  of  October  of  the  same  year,  the  star  had  vanished  from 
observation,  as  if  it  had  been  extinguished,  and  for  some  time  after- 
wards it  does  not  seem  to  have  attracted  the  notice  of  observers. 
Bayer,  in  his  '  Uranomotria,'  published  in  1603,  has  inserted  the  star, 
but  he  makes  no  allusion  to  its  previous  disappearance.  The  discovery 
of  the  variability  of  its  light  is  due  to  Holwarda,  a  Dutch  astronomer. 
In  the  month  of  December,  1638,  Holwarda  perceived  the  star  during 
an  eclipse  of  the  moon,  when  it  exceeded  in  brightness  a  star  of  the 
third  magnitude.  About  the  middle  of  the  following  summer  he  was 
unable  to  discover  the  slightest  trace  of  it.  However,  on  the  7th  of 
November,  1639,  he  again  detected  it  in  its  original  position. 

The  star  was  now  carefully  observed  by  several  individuals,  among 
the  rest,  by  the  famous  Hevelius.  The  discovery  of  the  period  of  its 
variations  is  due  to  Bouillaud,  who  found  that  an  interval  of  333  days 
elapsed  between  two  successive  disappearances  or  reappearances.  The 
results  of  modem  observation  indicate  the  exact  period  to  be  331** 
IS"*  7". 

In  addition  to  the  star  to  which  we  have  just  been  referring  a  great 
many  other  stars  have  been  found  to  be  variable,  and  the  number  is 
rapidly  increasing  every  year.  This  important  result  is  due  in  a  great 
degree  to  the  practice  of  carefully  scrutinising  small  stars  in  connection 
with  the  search  for  asteroids  which  has  been  so  assiduously  prosecuted 
in  recent  years  by  a  number  of  individuals  in  different  countries.  We 
shall  now  allude  briefly  to  the  peculiarities  of  two  or  three  other  ex- 
amples of  variable  stars. 

fi  Peraei.  This  star,  usually  termed  Algol,  which  is  situate  in  the 
head  of  Medusa,  was  found  by  Montanari  and  Maraldi  to  exhibit 
strange  fluctuations  of  brightness,  but  the  period  of  its  variations  was 
first  established  by  Qoodricke  in  1782.  It  generally  appears  as  a  star 
of  the  second  magnitude.  In  the  short  space  of  three  hours  and  a  half 
it  descends  to  the  fourth  magnitude,  and  then  in  an  equal  interval  of 
time  regains  its  usual  brightness.  It  shines  as  a  star  of  the  second 
magnitude  during  the  space  of  two  days,  thirteen  hours,  and  three- 
qusoiers,  and  it  consequently  passes  through  the  complete  cycle  of  its 
changes  in  two  days,  twenty  hours,  and  three  quarters.  According  to 
Argelander,  the  exact  period  is  2^  20^  48"  62". 

fi  Lyra!,  This  star  was  first  found  to  be  variable  by  Qoodricke  in 
1784.  It  is  an  object  of  great  interest,  inasmuch  as  it  possesses  a 
double  maximum  and  a  double  minimum.  When  it  arrives  at  its 
maximum  brightness,  it  resembles  a.star  of  the  third  magnitude.  At 
one  of  its  minima  it  appears  between  the  third  and  fourth  magnitude, 
and  at  the  other,  between  the  fourth  and  fifth  magnitude.  Argelander 
has  found  that  it  passes  through  its  variations  in  12**  21'*  53"  10\ 

8  CepheL  This  interesting  star  was  also  first  discovered  to  be  variable 
by  Qoodricke  in  1784.  Ajgelander  determined  its  period  to  be  S**  8^ 
47"  39 '5* ;  but  the  late  Mr.  Johnson,  director  of  the  Radciiffe  Obser- 
vatoiy,  Oxford,  fixed  the  period  at  5*  6^  42"  18*4*.  At  its  minimum 
it  is  equal  to  a  star  of  the  fifth  magnitude,  and  it  hence  increases  until 
it  resembles  a  star  between  the  third  and  fourth  magnitude  at  its 
maximum.  The  interval  which  elapses  between  the  maximum  and  the 
minimum  is  3*^  19**,  while  between  the  minimum  and  the  maximum 
the  interval  is  only  1**  14^ 

Some  stars  have  been  discovered  to  be  variable,  but  their  fluctuations 
are  so  irregular  that  it  has  been  hitherto  fotmd  impossible  to  reduce 
them  to  any  fixed  law.  A  remarkable  example  of  this  kind  is  furnished 
by  the  bright  star  in  the  southern  hemisphere,  denominated  ii  ArgdB, 
In  1677*  Halley,  during  his  residence  at  St.  Helena,  classed  it  among 
the  stars  of  the  fourth  magnitude.  In  1751,  Lacaille  estimated  it  to 
be  of  the  second  magnitude ;  however  Burchell,  who  resided  in  South 
Africa  from  1811  to  1816,  again  ranked  it  among  the  stars  of  the 
second  magnitude.  From  1822  to  1826,  it  was  estimated  to  be  of  the 
second  magnitude  by  Brisbane  and  Fallows,  who  observed  it,  the  fonner 
at  New  South  Wales,  and  the  latter  at  the  Cape  of  Gkxxl  Hope.  In 
1827)  Burchell,  while  residing  at  St  Paul's,  Brazil,  estimated  it  to  be 
of  the  first  magnitude,  and  almost  equal  to  a  Crucis;  but  in  the 
following  year  he  found  from  observations  made  at  Qoyer,  that  it  had 
again  descended  to  the  second  magnitude.  Johnson,  who  observed  the 
star  at  St.  Helena  between  1829  and  1833,  estimates  it  to  be  of  the 
second  magnitude;  and  Taylor's  observations  at  Madras  during  the 
same  period  indicate  the  same  fact.  Sir  John  Herschel  also,  from  the 
time  of  his  arrival  at  the  Cape  of  Qood  Hope  in  1834  till  1837,  esti- 
mated it  invariably  to  be  between  the  first  and  second  magnitude. 
But  on  the  16th  of  December,  1 837,  while  engaged  in  making  photo- 
metric observations  of  the  small  stars  in  its  vicinity,  he  was  surprised 
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to  find  that  it  had  rapidly  inereoBed  in  brightness.  It  was  now  equal 
to  a  Centauri,  and  far  Burpawed  in  brightness  all  the  other  fixed  stars 
except  Canopus  and  Sinus.  It  attained  its  maximum  brightness  on 
the  2nd  of  January,  1838.  Shortly  afterwards  it  grew  fainter,  and  it 
continued  to  diminish  in  brightness  till  March,  1843.  In  the  following 
month  it  again  rapidly  incr^sed  in  brightness.  According  to  the  ob- 
serrations  of  Maclear  at  the  Cape  of  Good  Hope,  and  of  Hackay  at 
Calcutta,  it  now  surpassed  Canopus  in  brightness,  and  almost  rivalled 
Sinus.  It  continued  for  several  years  to  exhibit  this  great  degree  of 
brightness,  when  it  began  to  fluctuate  as  before. 


The  new  stars  which  have  appeared  in  the  heavens,  and.  of  wii.i. 
several  instances  are  recorded  in  history,  probably  belong  to  the  'Axv 
of  variable  stars.  The  most  notable  objects  of  this  de8criptic»n  a:*.*  ll« 
-new  star  which  appeared  in  1572,  of  which  Tycho  Br&be  fa^a  given  i 
detailed  account,  and  tiie  new  star  of  1604,  which  waa  obeserre^i  If 
Galileo  and  Kepler. 

The  following  table  of  variable  stars,  drawn  up  bj  liCr.  Pogson.  s 
extracted  from  vol  zviL  of  the  'Observations  made  at  the  RojIo...-. 
Observatory,'  Oxford.  Mr.  Pogson  is  kuown  as  one  of  tlxe  iur«t  i^e- 
cessf ul  explorers  of  this  interesting  field  of  astronomy. 


■ 

Name* 

Diacoverer 
of  VarittblUty. 

Observed  Variation 
of  Magnitude. 

Elements. 

Anthority. 

Epoch. 

Period. 

a  CaasiopcicB 

•  Cell       .        .        .    . 

fi  Peraei 

X  Tauri     .         .        •     . 

RTaurl 

Dirt      . 
Holwarda      , 
Montui.arl     . 
BaxcnilcU 
Hind    . 

Max. 
2-0 
2-0 
2-3 
4-0 
8-0 

Min. 

2-5 

Under  12 

4-0 

4-5 

Under  13'5 

Uncertain 
1861,  Juno  16*45 
tl854,  Oct.  8-22355 
tl858,  June  2-633 
1856,  Feb.  2 

79*1  day* 

831'3363  dayi 

2-86727  daja 

3  953  days 

330  days 

Argelander. 

Argelander. 

Argelander. 

Baxendetl. 

Winnecke. 

1   AurlgfD          •        .     . 

R  Leporis 

a  OrioniB .        .        .    . 

{  Gcminorom 

R  Geminorum    .        .    . 

Heia         .    . 

Schmidt 
Herachcl  .    . 
Schmidt 
Hind        .    . 
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7 

1 

3-8 

7 

4-5 

•  • 
1-5 
4-5 
11 

Uncertain 
Uncertain 

1852,  Nov.  26 
tlb57,  Feb.  7'3000 

1848,  Nov.  14-5 

Unknown 

Unknown 

196  days 

1 01 5833  daya 

369-73  daya 

Argelander. 
Pogaon. 

8  Can.  Min.  . 

8  Gominorum    .        .    . 

T  Geminorum        . 

R  Cancri   .        .         .     . 

8  Cancri 

Hind     . 
Hind         .     . 
Hind    . 
Sehwerd  .     . 
Hind    . 

8-5 
0 
9 
6 
8 

UndeVl3-5 

Under  18*5 

Under  10 

10-5 

1856,  Dec.  10 
1848,  Feb.  20*1 
1848,  Feb.  22-8 

1857,  Feb.  23 
tl8S4,  June  22-4714 

335  daya 
294-07  daya 
288-62  daya 

380  daya 
9*48397  days 

ScbOnfeld. 

Pogson. 

Pogaon. 

Argelander. 

Argelander. 

S  HydrsB  .        .        .    . 

T  Cancri 

R  Leoois  •        •        .    . 

R  Urs.  MaJ.   . 

R  Virginia         .        .     . 

Hind        .    . 
Hind    . 
Kock        .     . 
Pogson. 
Harding  .    . 

8-5 
9-5 

6 

7 
6-5 

13*5 

12 

10 

13 

Under  11 

1857,  Feb.  20 
Unoertain 
1854,  Nov.  27 
1853,  March  24*1 
1856,  Jim.  13-97 

256  days 

Unknown 

31217  daya 

301*90  daya 

145*724  daya 

8eh3nfeld. 

Pogaon. 
Pogaon. 
Argclunder. 

S  Ura.  Maj.    . 

8  Virginia         ,         .     . 

8  Serpentia    . 

R  Cor.  Bor.        .         .    . 

a  Heroulia     . 

Pogaon 
Hind        .     . 
Harding 
Plgott      .     . 
Heraohel 

7 

5-5 
8 
6 
3 

12 

11 

Under  10 

•  • 

8*5 

1853,  Aug.  23-3 

1854,  Feb.  7-5 
1857,  Aprils 
1854,  June  15 
1856,  May  18 

222-65  daya 

380*11  daya 

367  daya 

823  days 

66-88  daya 

Pogaon. 

Pogfon. 

Argelander. 

Argelander. 

Argelander. 

RScoU      .        .        .     . 

/3  LyrflB 

R  Aquilm          •        .    . 

RCjgni 

^  AquilQ  .        •         .     . 

Figotfc      .    . 
Ooodricke     . 
Argelander   . 
Pogson     .     . 
Pigott  . 

5 

8*4 
6-5 
7-5 
8*6 

9 
4*3 

Under  14 
4-4 

1857,  Nov.  23 
tl857,  Feb.  6-0792 
1857,  July  20 
1852,  Aug.  7*5 
1857,  Feb.  6-6056 

71-75  daya 
12-90639  daya 

351*5  daya 
416*72  daya 
717631  days 

Argelander. 

Argclunder. 

Argelander. 

Pogson. 

Argelande^. 

34  Cygni 

24  Ceph.  (Hera.)         .     . 
8  Capricomi . 
T  Caprioorni     .        .    . 
fA  Cephei 

Janaon     .    . 
Pogaoa . 
Hind        .    . 
Hind    . 
Herscbel  .    . 

8 
5 
9 
0 
S 

Under  6 

11 

11 
Under  14 

6 

Uncertain 
1807 

Uncertain 
1855,  Oct.  25 
1857,  April  or  May 

18  years 

73  yeara 

Unknown 

274  daya 

Unpublished. 

Pigott 
Pogaon. 

SchOnfeld. 
Argelander. 

i  Cephei  .        .        .    . 

fi  Pcgaai 

R  Caaaiopeiis     .        .     . 

Goodrioko     . 
Schmidt  .    . 
Pogaon 

3-7 

2 

6*0 

4*8 

2-5 
Under  14 

tl857,  Feb.  6*0516 

Uncertain 

1853.  April  28*9 

5-366436  daya 

41  daya 
434-81  days 

Argelander. 

Schmidt. 

Pogson. 

The  epochs  marked  thus  f  f^^  epochs  of  minimum. 


^  No  satisfactory  explanation  of  the  phenomena  of  variable  stars  has 
hitherto  been  advanced  by  any  inquirer.  Some  astronomers  have 
suggested  that  the  variations  of  Ught  may  be  due  to  dark  bodies 
circulating  around  the  stars.  According  to  others,  the  fluctuations  of 
brightness  may  arise  from  the  presence  of  dark  tracts  on  the  surfaces 
of  the  stars,  which  are  periodically  turned  towards  the  earth  by  the 
revolution  of  the  stars  on  their  axes.  The  phenomena,  however,  are  in 
general  so  irregular,  that  neither  of  these  hypotheses  is  capable  of 
satisfactorily  accounting  for  them. 

VARIATION.  Under  this  head  comes  the  explanation  of  a  part  of 
the  language  of  proportion  which  is  much  used,  and  which  was  once 
very  prominent  in  English  mathematical  writings.  We  refer  to  such 
phrases  as  the  following : — a  varies  as  B — a  varies  inversely  as  b — the 
gravitation  of  particles  varies  inversely  as  the  squares  of  their  distances 
— the  time  of  oscillation  of  a  pendulum  varies  as  the  square  root  of  its 
length,  &c. 

When  we  say  that  one  thing  varies  as  another,  we  mean  that  there 
arc  two  variable  magnitudes  which  have  this  property,  that  if  when 
the  first  changes  from  a  to  B  the  second  change  from  a  to  6,  then  a 
is  to  B  in  the  same  proportion  as  a  to  6.  And  when  we  say  that  one 
thing  varies  inversely  as  another,  we  mean  that  if  when  the  first 
changes  from  a  to  b  the  second  changes  from  o  to  6,  then— 

1     1 

A  :  B  : :  -  :  r  or  :  :  &  :  a. 
a    o 

The  modes  of  denoting  these  laws  of  connection  used  to  be,  in  English 
works— 


These  were  in  fact  but  modes  of  writing  the  equations 


A  =  ca 


a 


A  a    a 


a  oc      -. 
a 


in  a  manner  which  should  recognise  their  existence  without  obliging 
us  to  think  of  the  particular  value  of  the  constant  e.  According  to  the 
preceding  equations,  if  we  take  the  first,  and  suppose  that  a  changes 
jnto  b  when  a  changes  into  b,  we  see  obviously  that  a~-b  is  the  same 
as  a  -h  6,  both  being  equal  to  c.  And  a  oc  a  informs  us  that  a  -r-  a  is 
always  the  same  quantity,  without  saying  what  it  is. 

When  one  quantity  varies  as  both  of  two  others  jointly,  it  means 
that  if  either  of  the  second  and  third  mentioned  remain  constant,  the 
first  varies  as  the  other.  Thus  the  price  of  a  quantity  of  goods  vanea 
jointly  as  the  number  of  things  and  the  price  of  each.  At  a  given 
price  per  article,  the  whole  price  varies  as  the  number  of  things  ;  for  a 
given  number  of  things,  the  whole  price  varies  as  the  price  of  one. 
When  X  varies  as  y  and  z  jointly,  the  equation  x^^eyz  ib  implied. 

We  are  rather  inclined  to  regret  the  complete  disappearance  of  the 
notation  of  variations  which  has  taken  place  within  the  last  thirty 
years,  though  the  pkroMology  is  still  in  some  degree  of  use.  It  is  now 
usual  either  to  write  equations  at  full  length,  or  to  make  an  equation 
of  the  variation  itself,  which  can  always  be  done  by  a  proper  choice  of 
units.  Thus  a  oc  a,  or  a«c  a,  can  always  be  made  A=a,  if  such  choice 
of  units  be  made  in  which  to  measure  the  magnitudes  a  and  a  as  will 
make  c=l.  This  must  be  done  by  contriving  that  a  and  a  Bball 
become  unity  together.  But  this,  however  convenient  for  mere  calcu* 
latlon,  is  likely  enough  to  produce  confusion  in  the  mind  of  the 
learner,  and  actually  does  so  in  many  instances.  It  is  obvious  enough 
that  of  two  different  kinds  of  magnitude  one  may  vary  as  the  other  .* 
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tlius  the  height  of  the  barometer  (a  length)  varioa  as  the  pressure  of 
"tlie  atmosphere  ou  a  given  surface  (a  weight).    But  it  is  just  as  obvious 
tliskt  one  magnitude  cannot  be  equal  to  another,  unless  the  two  be  of 
tlie    same  kind.     When  therefore  a  writer  on  mechanics,  with  little  or 
no    previous  explanation  about  the  units  employed,  states  that  the 
weight  of  a  body  is  its  mass  multiplied  by  the /arce  of  gravity,  or  that 
tbe  pressurt  on  a  mass  is  equal  to  the  mass  multiplied  by  its  aeeeU- 
ra.li<m,  he  writes  eflfectively  only  for  a  reader  who  knows  the  subject 
already.    The  weight  of  a  body  varies  jointly  as  its  mass  and  the 
acceleration  which  the  force  of  gravity  would  create  in  one  second. 
Alter  either  of  these  alone,  and  t£e  weight  is  altered  in  the  same  pro- 
portion.   Hence,  if  w,  m,g  be  the  numbers  of  units  of  their  several 
kinds  in  the  weight,  the  mass,  and  the  acceleration  caused  by  gravity, 
the  equation  w  =  cmg  must  subsist,  where  c  is  a  numerical  constant 
depending  on  the  units  employed.    If  the  weight  which  is  called  10 
(pounds,  ounces,  or  whatever  they  may  be)  belong  to  the  mass  called 
5,  when  acted  on  by  such  gravity  as  produces  an  acceleration  of  4  (feet, 
yards,  or  whatever  the  unit  of  length  may  be)  in  the  time  called  1 
(second,  minute,  or  other  unit  of  time),  then  10=scx6x4,  or<j=J. 
So   long  as  the  same  units  of  length,  time,  mass,  and  weight  are 
employed,  the  equation  vj=img  must  subsist:  change  the  units,  and 
the  constant  c  must  have  another  value,  to  be  again  determined  from 
an  instance.    When  the  writer  above  mentioned  says  that  w  =  mg,  he 
means,  or  ought  to  mean,  that  it  is  an  agreement  between  him  and  his 
reader  that  whatever  mass  may  be  called  1,  and  whatever  may  be 
meant  by  1  of  length  and  1  of  time,  the  weight  which  is  called  1  shaU 
be  that  of  the  mass  1  acted  on  by  the  force  of  gravity  1.    The  older 
%vriters,  who  used  variations,  needed  no  specifications  of  this  kind, 
since  the  actual  concretes  themselves  were  the  subjects  of  reasoning, 
and  the  variation  asserted  was  true  both  of  the  concrete  magnitudes 
and  of  any  system  of  units  which  they  might  adopt.    The  introduction 
of  their  units  was  naturally  and  easily  made ;  and  when  variations 
became  equations,  the  student  could  not  help  seeing  the  introduction 
of  all  conditions  depending  on  the  mode  of  measurement.    In  dropping 
the  notation  of  variations,  our  writers  passed  into  that  want  of  distinct 
explanations  of  primary  terms  which  was  the  characteristic  of  many 
of  the  French  writers. 

The  beginner  must  carefully  bear  in  mind  that  one  quantity  does 
not  vary  as  another,  because  it  varies  with  that  other.  A  square  and 
its  root  vanr  together,  but  the  square  does  not  vary  as  its  root :  if,  for 
instance,  the  root  be  doubled,  the  square  is  not  doubled,  but  quad- 
rupled. 

It  is  however  most  important  to  remember  that  when  two  quantities 
change  together,  in  any  manner  whatsoever,  the  increment  of  the  one 
varies  as  the  increment  of  the  other  very  nearly,  if  both  the  increments 
be  small,  and  the  more  nearly  the  smaller  they  are.  Thus,  if  we  know 
that  when  x  has  a  certain  vaJue,  the  addition  of  *01  to  x  gives  an  addi- 
tion of  '001  to  its  logarithm,  we  may  be  sure  that  the  addition  of 
'01  X  A  to  a;  ¥rill  give  an  addition  of  '001  x  A  to  the  logarithm,  very  nearly, 
as  long  as  '01  X  A  is  small. 

VARIATION   OP   THE   COMPASS.     [Compass    Correction; 
Declination;  Maqnet;  Terrestrial  Magnetise.] 
VARIATION  OF  THE  MOON.     [Moon.] 

VARIATION  OF  PARAMETERS.  A  parameter  was  a  name  origi- 
nally given  to  a  particular  line  connected  with  a  conic  section :  being 
the  third  proportional  to  a  diameter  and  its  conjugate.  In  time  the 
word  was  applied  to  any  line  which  serves  by  its  value  to  distinguish, 
or  to  help  to  distinguish,  one  individual  of  a  family  of  curves  from 
another :  thus  the  raidius  of  a  circle,  the  axes  of  an  ellipse,  the  co-or- 
dinates of  the  centre  of  either,  were  called  parameters.  When  a  word 
gets  into  the  descriptive  name  of  a  method,  it  may  happen,  as  part  of' 
a  phrase,  to  outlive  its  own  separate  use ;  and  such  has  been  the  case 
with  the  word  parameter.  As  this  word  is  now  generally  abandoned, 
demejit  is  the  most  frequent  substitute  for  it,  and  it  would  be  desirable 
to  speak  of  variation  of  elements* 

Whatever  phrase  we  may  use,  the  thing  occurs  both  in  physics  and 
mathematics,  in  modes  which  are  closely  connected  with  each  other. 
A  planet  moves  in  a  curve  which  is  not  an  ellipse,  but  which  would 
change  and  become  an  ellipse  if  the  disturbing  attractions  of  the  other 
planets  were  removed,  and  that  of  the  sun  only  continued.  The  easiest 
way  of  calculating  the  planetary  motions  is  to  consider  the  planet  as 
moving  in  this  ellipse,  while  during  the  motion  the  elements  which 
determine  the  ellipse  are  perpetually  changing ;  so  that  the  form  and 
position  of  the  ellipse  both  vary.  This  is  done  in  such  manner  that 
tbe  ellipse  of  each  moment  is  that  which  the  planet  would  go  on  to 
move  in,  if  at  that  moment  the  disturbing  attractions  were  all  removed. 
The  advantage  is  that  in  this  case  the  elements  wUl  vary  very  slowly, 
or  it  will  be  long  before  the  disturbing  attractions  produce  much 
effect.  In  theory,  any  curve  might  be  taJcen.  A  planet  for  instance 
might  be  supposed  to  move  in  a  parabola,  which  varies  its  dimensions 
and  position  in  a  manner  to  be  determined.  In  Trochoidal  Curves, 
all  the  curves  given  are  produced  by  a  point  moving  in  a  circle  with 
variable  eleinents ;  that  is,  of  variable  centre,  though  given  radius.  If 
it  were  required  to  investigate  trochoidal  curves  with  loops  and  imdu- 
lationa  of  different  magnitudes,  the  best  way  would  be  to  consider 
them  as  made  in  the  same  manner,  with  a  circle  of  variable  radius  also : 
or  else  to  make  both  circles  variable. 
In  the  differential  calculus  the  variation  of  elements  is  introduced 


thus  : — If  an  algebraical  expression  containing  some  variables  and  some 
constant  elements  be  proper  to  answer  a  certain  purpose,  it  is  not  impos- 
sible that  it  may  answer  the  same  purpose  when  the  constants  are 
made  variable,  provided  they  be  made  to  vary  in  a  proper  manner. 
Now,  if  the  purpose  which  is  to  be  answered  involve  differentiation, 
the  infinity  of  the  niuuber  of  suppositions  which  may  be  made  as  to 
the  variation  of  the  (former)  constants  is  equivalent  to  introducing  an 
arbitrary  function  instead  of  each  constant,  to  be  determined  by 
the  conditions  of  the  question.  Two  species  of  cases  have  frequently 
arisen. 

1.  When  under  certain  circumstances  a  problem  is  solved  by  an 
expression  containing  certain  constants,  and  the  circumstances  are  then 
altered ;  it  is  often  convenient  to  inquire  whether  the  altered  problem 
might  not  be  solved  by  the  same  expression,  on  the  supposition  that 
the  constants  become  variable.  And  the  question  then  is,  how  the 
(former)  constants  are  to  be  made  to  vary.   ' 

2.  Without  any  alteration  of  the  circumstances,  having  a  solution 
which  contains  constants,  it  may  be  asked  how  to  substitute  variables 
in  place  of  constants,  so  that  the  altered  expression  may  still  be  a 
solution. 

In  both  cases  it  is  obvious  that  so  soon  as  the  constants  are  made 
variable  the  differential  co-efficients  of  all  expressions  into  which  they 
enter  will  receive  an  accession  of  terms  above  what  they  had  before. 
These  new  terms,  which  we  may  describe  as  functions  of  the  variations 
of  the  elements,  must,  in  the  first  case  above  noted,  be  so  taken  as  to 
provide  for  the  effect  of  the  altered  circumstances.  But  in  the  second 
case  they  must  destroy  one  another's  effects  idtogether.  We  shall 
take  a  few  instances  in  which  the  variation  of  elements  is  successful  or 
unsuccessful. 

1.  The  equation  t/  +  Fy=0,P  being  a  function  of  ar,  is  solved  by 

c  being  a  constant.  Now  alter  the  equation  into  y'  +  Fy  »  Q,  and  to  meet 
the  alteration,  let  c  become  a  function  of  x.  On  this  suppositton 
y'+ry  becomes 

—  CBr-^^^  +  (fc^Pda  +  cPf /'*''' 

But  this  ought  to  be  Q :  therefore  we  must  have 

E  being  another  constant.  Here  /  +  py=Q  is  solved  by  y'  +  pysO  and 
subsequent  variation  of  an  element. 

Now  try  y'  +  y*= 0  and  y'  +  y'= Q  m  the  same  manner.  The  first  is 
solved  by  y = (a:  -h  o)-*  and  if  c  be  made  variable,  and  y  thus  altered  be 
introduced  into  the  second,  it  is  found,  making  z^  j;-i-  o,  to  require  the 
solution  of 

«'-hQ22-.l«0 

as  difficult  an  equation  as  the  original.  In  this  case  tnen  we  are 
unsuccessful. 

du      du  1 

^^dx  "^  dv  "**•  ^^^  solution  of  this  is  »=  ^  ^+«(«— y)  +  J» 
a  and  b  being  constants.  To  find  a  more  general  solution  of  this  same 
equation  let  6  be  a  function  of  a,  a  being  a  function  of  x  and  y.  We 
have  then 


du  /  db\da 

du  /  db\da 


and  the  equation  will  obviously  still  be  satisfied  if  b  and  a  be  so 
related  that 

db 

db 

Now  as  5  is  what  function  of  a  we  please,  so  also  is ;,- :  hence  it 

follows  that  if  5=^,  and  x— y=s  — ^'a,  we  may  make  a  what  function 
of  x—jf  we  please.  Let  o=i^(a;~y)  and  let  xf^—fv^'vdv.  We  have 
then 

«=2^+ («-y)'K«-y) +x(a?-y) 

of  which  the  last  two  terms  merely  amount  to  an  arbitrary  function  of 
x—y,  so  that  the  complete  solution  is 

1 

u=^x^-h<f{x-y) 

ip  meaning  any  function  whatever. 

This  subject  has  many  developments.  We  have  introduced  it  h^d 
under  the  idea  that  some  students  'of  the  differential  calculus  may  be 
led  to  consider  it  at  an  earlier  period  of  their  reading  than  books  will 
give  it  to  them. 

It  is  to  be  remarked  that  this  method  does  not  merely  search  for 
some  solutions  of  a  question  :  if  the  number  of  constants  be  sufficient, 
it  goes  direct  to  the  most  general  solution.  In  our  first  example  there 
is  no  function  of  x  but  what  ia  capable  of  being  represented  by 
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Qg-/Pds .  in  ouj.  third  there  is  no  f  ui.ction  of  x  and  y  but  what  is 
capable  of  being  represented  even  by  5*"  +  o(a?—  y)  or  5 a^'+^j  and  also 

by  o^+°(^'~"y)+^  "^^*'^  *  relation  between  a  and  6.     Whatever 

function  of  x,  or  of  a;  and  y,  will  solve  these  equations,  is  sure  to  be 
found,  if  the  method  be  successful.  This  point  would  need  a  little 
more  development  than  we  have  here  space  to  give. 

VARLA.TIONS,  CALCULUS  OF.  The  preceding  words  might 
seem  fit  to  include  every  organised  mode  of  dealing  with  the  variations 
of  value  which  algebraical  quantities  are  made  to  receive ;  the  differ- 
ential calculus,  for  example  :  but  they  have  a  technical  meaning,  which 
we  proceed  to  explain.  When  a  quantity  is  subject  to  one  sort  of 
variation  only,  the  consideration  of  that  variation  belongs  to  the  simple 
differential  calculus :  but  when  it  is  subject  to  two  or  more  distinct 
sorts  of  variation,  suppose  that  of  the  differential  calculus  and  another, 
then  the  mode  of  dealing  with  the  second  sort  of  variation  is  said  to 
belong  to  the  calculus  of  variations.  In  dynamics,  for  example 
[Virtual  Velocities],  there  are  two  distinct  species  of  motion  to 
consider :  one  which,  at  the  end  of  the  time  t,  the  system  is  about  to 
take  during  the  ensuing  time  dt,  in  consequence  of  the  velocities 
acquired  by  its  particles  ;  and  another  which,  without  any  considera- 
tion of  the  first,  must  be  impressed  upon  it  for  the  examination  of  the 
conditions  which  express  the  equivalence  of  the  impressed  and  effective 
forces.    Here  then  is  a  case  for  the  calculus  of  variations. 

Suppose  a  curve  a  b,  with  which  is  connected  another,  ab,  infinitely 
near  to  the  first,  and  related  to  it  by  a  given  law,  in  such  manner  that 
nny  point  p  being  given  on  the  fii-st,  a  corresponding  point  p  can  be 
Ifound  un  the  second.  If  the  coordinates  of  p  be  x  and  y,  and  those  of 
Q  (infinitely  near  to  p)  be  a:  -1-  rfa:  and  y  +  dy,  and  if  we  signify  the  co- 
ordinates otphj  x  +  ^  and  y  +  ^y,  we  have  two  distinct  notations,  one 
for  the  increments  which  the  coordinates  receive  in  passing  from  point 
Jbo  point  on  the  first  curve,  the  other  for  those  which  they  receive  in 
}>a8sing  from  a  point  on  the  first  curve  to  the  corresponding  point  on 
the  second.  Hence,  pr  being  dx,aadpr  what  dx  becomea  after  varta- 
tion,  we  have  8(<ia:)=2)f -pr  which  is  obviously  equal  to  qn — pm. 
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But  F  M  is  9jr,  and  Q  N  is  what  6x  becomes  when  x  is  changed  into 
X -{■  dx,  yrhence  qn— PM  =  d(8a:);  or  Bdx=^dix,  and  the  same  may  be 
proved  for  y.  We  shall  now  recapitulate  tiie  results  of  the  fuither 
application  of  this  method.  It  is  quite  beyond  our  limits  to  attempt 
to  prove  them ;  so  that,  referring  to  works  on  the  differential  calculus 
for  further  information,  we  shall  content  ourselves  with  some  remarks 
on  the  loose  manner  in  which  this  calculus  is  neaily  always  applied 
to  questions  of  maxima  and  minima^  and  to  a  very  few  words  on  its 
history. 

1.  The  operations  of  differentiation  and  variation  are  interchangeable 

in  order,  as  in  ^dx  =  dBx,  ijydx  —Jliydx),  &c. 

2.  If  y  be  a  function  of  x,  and  if  y',  y",  &c.,  stand  for  successive 
differential  coefficients  of  y  with  respect  to  a?,  the  successive  differential 
coefficients  of  «y  —  y'  Ra:  are  5/  —  y-Sa:,  5y"  —  y'"«a;,  Sy"'  —  y''5ar,  &c. 

3.  Let  V  be  a  function  of  a:,  y,  y',  y",  &c.,  and  Itifydx  taken  from 

^  =  x  to  a:  =  a:  be  r«iuired,  and  let  yo,y'o,  y"o.  &c.,  and  y,'.  y',',  y",, 
&c.,  be  the  values  of  y,  y',  y",  &c.,  when  a;  =  ar^  and  a:  =  ajj :  and  let 
moreover  «  =  5y—y'«a?,  which  becomes  w^and  w^  at  the  two  limits. 
Let  the  differential  coefficients  of  V  with  respect  to  x,  y,  y',  y^,  &c., 
separately  made  variable,  be  x,  Y,  p,  q,  &c.,  and  let  the  complete 
diffei*entiation8  of  these  with  respect  to  a;  be  denoted  by  accentuations, 
and  their  limiting  values  by  subscript  ciphers  and  units  as  before : 

then  we  shall  have  for  ^fydx  the  following  formula  : — 

+  (P»  -  Q\  +  R\  -  &c.)  «j  -  (Po-Q'o  +  B"o-&c.)  «o 

+  (Qi  -R'l  +  B'\-&C.)  «\-(Qo-  B'o  +  8"o-&C.)<, 
+  (Bi  -  S'x  +  T'\~&C.)  0^,  -  (R„-  B'„  +  T"o-  &C.)  «"« 


+y  'I  (Y-  P'  -h  Q"  -  R'"  +  &c.)  wdx. 


The  most  usual  application  of  the  preceding  formula,  in  its  most 


general  geometrical  form,  is  as  follows  : — V  being  a  given  £oxictaoc  *:: 
a?,  y,  y',  &c ,  it  is  required  to  draw  a  curve  such  thaty  vdj?  sbs^^  be  t- 1 
greatest  possible  or  the  least  possible,  provided  that  at  one  limit  ■-: 
integration  a;,,  and  y©  shall  be  coordinates  of  one  given  curve,  aotl  t-^--^ 
at  the  other  limit  x.  and  y^  shall  be  coordinates  of  another  given  curv*:. 
Such  a  case  arises  when  it  is  required  to  draw  the  shortest  line  V>et\ve  -l 
two  given  curves,  or  to  find  in  what  form  and  position  a  flexiUe  c«i  ^  ■- 
of  given  length  will  rest  when  its  ends  are  supposed  to  slide  upon.  i;ive:a 
ciurves.  We  have  pointed  out  (Differential  CalculuB,  '  Libx^a-ry  ci 
Useful  Knowledge,'  ch.  xvi.)  that  the  ordinary  mode  of  treating  tJae.^ 
questions  is  not  sufficiently  general,  and  must  in  certain  case3  even 
lead  to  positive  error.  We  intend  here  to  enforce  this  conduaiori  by- 
showing  that  even  in  more  ordinary  questions  of  maxima  and  zzuxiiioA 
the  same  want^of  generality  may  lead  to  the  same  sort  of  false  ex  n- 
elusion. 

A  maximum,  or  greatest  value,  means  one  which  is  greater  th^xi  sloj 
neighbouring  value ;  so  that  when  a  function  is  at  its  maximuxn,   axiy 
allowable  slight  change  must  be  one  of  diminution.     For  greater   rea*! 
less,  and  for  diminution  increase,  and  we  hare  the  definition    of  a 
minimum.     Now  an  ordinary  question  of  maxima  and  minima    is  as 
follows : — ^  being  a  function  of  x,  what  are  the  real  values  of  x  "w^ii^h 
make  it  a  maxunum  or  minimum  ?    There  is  a  maximum  when  ^=  <z, 
provided  that  ^  (o+Zt)  and  ^  (a— A),  when  both  are  possible,  are  l>otlt 
less  than  ^  :  but  if  one  of  the  two  ^  (a-\-h)  and  ^  (a— A)  be  impos- 
sible, there  is  a  maximum  if  hoik  values  of  the  other  be  less  than  ^a. 
In  aU  these  cases  it  is  supposed  that  k  may  be  as  small  as  we  ple=fta«r. 
Now — 

1.  WTien  0  (a  + A)  and  ^  (a— A)  are  both  real,  the  theory  explainer! 
in  Maxima  and  MraiHA  is  perfectly  sufficient :  there  is  a  niaximuzn 
when  ^'x  changes  from  positive  to  negative  in  passing  through  ^'a,  aod 
there  is  not  a  maximum  in  any  other  case. 

2.  When  4>  {a  +  h)  is  impossible,  there  is  a  maximum  if  both  values 
of  if/x  be  positive  from  x=a—h  up  to  x=a:  when  fp  (a — h)  is 
impossible,  there  is  a  maximum  if  both  values  of  ^'a;  be  negative  from 
x=a  to  x^a  +  k. 

It  is  the  neglect  of  the  second  case  which  has  led  to  the  oversight 
in  the  calculus  of  variations  which  we  shall  presently  mention.  We 
shall  now  propose  a  case  as  follows : — It  is  required  to  find  the  maxi- 
mum value  of  y  in  the  equation 

y = (1  — -ar)* -I- a:* = ^  as. 

The  form  of  the  curve  which  has  this  equation  is  as  in  this  diagram ; 
o  being  the  origin  and  o  a  (=  a  p)  being  unity. 
Now  it  ought  certainly  to  be  said  that  a  P  is  the 
greatest  ordinate  of  the  curve,  but  neither  is  ^*x 
here  equal  to  nothing,  nor  does  it  change  sign.  In 
fact  when  a;  =  1,  we  have  ^  a;  =  1,  ^'ar « 1*5.  The 
second  criterion  shows  that  a  p  is  a  maximiun ;  the 
first  shows  nothing  of  the  kind. 

Now  we  can  easily  imagine  it  said,  that  in  such  a 
case  as  the  preceding,  a  p,  though  unquestionably  o 
the  greatest  ordinate  the  curve  can  have,  is  not  what 
is  technically  called  a  maximum:  but  it  is  meant 
that  the  last  term  should  be  restricted  solely  to 
denote  those  values  of  <f>x  in  which  ^  (a:  +  h)  and 
^  (x  —  h)  are  hoOi,  possible,  and  both  less  than  ^. 
To  this,  ceteris  paribus,  there  could  be  no  objection  : 
it  often  happens  that  the  technical  use  made  of  a 
foreign   term  will  not  bear,  and  is  not  meant  to 
bear,  translation  into  our  own  language.    The  word  maximum,  even  in 
its  widest  allowable  use,  and  if  aU  we  ask  for  should  be  granted,  will 
not  answer  to  greatest :  for  there  may  be  several  maxima  and  minima, 
and  some  of  the  minima  may  be  greater  than  some  of  the  maxima, 
which  cannot  be  true  of  the  words  when  translated.    Suppose,  then, 
that  the  word  maximum  is  so  restricted  as  to  apply  to  no  value  of  ^r 
except  when  ^  {x-^h)  and  ^(x  —  h)  are  both  possible :  the  disadvantage 
will  be  twofold.     First,  in  every  problem  of  maxima  and  minima,  or 
in  every  problem  which  is  reducible  to  one  of  maxima  and  minima,  wo 
shall  have  to  invent  an  additional  term  to  signify,  perhaps,  the  very 
greatest  or  very  least  value  of  the  function.    Secondly,  in  applying  the 
same  limitation  to  the  calculus  of  variations  we  shall  frequently  be 
obliged  to  forego  the  solution  of  which  we  are  in  search,  unless  we 
look  for  the  very  case,  as  an  answer  to  a  problem  of  maxima  and 
minima,  to  which  we  have  previously  refused  to  apply  the   term 
maximum  or  minimum. 

In  order  to  makeJ^Ydx,  as  before  described,  a  maximum,  it  is 
generally  presumed  that  9jydx  must=  0,  and  that  y  must  be  found  in 
terms  of  x  from  this  condition.  Now  the  truth  is  th&tj'\dx,  after  the 
variation,   becomes  yvcia;  +  ^J^vdx,    and   all    that    is    absolutely 

necessary  is  that  lifydx  should  be  always  negative,  for  all  values  of 

hx  and  8y  between  the  limits,  and  for  all  values  which  are  con- 
sistent with  the  limiting  conditions,  at  the  limitfi.  It  is  easily 
shown  that  this  requires,  as  to  the  indefinite  integral  part,  the  follow* 
ing  equation : — 
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and  if  we  bo  reBolved  not  to  consider  any  points  of  the  limiting 
curves,  except  those  at  widch  Sau,  9x^,  9^^^  9y^  may  be  either  positive 
or  negative,  as  we  please,  then  it  u  eadly  proved  that  the  rest  of  the 

ozpreaaion  for  9jydx  must  also  vanish,  and  this  limitation  is  generally 

made  in  'works  on  the  subject,  by  which  means  solutions  are  misstated 
and  may  even  be  lost  sight  of.  Thua  it  is  generally  aaserted  that  tha 
ahorteat  line  between  two  curves  is  always  a  straight  Une  which  is  per* 
pendiculsu:  to  the  tangents  of  both;  and  that  a  flenble  chain,  aUowed 
to  elide  between  two  curves,  with  an  ezti«mity  on  each,  is  in  equili- 
brium when  it  is  in  the  form  of  a  catenary  perpendicular  to  tha 
retaining  oiuves  at  tha  points  of  suspension.    On  thia  we  need  onty 


difeet  attention  to  the  accompanying  figure.  The  shortest  line  that 
can  be  drawn  between  the  curves  a  P  a  and  b  qb  is  ab,  which  is  per- 
pendicular to  neither  of  the  tangents  a  c,  bd ;  and  the  flexible  chain 
A  K  B  will  hang  from  the  cusps  a  and  b  without  the  slightest  tendency 
to  become  perpendicidar  to  a  o  and  B  D  at  its  extremities. 

The  fact  is,  that  owing  to  the  very  great  complexity  of  the  mathe- 
matical part  of  the  subjMt,  the  part  of  the  calculus  of  variations  which 
relatea  to  the  nn^'giwiit  and  minima  of  integral  forms  is  in  a  very  incom- 
plete state :  and  it  is  found  impossible  to  introduce  what  has  been 
done  into  elementary  works.  How  long  it  will  be  before  the  mere 
vaaiahing  of  a  difierential  or  variation  wul  cease,  in  elementary  works, 
to  be  taken  as  the  conclusive  evidence  of  a  maTimnm  or  nunimum, 
depends  on  the  degree  in  which  mathematics  wiU  be  studied  as  a  dis- 
cipline, and  not  solely  as  an  instrument  of  physical  in<)uixy. 

The  history  of  a  large  part  of  the  calculus  of  variations  is  simply 
that  of  dynamics  from  the  time  when  D'Alembert  proposed  his  cele- 
brated principle  (1748).  But  long  before  this,  the  questions  of  maTima 
and  minima  which  ultimately  came  to  occupy  the  greater  part  of  pro- 
fessed works  on  the  calculus  of  .variations,  took  their  rise  in  the 
researches  of  the  two  Bemoullis,  and  led  to  their  celebrated  quarrel 
[Bbrnoulli,  in  Bioa  Drv.]  The  first  problem,  namely,  to  find  the 
oarre  of  shortest  descent  between  two  given  points,  proposed  by  John 
Bernoulli,  was  quickly  f crowed  by  others  of  the  same  kind,  proposed 
bv  James  Bernoulli,  in  which  the  curve  to  be  found  was  required  to  be 
of  a  given  length.  The  prevalence  of  problems  in  which  tma  last  con- 
dition was  contiined,  led  to  the  name  of  the  SohUion  af  Itoperimetrieal 
nroblems,  by  which  the  calculus  in  question  was  long  distinguished. 
But  it  must  be  noted  that  the  fint  who  solved  any  such  problem  as 
has  since  been  refetred  to  the  calculus  of  variations,  whatever  mav 
have  been  his  meUiod,  was  Newton,  who,  in  the  Scholium  to  the  84th 
proposition  of  his  second  book,  gives,  without  demonstration,  the  con- 
struction requisite  for  finding  the  solid  of  least  resistance.  [FbinozpiA| 
cols.  789-40^]  The  subject  was  successively  taken  up  by  Brook  Taylor, 
Euler,  Simpson,  Emerson,  and  Madaurin,  the  second  of  whom  first 
gave  tiie  general  equation  which  determines  the  nature  of  the  function 
required,  independently  of  the  limits  of  integration ;  and  his '  Methodus 
inveniendi  lineas  eurvas  proprietate  tnarimi  minimive  ^gaudentes,' 
pubUshed  in  1744,  beiog  the  last  of  his  eflforts  on  this  subject  which 
was  made  before  Lagrange  came  into  the  field,  is  an  epoch  in  ita 
history.  Lagrange's  first  change  in  exirting  methods  was  the  intro- 
duction of  the  specific  symbol  9  to  stand  for  the  variation  of  x  (which 
suggested  to  Euler  the  name  of  the  OalcuUti  of  VariaUom)  and  of  the 

formation  of  all  that  part  of  %f'7dx  which  is  free  from  the  integral 

sign.  Funiiahed  with  such  an  apparatus,  he  undertook  problems  of  a 
much  more  complicated  class  thui  any  of  his  predecessors,  and  stamped 
upon  the  subject  the  form  which  it  has  never  since  lost,  at  the  same 
tune  that  he  gave  it  an  extension  which  it  cannot  be  said  to  have  since 
greatly  exceeded.  Lagrange's  memoirs  were  contained  in  the  fixst  and 
fourth  volumes  of  the '  Miscellanea  Taurinensia,'  published  in  1760  and 
1778.  The  '  M^canique  Analytique '  of  Lagrange  (first  edition,  1788) 
must  also  be  regarded  as  the  first  work  in  which  the  calculus  of  varia* 
tioDS  was  fully  applied  to  problems  of  statics  and  dynamics,  in  the 
manner  since  universally  followed.  A  complete  and  most  excellent 
hiatoiy  of  the  rise  and  progress  of  the  branch  of  this  calculus  whidi 
treats  of  the  maxima  and  minima,  of  undetermined  integrals  is  con- 
tained in,  and  forms  the  substance  of,  Woodhouse's '  Treatise  on  Iso- 
perimetrical  Problems,'  Cambridge,  1810.  This  work  carries  on  tiie 
history  to  the  end  of  the  last  century,  and  ia  worthily  succeeded  by 
Mr.  Todhunter's  recently  published  '  mBtory  of  the  Calculus  of  Varia- 
tions,' Cambridge,  1861, 8vo,  which  describes  what  has  been  done  by 
the  successors  S  Lagnmge  down  to  the  present  time.  Accordingly, 
there  is  now  no*  branch  of  mathematics  of  which  aJO,  the  histoxy  is 
w  well  written  as  the  calculus  of  variations.  The  only  oom^iete 
•od  separate  elementaiy  work  on  the  subject  is  Jellett's  'Calculus  of 
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Variations,'  Dublin,  1850,  an  able,  elaborate,  and,  the  subject .  ooo- 
sidered,  intelligible  work. 

VARICELLA,  or  ForioeQa  IffmphaHea,  is  the  eruptive  dinetro  com- 
monly called  chicken-pox,  and  which  has  been  described  bgr  different 
writers  under  the  names  of  ehryttaUi,  varioke,  pu^Ua,  torioUg,  tpuria, 
&a  It  ii  almost  peculiar  to  infants  and  young  children;  and  the 
eruption  appears  either  without  premonitoiy  signs,  or  after  two  or 
three  days  of  slight  illness.  The  eruption  commences  on  the  shoulders, 
neck,  and  breast :  on  the  scalp  and  nack  it  ui  usually  abundant,  but 
the  face  is  only  slightly  affected.  It  consists  of  vesicles,  about  as  large 
as  a  split-pea,  full  of  transparent  fluid,  and  lenticular,  conoid,  or  globular 
in  their  rorm.  They  are  surrounded  by  a  slight  superficial  redness,  and 
successive  crops  of  them  appear  for  two  or  three  days,  the  old  vesicles 
shrivelling  up  as  the  new  ones  are  formed.  Most  of  the  vesicles  burst 
naturally^  and  the  outide  which  covered  them  falls  to  the  level  of  the 
surrounding  skin ;  but  some  shrink,  the  fluid  within  them  becoming 
whey-like,  or,  if  Uiey  be  much  irritated,  purulent.  After  drying  thev 
form  small  scabs,  which  fall  off  in  grains,  and  sometimes  leave  small 
superficial  scars.  The  whole  course  of  the  disease  occupies  about  a 
week,  and  is  not  attended  by  any  important  constitutional  disturbance. 
It  therefore  requires  no  particular  tieatment. 

The  first  writers  on  varicella  considered  it  as  only  a  mild  form  of 
variola,  or  small-pox,  and  the  same  view  is  maintained  by  some  modem 
authors,  eroedaUy  by  Dr.  Thomson  of  Edinburgh.  It  is  however 
more  probable  that  chicken-pox  and  small-pox  are  essentially  different, 
on  these  grounds :  1.  They  sometimes  prevail  in  distinct  epidemics, 
no  case  of  genuine  small-pox  occurring  among  many  of  chicken-pox. 
2.  The  characters  of  the  chicken-pox  eruption  are  altogether  different 
from  those  of  small-pox,  even  in  its  mildest  and  most  modified  form^ 
8.  Chicken-pox  is  not  inoculable,  though  the  mildest  small-pox  is. 
4.  Chicken-pox  is  altogether  unaffected  by  previous  vaccination,  and 
doea  not  prevent  the  action  of  vaccine  matter. 

VARICOSE  VEINS.    [Veins,  Dibxasis  of  ths.] 

VARIOLA.    [Smallpox.] 

VARIOLARIN.  A  substance  extracted  from  lichens.  It  is  sup- 
posed to  be  identical  with  Lsoanobio  Acid. 

VARIX.    [Veiss,  Diseases  of  the.] 

VARNISH,  a  fluid  applied  to  the  surfaces  of  various  articles,  as 
wood,  Ac,  and  which,  by  the  evaporation  or  ftifttpic-^  change  of  a 
portion,  leaves  upon  them  a  shining  coating,  impervious  to  air  and  to 
moisture. 

^  Varnishes  may  be  divided  into  three  classes :  alcoholic  or  spirit  var- 
nishes, volatile-oil  varmshes,  and  fixed-oil  varnishes. 

Spirit  or  alcohoUc  varmshes  are  in  general  prepared  very  readily,  are. 
eaailv  applied,  soon  become  dry,  and  emit  no  disagreeable  smell :  they 
are,  however,  liable  to  crack  or  scale  off,  and  are  incapable  of  resisting 
friction  or  bbws.  One  kiad  is  made  as  foUowa : — Mastic  6  ounces,' 
sandarac  8  ounces,  reduced  to  fine  powder,  and  4  ounces  of  coarsely- 
powdered  fflaas ;  digest  in  a  quart  of  spirit  of  wine,  contained  in  a 
loosely-corsed  vessel,  for  three  days  in  a  warm  room,  shaking  the  mix- 
ture frequently ;  then  add  8  ounces  of  melted  Venice  turpentine  to 
the  warm  solution,  starring  thoroughly  till  mixed;  let  the  mixture 
remain  in  a  warm  room  for  about  a  week,  and  then  strain  it.  Ttus  is, 
a  strong  varnish  applied  to  chairs  and  other  articles,  of  furniture^' 
Another  consists  of  copal,  which  has  been  liquefied  and  afterwards, 
very  finely  powdered,  8  ounces,  mastic  2  ounces,  and  elemi  1  ounce; 
digest  in  a  warm  room  in  a  quart  of  spirit,  and  when  the  solution  is, 
complete  add  2  ounces  of  Venice  turpentine.  This  is  stated  to  form  a 
good  varmsh  for  violins  and  other  musical  instruments.  For  different, 
purposes  the  ingredients  of  spirit-vanushes  are  considerably  varied; 
seed-laCy  benioin,  anime,  frankincense*  entering  into  the  oompositionf 
according  to  the  use  to  be  made  of  them. 

The  only  tumUM  or  eoloftfo  wl  largely  used  in  vanishes  is  oil,  or,  as 
it  ii  commonly  called,  spirit  of  turpentine ;  and  one  of  the  beet  var-. 
nishes  into  the  composition  of  which  it  enters  is  copal  vamiih.  [Copal 
Varnish.]  This  ii  chiefly  used  for  pictures.  Another  powerful  var- 
nish is  prepared  by  adding  to  highly-rectified  oil  of  turpentine  about 
an  eighta  of  its  weight  of  caoutchouc ;  this,  indeed,  is  the  varnish  now 
generally  employed  in  waterproofing  the  garments  well  known  by  the 
name  of  MacLintoahes ;  sometimes  gas-oil,  or  coal-naphtha,  ii  employed 
for  the  same  purpose,  but  its  smell  is  more  disagreeable,  and  longer  in 
going  of&  The  preparation  of  this  varnish  does  not  require  the  appli- 
cation of  heat. 

In  fax  or  fixeA-nXL  varnishes,  the  solvent  undergoes  a  chemical  changa 
and  dries  with  the  substance  dissolved :  these  are  sometimes  terme£ 
fat  varmshes.  We  shall  mention  two  kinds,  first  the  most  colourless ! 
tUs  is  prepued  by  mixing  4  ounces  of  copal,  which  has  been  liquefied 
and  finely  powdered,  with  oil  of  turpentine  and  drying  linseed-oil,  of 
each  10  ounces;  digest  in  a  gentle  heat  till  the  whole  is  dissolved;  strain 
it  after  standing  a  few  days.  This  forms  a  solid  and  nearly  oolouriess 
glaring,  and  dnes  easily  at  common  temperatures.  The  black  varnish 
used  by  coachmakers  is  thus  prepared  :  take  of  amber  16  ounces,  melt 
it,  and  add  to  it  hidf  a  pint  of  drying  linseed-oil  boiling-hot,  8  ounces 
eadi  of  asphalt  and  rosin,  both  in.  fine  powder;  stir  the  materials 
together  till  they  are  thoroughly  melted  and  incorporated,  add  to.  the. 
mixture  a  pint  of  warm  oil  of  turpentine  :  this  varnish  is  intended  to 
dry  to  a  very  hard  consistence. 

Dr.  CatteU,  in  1860,  proposed  to  manufacture  vandsh  by  dissolving 
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gums  in  two  kinds  of  liquids,  ethylated  and  methylated.  The  gums 
are  of  the  usual  kinds ;  but  the  yarnlBhes  are  grouped  in  one  or  other 
of  two  classes,  according  to  the  dass  of  solvent  employed.  Alcohol, 
wood  spirit,  methyhited  spirit,  peat  oil,  shale  oil,  benzole,  and  coal 
naphtha,  are  among  the  solvents  named.  Various  proportions  are 
named  between  the  ingredients,  according  to  the  kmd  of  varnish 
intended  to  be  producML  We  may  here  mention  that  Mr.  Cooley 
describes  no  less  than  sixty-four  kinds  of  varnish,  of  which  the  duel 
are  placed  under  the  headings  of  amber,  balloon,  black,  body,  book- 
binders', carriage,  Chinese,  copal,  crystal,  drying,  Dutch,  etching, 
flexible,  furniture,  glass,  ffun-burel,  hur,  india-rubber,  Italian,  Japan, 
lac,  mahogany,  mastic,  oiuc,  oil,  leather,  picture,  printers',  spirit,  toy, 
tnosfer,  turpentine,  and  wax  varnish. 

Two  special  kinds  of  varnish  are  connected  with  the  processes  of 
French  fioUthing  and  lacquerinff, 

French  polithing  depends  on  the  use  of  a  varnish  which,  from  the 
ingredients  in  its  composition,  admits  of  being  rubbed  until  great 
smoothness  and  gloss  are  produced.  The  best  Fk-ench  polish  is  made 
of  pale  shellac  and  rectified  spirits  of  wine ;  in  the  next  beet  quality, 
wood-naphtha  is  substituted  for  the  spirits  d  wine.  Sometimes  mas- 
tic, gum  elemi,  or  gum  sandarac  are  used  instead  of  shellac ;  and  a 
litUe  linseed-oU  or  copal  is  mixed  with  the  spirit.  When  intended  to 
modify  the  colour  of  the  wood  to  which  the  French  polish  is  to  be 
applied,  small  proportions  of  other  ingredients  are  added,  such  as 
dragon's  blood,  alkanet  root,  red  sandalwood,  turmeric,  gamboge,  &c. 
French  polish  is  never  required  to  be  so  limpid  as  other  varnishes. 
When  an  article  of  wood  is  to  be  French  polished,  the  surface  is 
brought  to  a  very  smooth  and  clean  state.  A  rubber  is  made  by  rolling 
up  a  strip  of  thick  woollen  doth,  and  using  the  soft  elastic  edge  of  the 
coiL  The  rubber,  being  wetted  with  the  French  polish,  is  inclosed  in 
a  doubled  doth  of  soft  linen,  the  outer  surface  of  which  is  slightly 
toudied  with  a  drop  of  raw  linseed-oil,  and  the  workman  rubs  it  steadily 
over  the  wood,  until  the  rubber  and  linen  become  nearly  drv.  Ha 
supplies  a  second  time,  and  again  a  third,  and  perhaps  a  fourth  time, 
rubbing  the  wood  steadily  until  each  portion  of  polish  is  worked  in. 
Very  httle  of  the  composition  is  actually  laid  on ;  the  effect  being 
due  rather  to  skilful  manipulation  than  to  a  thick  layer  of  glossy 
materiaL 

Lacquer  differs  from  ordinaxy  vamish  and  from  French  polish  in 
being  applied  either  to  metal  or  to  hard  wood;  in  other  respects 
lacquers  may  be  regarded  as  spirit-varnishes.  One  kind  of  hard  wood 
lacquer  is  made  in  the  proportion  of  2  lbs.  of  shellac  to  1  gallon  of 
spirit  of  wine ;  and  another,  in  that  of  1  lb.  of  seed  lac  and  1  lb.  of 
white  resin  to  1  gallon  of  spirit  of  wine.  Among  manv  kinds  of  lacquer 
for  metal,  one  consists  of  1  lb.  of  the  best  pale  shellao  to  2  gallons  of 
spirit  of  wine.  Hard  wood  lacquer  is  mostly  used  for  turned  work : 
it  is  applied  on  a  wad  or  rag  while  the  turned  artide  is  rotating,  with 
a  few  drops  of  linseed-oU  to  enable  it  to  work  smoothly.  For  flat  wood- 
work, lacquer  is  aoplied  much  in  the  same  way  as  ordinary  spirit- 
varnish,  with  camel-Lur  brushes.  Lacquer  for  metals  differs  somewhat 
in  its  oomijosition  from  that  for  wood.  The  metal,  when  about  to  be 
lacquered,  is  deaned  from  all  grease  and  oil,  then  heated  to  about 
2O0r  Fahr.,  at  a  laoqueriug  stove,  or  on  a  plate  heated  by  gas,  or  over  a 
diarcoal  fire,  or  on  a  red-hot  piece  of  iron,  or  on  a  vessel  of  boiling 
water  or  steam;  this  heating  is  necessary  to  enable  the  lacquer  to 
attach  itself  firmly  to  the  metal,  and  to  make  the  spirit  evaporate 
quickly.  The  husquer,  which  is  sometimes  coloured  to  give  it  a  ridi 
tint,  is  applied  with  a  brush. 

VARNISH-TREES.  This  name  has  been  ajyplied  to  several  trees 
which  exude  liquid  resins  naturally  or  from  incisions.  These  become 
diy  in  the  air,  and  are  employed  for  preserving  various  articles  from 
the  influence  of  the  air,  water,  or  insects,  as  well  as  for  giving  them 
greater  brilliancy,  and  also  for  varnishing  pictures.  Host  of  them  are 
found  in^  India,  Burma,  and  China.  Some  of  these  exude  an  acrid 
resinous  juice,  which  on  dzyin^  becomes  black,  and  is  used  as  a  vamish, 
sis  that  of  the  Anacardium  ocaderUale,  or  cashew-nut  tree.  The  mark- 
ing-nut, or  Semeaa'pus  anacardium,  has  its  outer  coat  covered  with 
cells  filled  with  a  similar  black,  oily-looking,  acrid  juice,  which  is  much 
used  as  a  marking-ink.  Augia  nnentit  of  Loureiro  is  said  to  produce 
the  genuine  Chinese  vamish  with  which  the  different  fancy  artides  are 
lacquered,  and  which  is  black  when  simply  dried,  but  becomes  coloured 
by  the  admixture  of  different  pigments.  The  Japan  vamish  of  Esemp- 
fer  and  Thimbeiig  is  Xhut  vemix,  and  that  of  the  Malayan  islands 
Stagmaria  vemici/liui.  Dr.  Buchanan  informs  us  that  the  juice  of 
ffcUgama  Umgifolia  is  used  in  Malabar  for  varnishing  shidds.  The 
varnish-tree  of  the  Burmese  is  described  under  Melanobbhoia,  in 
Nat.  Hist.  Diy.  A  very  fine  liquid  vanuah  is  also  yielded  by  Valeria 
mdica  and  F.  laneeafolia, 

VASES,  derived  from  the  Latin  vae,  analogous  to  the  Qerman  faet, 
a  word  m  its  widest  sense  comprismg  all  vessels  intended  to  contain 
fluids  or  other  substances,  and  made  of  various  materials.  In  andent 
ttt  the  term  is  implied  to  sll  andent  vessds,  but  in  modem  it  is 
limited  to  those  used  for  ornament.  The  shapes  of  vases  are  various, 
from  a  cup  or  saucer  to  that  called  vase  or  urn  in  the  narrower  sense 
of  the  word.  Those  of  ancient  nations  sre  distinguished  by  their 
shape,  form,  and  material,  and  mav  be  classed  into  vases  destmed  to 
hold  and  preserve  fluids  or  other  substances,  comprismg  craters,  jars,  and 
bowls;  jugs  and  eraets  for  pouring  out  liquids^  and  cups  for  drinking. 


In  Egypt,  from  the  scenes  represented  in  the  tombs  and  temple^ 
elegant  lann  vases  of  the  precious  metals  inlaid  with  lapis-Ia^oli  or 
enamd,  and  chased  with  figures  of  animals  or  flowers,  seem   to  hav-a 
been  manufactured;  and  also  by  the  nei^bouring  nstiona  off  Ajbmm^ 
subdued  by  the  arms  of  Egypt.    Of  simSar  forms  were  irmoerle  ci 
bronse,  used  for  culinary  and  other  purposes.    Serpentizie  beenlft  said 
aragonite,  or  oriental  alabaster,  especially  the  latter,  were  fswoazite 
materials,  and  enamelled  fayence,  or  porcdain,  principaliy  off    blue 
odour,  and  opaque  glass,  were  used  for  smaller  vases  for  tiie 
Pottery  was  employed  for  ail  purpoeeSi     Peculiar  vaaai 
called  eamopif  were  used  for  holding  the  viscera  of  the  deed. 
forms  of  Egyptian  vases  ars  simple,  the  prevalent  being  the  oval 
expanding  lotus  shape ;  the  decorations  are  plain  and  the  omana 
few.    The  Assyrian  vases  resemble  in  their  form  the  Bgyptian, 
are  sometimes  ornamented  with  relief  subjects.    There  are  no 
the  other  oriental  races  of  antiquity,  and  alUiough  Sidon,  in  the  dajs 
of  Homer,  was  famcnu  for  its  silver  vases,  no  speoimens  hkve  aoivived 
time  or  destruction.    Alabaster  vases  are,  however,  known  to  laaTe 
been  used  by  the  Assyrians  and  Persians,  and  have  also  been  found 
in  the  early  sepulchres  of  Greece  and  Etruria.    Several  remaric&ble 
vases  of  alabaster  exist,  inscribed  with  the  names  of  Persian  mooarcfae 
in  hieroglyphic  and  cuneiform  writing     In  Asia,  vases  were  often 
made  of  predous  stones,  as  sgate  and  onyx,  and  one  of  the  kings  of 
Pontus,  Mithridates  VL,  had  a  collection  of  2000.    The  anthrax,  or 
carbunde,  and  chiysoprase,  and  especially  crystal,  were  often  need  for 
vases  of  snudl  dimensions.    Besides  the  larger  vases  of  marble,  prin- 
dpally  urns,  amphora,  cups,  lavers,  and  lahra  of  large  siie,  and  enrfchfid 
with  reliefs,  were  in  use  during  the  latter  days  of  Greece  and  tlio 
Roman  empire.    In  the  best  days  of  the  Atboiian  oommonwealtliy 
lam  lecythi  of  Pentelic  marble,  fraquently  embeUishedwith  sepaldml 
rehefs,  were  placed  on  the  graves  of  the  dead. 

One  of  the  most  remsrkable  classes  of  andent  vases  was  the  myrrhine^ 
myrrhea,  myrrhina,  the  material  of  which  has  been  a  aouroe  of  oon- 
troversy  nnoe  the  revival  of  letters.    It  is  supposed  to  have  been 
Chinese  porodain  by  Scaliger,  jade  by  Hager,  sanionyx  by  Le  Blond, 
alabaster,  onyx,  soapstone,  jade,  opal,  mother  ot  pearl,  a  kind  of  amber, 
meerschaum,  or  an  indurated  resin ;  but  the  opinion  of  Roaiire  and 
Thiersch,  that  it  waa  fluorepar,  is  most  fovouiably  reoeired.    Hie 
difficulty,  however,  of  reoondling  the  descriplicn  of  Pliny  with  the 
appearance  of  the  substances  supposed  to  be  the  true  myxrhine,  does 
not  appear  to  have  been  entuely  oTeroome.    Aocording  to  Pliny, 
it  waa  first  brought  to  Rome  from  Asia,  by  Pompey,  and  exhihitwi 
in  his  triumph,  B.a  62.     The  countries  where  it  was  found  vrera 
Parthia  and  Carmania,  and  it  was  dug  out  of  the  earth  like  rock 
crystal,  or,  according  to  popular  report,  baked  in  Parthian  fumaoes,  and 
is  often  mentioned  in  connection  with  glass,  as  if  some  variety  ol  that 
material  [SohoL  ad  Lucan ;  and  Oudendorp,  tb  L  pw  292 ;  vm.  iL  t. 
380],  as  semi-transpsrenty  with  an  opalescent  g^oss.    The  most  valueUe 
kind  had  note  changing  into  purple  and  white,  or  into  both  these 
colours,  and  others  which  were  iridescent^  while  any  transluoen^ 
diminished  its  value.    The  material  waa  exoeediogW  fragile^  and  per^ 
fumed  with  myrrh,  but  this  was  probably  owing  to  tae  former  oontente 
of  the  vases.    The  material  did  not  admit  of  the  making  of  Tnids  of 
large  siae,  it  rardy  being  found  larger  than  smsll  plinths,  abadf  or 
thiwer  than  goblets.     Pompey  indeed  dedicated  to  the  C^toltne 
Jupiter  small  jugs,  eapidee,  and  cups  of  this  substance,  whidi  soon  alter 
beoame  fashionable  and  the  most  precious  of  all  materials,  ctmtij  cups 
of  it  being  used  hj  the  wealthy,  out  of  tiHbich  thev  drank  the  warmed 
Falemian  wine  (lAtftial,  xiv.  118).    The  value  ot  oupe  of  large  siie 
was  immense ;  one  of  the  cspadtj  ol  8  sextarii,  or  44  pints,  being  sold 
for  70  sestertia^  or  666L  6$,  Id.,  and  a  fragment^  in  the  days  of  Nero 
deemed  a  rarity,  slthougfa  aocording  to  the  jurists  they  were  not 
considered  gems,  lapilU  ;  snd  this  emperor  gave  10  sestertia,  or  abomt 
HOk  lf>«.  for  a  small  jug,  capie,  of  this  matnriaL    Still  more  prsdoua 
was  the  myrrhine  bowl,  of  the  value  of  800  sestertia,  or  24,226l,whid& 
T.  Petronius  destroyed,  when  on  the  point  of  death,  in  order  that  it 
should  not  fall  into  the  hands  of  Nero.    A  kind  of  false  myrrhine,  of 
opaque  glass,  with  blue,  yellow,  white,  and  purple  bands,  was  manu- 
factured in  later  times  at  Alexandria  ('  Thiersch  Jieher  die  Vasa  Myn^ 
hina,'  Bayer,  Akad.  Wissensch.,  1. 1  4to.  1856,  85,  p.  448). 

Vases  of  glass  of  small  dimensions  were  in  very  earlv  use :  amongst 
the  Egyptians  small  amphone  and  jugs,  and  toUet  phials  of  opaque 
glass,  dated,  as  early  as  B.a  1450,  in  the  reign  of  Thothmes  IIL ;  while 
the  earliest  known  dated  spedmen  of  transparent  glass  is  a  smdl  dicta 
found  at  Nimroud,  bearing  the  name  of  Sal^ina,  b.o.  711.  Various 
vases,  cups,  phialae,  and  jugs,  were  in  extensive  use  amongst  the  Greeks 
and  Romans;  and  in  the  middle  period  of  the  Empire,  Alexandria  and 
Sidon  supplied  Rome  with  glass  vases,  especially  the  makers  Irenasus 
and  Alias  of  Sidon.  To  tlus  age  are  to  be  referred  the  celebrated 
Portland  and  'Auldjo  vases  in  the  British  Museum,  made  of  transparent 
deep  blue  glass,  with  friezes  and  arabesques  of  opaque  white,  exquisitdy 
poliahedy  i^oduced  by  cutting  down  the  upper  strata  of  white  glass  in 
the  manner  of  a  cameo.  About  the  3rd  century,  a.d.,  and  later,  re- 
markable glass  cups  with  undercut  letters  in  relief  or  paterss  engiaren 
with  subjects,  appear,  the  so-called  diatreta.  To  this  and  an  earlier 
period  belong  the  remarkable  vases  of  madrepore  glass^  chiefly  paterss. 
At  a  later  age  glass  vessels  were  ornamented  with  gilded  subjects  at 
the  bottom,  endosed  by  two  layers  of  glass.    Glass  vases  of  a  remark> 
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able  size  and  fabric,  prinoipally  deep  eupe,  are  found  In  the  Saxon 
gravee,'^  ornamented  with  undercut  projeotiona  at  the  ndeai  a  rude 
imitation  of  the  more  artietic  diai»tUi, 

In  Greece,  from  the  earlieet  ages,  gold  and  ailver  vases  were  used  for 
aacrifidal  and  other  purpoees,  and  ikej  abounded  amongst  tiie  Hellenic 
and  other  zaoes  of  Asia  Minor,  the  most  renowned  in  early  times  being 
those  dedicated  by  Croesus  at  Delphi,  some  the  wor^  of  the  Samian 
Theodorus.  After  the  conquest  of  Alexander  immense  numbers  of 
toreutic  works,  some  inlaid  with  gems,  were  common  all  o?er  Greece ; 
and  in  two  remarkable  festivals,  one  of  Ptolemy  Fhiladelphus  at 
Alexandria,  the  other  of  Antiochus  Epiphanes  at  Antioch,  were  ex- 
hibited immense  numbers  of  these  vases ;  and  great  services  of  pUte 
were  possessed  by  the  Gneoo-ABiatic  monarchs,  which  subsequently 
became  the  booty  of  the  Romans,  and  were  exhibited  in  their  triumphs, 
or  plundered  by  their  officers.  The  most  celebrated  metal  vases  were 
those  of  Boethus,  Mys,  and  Mentor.  A  few  gold  vases  exist  in  the 
museums  of  Europe,  the  most  remarkable  bemg  the  ancient  Greek 
2)kiaU  from  Agrigentum,  in  the  British  Museum;  and  that  of  the  age 
of  Severus,  discovered  at  Rennes,  in  Bretagne,  now  in  the  BibUoth^ue 
Imp^riale  of  Paris,  and  the  gold  vases  at  Vienna.  Silver  vases  are  less 
rare,  and  were  more  often  chased  by  ancient  artists,  and  many  specimens 
of  ancient  plate,  some  found  in  Britain,  are  preserved  in  the  d^erent 
museums  of  Europe.  Silver  vases  were  often  used  for  saoed  purposes. 
BroDse  vases  are  still  more  common  and  of  laiger  dimensions,  and  are 
generally  thin  and  hammered  out  in  r^otuttf  work,  or  else  oinamented 
-with  elegant  cast  reliefs,  emMenuUa;  or  detached  ornaments,  enuUB, 
£truria  and  Magna  Gnecia  were  celebrated  for  bronze  vases,  and  highly 
ornamented  spedmens  from  the  sepulchres  of  Greece  and  Italy  are  in 
the  principal  museums  of  Europe.  They  are  principally  eraten,  pails 
for  holding  wine ;  cmochoai,  jugs  for  pouring  it  out ;  eyathi,  for  strain^ 
ing  it;  and  phialai,  saucers;  arjftainai,  ladles;  and  hyUces,  cups;  ary' 
baili,  oil  cruets;  lebetet,  pots  for  boiling;  podaniptra,  foot-baths. 
Bronze  vases,  called  e^a,  were  also  used  for  soimding-boards  in  the 
theatres.  Etruria  was  celebrated  for  its  bnmze  lamps  and  candelabra ; 
and  Pompeii  was  full  of  bronze  vessels.  Considerable  taste  was  shown 
by  the  ancients  in  their  bronze  vessels,  the  lips  being  oftcoi  decorated 
with  the  ovolo  ornament,  the  handles  sometimes  in  shape  of  the  human 
form,  artistically  adapted  for  the  purpose,  and  generally  terminating 
in  animal  heads,  prokotaoi,  at  the  mouth,  while  we  place  of  insertion 
on  the  body  of  the  vase  was  ornamented  with  mythological  subjects,  or 
heads  in  bas-reliel  Subjects  in  outline  were  sometimes  incised  on 
vases,  and  a  magnificent  lebes  from  Capua,  in  the  British  Museum,  has, 
in  addition  to  the  figures  in  full  relief  on  the  mouth,  an  incised  frieze 
round  the  body,  representing  some  of  the  labours  of  Hercules.  These 
ornaments  were  often  either  modelled  by  artists  of  merit,  or  copied 
from  celebrated  works  of  art.  In  the  4th  and  5th  centuries,  damas- 
cened Roman  vases  were  made ;  enamelled  about  the  same  time.  The 
temples  of  Greece  abounded  with  presents  of  these  vases,  along  with 
tripods,  statues,  and  other  objects  of  bronze.  Leaden  vases  were  used 
by  the  ancients  to  hold  unguents,  perfumes,  and  collyriums. 

The  most  numerous  and  remarkable  ancient  vases  are  those  of  baked 
day,  found  in  recent  years  all  over  Greece,  Italy  and  its  isles,  the 
north  coast  of  Africa,  and  the  Crimea,  in  fact  throughout  the  settle- 
ments of  Greece.  Some  of  them  appear  to  have  held  the  ashes  of  the 
dead,  and  all  were  made  for  use  or  ornament.  These  vases  are  painted 
with  a  brown  or  black  dlicated  glaze,  and  touched  up  in  parts  with 
flat  unglazed  colours.  They  were  either  made  on  the  wheel  or 
moulded,  then  dried)  the  subject  or  ornamentation  traced  out  with  a 
pointed  instrument,  the  black  or  brown  colour,  which  is  a  silicated 
glaze,  filled  in  with  a  reed  pendl,  and  the  muscles  and  other  details 
incised  through  the  black  colour  to  the  ground  of  the  day  with  a 
sharp  knife.  Their  paste  varies  from  a  pale  straw  to  a  dark  red,  and  ii 
very  soft,  light,  and  porous.  The  vases  appear  to  have  been  carefully 
dried,  painted,  and  baked  in  dose  furnaces ;  the  colours  used  in  the 
decoration  being  all  minerals, — black  oxide  of  manganese  and  iron  being 
used  for  the  black ;  oxides  of  iron,  copper,  and  pipeday  for  the  other 
colours.  The  glaze  is  a  fine  silicate  of  soda,  perhaps  produced  by  salt. 
The  style,  shape,  and  ornaments  of  these  vases  vary  in  the  different 
localities  where  they  are  found.  The  earliest  of  large  shape,  chiefly 
jugs,  amphone,  and  lekane,  found  on  the  most  andent  sites  of  Asia 
Minor,  as  at  Mount  Sipylus  and  the  so-called  treasury  of  Atreus  at 
MycensB,  are  ornamented  with  friezes,  mseanders,  zigzags,  aod  such 
simple  ornaments,  with  animal  forms  of  small  proportions  introduced 
as  friezes,  or  metopes.  These  vases  of  the  heroic  period  of  Greece, 
probttblv  of  the  8th  or  9th  century  B.a,  were  succeeded  by  another 
dasB,  which  has  been  extensivdy  found  at  Athens,  Corinth,  Italy,  and 
the  Ides,  distinguished  hj  friezes  of  animals  of  larger  size,  of  black  or 
brown  colour,  with  indsed  lines  upon  a  pale  straw-coloured  ground,  still 
accompanied  by  ornaments,  and  the  area  of  the  friezes  are  of  animals, 
some  with  flowers.  A  few  vases  of  this  style  have  human  figures, 
combats,  and  myths,  derived  from  Homeric  poems,  with  inscriptions 
as  old  or  older  than  the  5th  century  B.O.,  their  art  resembling  the 
oldest  sculpture  of  Selinus  and  ^gina.  By  degrees  the  vase  art 
improved,  the  potters  introducing  a  slightiy  warm  tone  into  their  clay, 
abandoning  the  exoesnve  use  of  ornament  and  the  flowers  in  the  field, 
and  cpving  more  im|x>rtance  to  the  human  figure^,  although  still 
retainmg  friezes  of  animals.  The  prindpal  shapes  of  these  vases  are 
the  pHike,  oinocAoo^  and  ahboitrot.    From  the  shape  of  the  inscribed 


letters  found  upon  them,  and  their  art,  these  vases  appear  to  be  as  old 
as  the  5th  century  B.O.  The  great  improvement  in  style  consisted  in 
introducin|(  a  warmer  tint  into  the  paste  of  the  day,  which  became  of 
a  light  bright  red,  while  the  colour  of  the  figures  became  of  a  jet 
black,  with  the  same  details  as  those  of  the  pravious  classes,  and 
occasional  use  of  white  accessories.  The  vases  of  the  so-called  old 
style  are  diBtingiiished  by  their  superior  art  and  size,  and  the  interesting 
mythological  subjects  with  which  thev  are  painted,  and  are  often  of 
,  large  size.  JfydritB,  water  vases  with  three  handles,  amphora,  two 
handled  jars,  otnocAoot  wine  iugs,  UcyUd,  oil  cruets,  craUra,  bowls  for 
holding  wine,  cyUee$,  flat  shallow  cups,  and  cyathi,  cups,  occur  in  this 
style.  The  eyes  of  the  figures  are  painted  oblique,  the  hands  and  feet 
long,  the  forms  muscular,  the  attitudes  rigid.  The  subjecto  are  prin- 
dpally  derived  from  the  myth  of  Bacchus,  the  Gigantomachia,  the 
Amazonomachia,  and  the  war  of  Troy.  The  figures  are  sometimes 
explained  by  accompanying  inscriptions.  Beddes  the  names  of  figures, 
the  names  of  beautiful  youths  and  females,  and  of  the  artists  who 
painted  and  the  potters  who  made  the  vases,  are  painted  on  them, 
while  memoranda  relative  to  the  proprietors  of  the  vases  sre  often 
found  inoiMd  on  the  foot. 

The  style  with  block  figures  seems  to  have  flourished  till  the 
4th  century  B.a  The  prize  vases  given  in  ^  Panathensea  having 
on  one  dde  a  Pallas  Athene  and  on  the  other  the  different  games,  and 
inscribed  "  Prizes  from  Athens,"  were  of  the  hard  black  style,  which 
was  conventionally  retained  till  the  time  of  Alexander  the  Great,  the 
vases  being  then  inscribed  with  the  names  of  the  Athenian  archons. 
But  this  style  of  painting  was  by  no  means  keeping  pace  with  the 
devdopment  of  art,  and  the  vase  painters  towards  the  dose  of  the  4th 
century  B.O.,  or  even  earlier,  changed  the  colour  of  the  figures  to  a 
bright  orange  red,  and  painted  the  background  entirely  black.  The 
inner  musdes  of  the  figures  were  indicated  by  fine  lines  of  a  light  brown, 
the  coarser  ones  byblack  colour,  and  tiie  prindpal  accessories  were 
in  blue  and  white.  The  stvle  considerably  improved,  but  still  remained 
"severe,"  by  which  it  is  known ;  the  prindpal  shapes  were  amphora, 
oinochoait  eyUces,  espedallv  the  last ;  inscriptions  continued  to  be  used ; 
the  names  of  artists  are  frequentiy  seen.  Henceforth  the  transitions 
are  no  longer  those  of  colour,  but  of  art  and  drawing.  The  eyes  of 
figures  half  a  century  later  are  not  represented  oblique  but  full  eye- 
lashes appear,  the  limbs  are  broader,  the  &ces  grander,  and  the 
influence  of  the  school  of  Zeuxis  in  painting  beg^  to  show  itsdf ;  the 
vases  are  prind^y  kalpide$,  amphora,  Jecy^,  arybaUot,  and  large 
eraUrt,  often  with  columnar  handles.  The  subjects  represented 
contain,  in  addition  to  those  of  the  preceding  classes,  many  of  the 
expldts  of  Perseus  and  Theseus,  and  others  derived  firom  the  Trage- 
dians, especially  the  Oresteid.  But  this  style,  about  the  time  of 
Alexander,  or  B.a  380,  began  to  decline,  and  in  the  days  of  Pyrrhus 
had  passed  into  the  florid  style,  distinguished  by  considerable  artistic 
differences.  The  figures  are  taller  and  more  elegant  in  their  propor- 
tions, their  hair  curioudy  fine,  and  the  details  minute  and  numerous, 
the  backgrounds  being  charged  with  arabesque  and  floral  ornament. 
The  shapes  of  the  vases  too  sre  distinguished  by  narrow  necks,  thicker 
bodies,  and  taller  handles :  large  craters,  amphora,  and  calpida  are 
common.  Perspective  appears  in  the  drawing;  gilding  is  common 
amongst  the  accessories.  The  inscriptions  are  sometimes  incised,  but 
the  vases  are  often  without  them.  Contemporaneous  with  these  vaaa 
were  the  polychromatic,  chiefly  Ueythi,  made  for  sepulchral  purposes, 
although  oinochoai  and  q/Uea  occur.  They  all  have  a  Uucoma,  or 
coating  of  fine  stucco,  on  which  the  artist  drew  the  subject  in  red 
outline,  and  subsequently  filled  in  the  draperies  with  opaque  colour,  or 
else  findy  traced  the  subject  in  a  siennic  or  bistre-coloured  outline. 
The  subjects  are  diiefl^  from  the  Oresteid  or  other  sepulchral  sources. 
There  are  few  inscriptions  on  any  of  these  vases.  Towards  200  years 
B.O.  the  art  was  rapidly  declining,  and  the  florid  gave  way  for  one  far 
inferior  in  merit,  the  figures  bdng  often  coarsely  drawn,  androgynous 
in  their  character,  and  overladen  with  white  colour,  while  the  subjects 
are  derived  from  the  Bacchandia,  the  low  comedy  and  buffooneries 
of  the  Athenian  stage.  On  the  last  vases  of  this  stvle  the  drawing 
degenerates  into  a  scrawl,  and  these  were  succeeded  by  ornaments  in 
opaque  white  upon  a  red  ground,  and  these  by  others  with  moulded 
ornaments.  The  inscriptions  on  vases  are  in  different  dialects,  often 
incorrect,  while  the  number  of  inscribed  vases  is  much  less  than  those 
without.  From  some  memoranda  inscribed  by  the  potters  upon  the 
vases  the  prices  paid  for  vases  of  inferior  kinds  are  known.  A  qfUx, 
or  flat  pamted  cup,  cost  a  drachma,  which  at  the  different  value  of 
money  in  andent  times  amounted  to  about  3«. ;  a  eraUr  4  oboli,or  2t. ; 
a  kcythus  1  obolos,  or  6d. ;  a  smsU  pot  4  an  obolos,  or  Zd. ;  and  a  saucer 
I  obolos,  or  2d,  It  is  curious  to  contrast  this  with  the  sums  paid  for 
valuable  ancient  vases  in  modem  times.  The  Durand  collection  alone, 
prindpally  vases,  realised  12,524^. ;  in  1836  a  vase,  with  the  subject  of 
the  death  of  Orestes,  sold  for  264^ ;  and  other  important  vases  for  as 
much  as  2802.,  2402.,  and  1702.  each.  Yet,  these  sums  are  far  inferior 
to  those  paid  for  remarkable  vases  by  the  Naples  Museum,  a  vase  with 
the  last  night  of  Troy  having  been  acquired  for  10002.,  and  the  same 
sum  was  paid  by  the  late  Mr.  Edwards  for  a  laige  vase,  now  in  England. 
The  characteristics  of  Etruscan  and  Roman  vases  have  been  already 
mentioned.    [Pottbrt.] 

One  of  the  most  difficult  portions  of  the  history  of  vases  has  been 
their  nomendaturoy  obscured  by  the  difficulty  amongst  theaucients 
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themsolves  of  describing  or  defining  vases,  and  the  varioua  names  in 
use  at  different  periods.  The  names  of  vases  have  been  classed  under 
their  emplovment,  as  the  piihoB,  stamnot,^  Uha,  hyrche,  lagynotf  pytine, 
oMkot,  otnophoroB,  ampkoittu,  badot,  hydria,  kalpii,  hrotaotf  for  contain- 
ing liquor ;  Uie  kothon  and  rhyton,  beata,  bmbyUot,  for  wme ;  the 
UcyikMM,  0^,  €daJbaitroi,  for  oU;  the  crater,  psycter,  and  dinot,  for 
mixing  wine;  the  Ube$,  chytra,  thermanter,  for  warming  liquids;  the 
ekoui,  oi$tochoe,  prochotu,  epUkytit,  for  pouring  out  wine ;  the  arytcM^Oy 
arybaUoi,  wtyle,  and  cyathoi,  for  drawing;  the  lotUerion,  asammihot, 
pyelo9,  tcaphe,  leeane,  podanipter,  hoUcaion,  perirrkanUrion,  cardanicn, 
for  wai^g;  the  dipoi,  aUkon,  kistybumf  hyptUon,  cywbicn,  fcyfjhoi, 
eanUhanu,  car<Ae9um,  cylix,  therUcUiot,  pkiale,  acoUos,  kaus,  for  drinking ; 
and  the  canoum,  di9e€9,pinax,  paropais,  tryUion,  oxybaphon,  and  oxi»,  for 
holding  food.  A  few  ancient  vases  have  been  identified  with  Uieir 
names,  but  many  still  remain  obscure.  The  names  of  the  Roman 
vases,  with  some  exceptions,  are  equally  difficult  to  determine.  The 
dishes  for  the  table  were  the  patina  and  patella,  the  eatdlum  and  the 
lanx  ;  pots  for  cooking,  the  oUa  and  cacdbiu  ;  and  drinking  vessels,  the 
caUx,  patera,  eibwium,  teuUUa,  and  eoneha;  the  oil  jugs,  the  ampvUa, 
gutttu,  gvtiuhu,  gutturinum,  and  concha  ;  while  for  mixing  and  pouring 
out  wine,  the  amphora,  lagena,  cadui;  and  for  keeping  it  in  the 
Cellars,  the  huge  dioUa  or  vats  were  in  constant  use.  The  eapit,  capedo, 
simpvlum,  and  dmpuvium  were  sacred  vessels,  and  often  of  earthen- 
ware,  llie  Roman  poets  indeed  often  use  the  Greek  names  of  vases, 
but  these  were  apparently  borrowed  from  the  poets  of  Oreece,  whose 
effusions  they  imitated.  The  Roman  vases  are  of  metals  and  earthen- 
ware [Pottbbt],  lead,  pewter,  and  box-wood. 

Amongst  oriental  nations  the  vases  of  China  are  most  remarkable 
for  their  antiquity,  sise,  and  beauty;  the  principal  shapes  of  the 
metallic  vases  are  wine-jugs,  tiun;  cups,  e;  pails,  yew;  teapots,  hoo; 
incense  vases,  tung  j  and  tripods,  ting.  Some  of  the  metallic  vases  are 
of  great  antiquity,  as  old  as  the  Emperor  Chingtang,  of  the  Shang 
dynasty,  B.O.  1743,  and  engraved  wi^  characters  of  a  hieroglyphic 
nature.  Some  were  given  as  honorary  rewards,  those  offered  to  the 
emperor  being  made  of  gold,  while  the  nobility  received  vessels  of  fine 
copper,  and  the  literati  iron.  Others  were  used  for  ancestral  worship, 
or  for  holding  sticks  of  incense  in  the  Buddhist  and  other  temples. 
At  an  early  period  honorary  vases  were  buried  with  the  dead,  but 
about  11.0.  200,  Che-hwang-te,  of  the  Tsin  dynasty,  exhumed  the  graves 
of  aadent  sages,  and  many  ancient  vases  were  discovered.  The  vases 
with  three  feet  are  supposed  to  allude  to  the  stars  presiding  over  the 
prince,  mandarin,  and  people.  Those  with  four,  to  those  stars  pre- 
siding over  the  four  civil  officers.  The  device  of  the  eyes  of  a  tiger 
is  supposed  to  warn  against  drunkenness  or  gluttony ;  the  mseander,  or 
'  thunder  pattern/  to  agriculture ;  the  characters  cow,  new  ;  sheep,  yartg  ; 
hog,  $he;io  agricultural  merit.  The  inscriptions,  generally  in  ancient 
seiu  chancters,  are  the  names  of  the  person,  the  vessel,  the  date,  the 
object  for  which  it  was  given,  and  other  details.  Many  of  the  Chinese 
vases  of  later  periods  are  beautifully  enamelled  in  vurious  colours,  and 
of  great  value :  others  are  elegantly  cl^masoened  with  gold  and  silver 
patterns.  The  vases  dated  in  the  years  of  Seuentlh,  aJ),  1426-80,  are 
said  to  be  made  of  a  mixed  metal  of  gold,  silver,  and  brass,  acci- 
dentally produced  at  the  bumiDg  of  the  palace.  Those  of  porcelain 
have  been  already  described.  [Pottbbt.]  Other  vases  are  made  of 
jade,  soapstone,  and  the  horn  of  the  rhinoceros,  which  was  supposed 
to  be  an  antidote  against  poison. 

In  Europe,  during  the  middle  ages,  vases  of  rock  crystal  continued 
to  be  made  till  the  capture  of  Constantinople  by  the  Turks  in  the  15th 
century,  when  the  art  was  transfeiTed  to  Western  Europe ;  and  rock 
crystal,  heliotrope,  and  jasper  were  used  by  ItsUan  artists  for  this  pur- 
pose till  the  17th  oentury,  when  the  art  was  abuidoned,  although 
subsequently  revived  in  the  18th  century.  The  goldsmiths  indeed, 
from  the  12th  century,  had  introduced  vases  ornamented  with  damas- 
cene and  niello  work,  and  many  elegant  examples  were  made  in  Italy, 
especially  by  Cellini.  As  early  as  the  12th  century  glass  vases  of 
filagree  work,  made  by  a  peculiar  process,  were  produced  at  Venice,  and 
the  manufacture  was  only  abandoned  in  the  18th.  Many  of  these  were 
of  fantastic  shapes.  German  vases,  of  cylindrical  shape,  with  enamelled 
paintings  of  armorial  bearings  and  other  devices,  were  invented  at  a 
later  period. 

The  Arabian  vases  of  the  middle  ages  are  chiefly  of  metallic  or 
glased  ware.  [Pottbbt.]  The  first  kind  consists  chiefly  of  ewers  and 
basins  for  washing  the  hands,  and  are  generally  of  latten,  a  mixture  of 
copper  and  tin,  chased  or  stamped,  and  embdhshed  with  knobs, 
arabesques,  mosaic  and  damask  work  shghtly  tooled  out,  ehampUvi,  or 
chased  out,  the  ground  lowered  and  pridied  or  pounced,  and  the  silver 
pressed  upon  it  Many  were  made  at  Mosaoulf  m  Mesopotamia,  as  early 
as  the  12th  century. 

In  modem  arts  vases  still  continue  to  play  a  part,  although  not  so 
important  as  those  of  the  ancient  world.  Russia  is  probably  the 
country  where  the  largest  and  costliest  specimens  are  int)duced,  in 
jasper,  malachite,  quarts,  and  other  hard  rocks,  chiefly  from  stones 
found  at  Orsk,  in  Orenburg,  in  Siberia,  the  sites  of  the  manufactures 
beine  placed  at  Perm  and  Tomsk.  The  island  of  Malta  ahio  produces 
small  vases  in  hard  stone,  carved  in  the  style  of  the  renaissance ;  and 
Tuscany  is  remarkable  for  its  vases  of  uie  pure  white  alabaster  of 
Volterra,  very  elaborately  and  tastefully  carved,  for  the  purposes 
»f  decoration.     Eogland,  France,  and  Austria  also  produce  elegant 


vases  of  cut  and  coloured  glass,  the  successors  of  the  old  filagree 
vases  of  the  Venetians  ;  and  the  European  nations  fabricate  omameotal 
vases  in  all  metals  for  prizes,  presents,  or  decorations,  each  in  their 
peculiar  style  of  art  and  taste.  The  invention  of  electrotyping  and  tlie 
mcrease  of  luxury  have  given  a  new  stimulus  to  this  bran^  of  thm 
fine  arts. 

(Birch,  BiUory  of  Ancient  Pottery,  8vo,  LondL  1858 ;  Thoma,  ZHaaer- 
tatian  on  Ancient  Chineae  Vata,  8vo,  Lond.  1851 ;  Labarte,  lUtufy^Utd 
Handbook  of  ike  Arte  qf  the  Middle  Ages,  8vo,  Lond.  1858 ;  Kramer. 
Ud)er  den  fferhinft  OriecK.  bemoMt.  Vae.,  8vo,  Breslau^  1846  ;  Kiause^ 
Angdologie,  Halle,  1854.) 

VASSAL.    [Feudal  Ststem.] 

VAUDEVILLE.  Aval,  or  ii-vau,  is  a  phrase  among  navigaton^ 
implying  the  reverse  of  amont  A  van  de  Vea»  is  used  adverl^ally  to 
express  drifting  down  a  stream : — "  Personne  ne  ramoit,  nous  nous 
laissions  idler  k-vau  de  Teau."  Vaudeville  appears  originally  to  have 
been  appUed  to  designate  any  song  or  baUad  borne  along  on  the  current 
of  town  gossip  or  popularity — d^u  de  vUle,  It  has  been  customary 
among  etymologists  to  maintain  that  the  word  was  originally  vam-di' 
vire,  from  the  valley  of  Vire  in  Kormandy,  "  where  gay  and  oiaUeioua 
songs  were  composed  centuries  ago,  which  had  great  currency."  No 
evidence  has  ever  been  adduced  in  support  of  this  legend,  and  the  kind 
of  rhymes  originally  designated  by  the  word  vaudeville  are  quite  as 
likely  to  have  originated  in  populous  towns  and  their  gossimng  crowds, 
as  in  a  Norman  valley.  "  YaudevUle,"  we  read  in  the  '  Dictionnaire 
de  TAcad^mie/  **  signifies  a  popular  song,  the  air  of  which  ia  easily 
sung,  and  the  words  composed  upon  some  story  of  the  day."  From 
songs  the  term  was  extended  to  pamphlets  and  theatrical  pieces  founded 
on  ephemeral  gossip.  At  present  the  theatrical  apphcation  of  the 
name  has  sup^eded  the  others.  Theatrically  speaking,  a  vaudeville 
is  a  short  dnma,  the  dialogues  of  which  are  interspersed  with  short 
songs  set  to  popular  airs.  The  principal  charm  of  the  vaudeville  con- 
sists in  its  covert  sUusions,  its  delicate  raillery  on  the  leading  chaiBctera 
and  events  of  the  time.  The  plot  ought  to  be  simple — ^rather  sketched 
or  indicated,  than  developed — and  the  characters  presented  in  the  same 
slight  manner.  The  interest  ought  never  to  be  sufficiently  serious  to 
divert  attention  from  the  interdbange  of  playful  sarcasm  and  simple 
melodies  which  aU  can  appreciate.  The  vaudeville  charms  by  ita 
brilliant  and  essy  dialogue,  its  snatches  of  apparently  impromptu 
music  and  song,  and  its  least  possible  n>ice  of  malioe :  any  attempt  to 
give  a  show  of  reality  to  the  story  and  persons  of  the  drama  would 
render  the  elegant  trifle  ponderous  and  stupid.  Hitherto  French 
authors  alone  (with  perhaps  the  exception  of  Gothe)  have  succeeded  in 
composing,  and  Fk«nch  actors  in  representing,  these  charming  nothings : 
the  gracefril  levity  of  the  vaudeville  can  scarcely  ever  bear  translation 
into  the  more  sinewy  languages  of  Europe.  Among  all  French  authors 
of  vaudeville,  the  palm  is  undoubtedly  due  to  the  late  M.  Scribe  of  the 
thousand  dramas. 

VAUDOIS  <Waldenses,orValdenses;  in  Latin  VaUeti;  Valdidm 
Italian ;  Vavdie  in  their  own  dialect),  a  remarkable  people,  who  form 
a  communion  separate  from  the  Church  of  Rome,  and  who  live  in  three 
high  valleys  of  Piedmont,  on  the  eastern  or  Italian  side  of  the  Cottian 
Alps,  between  Mount  Viso  and  the  Col  de  Sestrieres,  in  the  province 
of  PigneroL  The  valleys  are — 1,  that  of  Lucema,  through  which  flows 
the  Police,  an  alpine  torrent  which  rises  in  the  Col  de  la  Croix,  near 
Mount  Viso,  and  flowing  eastward,  falls  into  the  river  Clusone ;  2, 
Valley  of  Perosa,  through  which  passes  the  Clusone,  which  rises  in  the 
Col  de  Sestrieres,  flows  in  a  south-east  direction  by  Fenestrelle,  Perosa, 
and  near  Pignerol,  and,  after  receiving  the  Felice,  joins  the  Po  a  few 
miles  further  do?m ;  8,  Valley  of  San  Martino,  which  branches  out  of 
the  valley  of  the  Clusone,  along  the  course  of  a  torrent  called  German- 
asca,  which  rises  in  the  Col  d*Aliries.  The  Vaudois  are  distributed  in 
thirteen  parishes,  each  having  its  pastor,  called  batrbe  in  their  dia- 
lect One  of  the  pastors  bears  the  title  of  moderator,  being  superior 
in  authority  to  the  rest.  In  former  times,  when  Uie  Vaudois  commu- 
nion was  much  more  extended  than  it  is  now,  they  had  bishops,  who 
are  mentioned  in  several  old  documents.  In  every  parish  there  is  a 
Vaudois  church  snd  a  school,  besides  a  church  for  the  Boman  Catholic 
population.  The  Vaudois  cleigy  are  allowed  to  many.  They  take  no 
fees  for  burials,  baptisms,  or  marriages.  The  Liturgy  now  in  use  is 
that  of  G^eva,  in  the  French  language :  formerly  they  made  use  of  a 
Liturgy  in  Italian.  The  spoken  dialect  of  the  people  resembles  the 
otiier  cUalects  of  Piedmont.  The  origin  of  the  name  Valdenses,  or 
Vaklesi,  is  found  in  the  word  vaUia,  and  means  inhabitants  of  the 
valleys.  Its  derivation  from  Peter  Waldo,  or  Valdo,  of  Lyon,  a  mer- 
chant of  the  12th  century,  who  was  a  religious  reformer,  caused  por- 
tions of  the  Bible  to  be  translated  into  French,  and  was  the  founder  of 
the  sect  called  the  Poor  Men  of  Lyon,  is  now  abandoned.  Waldo, 
being  condemned  by  the  archbishop  of  that  city,  ▲.D.  1172,  and  after- 
wards by  Pope  Alexander  III.,  emigrated  to  Germany,  and  is  said  to 
have  died  in  Bohemia.  The  Vaudois  of  Piedmont  however  existed  as 
a  religious  community  long  before  Waldo,  whom  Beaa  even  suspects  of 
having  derived  his  tenets,  if  not  his  name,  from  them.  From  him, 
however,  the  separatists  fr^om  Rome  in  the  south  of  France  have  been 
called  Waldenses,  and  this  has  caused  them  to  be  confounded  with  the 
Vaudois,  or  Vaudds,  of  the  Alps,  although  the  doctrines  and  discipline 
of  some  of  the  former  were  not  always  in  accordance  with  those  of  the 
Vaudois.    The  real  Vaudois  remained  in  the  valleys  east  and  west  of 
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the  Cottian  Alps.  The  AlbigensM  pro|wrly  oo  called  were  quite  distinct 
from  the  Vaudoia.     [Albioknseb.] 

This  little  community  is  remarkable  for  having  kept  itself  from  time 
immemorial  separate  from  the  Church  of  Rome,  in  ages  when  that 
church  ia  generally  consid^fed  as  haying  been  the  only  existing  church 
in  the  West,  and  for  being  the  only  Italian  church  which  continues  to 
this  day  separate  from  Rome.  We  have  memorials  of  the  doctrines  of 
the  YaudoiB  written  in  the  early  part  of  the  12th  oentuxy:  their 
tenets  were  then  such  as  they  are  now.  The '  Nobla  Ley^on  Lb  a  sort 
of  abridgment  of  the  history  and  doctrine  of  the  Old  and  New  Testa- 
ments. It  speaks  of  the  mission  of  the  Apostles  and  of  the  primitive 
chuichi  and  of  certain  practices  that  were  introduced  afterwards  in  its 
Ijoeom :  of  simony,  the  institution  of  masses  and  prayen  for  the  dead, 
of  absolution,  and  other  tenets  of  the  Church  of  Rome,  which  it 
rejects.  It  is  a  poem  in  the  Vaudfo  dialect,  nearly  the  same  as  that 
which  Ib  spoken  at  the  present  time,  and  records  in  the  text  its  having 
been  composed  in  the  early  part  of  the  12th  oenturv. 

There  is  also  a  confession  of  faith  of  the  Valaenses,  bearing  date 
A.D.  1120,  acknowledgixig  the  Apostles'  Creed  and  the  canonical  books 
of  the  Old  and  New  Testaments,  recognising  no  other  mediator  and 
advocate  with  God  the  Father  but  Jesus  Christy  denying  puigatory, 
admitting  only  two  sacraments — Baptism  and  the  Lord's  Supper — as 
signs  or  visible  forms  of  the  invisible  grace,  discarding  the  feasts  and 
vigils  of  saints,  the  abstinence  from  flesh  on  certain  days,  the  mass,  fto. 
And  another  manuscript  dated  1100,  speaks  of  the  Valdenses  as  having 
maintained  the  same  doctrines  from  time  immemorial  in  continued 
descent  from  father  to  son,  even  from  the  times  of  the  Apostles. 
Besides  these,  there  are  two  controversial  treatises,  one  entitled  '  Of 
Antichrist/  uid  the  other  upon '  The  Invocation  of  Saints,'  which  seem 
to  bear  this  internal  evidence  of  their  antiquity,  that  in  enumerating 
the  various  tenets  and  practices  of  the  Roman  Church  which  the  Val- 
deuses  reject,  they  speak  of  the  doctrine  of  the  real  presence,  and  of 
the  adoration  of  the  Vurgin  Mary  and  the  Saints,  but  in  so  doing  they 
do  not  use  the  words  transubstantiation  and  canonisation.  Now  the 
term  transubstantiation  was  first  introduced  under  Pope  Innocent  III., 
and  confirmed  in  the  council  of  Lateran,  ▲.D.  1215,  and  the  fint  papal 
buU  in  which  the  word  canonisation  oocun  is  dated  1165.  Nor  do 
these  treatises  speak  of  the  devotional  exercise  of  the  Rosair  introduced 
by  St.  Dominic,  nor  of  the  Inquisition,  which  began  in  the  18th  cen- 
tury. Had  those  institutions  existed  when  the  treatises  were  written, 
they  could  hardly  have  escaped  the  notice  of  the  writer.  Manuscript 
copies  of  these  and  other  ancient  documents  relative  to  the  Vaudois, 
amoimting  to  twenty-one  volumes,  were  brought  to  England  by  Sir 
Samuel  Morland,  who  was  sent  by  the  Protector  Cromwell  as  envoy  to 
the  Didce  of  Savoy  in  1655,  and  were  by  him  presented,  in  1658,  to  the 
library  of  the  University  of  Cambridge.  Morland  wrote  a '  History  ol 
the  EvangeliGsd  Churches  of  the  Valleys  of  Piedmont^'  London,  1658, 

fiving  a  transcript  and  English  translation  of  the  'Nobla  Lev^on.' 
'.  Allix,  D.D.,  who  published '  Remarks  upon  the  Ecclesiastical  History 
of  the  Antient  Churches  of  Piedmont,'  in  1690,  notices  the  manuscripts 
brought  by  Morland.  But  now  only  fourteen  out  of  the  twenty-one 
volumes  are  existing  in  the  University  Library,  and  nobody  can  tell 
what  is  become  of  the  rest  The '  Nobla  Leyfon '  is  one  of  those  which 
are  nussing.  In  1669,  Jean  Leger,  a  pastor  of  the  Valdenses,  published 
at  Leyden, '  Histoire  G^ndrale  des  Eglises  Evang^ques  des  Yallte  du 
Pi^mont,'  in  two  books,  the  first  of  which  treats  of  the  early  dato  and 
continuity  of  their  doctrine,  and  he  gives  transcripts  of  several  of  the 
manuscripts  brought  to  England  by  Morland. 

The  question  about  the  early  dato  of  the '  Nobla  Ley^on,'  the  Vaudois 
confession,  and  the  other  manuscripts  above  mentioned,  is  of  consider- 
able importance  in  an  historical  as  well  as  a  religious  point  of  view. 
There  is  however  further  evidence  brought  forth  for  the  antiquity  of 
the  Vaudois  doctrines.  The  name  of  valdenses  does  not  appear  in 
historical  records  till  the  end  of  the  12th  or  early  part  of  the  13th  cen- 
tury, but  we  find  allusions  as  early  as  the  9th  century  to  the  existonce 
of  non-conformist  churches  on  the  borden  of  Italy.  Jonas,  bishop  of 
Orleans,  in  his  work  '  De  Cultu  Imaginum,'  addraned  to  Charles  the 
Bald,  A.D.  840,  speaks  of  Italian  churches  which  he  accuses  of  hetero- 
doxy because  they  refused  to  worship  images,  and  he  charges  Claudius, 
bishop  of  Turin,  with  encouraging  tne  people  of  his  diocese  in  their 
separation  from  the  Catholic  unity. 

The  fragments  existing  of  the  works  of  Claudius  show  his  opinionB 
concerning  faith  and  merits,  prayen  after  death,  the  worship  of  images, 
the  invocation  of  saints,  tracution,  and  church  authority,  to  have  been 
the  same  as  are  exprsssed  in  both  the  old  and  modem  Vaudois  cate- 
chisms, as  well  as  in  the  catechisms  of  the  modem  reformed  churches. 
And  it  is  worthy  of  remark,  that  Claudius  in  his  epistle, '  Ad  Theode- 
mirum/  says,  in  reply  to  the  chaige  of  promulgating  noveltv  in  religion, 
**  I  teach  no  new  sect,  but  keep  myself  to  the  pure  truth,  and  I  will 
persist  in  opposing  to  the  uttermost  all  superstitions  and  sdusms." 
CkudiuB  di^  about  ad.  840,  and  contemporaiy  with  him  Agobardus, 
bishop  of  Lyou,  as  appeara  by  his '  Treatise  against  Pictures/  edited  by 
S.  Baluze,  was  also  preaching  against  the  worship  of  imagesi  The 
valleys  of  the  Cottian  Alps  must  have  been  under  one  or  the  other  of 
these  bishops.  In  the  synod  held  at  Arras,  ▲.D.  1025^  it  was  repre- 
sented to  the  president.  Bishop  Gerard,  that  certain  persons  had  come 
from  the  borders  of  Italy  and  had  introduced  hereticsd  dogmas  about 
the  nature  of  justification,  the  real  presence,  and  against  imagery  relics,  I 


altars,  &o.  About  1140,  Bernard  of  Ckirvaoz,  in  his  sixty-sixth  sermon 
upon  the  Canticles,  speaJcing  of  heretics  who  then  wero  disturbing  the 
church,  mentions,  among  othen,  "a  sect  which  calls  itself  after  no 
man's  name,  which  affecto  to  be  in  the  direct  line  of  i^xMtolical  suc- 
cession, and  rustic  and  unlearned  though  it  is,  yet  it  contends  that  we 
are  wrong  and  that  it  only  is  right.  It  must  derive  its  origin  from  the 
devil,  since  there  is  no  other  extraction  which  we  can  assign  to  it" 
The  Valdenses  have  always  rejected  any  distinctive  sectarian  appella- 
tion, and  have  boasted  of  adhering  from  age  to  age  to  the  primitive 
faith.  In  the  bull  of  Pope  Lucius,  aj).  1188,  four  yean  after  the 
Lateran  council,  in  which  the  AJbigenses  were  anathematised,  seversl 
sorts  of  heretics  are  mentioned,  Cathari,  Paterini,  the  Poor  Men  of 
Lyon,  and  the  Paasagini,  or  men  of  the  passes,  as  lying  under  a  per- 
petual anathema.  And  in  1194,  Alfonso,  king  of  Aragon  and  marquis 
of  Provence,  issued  an  edict,  "  commanding  the  Valdenses,  the  Insab- 
batati,  who  otherwise  are  called  the  Poor  Men  of  Lyon,  and  all  other 
heretics,  to  depart  out  of  his  dominions."  About  1230,  Reinerus,  a 
Dominican,  who  states  that  he  had  been  himself  a  heretic,  wrote  a 
treatise  against  heretics,  'Opusculum  de  Hiereticis,'  in  which  he 
speaks,  among  others,  of  the  Leomsts,  or  Poor  Men  of  Lyon  ("  Sect* 
Pauperum  de  Lugduno  qui  etiam  Leonistse  dicuntur  "),  and  describes 
their  tenets,  which  are  exactly  the  same  as  those  contained  in  the  old 
records  of  the  Vakienses  as  well  as  in  their  modem  catechisuL  The 
Valdenses  and  the  Poor  Men  of  Lyon  (Valdenses  sive  Lugdunenses) 
are  confounded  together  in  the  chronicles  ci  that  age;  and  in  the 
Chronicon  of  Abbas  Unbeigensis  (▲.D.  1212)  the  Pauperes  de  Lugduno 
are  represented  as  an  ancient  oider  whidh  arose  in  Italy  long  ago, 
Reinerus  begins  by  saying,  that  these  Leomsts  or  Pftuperes-were  ^le 
most  pernicious  of  all  the  secte,  for  three  reasons :  1,  because  they  ara 
the  most  ancient — more  ancient  than  the  Manichseans  or  Arians,  dating 
their  erigio,  according  to  some,  from  the  time  of  Pope  Sylvester  I.,  and 
according  to  othen  from  the  time  of  the  Apostles ;  2,  because  tiiey  are 
more  universally  spread ;  8,  because  they  have  the  eharaoter  of  being 
pious  and  virtuous,  as  they  believe  in  the  Apostles'  Creed,  and  are  guilty 
of  no  other  crime  than  that  of  hhuqihemy  agjunst  the  Roman  Church  and 
clergy.  This  book  of  Reinerus  is  very  important,  but  we  must  refer 
those  who  wish  for  further  inforaiation  to  the  Rev.  W.  S.  Oilly's 
'Second  Visit  to  the  Vaudois  of  Piedmont/  section  iii.,  where  the 
author  has  placed  in  parallel  columns  passages  horn  Reiner's  text, 
the  corresponding  opinions  of  Italian  wnten  previous  to  the  12th  cen- 
tury, and  those  of  the  ancient  and  modem  Valdenses  concerning  the 
same  topics. 

When  Marcus  Aurelius  Rorenoo»  grand-prior  of  St.  Roch,  was  sent 
by  Duke  Charles  Emmanuel,  about  de  mickUe  of  the  17tii  century,  to 
make  inquiries  concerning  the  Vaudois,  he  reported  that  "  these  Apos- 
tolicals,  as  they  call  themselves,  were  of  an  origin  of  which  nothing 
certain  could  be  said,  furthennore  than  that  Bishop  Claudius  might 
have  detached  them  from  the  church  in  the  8th  century,  and  that  they 
were  not  a  new  sect  in  the  9th  and  10th  centuries."  And  the  moi^ 
Belvidere,  who  went  to  the  valleys  of  the  Cottian  Alps  on  a  similar 
inquiry,  reported  "that  heretics  have  been  found  in  the  valley  of 
Angrcgna  in  all  periods  of  history."  Claude  Seissel,  arehbishop  of 
Tunn,  A.0. 1500,  spoke  of  them  as  "  the  Vaudois  sect,  whidi  originated 
with  one  Leon,  a  devout  man,  in  the  time  of  Constantino  the  Qreat." 
From  all  the  above  testimonies  it  is  contended,  with  considerable  show 
of  argument,  by  the  Vaudois,  that  they  are  not  a  sect  that  sprung  up 
in  the  12th  century,  or  was  introduced  by  emigranto  from  abroad,  but 
that  they  are  an  aboriginal  Alpine  conmiunity,  the  oflEbpring  of  early 
Christianity  implanted  in  these  remote  districts.  The  earlier  edicts 
of  the  dukes  of  Savoy  speak  of  the  "  men  of  the  valleys "  and  their 
"ancient  faith,**  which  "it  had  been  found  impossible  to  eradicato 
from  thence,  and  which  the  dukes  had  been  constrained  to  tolerate." 
An  edict  of  1584  speaks  of  privileges  granted  by  former  dukes,  and 
cites  edicto  of  1448  and  1452.  In  the  '  Theatrum  Stetuum  R.  C. 
Sabaudiie  Duds/  published  in  1682,  it  is  stated  that  treaties  four 
hundred  yeara  old  secured  personal  and  religious  freedom  to  the 
Vaudois. 

It  is  an  historical  ^t  that,  some  time  in  the  14th  century,  a  colony 
of  emij^ante  from  North  Italy,  professing  the  teneto  of  the  Vaudois, 
settled  in  Calabria,  where  they  cleared  the  ground  of  whole  districte, 
and  became  thriving  tenants  of  the  great  landlords.  They  built  the 
towns  of  La  Quardia  (which  is  still  called  Ouardia  Lombarda),  Sam 
Sisto,  La  Rocco,  and  oUiera,  not  far  from  Cosenza,  where  they  lived  in 
peace  and  unnoticed  for  about  three  centuries.  But  after  the  spreading 
of  the  Reformation  in  the  16th  century  they  began  to  correspond  vrith 
Qeneva  and  other  places,  and  invited  some  Protestant  divines  to  come 
among  them.  This  excited  the  attention  of  the  local  authorities ;  and 
the  Duke  of  Alcali,  viceroy  of  Naples,  sent  oommissionera  snd  monks 
with  troops  to  convert  or  destroy  them.  They  resisted,  and  were 
destroyed  with  ciroumstances  of  great  barbarity,  in  1561.  (Botta» 
'Storiad'Italia,'bcokx.) 

At  one  time  the  valleys  of  the  Vaudois  were  subject  to  the  marquises 
of  Salusso ;  and  the  Vaudois  have  repeatedly  asserted,  without  being 
contradicted,  that "  their  anceston  professed  their  ancient  faith  long 
before  the  dynasty  of  Savoy  was  established  in  Piedmont."  Their 
religious  community  extended  then  over  many  other  valleys  on  both 
sides  ol  the  Alps ;  to  the  southward  beyond  the  Po  over  part  of  the 
marquisate  of  Saluzso,  westwards  in  the  valley  ol  the  Durance  as  far 
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BB  Embrun  and  Biianfon,  and  northwards  to  the  banks  of  the  Dora. 
The  valleys  of  Queiras  and  Fraasini^  in  France,  and  that  of  Pragelh 
in  the  province  of  Suaa,  at  the  foot  of  Mount  Gendvre,  professed  their 
communion  till  within  oomparatiyely  recent  times.  In  Uie  two  former 
valleys  there  are  still  altered  evangelical  congregations,  in  the 
villages  of  Dormilleuse,  Frassini^,  and  Violin. 

Concerning  the  persecutions  which  the  Vaudois  have  sustained,  and 
which  fill  up  a  lai^ge  portion  of  their  history,  we  must  not  tmst^mpU- 
citly  eiUier  to  Leger  and  the  other  Vaudois  writers,  who  were  them- 
selves actors  or  sufferers  in  these  occurrences,  nor  to  the  accounts  of 
their  persecutors.  We  prefer  following  a  modem  historian,  Botta,  a 
Piedmontese  and  a  Roman  Catholic,  but  a  temperate,  discriminating 
writer,  far  removed  from  those  scenes  of  strife,  and  from  the  passions 
which  excited  them  or  were  the  consequence  of  them.  The  earlier 
persecutions  of  the  Vaudois  were  the  woik  of  the  inquisitors  sent  by 
Bome.  Pope  John  XXIL  issued  a  bull  against  them  in  1882.  Walter 
Lollazd,  who  was  burnt  at  Cologne  in  1350,  was  a  Vaudois  deigyman. 
About  th€pyear  1400  a  persecution  is  recorded  against  the  inhabitants 
of  Pragelit  and  the  valley  of  Peroea^  in  which  many  perished.  In  1487 
Innocent  VIII.  issued  a  bull  to  Alberto  de  Capitaneis,  papal  nuncio 
and  commissioner  for  the  dominions  of  the  Duke  of  Savoy  on  both 
sides  of  the  mountains,  enjoining  "  him  to  extirpate  the  pernicious 
sect  of  malignant  men  called  the  'poor  people  of  Lyon/  or  the 
Waldenses,  who  have  long  endeavoured  in  Piedmont  and  other  neigh- 
bouring parts  to  ensnare  the  sheep  belonging  unto  Qod,  under  a  feigned 
pretence  of  holiness,"  Ac.,  and  if  expedient  "  to  preach  the  crusade 
against  them."  But  it  was  not  untU  the  following  century  that  a 
general  pgroscription  took  place.  When  Luther,  Zwingli,  and  Calvin 
began  preaching  their  reformed  doctrines,  the  Valdenses  admowledged 
them  to  be  similar  to  their  own.  F^ranois  I.  of  France,  who  was  also 
possessed  of  Piedmont,  persecuted  all  heretics  indiscriminately,  whether 
of  the  new  Reformed  faith,  or  of  the  old  Waldensis  or  Vaudois  com- 
munion, and  determined  on  extirpating  them.  The  massacres  of 
Dauphin^  and  Provence,  especially  at  Merindol  and  Cabriere,  are 
recorded  in  history.  He  at  the  same  time  wroto  to  the  parliunent  of 
Turin,  enjoining  it  to  enforce  religioua  conformity  within  its  juris- 
diction. The  Vaudois  of  Piedmont  then  drew  up  a  list  of  their  articles 
of  faith  and  laid  it  before  King  Francis,  begging  to  be  allowed  to  retain 
their  andent  form  of  worship ;  to  which  Francis  replied,  that  as  he  was 
putting  to  death  the  heretics  in  Fiance,  he  ooaM  not  tolerate  them  on 
the  other  side  of  thp  Alps.  The  parliament  of  Turin  commanded  the 
Vaudois  to  drive  away  their  barbes,  or  pastors,  and  to  receive  Roman 
Catholic  priests*  who  would  be  sent  to>instruct  them.  The  Vaudois 
refused,  and  persecution  followed.  Several  Vaudois  who  refused  to 
renounce  their  faith  were  bunied  alive.  (Botta,  b.  iv. :  a.d.  1641-4.) 
Still  their  communion  was  not  extirpated ;  and  years  alter.  Piedmont 
having  been  restored  to  the  house  of  Savoy,  Duke  Emmanuel  Philibert, 
after  being  repeatedly  vi^  by  the  inquisitor  QiaoomeUo,  sent  by 
Pope  Paul  IV.,  ordwed,  m  1560,  the  Vaudois  to  attend  the  Roman 
Catholic  service,  and  forbade  them  the  exercise  of  their  own  form  of 
worship  under  p>enalty  of  100  golden  "scudi"  for  the  first  transgression, 
and  of  the  perpetual  galleys  in  case  of  relanse.  The  Vaudds  wroto  an 
humble  supplication  with  an  apology  for  tneir  Isith  to  the  duke,  who, 
being  little  conversant  with  theological  oontroverBv,  proposed  a  con- 
ference between  the  Vaudois  and  Roman  Oatholio  divines.  But  Pope 
Paul  rV.  disapproved  of  Uus ;  and  at  last,  being  importuned  by  the 
inquisitor  and  the  nuncio,  and  the  court  of  Spain,  the  duke  resorted  to 
srms  to  enforce  obedienoSi  He  sent  into  the  valleys  7000  men  under 
the  Count  of  La  Trinit2^  to  whom  the  French  king  joined  two  regi- 
ments on  the  side  of  France.  The  French  court  at  that  time  was 
persecuting  the  Huguenots,  who  were  numerous  in  Dauphin^,  and  who 
were  diaposed  to  make  common  cause  with  tito  Vaudois.  The  Vaudois 
defended  themselves  bravely,  and  in  one  instance  defeated  the  ducal 
troops  at  Pra  di  Tom.  Many  atrocities  were  committed  in  this  desul- 
tory warfare,  and  women  and  children  were  not  spared.  Some  of  the 
Srisoners  were  burnt  alive  at  Carignano,  Suss,  and  Pifterola.  At  last 
>uke  Emmanuel  Philibert,  disgusted  with  this  war,  into  which  he 
had  been  pressed  aoainst  his  wish,  and  vagod  by  the  interoession  of  his 
wife,  Haigaret  of  France,  who  pitied  the  Vaudois,  granted  them,  in 
June,  1561,  peace  and  an  amnesty,  with  the  exercise  of  their  religion, 
within  certain  stated  limite,  in  the  valleys  of  Luoeiiia  and  San  Martino, 
on  condition  that  the  Roman  Catholic  service  shoiUd  also  be  performed 
simultaneously,  in  churches  appropriated  to  the  purpose  in  tne  various 
Tillages.  This  edict  was  signed  by  Philip  of  Savoy,  lord  of  Raoconigi 
on  one  part>  and  by  two  of  the  principal  pastors  of  the  Vaudois  on  the 
other.  The  court  of  Rome  and  the  monks  in  Piedmont  declaimed 
loudly  against  these  concessions  of  Duke  Emmanuel  PhiUbert,  and 
ahnost  called  him  a  heretic    (Botte,  b.  x.) 

In  1601  and  1602  Charles  Emmanuel  L  confirmed  to  the  Vaudois 
theur  religious  immunities,  but  the  Inquisition  was  molesting  them  at 
the  same  time,  and  even  imprisoned  some  individusJs,  and  when  re- 
monstrances were  made  to  the  ducal  ministera,  th^  replied, "  These 
matters  do  not  concern  his  highness."  (Botta,  b.  xv.)  The  duke  how- 
ever issued  two  rescripts,  dated  1608  and  1620,  guaranteeing  to  the 
Vaudois  the  exercise  of  their  religion  within  the  limite  prescribed  hi 
the  three  valleys  of  Luceina,  Peroea,  and  S.  Martino.  liie  Vaudois 
had  asked  the  same  &vour  for  their  co-religiomste  in  the  Marquisate  of 
Saluzio,  but  this  was  refused.    Charles  L  of  England  sent  twice  aa 


embassy  to  the  duke  to  Intercede  for  the  Vaudois,  in  1627  and  ltf29. 
(Appendix  to  Oilly's  'First  Excursion  to  the  Mountains  of  Piedmons 
in  1828.') 

Victor  Amadeus  I.,  who  succeeded  Charles  Emmanuel,  published  aa 
edict  enjoining  the  non-conformiste  of  the  Marquisate  of  oaluzxo,  who 
were  dbiefly  in  the  communes  of  Peesana,  Praviglielmo,  Bioleto,  Bre- 
tonni,  and  Croezao,  to  embrace  the  Roman  Catholic  religion,  under 
penalty  of  death  and  confiscation  of  property ;  and  this  edict  was  so 
strictly  enforced,  that  not  one  non-confonmst  renuuned  in  those  paHa. 
But  at  the  same  time  the  duke  issued  an  edict  to  protect  the  Vradoas 
of  the  valleys  of  Piherola,  who  have  always  been  held  distinct  frotn  the 
others,  and  to  check  the  prevailing  practice  among  the  Roman  Catholic 
prieste  and  laity  of  kidnapping  the  children  of  the  Vaudois  in  order  to 
bring  them  up  in  the  Roman  faith.    (Botte,  b.  xxi.)    After  the  death 
of  Victor  Amadeus,  and  during  the  civil  war  which  raged  in  Piedmont^ 
the  Vaudois  remained  faithful  to  their  lawful  duke,  and  opposed  by 
srms  the  foctious  marquises  of  Lucema  and  Angrogna^  who  sided  with 
Prince  Thomas  and  the  other  pretenders  to  the  Regency,  and  they  were 
accordingly  confirmed  in  their  privil^es  by  the  Duchess  Regent,  and 
by  the  young  Duke  Charles  Emmanuel  II.     But  the  same  Charles 
Emmanuel  afterwards  directed  a  most  fierce  persecution  against  the 
Vaudois.    Botte  attributes  the  origin  of  this  fresh  storm  to  tihe  turbu- 
lent disposition  of  Jean  Leger,  a  pastor  of  some  name  among  the 
Valdenses,  who  had  more  seal  than  prudence.    In  March,  1653,  the 
inhabitante  of  Villaro,  in  the  valley  oz  Lucema,  rose  in  a  tumult,  and 
drove  away  the  Capuchins  from  their  convent,  to  which  they  set  fira 
The  ducal  troops  repiured  to  the  spot,  and,  after  some  bloodshed,  peace 
was  re-esteblished.    But  this  afiBsir  led  to  further  investigations,  when 
the  ducal  government  found  out  that  the  Vaudois  had  tram^gressed 
agahist  their  engagemente  by  purebasing  property  and  estehliahing 
schools  and  places  of  worship  b^ond  the  limite  fixed  by  former  edicts. 
In  January,  1655,  the  duke  caused  his  auditor  Andrea  Gastaldo  to 
proceed  to  Lucema,  Vhen  he  issued  a  manifesto  ordering  ail  Vaudois 
families  to  evacuate  within  three  days  the  communes  of  Luoema,  San 
Qiovanni,  La  Torre,  Bibbiana,  Fenile,  Campiglione,  Bricherasoo,  and 
San  Seoondo  in  the  lower  part  of  the  valley  of  the  Pelioe,  and  retire  to 
the  higher  part  of  the  valley,  to  the  communes  of  Villaro,  Bobbio, 
Roi^  Angrogna,  and  Boneti.    Within  twenty  days  they  were  either  to 
sell  their  property  situated  in  the  former  districte  or  to  embrace  the 
Roman  Catholic  faith.    The  Vaudois  resisted  this  command,  and  the 
duke  sent  the  marquis  of  Pianezza  with  a  body  of  regulars  and  some 
militia  in  the  following  April    The  Vaudois  deserted  their  villages, 
carrying  their  provisions  to  the  mountains.    The  marquis  followed 
them  there,  but  he  could  not  subdue  them ;  and  his  soldiers,  finding 
nothing  to  eat,  withdrew.     The  Vaudois  then  issuing  from  their 
recesses,  under  two  determined  leaders,  Jayer  and  Janavel,  fell  upon 
several  Roman  Catholic  villages,  and  plundered  and  burnt  them.  They 
then  entered  La  Torre,  but  being  surprised  by  Pianessa,  they  fought 
desperately  and  most  of  them  fell,  but  not  without  killing  numbers 
of  the  ducal  troops.     In  this  warfare  cruelties  were  committed  by 
both  parties,  but  the  Vaudois,  being  the  losing  party,  were,  with 
their  «"w<h«mi,  the  greatest  sufferers.    Many  atrocities  were  committed 
sgalnst  the  women  and  children  by  the  Piedmontese  soldiers,  but 
still  more  by  the  mercenary  French  and  Irish  soldiers  in  the  service 
of  the  duke,  which  horron  Jean  Leger,  who  was  an  actor  in  the 
strufBS^,  has  detailed  at  length,  and,  Botte  thinks,  has  exaggerated 
in  his '  Narrative.'    But  there  is  a  document  in  the  University  Libraiy 
at  Cambridge  which  tells  strongly  against  the  marquis  of  Pianezsa 
himsell     It  is  a  declaration  by  &iptain  Du  Petit  Bourg,  who  was 
serving  in  a  French  corps  under  Pianessa,  protesting  against  the 
oraelties  which  he  saw  committed,  and  for  which  he  retired  and  quitted 
his  corps.    He  savs  that  the  marquis  ordered  to  give  no  quarter, 
saying  that  his  highness  was  determined  to  have  none  of  their  rdigion 
in  his  dominions.    This  protest,  a  copy  of  which  is  given  by  Gilly  in 
his  first  work,  is  dated  Pifterola,  25th  November,  1655,  and  is  attested 
by  other  officers.    It  appears,  however,  that  Pianezsa  ordered  the 
women  and  children  to  be  spared,  and  he  rescued  many  from  the  hands 
of  the  brutal  soldiers,  and  distributed  them  in  the  neighbouring  dis- 
tricte of  Piedmont.    A  number  of  Vaudois  took  refcige  across  the 
mountains  in  the  French  valley  of  Queiras,  and  returned  after  the 
fury  of  the  massacre  had  abated.    Others  jperished  in  the  snow,  and 
others  lurked  for  a  time  in  the  recesses  of  the  mountains,  under  their 
chief  Janavel,  who  carried  on  a  partisan  warfare  until  he  was  killed 
some  years  after. 

The  news  of  the  massacre  of  the  Vaudois  spread  far  and  wide 
throughout  Europe.  The  IVotestant  cantons  of  Switserland,  the  Pro- 
tector Cromwell,  and  the  Stetes  of  HoUand,  sent  envoys  to  the  duke  of 
Savoy,  to  remonstrate  in  favour  of  the  Vaudois.  CromweU  sent  Sir 
Samuel  Morland,  who  ooUected  numerous  documente,  and  published 
them  in  his '  Hhitory  of  Uie  Evangelical  Churehes,'  fol.,  1658.  Crom* 
well*s  Latin  letters  to  the  duke  and  otiher  princes  on  the  subject  were 
written  by  Milton,  who  in  one  of  lus  sonnete  has  feelingly  lamented 
the  cruelties  committed  against  the  Vaudois.  Subscriptions  were 
made  in  KngUnd  and  other  countries  for  the  survivors.  At  last,  at 
Cromwell's  request,  Louis  XIV.  offered  his  mediation,  which  the  duke 
aooepted,  and  a  convention  was  concluded  in  August  of  the  same  year, 
1656,  at  Pifierola,  which  then  belonged  to  IVance,  by  which  a  general 
amnesty  was  granted,  and  the  Vaudois  were  allowed  to  remain  on  the 
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left  iMok  of  the  Peliee  within  certain  flzod  boundaries,  and  to  have  the 
ezerdae  of  their  religion,  but  at  the  oame  time  it  was  agreed  that  the 
Roman  Catholie  worship  should  be  performed  in  the  eame  villages, 
•nd  Ctttholio  miasioDaries  be  sent  to  preadh  there,  but  no  Vaudda 
should  be  oonstrained  to  become  a  Roman  Catholic,  and  no  girl  under 
ten,  and  no  boy  under  twelve  yean  of  aee,  should  be  taken  from  their 
parents.  This  couTention  was  signed  by  Jean  Leger  and  other  Vaudois 
pastors.  But  after  some  years  new  complaints  and  diq[>utes  broke  out, 
which  Count  Bagnolo,  the  governor  of  the  province,  wanted  to  settle  in 
m  arbitarary  manner.  Froah  resistance  and  a  new  persecution  took 
place  in  1668  and  1664,  followed  by  a  new  edict  of  the  duke,  Ynf  which 
the  Vaudois  were  forbidden  to  perform  their  worship  in  the  village  of 
8.  GiovamiL  Jean  Leger  emigrated,  and  visited  various  countries, 
urging  the  claims  of  the  Vaudois  and  collecting  subscriptions  for  them. 
He  was  at  last  appointed  minister  of  the  Walloon  Church  at  Leyden, 
where  he  d^ed.    (Botta,  b.  zxv.) 

Victor  Amadous  IL  succeeded  Charles  Emmanuel,  and  took  the 
^  xeins  of  goverment  at  the  end  of  1684,  being  then  eighteen  years  of 
sge.  Piedmont  wss  then  the  humble  ally  of  the  imperious  Louis  XIV., 
who  about  this  time  resolved  to  aboliui  Protestantism  in  France  by 
the  revocation  of  the  Edit  de  Nantes,  and  he  ordered  Victor  Amadeus 
to  do  the  ssme  with  regard  to  the  Vaudois.  After  some  demur  the 
duke  wss  induced  to  submit,  and  in  January,  1686,  he  issued  an  edict 
ordering  the  Vaudois  eiUier  to  abjure  their  tenets  within  fifteen  days, 
or  leave  their  country.  Driven  to  despair,  the  Vaudois  determined  to 
resist  They  were  attacked  on  one  side  by  the  ducal  troops,  and  on 
the  other  by  those  of  Louis  XIV.,  commanded  bv  Catinat.  After  a 
gallant  struggle  the  Vaudois  were  overpowered,  ana  the  survivors  were 
obliged  to  submit  unconditionally.  Their  whole  property  was  con- 
fiscated, and  given  to  Roman  Catholic  colonists,  the  old  inhabitants 
with  their  families  taking  their  departure  for  Switzerland.  Those  who 
had  been  taken  prisoners  were  distributed  in  various  prisons,  in  which 
a  number  of  them  died.  At  the  expiration  of  three  years,  a  band  of 
800  of  these  emigrants,  under  the  command  of  one  of  their  pastors, 
Henry  Amaud,  undertook  one  of  the  most  daring  and  romantic  expe- 
ditions ever  attempted  by  men.    [Abnaud,  Hbnbi,  in  Bioo.  Drv.] 

This  was  the  last  persecution  against  the  Vaudois;  who  however 
remained  subject  to  various  disabilities  and  exposed  to  several  vexa- 
tions, which  are  detailed  by  Gilly  in  his  first  excursion,  p.  116 ;  and  in 
the  second,  p.  546,  and  foL 

In  the  wan  of  the  French  revolution  the  Vaudois  remained  loyal  to 
their  sovereign,  and  bravely  defended  for  years  the  mountain-passes 
through  whiSi  the  French  threatened  to  invade  the  valley  of  the  Po, 
which  ultimately  they  reached,  but  not  on  this  side.  In  June,  1794, 
King  Victor  Amadeus  IIL  published  an  ordinance,  in  which,  after 
admowledgbog  the  constant  fuoA  distinguished  proofs  of  their  attach- 
ment and  Oddity,  he  pronused  to  redress  several  grievances,  among 
others,  that  of  taking  away  of  children  of  the  Vaudois,  with  the  view 
of  obliging  them  to  embrace  the  Roman  Catholic  religion.  He  forbade 
the  practice,  and  ordered  those  who  hod  been  so  taken  away  to  be 
restored.  *'  Those  who  at  the  prescribed  age,  girls  at  ten  and  boys  at 
twelve,  voluntarily  enter  the  hospital  of  Pi&erola,  must  be  under  the 
direction  of  ecclesiastical  judges;  but  no  difficulty  will  be  made  in 
permitting  the  parents  to  see  weir  children  under  proper  precautions" 

When  Bonaparte  annexed  Piedmont  to  France,  he  placed  the  Vaudois 
on  a  footing  of  equality  with  their  Roman  Catholic  countrymen,  and 
assigned  funds  for  the  support  of  their  detgy.  At  the  restoration  in 
1814  the  Vaudois  were  again  placed  under  their  former  disabilities, 
and  those  who  had  purchased  land  beyond  the  limits  of  their  valleys 
were  obliged  to  sell  it  to  Roman  Catholics.  King  Charles  Felix,  who 
succeeded  to  the  throne  in  1821,  showed  some  more  indulgence  towards 
the  Vaudois.  Under  the  present  king  of  Italy,  Victor  Emmanuel,  they 
have  been  admitted  to  an  equality  of  rights  with  their  fellow  subjects. 

VAULT,  VAULTING.  The  continuation  of  an  arched  covering 
over  a  considerable  surface  is  commonly  spoken  of  in  the  Arts  under 
the  name  of  vavliing  ;  and  occasionally  the  word  vatdt  is  applied  to  the 
actual  assemblage  of  the  voussoirs  of  an  arch,  in  contradistinction 
to  the  haunches,  spandrils,  or  other  supplementaiy  parts.  Both  of 
these  significations  may  be  retained  without  inconvenience,  because 
they  express  conditions  it  may  often  be  necessary  to  refer  to  in  practice, 
and  for  which  it  is  desirable  to  possess  names. 

There  is  little  to  be  added  to  what  has  been  slready  said  under  Aboh 
and  Bridge,  with  respect  to  the  mechanical  principles  of  vaulting, 
excepting  that  in  the  case  of  intersecting  arches  it  may  be  desirable 
occasionally  to  form  the  lines  of  intorsection  b^  arched  ribs,  springing 
from  the  respective  abutments,  but  even  in  this  case  the  resolution  of 
the  thrust  must  ultimatoly  be  the  same,  in  principle,  as  in  any  ordinary 
arch.  It  'm  customary  in  practical  works  on  architecture  and  engineer- 
ing, to  class  the  various  descriptions  of  vaults  as  follows : — 1,  Woggon- 
h^ed  and  semicircular  vaults ;  2,  Domical  vaults ;  8,  Pointed  arched 
vaults ;  4,  Qroined  arches,  which  in  their  turn  may  be  made  to  pass 
through  numberless  modifications,  according  to  the  positions  assigned 
to  the  various  ribs,  pillars,  or  points  of  support.  It  is  in  the  latter 
form  of  vaulting  that  the  ^n  tracery  so  much  admired  in  Gothic  archi- 
tecture occurs ;  and  the  skill  with  which  the  mediseval  architects  con- 
centrated the  strength  of  the  vaulting  in  the  ribs,  whilst  tiiey  reduced 
the  thickness  of  the  spsndril  filling,  enabled  them  to  secure  effects  of 
the  most  elaborate  and  pictorial  ohaxacter.     In  the  ample  square 


groin  the  ribs  near  the  wall,  and  those  at  the  intersection  of  the  arches, 
perform  the  office  of  supporting  the  vaulting ;  in  the  more  ornate  fan 
tracery,  other  ribs  are  introduceid,  so  as  to  form,  on  plan,  a  star  of  four 
pointo,  or  the  primitive  arches  may  rise  to  cUfferent  heighto,  either 
ultimately  meeting  by  intersection,  or  truncated  in  the  middle  of  the 
space.  Polygonal  spaces  were  covered  in  the  mediseval  period  either 
by  means  of  a  series  of  fim-shaped  ribs,  sterting  from  arches  applied 
against  the  external  wall,  and  from  a  central  column,  as  in  the  cases  of 
many  of  our  chapter-houses,  or  by  groined  arches  spanning  the  whole 
space  between  the  walls  ;  or  by  pendentive  roofis,  when  the  internal 
dimensions  are  not  very  great.  Excellent  examples  of  the  first  of 
these  systems  of  vaulting  over  polygonal  buildings  are  to  be  found  at 
Winchester,  Salisbury,  Wells,  Lincoln,  &c. ;  of  the  second,  at  Durham, 
York,  &a ;  and  of  the  third  at  Caudebec.  In  many  of  Sir  C.  Wren's 
churches,  the  system  of  groined  vaulting  has  been  applied  with  as  much 
boldness  and  artistic  success  as  in  the  buildings  of  the  mediseval  archi- 
tecte ;  but  the  compulsory  use  of  the  semicircular  arch  in  the  Italian 
architectare,'  rendered  the  intersections  of  the  side  vaulte  with  the 
principal  ones  less  susceptible  of  ornamental  decoration  than  is  the  case 
with  the  diagonal  ribs  of  the  preceding  style,  llie  vaulting  of  St. 
Paul's,  and  of  St.  Peter's  at  Rome,  may  be  r^erred  to  as  illustrations 
of  the  most  effective  specimens  of  this  mode  of  construction  as  applied 
to  modem  cathedrals.  It  must  not  be  forgotten,  however,  that  the 
ancient  Romans  had  proved  themselves  to  be  perfectly  able  to  overcome 
all  the  practical  difficulties  of  vaulting ;  and  the  ruins  of  the  palaces  of 
Nero  and  of  Diocletian,  the  reservoirs  of  Possilippo  and  of  Constantinople, 
and  the  great  church  of  Sta.  Sophia  may  be  cited  as  illustrations  of  the 
various  solutions  they  had  discovered  of  the  problem  of  vaultiog  large 
areas. 

It  may  be  advisable  to  call  attention  to  the  mode  of  vaultiug  adopted 
in  some  parte  of  the  London  Docks,  in  which  the  space  covered  is 
vaulted  by  means  of  groined  arches  of  brickwork,  of  edliptiad  form, 
springing  from  granite  pillars.  In  cases  where  the  vaulte  are  intended 
to  store  combustible  goods  of  great  value,  there  are  such  manifest 
advantages  in  the  use  of  the  granite  pillars,  instttd  of  cast-iron  ones, 
that,  writing  under  the  impressions  produced  by  Uie  fearful  misfortune 
of  June  22nd,  1861,  the  author  may  be  pardoned  for  dwelling  on  this 
detail  of  fire-proof  construction. 

(Ware,  Tracts  on  VatOU  and  Bridget;  Willis,  ArckUeeture  of  the 
Middle  Aaet;  Gwilt's  Bncydoptzdia  qf  Architecture;  RondaLet^  i/Art 
de  Bdtir,  ic,  kc) 

VAVASSOR,  VALVASSOR,  a  term  applied  in  the  ancient  records 
of  England,  Scotland,  France,  Lombardy,  and  Aragon,  to  persons 
holding  fiefs  not  immediately  under  the  king  or  other  persons 
possessing  jura  regalia  (as  the  duke  of  Normandy,  the  earl  of  Chester, 
or  the  bishop  of  Durham),  but  under  some  intermediato  lord.  It 
appears  also,  that  to  constitute  a  vavassory,  it  was  necessaij  that  the 
p^ty  should  have  subordinate  freeholders,  as  vassals  hol<ung  of  his 
vavassory.  (Wilkins,  '  Leges '  AngL',  247;  Bracton,  5  b,  6,  93  b; 
Ducange.)  In  England  vavassories  were  generally  held  by  knighte* 
service ;  but  in  Normandy,  besides  the  franches  vavassories  or  vavas- 
sories nobles,  there  were  socage  vavassories  held  by  the  rent  of  a  rose, 
a  spur,  or  a  glove,  and  also  vavauoriee  vilainea.  The  possessors  of 
these  inferior  vavassories  were  sometimes  called  "  valvassins." 

Vavassors  are  twice  mentioned  in  Domesday,  pp.  53  and  1469 ;  and 
in  the  laws  of  William  the  Conqueror,  the  rcuef  due  from  a  vavassor 
to  his  liege  lord  is  described.  (Kelham,  40.)  A  charter  of  Henry  I. 
directe  that  pleas  of  the  division  of  land  between  the  vavassors  of  two 
different  lords  be  determined  in  the  county  court  In  the  great  Boll 
of  the  Pipe  of  81  Henry  L,  mention  is  made  of  the  vavassors  belonging 
to  the  but)n|r  of  the  arehbishop  of  York.  In  the  laws  of  Henry  IL 
the  jurisdiction  of  vavassors  is  specified.  Madox  ('  Baronia  Anglicana,' 
note,  p.  135),  sete  out  a  writ  in  which  that  prince  requires  &e  resi- 
deuce  or  constant  attendance  of  all  barons  and  vavassors,  who  owe 
service  of  castle-guard  at  Rockingham  casUe.  Frauds  de  Bohun,  in 
the  time  of  Richard  I.,  was  seised  of  two  honours,  one  that  of  Bohun 
in  Normandy,  which  he  held  of  the  king,  as  duke  per  baromiamf  the 
other  in  England,  consisting  of  the  manor  of  Fordes,  &c.,  in  Sussex, 
which  he  held  in  vavauerid.  ('  Abbrev.  Plac.,  in  Dome  Cap.  Westm.'  88.) 
In  the  next  reign  Alice  Briewiere  daimed  Plimtree  in  Devon,  and 
Depeworth  in  Somerset  and  Dorset,  assigned  to  her  by  her  late 
husband  Roger  de  Pole,  on  the  day  he  set  out  for  Jerusalem,  for  the 
full  third  put  of  three  vavassories,  namely,  for  tiie  vavassories  of  the 
earl  of  Salisbury,  the  earl  of  Vernon,  and  of  the  vavassory  of  Earl 
William  de  Bohun  ('  lb.',  61  b).  In  the  close  rolls  of  4  H.  IIL  is  a 
writ  to  the  sheriff  of  Wiltshire,  directing  him  to  sive  seisin  to  W. 
Mandevill,  R.  Maudut,  W.  Comyn,  and  W.  de  f^tibus  of  three 
vavassories  of  the  fee  of  the  Earl  of  Clare,  belouging  u>  the  barony  of 
Funtoll  (Fonthill),  which  barony  Andrew  Giffiud  had,  with  the  assent 
of  King  John,  resigned  to  those  persons  as  the  right  heirs  (presump- 
tive) of  the  barony,  reserving  the  vavassories,  which  vavassones  would 
appear  to  have  been  seized  into  the  king's  lands  upon  the  deaUi  of 
Qiffard  under  the  advice  of  the  crown  lawyers,  the  council  of  the 
minor  king  being  afterwards  of  opinion  that  such  seicure  ought  not 
to  have  been  made.  Here,  vavassories  held  of  the  honour  of  Clare, 
appear  to  have  become  in  some  way  annexed  to  a  barony  held  of  the 
crown.  In  the  record  and  process  of  the  renunoiaticn  of  Richard  II., 
that  prince  absolves  sll  dukes,  marquesses,  earls,  barons,  knighte. 
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▼asaalfl,  and  vavcww^,  And  other  hk  lioge-men,  from  their  oeths  of 
fldeli^  (3  Rot.  ParL,  410) ;  and  about  the  same  period  Chauoeri  after 
describing  his  Franklin,  says. 


(t 


Wai  no  wb«re  twlsba  a  worthy  pomsowJ* 


From  this  time  we  lose  sight  of  the  English  vavassor.  Kumerona 
subseigniories  however  still  exist,  the  owners  of  which,  though  not  so 
desi^iated,  are  in  truth  vayassors.  From  the  inalienable  quality  of 
the  Duchy  of  Cornwall,  many  manors  in  Devonshire  and  ComwaU  are 
held,  though  the  name  is  no  longer  continued,  as  vavassories  of  the 
duchy ;  of  which  there  are  many  in  the  former  county,  holden  of  the 
duchy  honour  of  Bradninch. 

The  breddng  up  of  the  old  feudal  baronies,  and  the  frequent 
forfeitures  incurred  by  those  who  held  immediately  of  the  crown, 
brought  the  great  and  many  of  the  lesser  vavassors  into  the  position  of 
immediate  tenants  to  the  crown.  But  as  the  extinction  of  vavassories 
was  gradual,  no  new  class  of  crown  tenants  arose,  as  was  the  case  in 
Germany  where  the  disappearance  of  the  dukedoms  of  Suabia  and 
Franoonia  (caused  by  the  extinction  of  the  House  of  Hohenstaufien  in 
the  person  of  Conradin,  beheaded  upon  the  failure  of  his  attempt  to 
recover  the  kingdom  of  Naples  from  Charles  of  Anjou),  gave  rise  to  a 
new  order  in  the  state,  namely,  the  immediaJte  chividry  (noblesse 
inunddiate)  of  the  empire,  the  reichsritterschaft,  a  body  mediatUed  by 
the  Congress  of  Vienna. 

When  James  I.,  imitating  the  practice  of  France,  introduoed 
hereditary  titles  without  peerages,  a  proposEd  for  giving  to  the  new 
order  the  designation  of  vavassors  was  rejected,  and  uie  novel  but 
more  appropriate  title  of  Baronet  was  adopted. 

(Terrien,  OnU,  de  Ncrmandie ;  Testa  de  NeviU,  166  a ;  Selden's  TiOes 
of  Monour,  618,  520 ;  Cragii,  Jut,  Feud,,  100, 141 ;  Manning  s  Serviens 
ad  Legem,  185, 201  a.) 

VEADAR.  The  name  of  this  month  is  literally ' '  and  Adar,"  mean- 
ing "  another  Adar."  It  occurs  only  in  intercalary  years,  immediately 
after  Adar.  [Asab.]  This  month  has  twenty-nine  days,  and  the  feast 
of  Purim  and  fast  of  Esther,  usually  observed  in  the  month  Adar, 
are  transferred  to  Veadar  in  the  years  where  this  month  is  inserted. 
The  last  time  of  this  insertion  was  in  1859,  when  Veadar  began  on 
the  7th  of  March  and  ended  on  the  4th  of  April  The  next  will  be  in 
1862,  when  it  will  extend  from  the  8rd  to  the  81st  of  March. 

VEDA.  This  word  (from  the  Sanskrit  radical  vid,  'to  know'— 
kindred  with  the  Latm  vid-,  Greek  iS-,  Gothic  vait)  literally  means 
'  knowing,'  or  *  knowledge ; '  but  is  emphatically  used  as  the  name  of 
those  andent  Sanskrit  works  which  constitute  the  basis  of  Biahmanic 
belief,  and  are  held  by  the  Hindus  to  have  been  revealed  to  them  by 
their  dcdties.  These  works  were  originally  three,  namely,  the  Rigveda, 
the  Yajurveda,  and  the  Sdmaveda,  At  a  more  recent  period  a  fourth 
Veda  was  added  to  them,  but  it  never  obtamed  that  degree  of  sanctity 
which  was  allowed  to  its  medeoessors;  it  is  not  mentioned,  for  instance, 
in  tJw  nmth  verse  of  the  Purusha-rtUtta  of  the  Rigveda,  which  speaks  of 
the  R  ig-,  SAma-,  and  Yajur-veda;  nor  in  the  Chhtodogya-Upanishad ; 
nor  even  in  the  law  book  of  Manu^;  for  though  the  ktter  refers  on 
several  occasions  to  the  three  Vedas,  it  speaks  only  once  (xi  88)  of 
« the  revelations  of  the  Atharvtogirasas,"  by  this  expression  alluding  to, 
but  not  naming  by  name,  the  Atharvaveda;  and  even  the  writers  on  the 
MimAnsft,  a  doctrine  that  has  for  its  object  to  clear  up  doubtful  passages 
and  to  reconcile  discrepancies  of  vaidUt  texts,  are  merely  concerned  in 
those  of  the  three  former  Vedas,  not  in  those  of  the  Atharvaveda. 

Each  of  these  four  Vedas  consists  of  two  distinct  parts :  a  SankUd 
or  collection  of  MarUrae,  and  a  portion  called  Brdkmwn'a, 

MatUra  (from  man, '  to  think/  Uterally  '  that  by  which  thinking  is 
^ected)  means  a  hvmn  or  prayer.  Aooordtog  to  the  definition  given 
by  MAdtaa^S^ana,  the  celebrated  commentator  of  the  Vedas,— m  his 
r^*3®^.  MlmAnsA,  the  Jalminlya-nyAya-mftU-vistara,  and  in  his 
introductions  to  the  Rigveda  and  Aitareya-brAhman'a,— *  MatUra  is 
sometimes  addrMMfl  «/»  ^Ka  /1s»<..:«^  »ii.v v  f-  ^t.\  j»_^  


».T«/vv.vi»,  uijuucuoos,  reneccions,  oomplamts,  puts  question 
£™l"5?2"'  *«•  (Colebrooke, '  Misc.  Ess.*  i.  p.  808 ;  MUller,  'Ancient 
ftmsknt  literature/  p  848;  Goldstttcker, '  Introduction  to  the  M^va 
KalpaSilt^orPAn'mi/p.69.)  The  author  of  a  if  aiilm,  as  we  should 
say— oras  the  Hmdu  authorities  state,  the  samt  "  by  whom  it  was  first 
spoken,   the  "seer"  or  "  rememberer"  of  its  text— m  short  the  peraon- 


vu,  1).  But  since  there  are  Mantras  which  contain  neither  petition 
mar  adoration,  the  subject  of  such  Mantrat  is  considered  as  the  deity 
ttot  IS  spoken  of;  for  example,  the  praise  of  generosity  is  the  Devoid 
of  manj  entire  hymns  addressed  to  princes  from  whom  gifts  were 
««f^  by  the  authors.  (Colebr., '  Mwc  Ess.' i.  p.  22.) 
ABrdhmaWa  (neuter,— not  to  be  confounded  with  the  masculme 

'^!^n^Z  ^  ^"^  Z^  ^^LT^?^  caste),-from  brahman,  prayer,  is 
twofold ;  accordmg  to  MAdhava,  it  contains  "  either  commandments  or 
expUmations;  mother  words,  it  gives  directions  for  the  performance  of 
sscnficial  actc^  and  expkmsthe  origin  and  obiect  of  the  rite,  by  giving 
eitationii  of  hymns,  2Uust>»aons  and  legendaiy  namtivei,  bSH  bj 
•peculations  of  a  mystical  and  phUow>ph2cal  kmd.    The  Brdhmar/a 


portion  of  the  Vedaa  is  thorefore  the  foundation  of  tfao  Vaidik  ritual^ 
which  became  fully  developed  and  systematiaed  in  the  Titoal  worica 
called  the  Kalpd'Siiras ;  and  it  is  also  the  source  whenoe  spni^  those 
mystical  and  theosophioal  writings,  the  A-ramfpaka$  and  (^pami^adt, 
which  at  a  later  period  expanded  into  the  orthodox  Veddmia  phfloBophy, 
and  which  are  frequently  referred  to  even  by  the  otiber  philoM^hical 
schools,  though  their  orthodoxy  ia  extremely  doubtful  and  tridelj 
different  from  that  of  the  Vedftnta  doctrine. 

That  there  was  originally  but  one  text  of  each  of  the  four  Vedas  is 
l^usible  enoujgh.    Tradition  records  that  the  son  of  Parfts'an  B'iahi, 
Krlahn'a  Dwaip&yana»  sumamed  VyAsa, "  havingoomplled  and  arrBOged 
the  scriptures,  theogonies  and  mythological  poems,  taught  the  aeveial 
Vedas  to   as   many  disciples,  namely,  the  B'igveda   to  Paihk,   ths 
Taiurveda   to  Vairampftyana»  the   Sftmaveda  to  Jaunini,  and    tlM 
Atharvaveda  to  Sumantu."    (Colebr.,  'Miso.  Ess.'  L  p.  14. ;  Wilsoii» 
R'igveda,  L  p.  xx.)    But  inasmuch  as  these  saints  taught  the  losnona 
the^  had  learned  to  their  pupils^  who  in  their  turn  communicated 
their  knowledge  to  their  disciples,  and  so  forth,  it  is  obvious  that  great 
variations  must  have  crept  into;the  text ;  and  we  know  as  a  fact,  that 
gradually  many  schools  or  (Mtaran'as  arose,  each  giving  preference  to  its 
own  readings,  and,  as  particularly  in  the  case  of  the  Yajurveda,  to  its 
own  arrangement  and  distribution  of  the  sacred  text.    Henoe  it  came 
to  pass,  that  each  of  these  Vedas  branched  off  into  various  SSJtikat 
(branches),  or  as  we  might  say,  into  various  editions,  which  though  in 
the  main  concurring  in  their  contents,  nevertheless  contained  verbal 
differences  enough  to  account  for  the  divisions  of  their  respective 
schools.    A  work  which  treats  of  these  schools,  the  Ckaran'avj^aka^ 
enumerates  several  of  them  by  name,  and  states  that  five,  sixty-eight, 
a  thousand,  and  nine  were  the  respective  numbera  of  the  Charnn'as  of 
the  Rig-,  Yajur^,  Sdma-,  nndAtharva-veda,    Very  few  only  of  these 
editions  have  come  down  to  us,  and  the  loss  of  the  greatest  part 
of  them  is  the  more  to  be  deplored,  as  they  would  probaUy  have 
enabled  us  to  account  for  some  (and  important)  differences  in  the 
venes  common  to  some  or  all  of  these  Vedas,  and  perhaps  slao  for 
superetitions  of  later  times,  which  are  said  to  be  founded  on,  but  are 
not  countenanoed  by,  the  text,  as  we  possess  it  now,  of  the  R'^igveda- 
SanhitA. 

If  in  order  to  gain  an  insight  into  the  peculiar  character  of  each  of 
these  Vedas,  we  consult  the  view  entertained  of  it  bv  the  native 
writings,  litUe  aid  will  be  afforded  us  by  the  my thdogical  narrative  of 
the  S'atapatharbrfthman'a  (xL  5, 8, 1),  and  Manu's '  Law  Book,'  (L  23), 
which  tell  us,  in  the  same    words,  that  (BrahmA),  "for  the  due 

Ksrformance  of  the  sacrifice,  drew  out  the  threefold  eternal  Veda,  the 
'igveda  from  fire,  the  Yajurvedafrom  air,  and  the  SAmaveda  from  the 
sun ; "  nor  will  our  knowledge  be  more  advanced  by  a  passage  from  the 
BhAgavata  (iii  12-87)  and  the  Vishnu-Pur&n'a,  which  inform  us  (i  cap.  5) 
that  "  BrahmA  created  the  R'igveda  ....  fh>m  his  eastern  mouth,  the 
Tajurveda  ....   from  his  southern,  the  S&maveda  . . . .'  from  his 
western,  and  the  Atharvaveda  ....  from  his  northern  mouth.**    But  of 
greater   importance    is    evidently  a   statement  of   the    Kanshltaki- 
brfthman'a  which,  while  omitting  to  mention  the  Atharvaveda,  calls 
the  Yajur-  and  S&marveda  "  the  attendants  of  the  R'igveda  "  (Muller, 
'  Abc.  Sansk.  Lit.',  p.  457).    The  real  bearing  of  the  latter  words,  how- 
ever,  becomes  dear  from  what  S&yan'a  says  m  his  introduction  to  the 
R'igveda.    After  having  inferred  from  the  ninth  verse  of  the  Purusha- 
silkta,  mentioned  before  (oomp.  Muir^s '  Original  Sanskrit  Texts/  i  p.  6), 
the  precedence  in  rank  of  the  R'igveda  before  the  other  Vedas,  he 
contmues :  "  the  Taittiriyas,  or  f  ollowen  of  the  Black  Tajurveda,  record 
that  whatever  sacrificial  act  is  performed  by  means  of  the  SAma-  and 
Yajur-veda  is  (comparatively)  slender,  whatever  is  done  by  means  of 
the  R'igveda  is  strong ; "  and  . . .  "among  the  hymns  found  in  the 
Yajurveda  there  are  many  R'igveda  hymns,  which  are  to  be  employed 
by  the  Adhwaryu  priest;  all  tne  hymns  of  the  SAmaveda  come  firom 
the  R'igveda,  and  even  those  who  make  use  of  the  Atharvaveda  read  in 
their  own  SanhitA  to  a  considerable  extent^  the  very  hymns  of  the 
R'igveda"  (Sdyan'a,  in  Miiller's  ed.  of  the  'Rigveda,'  i  p.  2).    It 
results  from  tms  statement,  not  only  that  the  R^veda  was  held  to  be 
prior  in  rank  to  the  other  Vedas,  but  that  it  was  considered  to  be  older 
than  thoy,  and  that  the  hymns  of  the  SAmaveda  were  entirely,  and  those 
of  the  two  other  Vedas  to  a  considerable  dogree,  extracted  from  the 
R'igveda-SanhitA.     And  this  information  of  the  celebrated  commen- 
tator is  fully  borne  out  by  a  comparison  of  the  hymns  of  the  four 
Vedas.    For,  though  Professor  Benfey  has  shown,  in  his  edition  of  the 
SAmaveda  (p.  xix),  that  seventy-one  verses  of  the  latter  are  not  met 
with  in  the  present  text  of  the  R'igveda,  and  that  many  readings  of 
this  Veda  differ  from  those  of  the  SAmaveda,  it  does  not  follow  '*  that 
the  recension  of  the  R'igveda-SanhitA  took  place  at  a  later  period  than 
that  of  the  SAmaveda/'  nor  "  that  the  R'igveda  verses  ooouiring  in  the 
SAmaveda  are  older  than  those  of  the  present  R'igveda  text"    (Pro- 
fessor Weber,  in  his  '  Akademische  Vorlesungen,  p.  0.  68) ;  but,  as 
Professor  MiiUer  justly  observes  ('  Anc.  Sansk.  Lit^  p.  475),  that  this 
difference  "  may  possibly  be  accounted  for  by  the  fact,  that  we  do  not 
possess  all  the  8'AkhAs  of  the  R'igveda." 

The  true  nature,  however,  of  this  relationbetween  the  R'igveda  and 
the  other  Vedas,  appean  from  the  purposes  which  they  were  made  to 
serve,  purooses,  which,  according  to  the  ooncuixent  statement  <^  all 
native  authors,  are  of  a  ritual  or  sacrificial  character. 

A  vaidik  sacrifice  is  a  piece  of  machinexy  oi  a  very  complicated  kind. 
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A  knowledge  of  it  ia  imparted  by  a  daBB  of  writiugs,  the  Kalpa  works, 
which  will  be  treated  of  hereafter.  Good  care  was  taken  by  their 
authors,  or  the  authorities  whence  their  contentB  ore  derived,  that  no 
man  who  intended  to  perform  a  regular  sacrifice  (a  yajamdna),  could 
satisfy  his  religious  want — which  was  always  connected  with  some 
worldly  desire,  such  as  the  birth  of  a  son,  increase  of  cattle,  attainment 
of  military  renown,  conquest,  and  the  like — ^without  the  assistance  of 
one  or  more  priests,  who  as  a  matter  of  course  always  belonged  to  the 
Br&hman'a  caste.  There  were  sacrifices  which  lasted  one  day,  others 
which  went  on  from  two  to  eleven  days,  others  which  took  up  as 
many  as  a  hundred  days.  Accordingly,  to  perform  some  sacrifices  one 
Ritwijf  or  priest,  sufficed ;  or,  to  complete  others,  four,  five^  or  six 
priests  were  necessary;  their  fullest  complement,  however,  is  the 
number  of  sixteen,  for  a  seventeenth  R'itwij — ^the  SadoMya,  or  super- 
iutendent— is  not  admitted  bv  all  authorities ;  and  the  assistants  of  the 
priests— the  slayer,  the  butcher,  the  ladle-holder,  the  choristers,  &c. — 
are  not  counted  amongst  the  Rltwijs  or  real  priests. 

This  full  contingent  of  priests  is  enumerated  by  As'walAyana  (S'ranta 
Siitra,  iv.  1)  in  the  following  wav.  First  comes  the  Hoti^i,  who  has 
under  him  three  men  (jpuruska),  the  Maitr&varun'a,  Achchh&vftka,  and 
Grdvastut ;  secondly,  the  Adkwaryu,  with  the  PratiprasthAt'ri,  Neshti'i, 
and  Unneto'i ;  thirdly,  the  BrahmaHt  with  the  Br&hman'dchchhansin, 
Agntdhra  (or,  Agnldh),  and  Potr'i ;  lastly,  the  Udgdt;H,  with  the  Pras- 
totr'i,  Pratihiut'ri,  and  Subrahmau'ya  (comp.  Miiller, '  Ano.  Sansk.  Lit,' 
pp.  408,  469,  where,  b^  a  mistake,  some  of  the  pwutkaa  of  the  Brah- 
num  and  the  Udgdi'n  have  changed  their  places).  The  same  class 
arrangement,  though  sometimes  in  a  different  order,  occurs  likewise  in 
other  authorities  (for  example,  K&tyftyana  S'r.  S.  "rii,  1,  6 ;  MAdhava 
Jaimtniyany&y,  lit  7, 17 ;  see  also  the  note  to  p.  209,  in  Wilson's  second 
volume  of  his  translation  of  the  R'igveda). 

Now,  of  these  R'itwijs,  the  Kalpa  works  enjoin  that  the  Adhwazyu 
has  to  perform  his  duties  with  the  Yajurveda,  the  Udg&t'ri  with  the 
S&maveda,  the  Hotr^i  with  the  R^gveda,  and  that  the  Brahman ''  has  to 
set  right  any  deficiency  that  may  have  occurred  in  the  religious  acts  of 
the  three  former  priests ;  he  must,  therefore,  be  acquainted  with  all 
the  three  Vedas — ^uie  Rig-,  Yajux^,  and  S4ma-veda  *'  ('  MAdhava  Jaiml- 
nlyanyAy,'  iii.  7, 17 ;  vi.  8,  14  ;  MUller,  *  Ano.  Sansk.  Lit.,'  p.  469,  ff.)  It 
may  be  added,  moreover,  that  the  Adhwaryu  had  to  mutter,  inaudibly, 
the  verses  of  the  Yajurveda,  that  the  Udg&t'ri  had  to  chant  those  of  the 
SAmaveda — probably  in  the  same  manner  as  the  Pentateuch  is  intoned 
up  to  this  day  by  the  officiating  Jews  in  their  qrnagogues — and  that  the 
Hotr'i  had  to  recite  in  a  loud  voice  the  verses  of  the  R'igveda. 

It  follows,  therefore,  that  each  of  these  Vedas  had  its  distinct  cere- 
monial ;  but  that  no  ceremonial  was  assigned  to,  and  that  no  dis- 
tinct priest  or  class  of  priests  hod  to  use,  the  hymns  of  the  Atharva- 
veda.  "  The  Atharvaveda,"  says  Madhusddana,  "  is  not  used  for 
the  sacrifice ;  it  only  teaches  how  to  appease,  to  bless,  to  curse,  Ac." 
"  Its  songs,"  as  Professor  Miiller  observes  ('  Anc.  Sansk.  Lit.'  p.  447), 
"  formed,  probably,  an  additional  part  of  the  sacrifice  from  a  very  early 
time.  They  were  chiefly  intended  to  counteract  the  influence  of  any 
untoward  event  that  might  happen  during  the  sacrifice.  They  also 
contained  imprecations  and  blessings,  and  various  formulas,  such  as 
popular  superstition  would  be  sure  to  sanction  at  all  times  and  in  all 
countries."  And  the  same  scholar  infers  that  it  was  probably  part  of 
the  office  of  the  Brahman  priest,  idso,  to  know  and  to  apply  these  songs, 
whenever  their  effect  was  supposed  to  be  required  for  remedying  any 
mistake  committed  by  the  other  three  classes  of  priests.  At  aU  events, 
it  is  certain  that  the  Atharvaveda  is  not  comprised  among  the  sacri- 
ficial Vedas,  and  that  its  later  date  mav  be  safely  concluded  from  its  not 
being  mentioned  in  those  works  which  regulate  the  ancient  rites,  even 
if  such  poeterioritT  were  not  recognisable  from  the  language  of  those 
of  its  hymns  which  do  not  occur  in  the  other  Vedas. 

By  comparing,  however,  the  contents  of  the  three  sacrificial  Vedas 
with  the  ritual  precepts  of  the  Kalpa  works,  we  may  ascertain  another 
important  fJEict.  All  the  verses  of  the  Yajurveda  and  all  the  verses  of 
the  S&maveda  are  used  in  one  sacrificial  act  or  another.  Such,  how- 
ever, is  not  the  case  with  the  verses  of  the  R'igveda.  Many  of  the 
latter,  indeed,  are  likewise  indispensable  fur  sacrificial  purposes,  as  we 
ore  taught  b^  the  ritual  books  connected  with  this  Veda;  yet  a  good 
number  remam,  which  stand  quite  aloof  from  any  ceremony.  This 
class  bears  purely  a  poetical  or  mystical  character ;  and  it  may  be  fairly 
inferred  that  even  the  strong  tendency  of  later  ages  to  impress  an 
entirely  sacrificial  stamp  on  each  of  these  Vedas,  broke  down  b^ore 
the  natural  and  poetical  power  that  hod  evidently  called  forth  Uiese 
songs,  as  it  could  not  incorporate  them  amongst  the  liturgic  hymns. 
Wo  may  quote,  for  instance,  a  hymn  from  the  tenth  MAtiHuln.  of  the 
R'igveda  (from  Colebrooke's  <  Misc.  Ess.,'  i.  p.  3S),  as  an  illustration  of 
those  whiish  belong  to  the  mystical  poetry  of  this  Veda.  It  runs  thus 
"Then  there  was  no  entity  nor  nonentity;  no  world,  nor  sky,  nor 
aught  above  it;  nothing  anywhere  in  the  happiness  of  any  one, 
involving  or  involved;  nor  water  deep  and  dangerous.  Death  was 
not;  nor  then  was  immortality ;  nor  distinction  of  day  or  night.  But 
That  breathed  without  afflation,  single  with  {Svoadkd)  her  who  is 
within  him.  Other  than  him,  nothing  existed  (which)  since  (has 
been).  Darkness  there  was ;  (for)  this  universe  was  enveloped  with 
darkness,  and  was  imdistinguishable  (like  fluids  mixed  in)  waters ;  but 
that  mass,  which  was  covered  by  the  husk,  was  (at  length)  produced 
by  the  power  of  contemplation.     First,  deairo  was  formed  in  his 
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mind,  and  that  became  the  original  productive  seed;  which  the 
wise,  recognising  it  by  the  intellect  in  their  hearts,  distinguish,  in 
noU'Cntity,  as  &e  bond  of  entity.  Did  the  luminous  ray  of  these 
(creative  acts)  expand  in  the  middle?  or  above?  or  below?  That 
productive  seed  at  once  became  providence  (or  sentient  souls)  and 
xnatter  (or  the  elements) :  she,  who  is  sustained  within  himself,  was 
inferior ;  and  he,  who  heeds,  was  superior.  Who  knows  exactly,  and 
who  shall  in  this  world  declare,  whence  and  why  this  creation  took 
place?  The  gods  are  subsequent  to  the  production  of  this  world; 
then  who  can  know  whence  it  proceeded  ?  or  whence  this  varied  world 
arose  ?  or  whether  it  uphold  itself  or  not  ?  He  who  in  the  highest 
heaven  is  the  ruler  of  this  universe,  does  indeed  know ;  but  not  another 
can  possess  this  knowledge." 

An  instance  of  another  kind  of  Rigveda  hymns,  which  cannot  have 
served  any  sacrificial  purpose,  is  given  by  Professor  Miiller  in  his  excel- 
lent work  on '  Ancient  Sanskrit  Literature'  (p.  495).  It  bears  a  satirical 
character,  inasmuch  as  it  ridicules  the  elaborate  ceremonial  of  the 
Brahmans,  and  is  rendered  by  him  thus :  **  After  lying  prostrate  for  a 
year,  like  Brahmans  performing  a  vow,  the  frogs  have  emitted  their 
voice,  roused  by  the  showera  of  heaven.     When  the  heavenly  waters 
fell  upon  them,  as  upon  a  dry  fish  lying  in  a  pond,  the  music  of  the 
frogs  comes  together  like  the  lowing  of  cows  with  their  calves.    When 
at  the  approach  of  the  rainy  season,  the  rain  has  wetted  them  as  they 
were  longing  and  thirsting,  one  goes  to  the  other  while  he  talks,  like  a 
son  to  his  father,   sajing,   'akkhalal'  (jSpcKc<cc(  <c<m({c(n(|).     One  of 
them  embraces  the  other,  when  they  revel  in  the  ^ower  of  water ;  and 
the  brown  frog  jumping  after  he  has  been  ducked,  joins  his  speech 
with  the  green  one.    As  one  of  them  repeats  the  speech  of  the  other, 
like  a  pupil  and  his  teacher,  every  Umb  of  them  is,  as  it  were,  in 
growth,  when  they  converse  eloquently  on  the  surface  of  the  water. 
One  of  them  is  Cow-noise,  the  other  Qoat-noise ;  one  is  Brown,  the  other 
Green ;  they  are  different  though  they  bear  the  same  name,  and  modu- 
late their  voices  in  many  ways  as  they  speak.    Like  Brahmans  at  the 
Soma  sacrifice  of  Atirdtra,  sitting  round  a  full  pond,  and  talking,  you, 
0  frogs,  celebrate  this  dav  of  the  year  when  the  rainy  season  begins. 
These  Brahmans  with  their  Soma  have  had  their  say,  performing  the 
annual  rite.     These  Adhwaryua,  sweating  whilst  they  carry  the  hot 
pots,  pop  out  like  hermits.    They  have  idways  observed  the  order  of 
the  gods  as  they  are  to  be  worshipped  in  the  twelvemonth ;  these  men 
do  not  n^lect  their  season;  the  frogs  who  had  been  like  hot  pots 
themselves,  are  now  released  when  the  rainy  season  of  the  year  sets  in. 
Cow-noise  gave.  Goat-noise  gave,  the  Brown  gave,  and  t^e  Green  gave 
us  treasures.    The  frogs,  who  give  us  hundreds  of  cows,  lengthen  our 
life  in  the  rich  autumn."^  In  another  hvmn  of  the  last  Mandala  a 
gambler  laments  over  his'evil  passion,  which  beguiles  him  into  sin. 
All  these  and  similar  hymns  are  evidently  of  quite  a  different  charac- 
ter than  those  which  praise  the  power  of  the  elementary  gods,  and 
could  find  their  place  in  sacrificial  acts. 

But  there  is  further  evidence  to  show  that  the  collection  of  the 
R'igveda  cannot  have  borne  originally  a  ritual  stamp.  When  songs  are 
intended  only  for  liturgic  purposes,  they  are  sure  to  be  arranged  in 
conformity  with  the  ritual  acts  to  which  they  apply ;  when,  on  the 
contrary,  they  flow  from  the  poetical  or  pious  longings  of  Uie  soul, 
they  may,  in  the  course  of  time,  be  used  at,  and  adapteid  for,  rdigious 
rites,  but  they  will  never  submit  to  that  systematic  arrangement  which 
is  inseparable  from  the  class  of  liturgic  songs.  Now,  such  a  systematic 
arrangement  characterises  the  collection  of  the  Yajurveda  and  S&ma- 
veda hymns ;  it  is  foreign  to  the  R'igveda-Sanhitft. 

With  the  exception  of  the  last  book,  which  is  of  a  mystical  nature, 
all  the  other  books  of  the  whole  Yajurveda  contain  verses  which  are 
classified  according  to  the  special  sacrifices  at  the  performing  of  which 
they  were  muttereid.  The  Sanhitd  of  the  S&maveda  consists  of  verses 
which  had  to  be  intoned  especially  at  the  moon-plant  sacrifice.  The 
arrangement  of  the  R'igveda  hymns,  however,  is  quite  of  a  different 
kind.  It  resisted  the  order  of  a  finished  ceremonial.  The  R'igveda 
hymns  are  not  distributed  with  reference  to  sacrificial  acts ;  they  are 
I»rtly  arranged  according  to  the  divinities  to  whom  they  are  addressed, 
and  partly  according  to  their  authors,  the  R'ishis,  who  made  them 
known.  They  must  therefore  have  preceded  the  completion  of  that 
ceremonial,  which  is  the  indispensable  condition  of  the  S&maveda-  and 
Yajurveda-Sanhitfis. 

Having  established  the  general  character  of  the  four  Vedas,  we  shall 
now  give  a  brief  outline  of  their  special  features  and  of  the  principal 
works  which  owe  them  their  origin* 

The  Rig-,  or  the  first  and  pi-incipal,  Veda,  we  possess  only  in  the 
recension  of  the  S'&khala  school  Its  Sanhit&,  or  collection  of  hymns, 
is  arranged  on  two  methods.  The  one  has  merely  regard  to  the 
material  bulk ;  the  other  seems  to  be  based  on  the  authorship  of  the 
Mantras.  Both,  however,  run  parallel  with  one  another,  without 
differing  in  the  order  of  the  hymns  which  constitute  the  SanhitA. 
According  to  the  first  method,  the  Sanhit&  is  divided  into  eig^t 
Asht'akaa  or  eighths,  each  of  which  is  again  subdivided  into  Adkydytu 
or  lectures,  an  Adhy&ya  consisting  of  a  number  of  Varg<u  or  sections, 
and  a  Vaiga  of  a  number  of  Bfick  or  verses,  usually  five.  According  to 
the  second  method,  the  Sanhit&  is  divided  into  ten  Man'ctalaa  or 
circles,  subdivided  into  eighty-five  Annv&kas  or  llssons,  which  consist 
of  one  thouamd  and  seventeen  (or,  with  eleven  additional  hymns,  of 
one  thousand  and  twenty -ei^^t)  SMUu  or  hymns,  these  again  containing 
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ten  thffiiif"<^  five  hundred  and  eighty  and  a  half  BUch  or  yeraeB.  The  first 
eight  of  theee  Kan'd'alaa  b^gin  with  hymna  addreaaed  to  Aff»i,  which 
are  ^followed  by  hymns  addressed  to  Indrxk  After  the  latter  oome 
generally  hymna  addrened  to  the  Vufwe  Jkvd$,  or  the  gods  coUeotively, 
and  then  those  which  are  devoted  to  other  divinitieB.  The  ninth 
Han'd'ala  ia  entirely  addressed  to  the  Soma>plant,  and  is  especially 
connected,  therefore,  with  the  S&mayeda-Sanhit& ;  while  the  tenlJ^ 
Han'd'ala  has  chiefly  served  for  the  collection  of  the  Atharvaveda 
hymns.  Again,  as  regarda  their  author,  the  second  Man'd'ala  contains 
hymns  which  are  att]^uted  to  the  R'ishi  Qr'itsamada;  the  third  is 
said  to  bebng  to  Vijai'w&niitra,  the  fourth  to  y4madeva,  the  fifth  to  the 
Atris,  the  sixth  to  Bhamdwija,  the  seventh  to  Vasiaht'ha,  the  eighth 
to  Kanwa,  the  ninth  to  Angiras.  The  first  and  the  tenth  Maa'd'aU 
are  ascribed  to  the  author^p  of  various  R'ishis. 

"The  worship  which  the  Silktas  describe  comprehexida  offering 
prayer  and  praise  :  the  former  are  chiefly  oblations  and  libationa, — 
clarified  butter  poured  on  fire;  and  the  expressed  and  fermented  juice 
of  the  Soma-plant,  presented  in  ladlea  to  the  deities  invoked, — ^in  what 
inanner  does  not  exactly  appear,  although  it  seems  to  have  been 
aprinlded,  sometimes  on  the  fire,  sometimes  on  the  ground,  or,  rather, 
on  the  Kuda,  or  sacred  grass,  strewed  on  the  floor,  and  in  all  cases  the 
residue  was  drunk  by  the  assistants.    The  ceremony  takes  place  in  the 
dwelling  of  the  worshipper,  in  a  chamber  appropriated  to  the  purpose, 
and  probably  to  the  maintenance  of  a  perpetual  fire,  although  the 
frequent  allusions  to  the  occasional  kindling  of  the  sacred  flwDie  are 
rather  at  variance  with  this  practice.    There  ia  no  mention  of  any 
temple,  nor  any  reference  to  a  public  place  of  worship,  and  it  is  dear 
that  the  worship  waa  entirely  domestic.  ......  That  animal  victims 

were  oflered  on  particular  occasions  mav  be  inferred  from  brief  and 
obscure  allusions  in  the  hymns  of  the  first  book ;  and  it  is  inferrible 
from  some  passages  that  human  sacrifices  were  not  unknown,  although 
infrequent  and  sometimes  typical :  but  those  are  the  exceptiona,  and 
the  habitual  offerings  may  be  regarded  aa  consisting  of  clarified  butter 
and  the  juice  of  the  Soma-plant. 

''  The  SAkta  almost  invariably  combines  the  attributes  of  prayer  and 
praise :  the  power,  the  vostness,  the  generosity,  the  goodness,  and  even 
the  personal  beauty  of  the  deity  addressed  are  described  in  highly 
laudatory  strains,  and  his  past  bounties  or  exploits  rehearsed  and 
glorified ;  in  requital  of  which  commendationa,  and  of  the  libations  or 
oblationa  which  he  is  solicited  to  accept,  and  in  approval  of  the  rite  in 
his  honour,  at  which  his  presence  is  invoked,  he  is  implored  to  bestow 
blessings  on  the  person  who  has  instituted  the  ceremony,  and  some- 
times, but  not  so  commonly,  also  on  the  author  or  reciter  of  the 
prayer.  The  blessings  prayed  for  are,  for  the  most  part,  of  a  temporal 
and  personal  description, — wealth,  food,  life,  posterity,  cattle,  oowa,  and 
horses ;  protection  against  enemies,  victory  over  them,  and  sometimes 
their  destruction,  particularly  when  they  are  represented  aa  inin^inft^  to 
the  celebration  of  religious  rites,  or,  m  other  words,  people  not  pro- 
fessing the  same  religious  faith.  There  are  a  few  induaEitions  of  a  hope 
of  immortality  and  of  future  happiness,  but  thev  are  neither  frequent 
nor,  in  genend,  distinctly  announced,  although  the  immortality  of  the 
gods  is  recognised,  and  the  possibility  of  its  attainment  by  human 
beings  exemplified  in  the  case  of  the  demigods  termed  B'ibhua,  ele- 
vated for  their  piety  to  the  rank  of  divinities.  Protection  a^^unst 
evil  spirits  {Rdkthaiai)  is  also  requested,  and  in  one  or  two  passages 
Yama  and  hia  office,  as  ruler  of  the  dead,  are  obscurely  alluded  to. 
There  is  little  demand  for  moral  benefactions^  although  in  some  few 
inFtonces  hatred  of  untruth  and  abhorrence  of  sin  are  expressed ;  a 
hope  Lb  uttered  that  the  latter  may  be  repented  of  or  expiated;  and 
the  gods  are  in  one  hymn  solicited  to  extricate  the  worshippers  from  sin 
of  every  kind.  The  main  object  of  the  prayers,  however,  are  benefits 
of  a  more  worldly  and  physical  character :  the  tone  in  Which  these  are 
requested  indicates  a  quiet  confidence  in  their  being  granted,  as  a 
return  for  the  benefits  which  the  gods  are  supposed  to  derive  from  the 
oflerings  made  to  them,  in  gratii^ing  their  bodily  wants,  and  from  the 
praises  which  impart  to  them  enhanced  energy  and  augmented  power : 
there  is  nothing,  however,  which  denotes  any  particular  potency  in  the 
prayer  or  hymn,  so  as  to  compel  the  gods  to  complv  with  the  desires  of 
the  worshipper ;  nothing  of  that  enforced  necessity  which  makes  so 
conspicuous  and  characteristic  a  figiuv  in  the  Hindu  mythology  of  a 
later  date,  by  which  the  performance  of  austerities  foracontmued 
period  constrains  the  gods  to  grant  the  desired  boon,  although  fraught 
with  peril  and  even  destruction  to  themselves."  (Wilson, '  K'igveda,' 
vol  i.  p.  xxiii,  ff.) 

If  we  ask  what  divinities  were  worshipped  by  the  authors  of  the 
R'igveda  hynms,an  answer  is  given  by  Y&ska,  the  oldest  Vaidik  exegote 
of  those  whose  writings  are  preserved,  in  the  following  manner : — 
"  The  Vaidik  exegote  says  that  there  are  Hirce  Devatas,  via.,  Agni,  who 
resides  on  earth ;  Vdyu,  or  Indrs,  who  resides  in  Uie  intermediate 
region  (between  heaven  and  earth) ;  and  Siirya,  who  resides  in  heaven. 
Because  each  of  these  Devat&s  has  a  variety  of  attributes,  there  are 
indeed  many  names  of  them"  (vii.  5);  and  "of  the  DevatA  there  is 
but  one  soul;  but  the  Devat&  having  a  variety  of  attributes,  it  is 
pniised  in  many  ways  :  other  gods  are  merely  portions  of  the  one  soul " 
(vii.  4).  The  Anukraman'i,  or  explanatory  index  to  this  Veda,  says,  in 
a  similar  maimer,  **  The  deities  are  only  three,  whose  places  are  the 
earth,  the  intermediate  region,  and  heaven  :  (namely)  fire,  air,  and  the 
sun.    They  are  pronounced  to  be  (the  deities  of  the  mysterious  names  I 


severally);  and  (PrajApati)  the  lord  of  creation  is  (the  deity)  of  tbem 
collectivdy.  The  syllable  Om  iatends  every  deity;  it  belungs  to 
(Paxamesht'h'i)  him  who  dwells  in  the  supreme  abode ;  it  appertains  to 
(Brahman)  the  vast  one;  to  (Deva)  Ood;  to  (Adhy4tman)  the  super- 
intending  soul  Other  deities  belonging  to  those  sevenl  reg^ona  are 
portions  of  the  three  goda;  for  they  are  variously  named  and  described, 
on  aooount  of  their  various  operations :  but  (in  &ct)  there  is  only  ooe 
deity,  the  Grtal  Soul  (Mah&n&tm&).  He  is  called  the  Sun ;  for  be  is 
the  soul  of  all  beings :  (and)  that  is  declared  by  the  sage :  '  the  sun  U 
the  soul  of  (jagat)  what  moves  and  of  (tasthivat)  that  which  ia  fixed.' 
Other  deities  are  portions  of  him."   (Colebrooke, '  Misc.  Esa./  L  jk,  27.1 

If  we  took  this  aooount  for  a  ooirect  representation  of  the  Vaidik 
oreed  we  could  not  but  draw  the  inference  that  it  waa  baaed  on  the 
belief  in  one  god,  or,  at  least,  one  pinoiple  of  oreation,  and  tliat  the 
many  gods  met  with  in  the  Vaidik  hymns  are  merely  poetical  alle^oiiee 
of  the  One  Great  SouL    We  have  quoted  indeed,  before,  a  mysti- 
cal hymn  of  the  R'igveda^  which  would  seem  to  countenance    this 
view.     But  an  unbiassed  examination  of  the  R'igveda  poetry  must 
lead  to  the  oondusion  that  religion  did  not  take  this  course  in  India ; 
that  we  must  distinguish  between  one  or  more  hymns,  evidently  the 
product  of  a  later  and  philosophical  age,  and  the  bulk  of  that  collection 
which  contains  nothing  but  the  adoration  of  the  elementary  powers 
in  their  various  manifestations  and  degrees.     Nor  can  we  give  an 
unqualified  assent   to   the   threefold   dasaification   of   the    Vaidik 
divmities,  as  s^ven  by  YAska/and  repeated  by  the  Anukramanl ;  for 
neither  is  Agm's  abode  restricted  to  earth,  nor  could  Indra  be  identified 
or  placed  on  the  same  level  with  V&^,  nor  would  it  be  oorreot  to 
assign  to  Stirya  such  a  place  in  the  Vaidik  pantheon  aa  would  equalise 
his  rank  with  that  of  Agni  or  Indra.    The  real  position  and  quality  of 
the  principal  Vaidik  divinities  of  the  R'igveda  is,  in  short,  this  :— 
The  chief  deities  are  Agni  and  Indra,  the  two  gods,  aa  -we  have  noticed 
before,  to  whom  the  first  aeries  of  hymns  is  addressed  in  ei^t  out  of 
the  ten  Man'd'^alaa  of  the  Sanhitft.    Agni  (from  qj,  **  to  move/  Latin, 
iffni-)  is  the  God  of  Fire,  under  a  threefold  aspect  of  this  element: 
as  it  exists  on  earth,  in  its  daily  use  and  in  its  sacrificial  ampacity,  as 
well  as  the  heat  of  digestion  and  the  principle  of  animal  and  vegetable 
life ;  secondly,  as  the  fire  of  lightning ;  and  thirdly,  as  the  fire  of  the 
sun.    Agni  is  praised  therefore  as  the  originator  of  the  sacrifice,  and  as 
the  medUator  between  gods  and  men:  he  conveys  ofieringa  to  the 
former,  and  brings  the  gods  to  the  worshipper.    During  the  night  he 
protects  mortals  from  the  demons  who  haunt  the  altars  and  are  hostile 
to  religious  rites.    On  the  other  hand,  as  the  fire  of  lightning,  Agni 
is  the  "  son,  or  the  grandson,  of  the  waters ;"  and  as  the  fire  of  the 
sun  he  grants  wealth,  food,  heslth,  and  life,  destroys  and  revives  all 
things.    Not  many  subordinate  divinities  are  mentioned  in  his  train ; 
sometimes  the  MaruU,  or  Winds,  are,  but  they  are  more  frequently 
the  attendants  of  Indra;  and  the  Aprtt,  female  divinities,  which  also 
include  insensible  objects,  such  as  the  doors  of  the  sacrificial  halL  The 
proper  ofiering  to  Agni  is  giUe  (ghrita),  or  clarified  butter. 

Indra  (a  word  of  doubtful  etymology,  probably  from  an  obsolete 
rsdical  id  or  tnci,  **  to  see  *  or  ^'  to  know^^)  is  the  powerful  god  of  the 
firmament.    He  bestows  blessings  and  riches  when  propitiated  by  the 
juice  of  the  Soma-plant,  which  is  his  appropriate  offering.    He  has 
elevated  the  sun  and  fixed  the  constellations  in  the  sky ;  but  above  all 
he  is  the  conqueror  of  Vr'iXra  ("  the  enveloper  "),  the  demon  who  hides 
the  sun,  and  of  the  douds  which  threaten  to  withhold  their  waters  from 
the  earth;  he  pierces  them  with  his  thunderbolt  and  the  waters  are 
let  down.    He  is  also  represented  as  discovering,  and  rescuing  with  his 
thunderbolt,  the  cows  which  had  been  stolen  and  were  hidden  in  the 
hollows  of  the  mountains  by  a  demon  named  Pan'i  or  Vala.    It  ii 
possible  that  these  cows,  as  IVofessor  Whitn^  believes  ('Journal  Amer. 
Or.  Soc.'  iiL  p.  S20),  are  meant  for  an  allegory  of  the  reservoirs  of  water 
which  are  freed  by  Indra,  like  the  waters  in  the  myth  of  Vr'itra ;  but 
it  is  possible  also  that  this  legend  is  merely  a  poetical  record  of  on 
occurrence  of  pastoral  life,  such  as  we  frequently  meet  with  in  the 
R'igveda  poetiy.    A  subordinate  class  of   gods  who  are  naturally 
associated  with  Indra,  are  the  MwntU,  or  Winds ;  they  assist  Indra  in 
his  battles  with  Vr'itra  and  the  production  of  rain.    "  They  ride  on 
spotted  stags,  wear  shining  armour,  and  carry  spears  in  their  handa; 
no  one  knows  whither  they  come  nor  whither  they  go,  their  voice  is 
heard  aloud  as  they  come  rushing  on ;  the  earth  trembles  and  the 
mountains  shake'  before  them.    They  are  called  the  sons  of  Bjnuira, 
who  is  conceived  of  as  peculiar  god  of  the  tempest."    (Ibi  p.  311) 
Besides  them  a  god  of  wind,  F4yu,  is  named :  **  he  drives  a  thousand 
steeds;  his  breath  chases  away  the  demons ;  becomes  in  the  earliest 
mornings  as  the  first  breath  of  air  that  stirs  itself  at  day  break,  to 
drink  the^  Soma,  and  the  Auroras  weave  for  him  shining  garments.'* 
This  god  is  sometimes  identified  with  Indra;  but  there  are  verses  in 
which  both,  India  and  V&yu,  are  invoked  conjointly  to  share  in  the 
sacrifice. 

Amongst  the  gods  assigned  by  Tdska  to  the  sphere  of  heaven,  we 
have  to  notice  in  the  first  rank  the  Adiiffoa,  or  the  sons  of  the  AdUi, 
The  latter  word  means  "indestructibility,"  and  the  Adityas  are  dis- 
cribed  as  "  elevated  above  all  imperfection ;  they  do  not  sleep  or  wmk ; 
their  character  ia  all  truth ;  they  hate  and  punish  guilt;  to  preserve 
mortals  from  sin  is  their  higheiBt  office."  One  of  these  AdStyaB,  is 
Sarya,  the  sun,  who  is  described  as  driving  a  chariot  drawn  by  seven 
golden  steeds,  and  is  also  personified  as  the  ornamented  bird  of  heaven. 
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But  he  does  not  occupy  that  prommont  rank  among  Vaidik  gods  which 
we  niight  expect,  and  which  seema  to  be  allowed  to  him  by  TAska. 
It  muat  be  observed,  too,  that  some  other  words  which  mean  "son" 
in  classical  Sanskrit,  especially  Savitr't,  P&ahan,  and  Aryaman  are 
likewise  Adityas  in  Vaidik  mythology ;  and  that  Viakn'u  also  is  an 
Aditya  when  he  is  identified  with  the  sun  in  its  three  stages  of  rise, 
culmination,  and  setUng  ('R'igveda/  i.  22,17).  Of  other  Adityas  more- 
over  we  point  out  Varwitfa  (&>m  vr^i  **  to  surround,'* — Greek,  O^fNuw). 
He  is  the  "  all-embracing  heaven,  the  orderer  and  ruler  of  the  universe; 
he  established  the  etcamal  laws  which  govern  the  movements  of  the 
world,  and  which  neither  immortal  nor  mortal  may  break;  he 
r^^ulated  the  seasons ;  appointed  sun,  moon,  stars,  and  their  courses ; 
gave  to  each  creature  that  which  is  peculiarly  charaoteristio  ....  From 
bis  station  in  heaven  Varun'a.sees  and  hears  everything,  nothing  can 
remain  hidden  from  him."  He  is  said  to  be  the  divinity  presiding  over 
the  night,  to  support  the  light  on  high,  and  to  make  wide  the  path  of 
the  sun :  he  grants  wealth,  averts  evil,  and  protects  cattle.  He  is  fre- 
quently invcMced,  together  with  Mitra,  another  Aditya,  who  is  ^e 
divinity  presiding  over  the  day,  and  a  dispenser  of  water.  (Wilson, 
'  B'igveda,'  i.  p.  zzziy.) 

The  adoration  of  the  sun  is  naturally  connected  with  that  of  Uskw, 
''dawn,"  or  rather  of  Uthasas,  "  many  dawns."  "  She  is  addressed  as  a 
virgin  in  glittering  robes,  who  chases  away  the  darimess, ....  who 
prepares  a  path  for  the  sun,  is  the  signal  of  the  sacrifice,  rouses  all 
beings  from  slumber,  gives  sight  to  the  darkened,  power  of  motion  to 
the  prostrate  and  helpless."  (Whitney, '  Journal  Amer.  Or.  Soo.,'  iii. 
p.  322.) 

The  last  divinities  which  deserve  our  special  attention  are  the  two 
Ai'wini,  They  are  ^e  sons  of  the  sea,  and  are  represented  as  ever 
young  and  handsome,  travelling  in  a  golden,  three-wheeled,  triangular 
chariot,  drawn  by  an  ass  or  two  horses,  and  the  precursors  of  the 
dawn.  They  are  called  Dasrai, "  destroyers  of  fever  or  of  diseases,"  for 
they  are  the  physicians  of  ^e  gods,  and  NdaaiyoM, "  never  untrue." 
Many  legends  are  connected  with  their  career :  they  brought  back  to  a 
father  his  lost  child,  they  restored  the  blind  to  si^^t ;  they  relieved 
one  man  of  his  old  body  by  giving  him  a  new  one  instead;  they  sup- 
plied another  with  a  metal  leg  to  replace  the  one  he  had  lost  in  battle ; 
they  assisted  seafsrers  in  their  perils,  and  so  on.  They  are  probably 
the  two  luminous  points  which  pracede  the  dawn ;  some  oompare  them 
with  the  Dioscuri  of  the  Qreek. 

The  oonsteUations  are  never  named  as  objects  of  worship,  and 
althou^  the  moon  appears  to  be  occasionaIl;|r  intended  under  the  name 
Soma,  particularly  when  spoken  of  as  scattering  darkness,  yet  the  name 
and  the  adoration  are  in  a  much  less  equivocal  manner  applied  to  the 
Soma-plantb    (Wilson,  *  R'igveda,'  i.  p.  xxvL) 

The  great  gidf  which  lies  between  this  elementary  worship  of  the 
R'igveda  and  the  later  mythology  need  not  be  pointed  out ;  but  it  will 
not  be  without  interest  to  observe  that  we  already  meet  in  its  poetiy 
with  some  of , those  names  which  assume  so  different  a  character  in  the 
epic  poems  and  the  Puran'as.  Thus  Rudra,  the  Utim  of  the  Winds, 
becomes  in  the  later  mytholo^  another  name  for  S'iva,  who  is  un- 
known to  the  Vaidik  hymns.  Their  Vishn'u,  a  name  of  tiie  Sun,  and 
one  of  tiie  Adityaa,  is  the  second  person  of  the  later  Hindu  triad ;  and 
his  epithet  Trivikrama,  or  *'  he  who  takes  three  steps,"  which  means, 
OB  we  have  seen,  the  sun  in  its  three  stages,  gives  riise  to  the  myth  of 
the  fourth  AvatAra  of  Vislm'u,  when,  as  a  dwBfff,  he  strides  over  the 
three  worlds '  earth,  intermediate  space,  and  heaven — and  compels  Bali, 
who  threatened  the  sovereignty  of  India,  to  seek  refuge  in  Tartarus. 

From  the  nature  of  thu  worship,  and  from  the  desire  for  food, 
cattle,  and  the  like,  so  frequently  expressed  in  the  hymns,  it  has  some- 
times be^i  inferred  that  the  condition  of  life  as  depicted  in  these 
hymns  was  that  of  a  nomadic  and  pastoral  people.  There  can  be 
nothing  more  erroneous,  if  we  look  upon  the  actual  collection  of  the 
hvmns  as  a  whole ;  as  we  did — and  in  the  present  state  of  Sanskrit 
philologT  are  compelled  to  da>-when  drawing  the  previous  sketch  of 
the  ancient  Hindu  belief.  This  collection,  on  the  contrary,  gives 
abundant  proof  that  the  Hindus  of  the  R'igveda  were  settied  in  villages 
and  towns,  that  they  were  a  manufacturing  people ;  for  weaving,  tiie 
melting  of  metallic  substances,  the  fabrication  of  golden  and  iron 
mails,  of  ornaments,  and  the  like,  are  not  unfrequenUy  aUuded  to.  It 
is  remarkable  also  that  they  were  a  seafaring  and  a  mercantile  peopla 
Even  a  naval  expedition  against  a  foreign  island  is  mentioned  in  a 
hymn  (L  116,  8).  Tugra,  a  friend  of  the  As'wins,  we  are  told,  '*  sent 
(bis  son)  Bhu jyu  to  sea,  as  a  dying  man  parts  with  his  riches ;  but  you 
(As'wins)  brought  him  back  in  vessels  of  your  own,  floating  over  the 
ocean,  and  keeping  out  the  waters.  Three  nights  and  three  days, 
NAsatyar,  have  you  conveyed  Bhu  jyu  in  three  rapid  revolving  cars, 
having  a  hundred  wheeb,  and  drawn  by  six  horsds,  along  the  wateiy 
bed  of  the  ocean  to  the  shore  of  the  sea.  This  exploit  you  achieved, 
As'wins,  in  the  ocean,  where  there  Ib  nothing  to  give  support,  nothing 
to  rest  upon,  nothing  to  cling  to,  that  you  brought  Bhujyu,  sailing  in 
a  hundred-oared  ship,  to  his  Other's  house."  We  find  them  in  pos- 
uGssion  of  musical  iostruments,  practising  medicine,  computing  the 
division  of  time  to  a  minute  extent ;  and  there  is  sufficient  evidence 
in  the  hymns  to  show  that  they  had  not  merely  laws  of  buying  and 
selling,  but  even  such  complicated  laws  of  inheritauoe  as  we  meet 
with  in  the  most  advanced  period  of  Hindu  life.  According  to  the 
latter,  for  instance,  a  son  ia  the  heir  of  tixe  paternal  property,  to  the 


exclusion  of  a  daughter,  as  she  transfers  her  property,  by  way  of 
dower,  to  another  family.  But  hi  default  of  a  direct  inale  heir,  the 
son  of  a  daughter  may  perform  the  funeral  rites,  or,  what  is  equi- 
valent, inherit  the  paternal  property,  provided  that  tiie  daughter  be 
appointed  for  such  a  purpose  when  given  in  marriage.     (See  Cole- 


following  verses  of  Rigv.  iii.  31. 1.  2.  (Wilson's  trans- 
lation):— ^''The  sonless  father  regulating  (the  contract)  refers  to  his 
grandson  (the  son)  of  his  daughter,  and  relying  on  the  efficiency  of 
the  rite,  honours  his  (son-in-law)  with  valuable  gifts ;  the  father,  trust- 
ing to  the  impregnation  of  the  daughter,  supports  himself  with  a 
tranquil  mind.  (A  son)  bom  of  the  body,  does  not  transfer  (paternal) 
wealth  to  a  sister;  he  has  made  (her)  the  receptacle  of  the  embryo 
of  the  husband;  if  the  parents  procreate  children  (of  either  sex), 
(me  is  the  performer  of  holy  acts,  the  other  is  to  be  enriched  (with 
gifts)." 

That  so  advanced  a  state  of  social  life  could  not  remain  without  its 
evils  and  vices  is  obvious ;  we  find  hymns  which  describe  gambling^ 
which  speak  of  robbers  and  thieves,  of  secret  births,  of  youths  asso* 
dating  with  courtesans. 

This  sketch  of  the  religious  and  social  condition  of  ancient  India 
rests,  as  mentioned,  on  the  supposition  of  the  Rlgveda-Sauhit^  having 
always  been  that  which  it  is  now — in  fact,  on  the  lutive  theory  of 
the  eternity  of  the  Veda.  In  the  beginning  we  quoted  some  passages 
from  the  '  Purftn'as '  which  show  that  these  late  productions  of  Hindu 
religion  look  upon  all  the  Vedas  as  created  by  Brahm& ;  but  we  also 
pointed  out  that  the  poets  of  the  hymns  are  held  even  by  the  oldest 
authorities  to  be  inspired  seers,  who  received  them  from  the  deities. 
31r.  Muir,  in  one  of  the  most  interesting  and  elaborate  works  of  Sans- 
krit philology,  the  '  Original  Sanskrit  Texts/  has  given  other  and  very 
copious  proof  that  the  doctrine  of  the  eternity  of  the  Veda  pervaded 
the  poetry  and  the  philosophical  reasoning  of  ancient  and  mediaeval 
India ;  and  we  must  content  ourselves  with  refeiTing  for  further  detail 
to  the  third  volume  of  this  excellent  record  of  the  '  Original  Texts.' 
It  may  suffice  therefore  to  add  that  even  the  differences  which  exist 
between  the  various  editions  of  the  sacred  texts  were  explained  away 
by  an  ingenious  theory.  It  says  that "  the  Vaidik  texts  got  lost  in  the 
several  Prolayas,  or  destructions  of  the  worlds ;  and  since  each  Man- 
wantara  had  its  own  revelation,  which  differed  only  in  the  expression,, 
not  in  the  sense  of  the  Vaidik  texts,  the  various  versions  represent 
these  successive  revelations,  which  were  remembered  through  their 
excessive  accompUshments  by  the  R'ishis."  ('  Orig.  Sansk.  Texts,'  iii  p. 
231,  232.)  In  short,  though  according  to  tiiis  theory,  a  succession  of 
revelations  is  admitted  by  the  Hindu  divines,  they  are  conceived  of  as 
a  reproduction  of  the  first  revelation,  which  comprised  the  whole  bulk 
of  the  sacred  textw 

The  utter  improbability  of  an  original  contemporaneousness  of  aU 
the  hymns  of  the  R'igveda  is  such  that  a  theory  founded  on  it  would 
scarcely  require  a  remark  for  the  non-Brahmanic  student  of  Hindu 
antiquity.  In  reading  these  hymns,  such  a  student  would  not  fail  to 
perceive  that  some  describe  the  most  primitive  features,  and  others — 
as  we  have  shown — the  most  complicated  mechanism  of  social  life ; 
that  in  some  the  first  bud  of  retisious  life  is  perceptible,  while  othem 
contain  "  the  full-grown  fruit  of  long  experience  in  thought,  or  mark 
the  end,  not  the  beginning,  of  a  phase  of  religious  development.'  In 
other  words,  he  would  perceive  the  gradual  and  historical  growth  of  that 
oldest  document  of  the  Brahmanio  creed,  tilie  R'igveda-Sanhitd.  But 
even  the  Brahmanio  student  could  not  remain  indifferent  to  the  fact, 
that  the  hymns  themselves  destroy  this  theoiy  of  the  eternity  of  the 
Veda,  built  up,  as  it  was,  in  a  priestly  and  systematising  age.  There 
are  passages,  for  instance,  in  which  the  R'isMs  themselves  describe 
themselves  as  composers  or  "fabricators"  or  "generators,"  not  as 
"seers"  of  the  hymns.  "This  hymn,"  we  read  in  one,  "has  been 
made  to  the  divine  race  by  the  sages."  "  Thus,  O  Indra,"  says  another, 
"  have  the  Gotamas  made  for  thee  pure  hymns; "  or, "  desiring  wealth, 
men  have  faskumed  (lit.  fabricated)  for  thee  tins  hymn,  as  a  skilful 
workman  (&bricates)  a  ear ; "  or,  "  thus  have  the  Qr'itsamadas,  desiring 
succour,  faihUmed  (lit.  fobricated)  for  thee  a  hymn,  as  men  make 
roads ; "  or,  **  the  sages  generated  a  pure  hymn  and  a  prayer  to  Indra;" 
"  Wise  Agni  BAtavedas,  I  generate  a  hymn  for  thee^  who  receivest  it 
with  favour;"  and  so  on  in  numerous  other  instances.  (Muir, 
'  Orig.  Sansk.  Texts,'  iiL  pp.  128-140.) 

In  other  hymns,  says  Mr.  Muir  (lb.  p.  117),  "the  ....  passsgea 
from  the  R'igveda  either  expressly  distinguish  between  contemporary 
R'ishis  and  those  of  a  more  ancient  date,  or,  at  any  rate,  make  reference 
to  the  one  or  the  other  class.  This  recognition  of  a  succession  of 
R'ishis  constitutes  one  of  the  historical  elements  in  tixe  Veda."  If  thia 
succession  were  simply  one  of  the  poets,  it  might  seem,  from  a  Brah- 
manio point  of  view,  to  be  not  incompatible  with  the  theory  men- 
tioned befors;  but  it  appears  in  conjunction  with  the  narration  of 
events,  and  thus  excludes  the  possibility  of  then:  original  cosevity. 
"  Those  gods,"  we  read,  for  instance,  "  who  formerly  grew  through 
reverence,  were  altogether  blameless.  They  caused  the  dawn  to  rise, 
and  the  sun  to  shine  for  Vftyu  and  the  afflicted  Manu ; "  or,  "  listen  to 
S'y&vdswa  pouring  forth  libations,  in  the  same  way  as  thou  didst  listen 
to  Atri  when  he  celebrated  sacred  rites."  (Comp.  Muir,  *  Orig.  Sansk* 
Texts/  ill  pp.  116-128.) 
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Wliiclievcr  view,  therufore,  one  tsikcs,  it  is  clear  that  there  are 
periods  in  the  airangement  of  those  thousand  and  twenty-eight  hymns 
which  form  the  present  R'igveda-Sanhit&,  and  that  tiie  growth  of  the 
religious  and  social  life  of  ancient  India  cannot  be  fully  understood 
until  we  have  a  knowledge  of  the  lelatiye  age  at  least  of  these  hymns, 
sinoe  their  real  date  may  perhaps  for  ever  renaain  as  much  beyond  the 
control  of  philological  research  as  it  has  remained  hitherto.  In  some 
coses  the  description  of  events  or  the  allusion  to  institutions  of  a 
domestic  or  pubhc  kind,  in  others  the  character  of  the  religious  notions 
expressed  and  the  detail  of  the  rites  explamed,  may  lead  to  a  surmise 
as  to  the  chronological  relation  of  certain  hymns ;  but  since  the  sound- 
ness of  a  criterion  of  this  kind  will  more  or  less  depend  on  personal 
feelings  or  views,  a  safer  footing  is  obtained  in  those  hymns  where  the 
R'ishi  himself  ref en  to  a  predecessor  who  is  the  poet  of  another  hymn, 
or  to  events  anterior  to  lum,  met  with  however  in  other  portions  of 
R'igveda  poetry.  For  there  it  is  possible  at  once  to  establish  a  relative 
order  in  time  between  such  hymns.  But  as  instances  of  this  descrip- 
lion  are  rare,  the  real  burden  of  proof  will  probably  always  rest  with 
the  linguistic  facts  that  may  be  gathered  from  the  various  hymns. 
They  are  the  stubborn  monuments  which  raise  their  heads  above  the 
confusion  created  by  the  systematising  arrangement  of  later  times. 
As  yet,  however,  Sanskrit  philology  has  done  little  or  nothing  to 
enable  us  to  see  clearly  in  the  mist  of  the  gradual  development  of  the 
Yaidik  age.  It  ia  struggling  even  at  present  to  save  the  very  meaning 
of  the  Vaidik  words,  as  handed  down  to  us  by  native  scholarship, 
and  the  grammatical  explanation  of  the  Vaidik  conmientaries,  from  a 
conceit  which  strives  to  substitute  its  own  fanciful  notions  for  the 
traditional  lore — ^the  only  real  means  we  possess  for  understanding 
these  ancient  texts. 

If  now  we  turn  to  the  SanhitAs  of  the  next  two  Vedas,  our  attention 
will  be  particularly  engaged  by  the  purpose  for  which  they  were 
collected,  or,  as  observed  before,  for  which  they  were  either  entirely, 
or  for  the  most  part,  extracted  from  the  R'igveda-SanhitA.  This  pur- 
pose, we  stated,  was  a  liturgic  one.  The  verses  of  the  S&maveda  were 
iutoned  at  those  sacrificial  acts  which  were  performed  with  the  juice  of 
the  Soma-plant.  A  short  account  of  the  manner  in  which  the  libations 
of  this  juice  were  prepared  and  offered  to  the  gods  is  given  in  the 
introduction  of  Stevenson's  translation  of  the  S&maveda.  "  The  first 
thing  to  be  done  is  to  collect  the  Soma,  or  moon-plant,  and  the  aran'i- 
wood  for  kindling  the  sacred  fire ;  and  this  must  be  done  in  a  moonlight 
night,  and  from  the  table-land  on  th»top  of  a  mountain.  The  moon- 
plants  must  be  plucked  up  from  the  roots,  not  cut  down ;  and  after 
being  stripped  of  their  leaves,  the  bare  stems  are  to  be  laid  on  a  cart 
drawn  by  two  rams  or  he-goats,  and  by  them  to  be  brought  to  the 
house  of  the  Tajam&na,  the  mstitutor  of  the  sacrifice,  for  whose  espe- 
cial benefit^  and  at  whose  expense,  all  the  ceremonies  are  performed. 
The  stems  of  the  plants  are  now  deposited  in  the  hall  of  oblation  .... 
bnused  by  the  Brahmans  with  stones,  and  then  put  between  two  planks 
of  wood,  that  they  may  be  thoroughly  squeezed  and  the  juice  ex- 
pressed.   The  stalks,  with  their  expressed  juice,  are  then  placed  over  a 


strainer  made  of  goats'  hair,  sprinkled  with  water,  and  squeezed  by  the 
fingers  of  the  officiating  Brahnums,  one  or  two  of  which  must  be 
adorned  with  flat  gold-rings.  The  juice,  mixed  with  water,  now  makes 
its  way  through  the  strainer  and  drops  into  the  Dron'a  Kalasa,  ti^e  re- 
ceiving vessel  placed  below,  and  situated  at  that  psot  of  the  Tajnavedi 
(or  sacrificial  ground^,  called  the  Yoni,or  womb ....  The  juice,  already 
diluted  with  water,  is  in  the  Dron'a  Kalasa  further  mixed  Vrith  barley, 
clarified  butter,  and  the  flour  of  a  grain  called  by  the  Marathas  foari, 
the  Sanskrit  names  of  which  are  nirtfm  and  tr'in'adhdnya.  It  is  now 
allowed  to  ferment  till  a  spirit  is  formed,  after  which  it  is  drawn  off  for 
oblations  to  the  gods  in  a  scoop  called  <nce&,  and  in  the  ladle  called 
chamoia,  for  consumption  by  the  ofllciating  Brahmans.  The  vessel, 
scoop,  and  ladle,  are  all  made  of  the  wood  of  the  catechu-tree  (Mimota 
catedtu).  Nine  days  are  mentioned  in  the  Bh&shya  as  required  for  the 
purificatory  rites . . . .  There  are  three  oblations  offered  daUy ;  one 
early  in  the  morning,  one  at  noon,  and  one  at  night." 

The  sacrifices  at  which  such  oblations  were  offered  are  very  nume- 
rous. The  principal  one  seems  to  have  been  the  JyotithifofM,  a  great 
sacrifice,  which,  if  complete,  consisted  of  seven  tanttKdt  or  stages,  each 
oocupyinff  the  space  of  several  davs.  The  MlmflnsiBts,  however,  pro- 
bably yielding  to  the  necessity  of  circumstances,  consider  the  Agni- 
thtfoma  only,  the  first  stage  of  the  Jyotisht'oma,  as  obligatoiy  for  the 
performance  of  this  rite ;  while  they  look  upon  the  six  others— the 
AtyagnishVoma,  Ukthya,  Shod'as'in,  Atir&tra,  Aptory&ma,  and  V&ja- 
peya— as  voluntary  and  supererogatory.  **  The  Soma  offering,"  says  Dr. 
WindiBchmann,  in  his  'Dissertation  on  the  Soma  worship  of  the 
Arians,'  "was  unquestionably  the  greatest  and  the  holiest  offering  of 
the  ancient  Indian  worship.  The  sotmd  of  the  trickling  juice  is 
regarded  as  a  sacred  hymn.  The  gods  drink  the  offered  beverage ;  they 
long  for  it  (as  it  does  for  them) ;  they  are  nourished  by  it,  and  thrown 
into  a  joyous  intoxication  :  this  is  the  case  with  Indra  (who  performs 
his  great  deeds  under  its  influence),  with  the  As'wins,  the  Maruts, 
a^d  Agni.  The  beverage  is  divine,  it  purifies,  it  inspires  greater  joy 
than  alcohol,  it  intoxicates  S'ukra,  itis  a  water  of  life,  protects  and 
nourishes,  gives  health  and  immortality,  prepares  the  way  to  heaven, 
destroys  enemies,  &c  The  Sdmaveda  distinguishes  two  kinds  of 
Soma,  the  green  and  the  yellow ;  but  it  is  the  golden  colour  which  is 
for  the  most  part  celebrated."  (Muir, '  Orig.  Sansk.  Texts,*  ia  p.  471.) 


And  these  exhilarating  and  inebriating  properties  of  tlie  plant, 
divested  from  their  poetical  association  with  the  gods,  8affioL<eDt}j 
explain  the  reJigious  awe  in  which  they  were  held  by  a  people  mriucfa 
learnt  to  experience  their  influence,  and  ascribed  thezn  to  sofoie 
mysterious  cause. 

Having  expkuned  before  that  the  S&maveda  verses  are  entlrdy  taken 
from  the  R'igveda-Sanhit&,  we  may  now  show  the  artificial  joapner 
in  which  these  extracts  were  brought  together  for  the  purpose  desc^bed, 
and  how  little  value  they  possess   as  a  poetical  anUiologj.       The 
SanhitA  of  the  SAmaveda  consists  of  two  separate  portions.     The  fir-^t. 
called  Arehika,  or  Chhandogr<nUha,  is  composed  of  five  hundred  and 
eighty-five  verses;   the  second,   called  Staubhika,  or   Uttar&gnLntAa^ 
contains  twelve  hundred  and  twenty-five  verses.    The  veraes  of  tfa« 
first  are  arranged  into  fifty-nine  IkufaU^  or  decades,  subdivided  a^^ain 
into  PrapSUfhakat,  or  chapters,  with  another  subdivision  into  AndAa- 
prapdt'hakat,  or  half-chapters.    The  second  portion  is  also  divided 
into  Prapdl'kakoM  with  ArdhaprapdthakM  ;  these  however  are  for  the 
most  part  arranged  accorcyng  to  triplets  of  verses,  the  first  of  whicb  is 
already  contained  in  the  Araiika  portion,  and  thus  appears  twice  zn 
the  S^Unaveda-SanhitA.    This  first  verse  is  called  the  Yoni-Yene,  or  tb» 
womb-verse,  that  in  which  the  two  others— the  UtUarSa — are  geoimted, 
because  all  the  modifications  which  take  place  during  the  intonation  of 
the  former  ~ the  modulations,  disruptions  of  letters,  stoppages,  Ac — 
must  be  likewioe  observed  at   the  chanting  of  tiie  latter.     These 
modifications  are  taught  in  the  Gftnas,  or  song-books,  the  Veyagama 
and  ^rcmfyagdnaf  which  contain  the  composition  of  the  Arehika,  and 
the  Uhagdna  and  Vhyaffdna,  which  comprise  that  of  the  Staubhika.    In 
the  Arehika  portion,  the  veisea  of  the  B'igveda  are  nearly  alwayv 
disjoined  from  the  connection  in  which  they  originally  stood,  idule  a 
somewhat  greater  continuity  of  extracts  is  observed  in  the  StanhhiVa 
In  a  very  viUuable  synopsis  given  by  Professor  Whitn^  (in  the  aecond 
volume  of  Professor  Weber's  '  Induche  Studien ')» it  is  shown  in  what 
proportion  these  extracts  were  made  from  the  R'igveda ;  it  enables  the 
student  moreover,  by  comparing  both  collections,  to  ascertain  that 
the  compilers  of  the  S&maveda  completely  lost  sight  of  the  origioal 
nature  of  the  B'igveda  hymns,  and  of  their  poettod  worth ;  that  no 
respect  was  paid  to  the  integrity  of  the  poets*  thoughts,  or  to  the 
motives  which  called  forth  taeir  lays.     Still,  however  inferior  the 
collection  of  the  Sdniaveda  is  to  that  of  the  B'igveda,  so  powerful  is 
the  poetical  greatness  of  the  principal  Veda,  that  it  oould  not  be 
entii^y  destroyed,  even  in  the  garbled  assemblage  of  its  verses  in  the 
S&maveda. 

But  even  this  mite  of  sssthetical  praise  can  scarcely  be  bestowed  oo 
the  Yajarvedti'Sankitd,  Like  the  Sdmaveda,  it  also  is  a  lituigic  book : 
it  also  has  largely  drawn  on  the  B'igveda  hymns.  But  the  first  diffe- 
rence we  observe  is  that  its  contents  are  not  entirely  taken  from  Uie 
principal  Veda,  and  the  second  is  marked  by  the  circumstance  that  it 
often  combines  with  verses  passages  in  prose,  which  are  called  ya;«t 
(lit.  ''that  by  which  the  sacrifice  is  effected  "),  and  have  given  to  the 
Yajurveda  its  name.  Besides,  the  ceremonial  for  which  tms  Veda  was 
made  up  is  much  more  diversified  and  elaborate  than  that  of  the 
S&maveda,  and  the  mystical  and  philosophical  allusions  which  now  and 
then  appear  in  the  B'igveda,  probably  in  its  latest  portions,  assume  a 
more  prominent  place  in  the  Yajurveda.  In  one  word,  it  la  the  sacri- 
ficial Veda,  as  its  name  indicates.  Henoe  we  understand  why  it  was 
looked  upon  in  that  period  of  Hindu  civilisation  which  was  engrossed 
by  superstitions  and  rites,  as  the  principal  Veda,  superior  in  fact  to  the 
B'igveda,  where  there  is  no  system  of  rites.  To  S4van'a,  for  instance,  the 
great  commentator  of  the  Vedas,  who  lived  only  four  centuries  ago, 
the  poetry  of  the  Bigveda,  and  even  the  collection  of  the  S&maveda, 
are  of  far  less  importance  than  tlie  Yajurveda.  **  The  B'igveda  and 
S&maveda,"  he  says,  in  his  introduction  to  the  Taittiriya-SanhitA, 
"  are  like  fresco-paintings,  whereas  the  Yajurveda  is  the  wau  on  which 
they  stand"  (MuUer,  'Anc.  Sansk.  Lit'  p.  175);  and  it  is  on  the 
ritual  works  coimected  with  the  oldest  recension  of  this  Veda  that  the 
speculations  of  the  Mtm&nsists,  who  refer  their  doctrine  to  the  Stitras 
of  Jaimini,  are  based.  (Gk)ldstUcker, '  P&n'ini,'  p.  9.) 

There  is  one  remarkable  fact  to  be  noticed  in  the  history  of  this 
Veda,  which  has  no  parallel  in  that  of  the  other  Vedas,  a  schism  to 
which  its  collection  gave  rise,  and  which  ended  in  the  putting  forth  of 
two  Yajurveda  texts,  the  one  assuming  the  name  of  the  Black,  the 
other  that  of  the  White  Yajurveda.  The  Vishn'u-Pur&n'a,  iiL  5.  2 
(and  nearly  in  the  same  manner  the  V&vu-Pur&n'a),  contain  the 
following  legend  concerning  the  origin  of  this  sdusm  :  "  YAjnavalkya, 
son  of  Brahmar&ti,  was  Vais'amp&yana's  disciple,  eminently  versed  in 
duty  and  obedient  to  his  teacher.  An  agreement  had  formerly  been 
made  by  the  Mums,  that  any  one  of  their  number  who  should  fail  to 
attend  at  an  assembly  on  Mount  Meru  on  a  certain  dav  should  incur 
the  guilt  of  Brahmanicide  within  a  period  of  seven  nights.  Vais'am- 
pAyana  was  the  only  person  who  infringed  this  agreement,  and  he  in 
consequence  occasioned  the  death  of  his  sister's  child,  by  touching  it 
with  his  foot.  He  then  desired  all  his  disciples  to  perform  in  his 
behalf  an  expiation  which  should  take  away  his  guilt,  and  forbade  any 
hesitation.  YAjnavatkya  then  said  to  him, "  Beverend  sir,  what  is  the 
necessity  for  these  faint  and  feeble  Brahmans  f  /  will  perform  the 
expiation."  The  wise  teacher,  incensed,  replied  to  Y&jnavalkya, 
"  Contemner  of  Brahmans,  give  up  all  that  thou  hast  learnt  from  me ; 
I  have  no  need  of  a  disobedient  disciple,  who,  like  thee,  stigmatises 


^■W  ^/Xm 


685 


VEDA. 


■  j.>-.»^  « 


VEDA. 


696 


tbeae  eminent  Brahraans as  feeble."  Yajnavalkya  rejoined,  ''It  was 
from  deyotion  (to  thee)  that  I  said  what  I  did ;  but  I,  too,  have  done 
with  thee;  here  is  all  that  I  have  learnt  from  thee."  Having  spoken,  he 
vomited  forth  Uie  identical  Yajus  texts  tainted  with  blood,  and  giving 
tihexn  to  his  master,  he  departed  at  his  will.  The  other  pupils  having 
tlien  become  transformed  into  partridges  {iiUiri)  picked  up  the  Yajus 
texts,  and  were  thence  called  Taittiriyas.  And  those  who  had  by  their 
teacher's  command  performed  the  expiation,  were  from  this  perform- 
ance (ekaran^a)  called  CharakAdhwaryus.  YAjnavalkya  then,  who  was 
habituated  to  the  exerdse  of  suppressing  his  breath,  devoutly  hymned 
the  sun,  desiring  to  obtain  Yajus  texts.    [The  hymn  follows.] 

Thus  celebrated  with  these  and  other  praises,  the  sun  assumed  the 
form  of  a  horse,  and  said,  ''Ask  whatever  boon  thou  desirest." 
Ydjnavalkya  then,  prostrating  himself  before  the  lord  of  the  day, 
replied,  **  Qive  me  such  Yajus  texts  as  my  teacher  does  not  possess." 
Thus  supplicated,  the  sun  gave  him  the  Yajus  texts  called  Aydtaydma, 
which  were  not  known  to  his  master.  Those  by  whom  these  texts 
-were  studied  were  called  VAjins,  because  the  sun  (when  he  gave  them) 
aaaumed  the  shape  of  a  horse  (vftjin)."  (Muir,  'Orig.  Sansk.  Texts/  iii 
pp.  32,  38.) 

However  absurd  this  legend  may  be  conceived  to  be,  the  two  recen- 
sions of  the  Yajurveda  which  are  preserved,  plainly  bear  out  the  fact, 
that  the  "  White  "  Yajurveda  is  more  recent  than  the  **  Black,"  and 
that  the  former  is  evidently  intended  as  an  improvement  of  the  latter 
— whence  it  is  but  reasonable  to  infer  that  such  an  infringement  on  an 
existing  text  cannot  have  taken  place  without  some,  and  probably  a 
^cat,  conflict  between  the  ioUowers  of  the  one  and  the  originators  of 
the  other.  To  understand,  however,  the  nature  of  this  improvement, 
we  must  advert  to  the  character  of  the  older  text. 

It  has  been  stated  before,  that  each  Veda  consists  of  a  collection  of 
hymns— the  SanhiUl  portion — and  of  a  Br&hmau'a  portion,  which  is 
e8x>ecially  intended  for  the  explanation  of  the  rites  at  the  performance 
of  which  the  hymns  were  employed.  This  division  is  maintained  in 
ite  purity  so  far  as  the  R'ig-  and  Skma-veda  are  concerned.  It  is  greatly 
obscured,  however,  in  the  Taittirlya-SanhitA,  or  that  of  the  **  Black 
Yajur-veda.  There,  verses  and  description  of  ritual  occur  promis- 
cuously ;  it  is  in  reality  a  text-book  for  the  guidance  of  the  Adhwaryu 
priest,  while  the  Hotrl  and  Udg&tri  had  to  study  their  special  ritual 
books,  in  order  to  know  when  any  particular  verse  of  their  Sanhitds  ought 
to  come  in  at  a  certain  rite.  This  motley  character  of  the  Taittirlya- 
Sanhitd  is  probablv  indicated  by  the  epithet "  Black,"  or  "  Dark,"  which 
is  given  to  the  oldest  recension  of  the  Yajurveda;  and  though  the 
Tittiris  mav  be  a  real  proper  name,  the  meaning  of  this  word  being 
"partridge,  it  is  not  impossible  that  this  coincidence  suggested 
the  etymological  legend  mentioned  above.  Now,  the  impurity  of  this 
text,  as  intimated  by  the  legend,  its  "  darkness,"  as  it  were,  is  removed 
in  the  "  White "  Yajurveda,  which  is  ascribed  to  the  R'ishi  Y&jna* 
valkya ;  for  in  the  latter  we  possess  a  *'  clear  "  Sanhit&  and  a  "  clear  " 
Br&hman'a. 

The  topics  treated  of  in  both  redactions  are  on  the  whole  the  same, 
but  they  are  differently  placed,  and  vary  sometimes  in  detail  The 
Atfwanidha  or  horse  sacrifice,  which  is  merely  alluded  to  in  a  few 
hymns  of  the  R'igveda-SanhitA,  is  dwelt  upon  in  the  Yajurveda  with 
considerable  detau.  The  fact  of  six  hun<hed  and  nine  animals  of 
various  descriptions,  domestic  and  wild,  including  birds  and  reptiles, 
being  tied  to  twenty-one  posts,  and  the  intervals  between  them,  at  the 
performance  of  this  sacrifice,  may  convey  an  idea  of  the  complicated 
ritual  which  existed  at  the  time  when  this  Veda  was  composed.  Of 
ceremonies,  unknown  to  the  other  Vedas,  we  may  mention  also,  the 
Pvrmha-nyedka  or  man-sacrifice — an  emblematic  ceremony,  in  which  a 
hundred  and  eighty-five  men  of  various  specified  tribes,  characters, 
and  professions,  are  bound  to  eleven  posts,  and  consecrated  to  various 
deities — ^the  Sorwi-medJui  or  all-sacrifice,  and  the  Pitri-medha  or  sacrifice 
to  the  manes.  It  is  worthy  of  notice,  too,  not  only  that  all  the  four 
castes,  the  institution  of  which  cannot  with  certainty  be  traced  to  the 
period  of  the  R'igveda-Sanhit&,  make  t^eir  distinct  appearance  in 
the  Yajiurveda,  but  also  that  it  contains  many  words  which  in  the 
mythology  of  the  epic  poems  and  the  Pur&n'as  are  names  of  Siva,  the 
third  god  of  the  later  Hindu  triad. 

The  Taittirlya-Sanhitft  of  the  Black  Yajurveda  is  arranged  in  seven 
Kdnfdfa  or  books,  with  forty-four  Prapdtfhaka  or  chapters,  containing 
altogether  six  hundred  and  fifty-one  Anuvdka  or  sections,  divided  into 
two  thousand  one  hundred  and  ninety-eight  Kanfd'ikd  or  portions. 
The  Vdjataneyi'Sanhitd  of  the  White  Yajurveda,  in  the  MAdhyandina 
recension,  is  divided  into  forty  Adkyaya  or  lectures,  with  three 
hundred  and  three  Anuvdka  or  sections,  comprising  one  thousand  nine 
hundred  and  seventy-five  Kan'd'iki  or  portions.  Other  schools  con- 
nected with  either  form  of  this  Veda  adopted  other  dirisions,  which, 
however,  need  not  be  adverted  to  here. 

That  the  Sankiid  of  the  Atharvaveda  is  not  a  sacrificial  collection 
in  the  sense  of  that  of  the  Sam&-  and  Yajur-veda  we  have  explained 
akeady.  It  is  divided  into  twenty  Kdnfcta  or  books,  the  first  eighteen 
of  which  contain  thirty-four  Prapdlfhdka  or  chapters,  which  comprise 
nmety-four  Anuvdka  or  sections  :  the  seventeenth  ELAn'd'a  consisting  of 
one  Prap&tliaka  only,  which  has  no  further  subdivision ;  the  nineteenth 
Kdn'd'a  is  not  divided  into  Prap&t  hakas,  but  simply  into  seven  Anu- 
Tftkas  ;  and  the  twentieth  contains  nine  Anuvdkas,  the  third  of  which 
has  three  Parydyag,     The  Anuvdkas  in  their  turn  consist  of  about 


six  thousand  verses.  "  Its  first  eighteen  books,"  of  which  alone  it  was 
originally  composed,  Professor  Whitney,  the  learned  editor  of  tbe 
'  AtharvasanhitA,'  observe.*!  ('  Journal  of  the  American  Oriental  Society,* 
vol.  iv.  p.  251),  "are  arranged  upon  a  like  system  throughout :  tlie 
length  of  tbe  hymns,  and  not  either  their  subject  or  their  alleged 
authorship,  being  the  guiding  principle;  those  of  about  the  same 
number  of  verses  are  combined  together  into  books,  and  the  books 
made  up  of  the  shorter  hymns  stand  first  in  order.  A  sixth  of  the 
mass,  however,  is  not  metrical,  but  consists  of  longer  or  shorter  prose 
pieces,  nearly  akin  in  point  of  language  and  style  to  passages  of  the 
Brahman'as.  Of  the  remainder,  or  metrical  portion,  about  one-sixth 
is  also  found  amongst  the  hymns  of  the  R'ik,  and  mostly  in  the  tenth 
book  of  the  latter ;  the  rest  is  peculiar  to  thfl  Atharva.  Respecting 
their  authorship  the  tradition  has  no  information  of  value  to  give; 
they  are  with  few  exceptions  attributed  to  mythical  personages. 

"  As  to  the  internal  character  of  the  Atharva  hymns,  it  may  be  said 
of  them,  as  of  the  tenth  book  of  the  R'ik,  that  they  are  the  pro- 
ductions  of  another  and  a  later  period,  and  the  expressions  of  a  different 
spirit,  from  that  of  the  earlier  hvmns  in  the  other  Veda.  In  the 
latter,  the  gods  are  approached  with  reverentitd  awe,  indeed,  but  with 
love  and  confidence  also;  a  worship  is  paid  them  that  exalts  the 
offerer  of  it ;  the  demons,  embraced  under  the  general  name  Eakshas, 
are  objects  of  horror,  whom  the  gods  ward  off  and  destroy;  Uie 
divinities  of  the  Athaxra  are  regarded  rather  with  a  kind  of  cringing 
fear,  as  powers  whose  wrath  is  to  be  deprecated  and  whose  favour 
curried  for ;  it  knows  a  whole  host  of  imps  and  hobgoblins,  in  ranks 
and  classes,  and  addresses  itself  to  them  dii^tly,  offering  them  homage 
to  induce  them  to  abstain  from  doing  harm.  The  mantra,  prayer, 
which  in  the  older  Veda  is  the  instrument  of  devotion,  is  here  rather 
the  tool  of  superstition;  it  wrings  from  the  unwilling  hands  of  the 
gods  the  favours  which  of  old  their  good-will  to  men  induced  them  to 
grant,  or  by  simple  magical  power  obtains  the  fulfilment  of  the 
utterer's  wishes.  The  most  prominent  characteristic  feature  of  the 
Atharva  is  the  multitude  of  incantations  which  it  contains ;  these  are 
pronounced  either  by  the  person  who  is  himself  to  be  benefited,  or, 
more  often,  by  the  sorcerer  for  him,  and  are  directed  to  the  procuring 
of  the  greatest,  variety  of  desirable  ends ;  most  frequently,  perhaps, 
long  life,  or  recovery  from  grievous  sickness,  is  the  object  sought; 
then  a  talisman,  such  as  a  necklace,  is  sometimes  given,  or  in  very 
numerous  cases  some  plant  endowed  witli  marvellous  virtues  is  to  be 
the  immediate  external  means  of  the  cure ;  farther,  the  attainment  of 
wealth  or  power  is  aimed  at,  the  downfall  of  enemies,  success  in  love 
or  in  play,  the  removal  of  petty  pests,  and  so  on,  even  down  to  the 
growtn  of  hair  on  a  bald  pate.  There  are  hymns,  too,  in  which  a 
single  rite  or  ceremony  is  taken  up  and  exalted,  somewhat  in  the  same 
strain  as  the  Soma  in  the  PAvam&nya  hymns  of  the  R'ik.  Others  of  a 
speculative  mystical  character  are  not  wanting;  yet  their  number  is 
not  so  great  as  might  naturally  be  expected,  considering  the  develop- 
ment which  the  Hindu  religion  received  in  the  periods  following  after 
that  of  the  primitive  Veda.  It  seems  in  the  main  that  the  Atharva 
is  of  popular  rather  than  of  priestly  origin ;  that  in  mAlring  the  transi- 
tion from  the  Vedic  to  modem  times,  it  forms  an  intermediate  step, 
rather  to  the  gross  idolatries  and  superstitions  of  the  ignorant  mass, 
than  to  the  sublimated  pantheism  of  the  Brahmans."  (lb.  voL  iii. 
p.  807.) 

The  general  character  of  the  Brdhman'a^  or  dogmatic,  portion  of  the 
Vedas  having  been  explained  before,  a  short  notice  of  the  principal 
works  of  that  class,  and  a  few  extracts  from  them,  will  Ulustrate  the 
position  they  hold  between  the  collection  of  hymns  and  the  remainder 
of  the  Vaidik  literature. 

The  Brfthman'a  of  the  Bahvr'ichas,  or  the  priests  of  the  R'igveda,  is 
still  preserved  in  two  editions.  The  former — ^the  A itareya-Brdhman'a — 
consists  of  eight  Panchikd  or  pentades  of  Adkydyas,  thus  comprising 
forty  AdhyAyas  or  lectures,  which  again  are  subdivided  into  two 
hundred  and  eighty-five  Khan'd^a  or  portions.  The  latter,  the  S  da- 
khdyana-Brdfiman'a,  which  bears  also  the  name  of  the  KawkUaki- 
Brdhman'a,  consists  of  thirty  'AdhyAyas,  likewise  subdivided  into  a 
number  of  Khan'd'as.  Both  Brdhmau'as  contain  on  the  whole  the  same 
matter ;  but  the  difference  of  the  manner  in  which  their  subjects  are 
arranged  and  treated  leads  to  the  supposition  that  the  first  thirty 
lectures  of  the  Aitareya'Brfthman'a  are  older  than  those  of  the 
S'&nkhAyana,  whereas  the  last  ten  lectures  of  the  former  contain  rites 
not  explained  in  the  latter,  and  are  probably  therefore  more  recent 
than  the  S'&nkh&yana.  These  Br&hman'as  do  not  follow  the  order  of 
the  hymns  of  the  R'igveda-Sanhit&,  but  quote  them  as  they  would  be 
required  by  the  Hotr'i  priest*  for  the  perfonuance  of  the  rites  described. 
In  order  to  give  an  idea  of  the  elaborate  ceremonial  which  called  these 
Brfthman'a  into  life,  and  of  the  mysticism  which  connects  them  with  a 
subsequent  class  of  works,  we  will  first  give  an  abstract  of  an  import- 
ant ceremony,  treated  of  with  great  detail  in  the  last  books  of  the 
Aitareya-Brfthman'a,  and  several  times  alluded  to  in  the  epic  poetry 
of  the  MahAbh&rata  and  R&m&yan'a, — the  AbhUkeka  or  inauguration  of 
a  king. 

This  ceremony  is  either  part  of  a  RAjasftya,  and  performed  by  a 
king  at  the  end  of  this  sacrifice,  or  it  is  not  part  of  a  sacrifice,  and  theu 
occurs  at  a  king's  accession  tq  the  throne.  For  celebrating  the 
former  ceremony  there  must  have  been  prepared  a  throne-seat  of  the 
wood  of  the  udambara  {Fiau  ylunierata),  resting  on  four  legs  a  span 
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high,  with  boards  placed  on  them,  and  side-boards  of  the  dimensions 
o£  a  cubit  or  two  spans;  the  whole  well  fastened  together  with  a 
texture  made  of  cords  of  miinja  grass  {Saccharum  Munja)  j  a  tiger  akin, 
which  is  placed  on  the  seat  with  the  hair  upward  and  the  nock  to  the 
east,  a  large  four-cornered  ladle  of  udumbara  wood,  and  a  branch  of 
the  aame.    In  the  ladle  have  been  put  eight  things :   ciu-d,  hone^, 
slarified  butter,  water  proceeding  from  rain  during  sunshine,  before  it 
has  fallen  down,  blades  of  J^ydma  grass,  sprouts,  spirituous  liquor,  and 
Dub  grass  {Panicum  daetyhn).    To  prepare  a  site  for  the  throne  three 
lines  have  been  drawn  on  a  place  of  sacrifice ....  one  southwards, 
another  westwards,  and  a  third  northwards ;  the  one  to  the  south  is 
that  on  which  the  throne  is  to  be  placed,  with  its  front  towards  the 
east,  so  that  the  two  feet  to  the  north  come  to  stand  within  the  Vedi 
or  sacrificial  ground,  and  the  two  to  the  south  without;  this  latter 
spot  occupied  by  the  throne  seat,  is  called  Sri  (comni.,  as  a  type  of 
happiness  or  prosperity).    The  place  within  the  Vedi  being  small,  but 
that  without  being  illunited,  this  portion  of  the  throne  indicates  that 
the  sacrificer  may  obtain  definite  and  indefinite  wishes  within  and 
without  the  Yedu    The  tiger  skin  is  the  type  of  increase  of  military 
power,  for  the  tiger  is  the  hero  of  the  wild  beasts ;  the  udumborawood 
of  the  tiirone,  ladle  and  branch,  is  the  type  of  nourishing  juice  and  of 
food  (which  the  sacrificer  is  supposed  to  acquire  by  this  symbol) ; 
curd,  honey,  and  clarified  butter  typify  the  essence  of  water  and  plants 
(curd  and  butter,  as  the  commentator  observes,  because  they  originate 
in  grass  and  water,  which  are  the  food  of  cattle ;  honey,  because^  it 
originates  in  the  juice  of  plants  collected  by  bees) ;  water  proceeding 
from  rain  during  sunshine,  before  it  has  fallen  down,  typifies  lustre  (or 
energy);  and  rain  (being  the  consequence  of  oblations  to  the  gods) 
holiness;  grass    and    sprouts    typify   food,    hence    prosperity   and 
progeny;    spirituous   liquor   is   tiie  type   of   a   Eshatriya's  power 
(comm.,  on  account  of  its  fierceness  or  hotnees) ;  Du^b  grass  (being 
the  Kshatriya  of  the  plants,  and  firmly  established  in  the  soil  with 
its  many  roots)  is  the  type  of  military  power  and  of  a  firmly  established 
rule.    The  principal  features  of  the  ceremony  itself  are  the  following. 
The  king,  who  peHorms  the  sacrifice,  kneels  down  at  the  back  part  of 
the  throne-seat  with  his  fa<»  to  the  east,  and  his  right  knee  touching 
the  ground.    He  then  touches  with  his  hands  the  throne-seat,  and 
invites  the  gods  to  ascend  it  together  with  various  metres— J^i  with 
the  metre  Q&yatri,  Savitr^i  with  the  Ushnih,  Soma  with  the  Anusht'ubh, 
Br'ihiupati  with  tiie  Br'ihatt,  Uitra  and  Faritn'a  with  the  Pankti,  Indra 
with  the  Trishfubh,  the  Kif'tce  Devdt  with  the  Jagatt— for  the  pur- 
pose of  obtaining  "  kingly  power,  righteous  government,  increase  of 
enjoyment,  independent  rule,  attainment  of  more  diBtingiushed  quali- 
ties than  those  possessed  by  other  kings,  coming  (after  death)  into  the 
world  of  Brahman,  and  obtaining  were  dominion,  a  mighty  rule, 
mastership,  independence,  and  a  long  residence  there."    The  gods  have 
arrived,  and  the  king  now  ascends  himself  the  throne-seat,  first  with 
his  right  and  then  with  his  left  knee.    The  next  ceremony  is  the  pro- 
pitiation of  the  liquid  in  the  ladle,  which  is  performed  by  the  priest, 
who  will  pour  it  over  the  king  by  reciting  these  verses  (from  the 
Atharvaveda) :  "  Waters,  behold  me  with  a  favourable  eye ;  with  a 
favourable  lx)dy  touch  my  skin ;  all  fires,  for  they  reside  in  water,  I 
invoke  on  your  account ;  do  you  produce  in  me  beauty,  bodily  strength, 
and  energy ; "  and  by  the  lung  repeating  these  words  after  him.    If 
this  propitiation  did  not  take  place,  the  liquid  would  destroy  the  vigour 
of  the  lung.    After  this,  the  priest  covers  the  head  of  the  king  with  the 
udumbara  branch,  and  pours  the  liquid  over  him  while  reciting  the 
following  three  R'igveda  verses :  "  These  waters  are  most  propitious ; 
they  have  healing  power  to  free  from  all  disease ;  they  are  the  aug- 
menters  of  kin^y  power  and  its  supporters;  they  are  immortal" 
"  With  which  PrajApati  (the  lord  of  creatures)  sprinkled  Indra,  the 
king  Soma  and  Mauu,  with  these  I  sprinkle  thee,  that  thou  becomest 
king  of  kings  in  this  world**    "  The  queen,  thy  mother,  bore  thee  to 
be  great  amongst  the  great,  and  a  righteous  ruler  over  men ;  an  aus- 
picious mother  bore  thee."    And  this  Yajurveda  verse  :  "  The  divine 
K^avitr'i  has  given  his  consent,  therefore,  I  pour  (this  liquid)  over  thee 
with  the  arms  of  the  As'wins  (comm.,  not  with  my  own),  with  the 
Lands  of  Pfishan,  with  the  beauty  of  Agni,  with  the  radiance  of  S<irya, 
and  with  the  senses  of  Indra,  for  the  rake  of  strength,  prosperity, 
glory,  and  increase  of  food;'*    After  the  recital  of  other  verses,  by 
which  spirituous  liquor  and  Soma  are  intended  to  become  identified, 
the  king  drinks  the  liquor,  and  presents  the  rest  to  a  friend.    He  then 
places  the  udumbara  branch  on  the  ground,  and  prepares  himself  for 
descending  from  the  throne-seat ;  but  while  he  is  still  seated,  and  puts 
his  feet  on  the  ground,  he  says  :  "  I  firmly  stand  on  heaven  and  earth, 
I  firmly  stand  on  exhaled  and  inhaled  air,  I  firmly  stand  on  day  and 
night,  I  firmly  stand  on  food  and  drink ;  on  what  is  BhVhman'a,  on 
what  is  Kshatriyar— on  these  three  worlds  stand  I  firmly  !  **    He  then 
descends,  sits  down  on  the  ground  with  his  face  towards  the  east, 
utters  thrice  the  words,  "  adoration  to  what  is  Br&hman'a  I "  and  offers 
a  gift  (comm.,  a  cow)  to  a  Br&hman'a.    The  object  of  this  gift  is  the 
attainment  of  victory  in  every  quarter,  and  over  every  description  of 
enemies ;  and  his  threefold  expression  of  adoration  to  what  is  a  Brah- 
man'a,  implies  that  a  kingdom  prospers  and  has  valiant  men  when  it  is 
under  the  control  of  the  Brfihman'as,  and  that  a  valiant  son  will  be 
bom  to  him.    Then  the  king  rises,  puts  fuel  into  the  sacrificial  fire, 
and  takes  three  steps  to  the  east,  north,  and  to  the  north-east,  while 
reciting  several  verses  specified.     Upon  this  he  sits  down  by  the 


domestic  fire,  and  the  Adhwaryu  priest  makes  for  him,  out  of  *  gpble^ 
four  times  three  oblations,  with  clarified  butter,  to  Indra,  while  recitjxis 
other  R'igveda  verses.  "  A  king  for  whom  these  libations  are  made  to 
Indra  in  the  indicated  manner,  becomes  free  from  disease,  cannot  be 
injured  by  enemies,  is  exempt  from  poverty,  everywhere  i)rotected 
against  danger,  and  thus  becomes  victorious  in  all  the  quartars,  aod, 
after  death,  establi^ed  in  Indra*s  heaven." 

The  rites  of  the  Abhisheka  ceremony,  which  are  performed  at  » 
king's  accession  to  the  throne,  are  founded  on  the  prooeedingB  vrhicii 
are  described  as  having  taken  place  when  Indra  was  consecrated  by  tbe 
gods  as  their  supreme  ruler.    The  latter  are,  as  a  matter  of  oouxve,  of 
an  entirely  mystical  kind.    Thus,  the  eight  parts  of  his  throne-fleat  are 
said  to  have  consisted  of  S&maveda  verses ;  of  the  threads  of  the  tex- 
ture which  was  to  hold  this  structure  together,  those  that  went  leogthr 
wise  were  made  of  R'igveda- »  and   those  that  went  crossways  of 
S&maveda-,  the  intervals  being  Yajurveda- verses ;  the  oovering  of  lbs 
throne  was  the  goddess  of  Qlory,  the  pillow  the  goddess  of  Happiness  ; 
Saviti^i  and  Br'ihaspati  supported  the  fore-legs,  V&yu  and  FOsban  the 
hind-legs,  Mitra  and  Varun'a  the  two  top-boards,  and  the  two  As'wine 
the  two  side-boards,  of  the  throne-seat,  &gl    The  inauguration  of  the 
mortal  king  begins  with  the  priest  calling  upon  him  to  take  the  following 
oath :— "  If  I  (the  king)  do  ever  harm  to  thea,  thou  (the  priest)  mayat 
deprive  me  of  all  pious  acts  which  I  have  done  from  the  time  of  my 
birth  up  to  that  of  my  death,  of  heaven,  and  whatever  else  good  has 
been  aocompUshed  by  mo,  of  long  life  and  offspring.*'    He  then  orden 
his  attendants  to  bring  four  kinds  of  fruits:  the  fniit  of  the  NyagrtMa 
{FicutJndica),  of  the  Udumbara  {Ficus  fflomerata),  of  the  At'waiAa  (iicw 
relifjiiosa),  and  of  the  PlaksKa  {Ficus  infedoria) ;  besides,  four  kinds  of 
gnun :  rice  with  small  grain,  rioe  with  large  grain,  Priyanffu,  and 
barley.    Next  they  bring  at  his  command  a  throne-seat  of  udumbara- 
wood  (made  in  the  manner  as  described  before),  a  ladle  of  udumbara 
(or,  instead  of  the  latter,  a   vessel  of  udumbara),  and  an  udumbara 
branch.    Then  they  put  the  various  kinds  of  fruit  and  grain  in  the 
ladle  or  vessel,  and  pour  over  them  curds,  honey,  clarified  butter,  and 
water  proceeding  from  rain  during  sunshine,  before  it  has  fallen  down ; 
afterwards,  having  placed  the  ladle  or  vessel  on  the  ground,  they 
address  the  throne-seat  with  a  Mantra,  which  recalls  the  component 
parts  of  Indra's  throne,  and  thus  tends  to  identify  both.    Then  the 
priest  asks  the  king  to  ascend  the  throne-seat,  inviting  the  Vasua^ 
Rudras,  Adityas,  and  the  other  divinities  which  were  invited  by  Indra 
at  his  inauguration  to  ascend  his  throne,  with  the  same  metres  and 
songs,  and  for  the  same  purposes.    Upon  this  the  relatives  of  the  king 
proclaim  his  high  qualities  in  the  same  words  as  the  gods  proclaimed 
the  greatness  of  Indra ;  the  priest  recites  a  certain  R'igveda  vene,  and, 
placing  himself  before  the  throne  with  his  face  towards  the  we8t,ooven 
the  head  of  the  king  with  the  udumbara  branch,  the  leaves  of  whidi 
have  been  wetted,  and  with  a  gold  Pavitra,  and  sprinkles  him  with 
the  liquid  (in  the  ladle  or  vessel)  while  reciting  the  three  R'igveda 
verses,  and  the  Yajurveda  verse  quoted  above,  and  uttering  the  three 
sacred  words  BhUr,  jBhuvar,  Swar.    Lastiy,  he  addresses  the  king 
with  the  prayer  that  the  Vasus,  the  Rudras,  and  the  other  divinities 
who  performed  this  ceremony  for  Indra  in  the  easty  south,  Ac.,  may 
severally  do  the  same  for  him  in  thirty-one  successive  days,  and  to 
the  same  efiect  as  they  did  it  for  him.    Of  the  ingredients  of  the 
sacred  liquid,  the  Nyagrodha,  being,  on  account  of  its  wide  spread, 
the  king  of  the  trees,  and  rice  with  small  grains,  being  among  plants 
principally  productive  of  strength,  the  fruit  of  the  former  and  the 
grain  of  the  latter  are  the  type  of  the  qualities  of  a  Kahatra ;  the  fruit 
of  the  udumbara  and  Uie  grains  of  the  Priyangu  are  the  type  of 
increase  of  enjoyment ;  the  fruit  of  the  A^wattha  and  rice  with  laige 
grains,  the  type  of  righteous  government;  the  fruit  of  the  Plaksba, 
the  type  of  independent  rule  and  attainment  of  more  distinguished 
qualities  than  those  possessed  by  other  kings ;  barley  is  the  type  of 
military  oommanderahip ;  curds,  that  of  sharpness  of  the  senses ; 
honey,  that  of  the  essence  of  plants  and  trees ;  and  water  is  the  type  of 
freedom  from  death,  or  that  of  long  life  (because  it  nourishes).    The 
ceremony  having  been  comj^eted,  the  king  has  to  make  a  present  to 
the  inaugurating  priest,  namely,  a  thousand  nishkas  of  gold,  a  field,  and 
cattie ;   but  tlus  amount  seems  merely  to  constitute  a  minimum 
acknowledgement  of  the  exertions  of  the  priest,  for  the  text  of  the 
Aitareya-Br&hman'a  adds  that  "  they  say,  a  king  should  give  innume- 
rable, illimited  presents,  since  a  king  is  illimited  (in  wealth),  and  thus 
will  obtain  illimited  benefit  to  himsdif ;"  and  it  adds,  too,  several 
instances  in  which  kings  bestowed  unbounded  wealth  on  the  officiating 
priests.    After  the  priest  has  received  the  gift,  he  hands  to  the  king  a 
goblet  of  spirituous  liquor  in  reciting  an  appropriate  R'igveda  hymn, 
which  has  the  power  of  transforming  the  quidities  of  the  liquor  drunk 
by  the  king  into  those  of  the  juice  of  tiie  Soma-plant.    Lastly,  the 
king  recites  some  other  verses  specified.     (For  a  fuller  account  of 
this   ceremony,  compare   Qoldstilcker's  *  Sanskrit  Dictionaiy,'  SiT. 
'Abhisheka.*) 

As  an  illustration  of  those  passages  of  the  Aitareya-Br&hman'a,  which 
partake  more  of  an  incantatory  nature,  we  may  quote  the  description 
of  a  rite  which  occura  in  its  last  chapt^,  and  relates  to  rites  to  be  per- 
formed, under  the  direction  of  a  proper  Purohita  or  chaplain,  for  the 
destruction  of  the  king's  enemies.  "  Foes,  enemies,  and  rivals,'*  we 
read  there, "  perish  around  him  who  is  conversant  with  these  rites. 
That  which  (moves)  in  the  atmosphere  is  air  (Brahman),  around  which 
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Eirish  five  deities— ligblning,  nun,  the  moon,  the  min,  and  fire, 
ightning  having  flashed,  diaappeanB  behind  rain :  it  vanishes,  and  none 
knows  (whither  it  is  gone).  When  a  man  dies,  ho  vanishes ;  and  none 
knows  (whither  his  son!  is  gone).  Therefore,  whenever  lightning 
flashes,  prononnee  this  prayer :  '  May  my  enemy  perish :  may  he 
disappear,  and  none  know  (where  he  is).'  Soon,  indeed,  none  will 
know  (whither  he  is  gone).  Rain  having  fallen  (evaporates  and),  dis- 
appears within  the  moon,  &o.  When  rain  ceases,  pronounce  this  (prayer), 
&c.  The  moon  at  the  conjunction,  disappeara  within  the  sun,  &o. 
When  the  moon  is  dark,  pronounce,  &c.  The  sun  when  setting,  dis- 
appeeus  in  fire,  fto.  When  the  sun  sets,  pronounce,  &c.  Fire,  ascend- 
ing, (disappears  in  air,  &c  When  fire  is  extinguished,  pronounce,  &c. 
These  same  deities  are  again  produced  from  this  very  origin.  Fire  is 
bom  of  air;  for,  urged  with  force  by  the  breath,  it  increases.  Viewing 
it,  pronounce  (this  prayer),  '  May  fire  be  revived :  but  not  my  foe  he 
reproduced ;  may  he  depart  averted.*  Therefore,  does  the  enemy  go 
far  away.    The  sun  is  bom  of  fire.    Viewing  It,  say, '  May  the  sun  rise, 

but  not  my  foe  be  reproduced,'  &c The  observance  (enjoined) 

to  him  (who  undertakes  these  rites,  is  as  follows^ :  let  him  not  sit  down 
earlier  than  the  foe ;  but  stand  while  he  thinks  him  standing.  Let 
him  not  lie  down  earlier  than  the  foe;  but  sit  while  he  thinks  him 
sitting.  Let  him  not  sleep  earUer  than  the  foe,  but  wake  while  he 
thinks  him  waking.  Though  his  enemy  had  a  head  of  stone,  soon  does 
he  slay  him :  he  does  slay  him."  (Colebrooke, '  Misc.  Ess.,'  i.  p.  45.) 

l^e  legends  narrated  in  this,  as  well  as  in  other  Br&hman^,  hitend 
always,  as  indicated  before,  to  explain  the  origin  of  a  rite,  or  to  illus- 
trate its  efficacy.  Among  those  met  with  in  the  Aitareya-Brilhman'a, 
we  may  point  particularly  to  one,  as  it  is  remarkable  in  several  respects. 
It  hod  to  be  recited  by  the  Hoti'i,  sitting  on  a  gold-embroidered  carpet, 
to  a  king  whose  inauguration  had  been  completed ;  and  another  priest, 
sitting  on  a  similar  carpet,  had  to  repeat  the  words  of  the  Hotr'i 
But  a  victorious  king  is  likewise  recommended  to  have  this  l^end 
recited  to  Mm,  though  he  may  not  have  performed  the  sacrifice ;  and 
a  man  desirous  of  progeny  is  promised  the  birth  of  a  son  if  it  is  pro- 
perly read  to  him.  We  mean  the  legend  of  S'unahfa'epa,  Its  substance 
IS  as  follows  :— 

Once  upon  a  time  there  lived  Haris'chandra,  a  son  of  Vedhas,  and 
a  descendant  of  Ikshw&ku.  Though  he  had  a  hundred  wives,  he  did 
not  obtain  a  son  from  them.  His  desire,  however,  of  having  one  became 
still  stronger  than  it  was,  when  Parvata  and  N&rada  visited  him,  and 
when  Nftrada  explained  to  him  the  boons  a  man  derives  from  being 
blessed  with  the  birth  of  a  son.  Following  the  advice  of  N&rada, 
Haris'chandra  addressed  himself,  therefore,  to  Varun'a,  and  promised 
the  god  to  'tocrifice  him  his  son,  if  he  granted  him  one.  Varun^a 
assented  to  the  offer.  Now  a  son,  who  received  the  name  of  Rohita, 
being  bom  to  Harifll'chandra,  Varun'a  presented  himself,  and  claimed 
the  fulfilment  of  the  compact  But  Haris'chandra  said :  **  Cattie  is 
fit  for  a  sacrifice  when  it  is  ten  days  old ;  let  him  then  become  ten  days 
old  and  I  shall  sacrifice  him  to  thee."  Vamn'a  assented ;  but  the  ten 
days  having  passed  away,  Haris'chandra  again  said :  "Cattie  is  fit  for  a 
sacrifice  when  it  has  got  teeth ;  let  him  then  get  teeth,  and  I  shall 
sacrifice  him  to  thee."  Once  more  Varun'a  assented ;  but  when  Rohita 
had  got  his  teeth,  his  father  ^d  to  Varun'a :  "  Cattle  is  fit  for  a  sacri- 
fice when  it  loses  again  his  teeth ;  let  him  then  lose  his  teeth,  and  I 
shall  sacrifice  him  to  thee."  Again  VaTun'a  assented;  but  Rohita 
having  lost  his  teeth,  his  fother  said  to  Varun'a :  "  Cattle  is  fit  for  a 
sacrifice  when  it  recovers  its  teeth;  let  him  tiien  recover  his  teeth, 
and  I  shall  sacrifice  him  to  thee."  Varun'a  assented;  but  Rohita 
having  recovered  his  teeth,  Ms  father  said  to  Varun'a :  "  A  warrior  is 
fit  for  a  sacrifice  when  he  is  able  to  use  his  weapon  ;  let  him  then  learn 
to  use  his  weapon,  and  I  shall  sacrifice  him  to  thee."  Again  Varun'a 
assented ;  and  when  Rohita  knew  how  to  use  his  weapon,  his  father  said 
to  him :  "  Varun'a,  my  son,  has  given  thee  to  me,  and  I  shall  sacrifice 
thee  to  him."  But  Rohita  refused,  took  his  bow  and  went  to  the  forest, 
where  he  wandered  about  during  a  whole  year.  Varun'a,  however,  now 
seized  Hariia^cfaandra,  and  made  him  swell.  On  hearing  this,  Rohita 
went  about  and  met  Indra,  who  encourafied  him  to  wander  first  for 
another,  then  a  third,  a  fourth,  a  fifth,  and  a  sixth  year. 

At  the  end  of  this  period  he  saw  in  the  forest  a  R'ishi  of  the  name 
of  Ajfgarta,  the  son  of  Suyavasa,  who  lived  there  in  great  poverty  with 
his  three  sons,  ffuncupuehekkaf  ^unah'^t^M,  and  S^wioidnffula,  Rohita 
offered  him  a  hundred  cows  if  he  gave  up  one  of  his  sons  to  be 
sacrificed  instead  of  him  to  Varun'a.  Ajtgarta  accepted  the  offer, 
but  retained  his  oldest  son ;  and  his  wife  dahning  the  youngest,  both 
agreed  to  give  up  S'unahVepa.  Rohita  then  took  him  to  his  father, 
Haris'chandra,  and  Varun'a  also  having  confirmed  the  barter,  since,  he 
thought,  a  Brfthman'a  is  of  greater  value  than  a  Kshatriya,  Haris'- 
chandra in  celebrating  the  rite  of  the  R&jasiiya  substituted  S'unah's'epa 
for  the  victim  to  be  immolated  at  this  sacrifice.  The  Hottl  priest  who 
officiated  at  it  was  Vis'w&mitra,  Jamadagni  fulfilled  the  functions  of 
the  Adhwaiyu,  Vasishtlia  those  of  the  Brahman,  and  Ayftm  those  of 
the  Udgati^L  Tet  the  preliminary  rites  having  being  fulfilled,  no  one 
could  be  found  who  would  tie  S'unah's'epa  to  the  sacrificial  post.  Upon 
which  Ajtgarta  offered  to  do  this  if  they  gave  him  another  hunched 
of  cows.  They  did  so ;  but  though  S'unah's'epa  now  was  tied  to  the 
post,  no  one  would  immolate  him.  Again  Ajigarta  came  forwaixi  and 
promised  to  unmolate  his  son  if  they  would  give  him  a  third  hundred 
of  cows.  They  did  so^  and  Ajigarta  sharpened  his  knife  and  approached 


his  son.  Now  S'unah's'epa  resolved  to  implore  the  gods  to  release 
him.  Ho  addresed  himself  first  to  Frajdpati  with  an  appropriate 
R'igveda  hymn,  but  the  god  told  him  to  pray  to  Agni.  Agni,  invoked 
with  another  hymn,  told  him  to  pray  to  Savitr'i ;  and  Savitr'i  told 
him  to  address  Varun'a;  but  Varun'a  sent  him  once  more  to  Agni,  who 
now  recommended  him  to  praise  all  the  gods  with  an  appropriate 
hymn.  S'unah's'epa  obeyed ;  his  ties  were  released,  and  Haris'chandni 
was  restored  to  h^th.  S'unah's'epa,  on  his  part,  now  instituted  a  new 
sacrifice.  But  when  he  placed  himself  at  the  side  of  Vis'w&mitra,  and 
Ajtgarta  claimed  him  back,  Vis'w&mitra  replied :  **  No,  tiie  gods 
{aevd$)  have  given  him  {aratata)  to  me ;"  and  from  that  time  (he  was 
no  longer  S'unah's'epa,  that  is,  DogstaU),  but  Devarftta  (8co3oto(), 
the  son  of  Vis'w&mitra.  (For  a  literal  and  excellent  translation  of 
this  legend  by  Professor  Roth,  see  Weber's  *  Indische  Studien/  L  p. 
458,  ff. ;  and  for  some  additional  remarks,  ibid.,  ii  p.  n2,  ft) 

After  these  instances,  which  will  convey  an  idea  of  the  contents  of 
th0*Brfthman'ain  general,  we  must  content  ourselves  with  giving  the 
names  of  the  other  principai  works  t>f  tins  category.  For,  the  differ- 
ence which  exists  between  them,  however  great,  would  be  intelligible 
only  if  we  could  enter  into  the  detail  of  the  Vaidik  rites,  and  into  the 
growth  of  the  legendary  life  which  pervades  this  portion  of  the  ancient 
literature  of  India. 

Suffice  it  therefore  to  state  that  the  BrAhman'a  literature  has  found 
its  greatest  development  in  the  train  of  that  Veda  which,  as  we  might 
expect,  would  require  more  than  any  other  Veda  an  explanation  of  the 
purposes  for  whidh  it  was  formed — ^the  Yajurveda.  On  the  other  hand, 
since  the  Sanhit&  of  the  Black  Yajurveda  is  already  a  combination,  as 
we  have  seen,  of  hymns  and  Br&hman'a,it  is  intelligible  that  we  find  in 
connection  with  the  White  Yajurveda  that  Br&hman'a  which,  though 
probably  the  most  recent,  still  is  the  most  systematic  and  the  most 
complete  of  all  the  Br&hman'a.  It  is  called  the  l^atap€ttiia-Brdhman'a, 
and  IS  ascribed,  like  the  SanhitA  of  the  White  Yajurveda,  to  Y&jnaval- 
kya.  It  is,  like  the  Sanhit&,  preserved  in  the  edition  of  the 
MddhyandiiML  and  in  that  of  the  Kdnwa  sohooL  The  former  is  divided 
into  fourteen  Kdn'd!a  or  books,  which  contain  one  hundx«d  Adhydya 
or  lectures;  or  into  sixty-eight  Prapdihakd  (sections)  with  four 
hundred  and  thirty-eight  Brdhman'a,  and  seven  thousand  six  hundred 
and  twenty-four  Kawd*ikd  (portions).  In  the  Kdnwa  edition  it  com- 
prises seventeen  Kdn'd'a,  with  a  hundred  and  four  AdhySya,  four 
hundred  aud  forty-six  BrdhMm'a,  and  five  thousand  eight  hundreid  and 
sixty-six  KanfcPikd,  The  first  nine  Kftu'd'a  of  this  Br&hman'a  follow  the 
first  eighteen  books  of  the  Sanhitft  almost  step  for  step,  in  quoting 
their  verses  and  explaining  their  application  at  the  sacrifices.  The 
last  five  K&n'd'as,  however,  refer  only  partially — some  even  not  at  all 
— ^to  the  contents  of  the  Sanhltd,  and  may  therefore  be  a  later  increase 
of  this  extensive  Bilhman'a,  which  is  extremely  rich  in  antiquarian 
and  mythological  contents;  but,  on  account  of  its  purely  ritual 
character,  cannot  be  understood  without  the  complete  and  excellent 
oommentaiT  of  SAyan'a. 

The  Br&hman'a  of  the  Black  Yajurveda  is  preserved  in  the  school 
of  the  Taittirtyas,  and  bears  the  name  of  the  Taittirlya-Br&hman'a, 
differing  but  littie  in  character  from  its  Sanhitft. 

As  regards  the  S&maveda,  S&yan'a  enumerates  eight  Br&hman'as  con- 
nected with  it,  namely,  the  Praudfka  (also  called  TAufd'yd-  or  Paneha- 
tr in/a),  the  Slmdvimfa,  the  Sdmowidhi,  Jrtkeya'Brdhmofifa,  the  Deva' 
tAdhydya-Brdhman'a,  and  the  Upanishad,  whieh,  according  to  Professor 
Miiller  ('Anc.  Sansk.  Lit'  p.  849)  is  probably  the  Ohhdndogya* 
Upanithad,  The  first  two  are  the  most  important  of  these  works,  the 
Panchavins^a  treating  of  the  sacrifices  whi<^  are  performed  with  the 
juice  of  the  Soma-pluit,  in  rites  which  last  from  one  to  one  hundred 
days.  The  Sha'dvint'a  is  remarkable  on  account  of  the  incantatory 
ceremonies  it  describes ;  it  ends  with  a  chapter  on  omens  and  the  rites 
to  be  performed  on  unlucky  occasions,  such  as  diseases,  or  at 
portentous  occurrences,  such  as  earthquakes,  unusual  phenomena,  and 
the  like. 

The  Br&hman'a  of  the  Atharvaveda  is  the  Gopatha-Brdhman'ct, 
"  That  it  was  composed  after  the  schism  of  the  Charakas  and  V&ja- 
saneyins  (the  followers  of  the  Black  and  White  Yajurveda),  and  after  the 
completion  of  the  V&jaaaneyi-Sanhitl,  may  be  gathered  from  the  fact 
that  where  the  first  Imes  of  the  other  Vedas  are  quoted  in  the  Gopatha, 
the  first  line  of  the  Yajurveda  is  taken  from  the  V&jasaneyins,  aiid  not 
from  the  Taittirtyas.  It  is  more  explicit  on  the  chapter  of  accidents 
than  the  Br&hman'as  of  the  other  Vedas ....  The  ceremonial  in 
general  is  discussed  in  it  in  the  same  manner  as  in  the  other 
Br&hman'as."    (Muller, '  Ano.  Sansk.  Lit./  pp.  451,  452.) 

The  Sanhit&  or  collection  of  Mantra,  and  the  Brfthman'a,  constitute 
that  which  is  properly  called  the  sacred  literature  of  the  Hindus,  the 
Veda  ;  they  are  also  comprised  under  the  name  of  Sfruti  or  revelation. 
But  in  speiJdng  of  the  Veda  we  should  not  feel  justified  in  leaving 
unnoticed  that  dass  of  works,  one  portion  of  which  is  so  inti- 
mately connected  with  it  that  it  was  held  by  later  generations  in 
the  same  awe  as  the  Veda,  whereas  another  portion  lus  become  so 
essential  an  appendage  to  it,  that  it  was  justiy  called  Ved&nga  or  "  limb 
of  the  Veda." 

The  former  category  comprises  the  theological  or  theosophical  writ- 
ings, which  have  sprung  from  the  Br&hman'a,  and  are  perhaps  more 
popular  among  European  students  than  any  other  portion  of  the 
Vaidik  literature — the  Upanishads,    The  word  Vjpani^d  is  rendered 
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by  the  native  dictionaries  "  mystery."  S'onJcara,  the  great  Vedanta 
philosopher  and  glossator  of  the  Upanishads,  assumes  that  the 
word  being  derived  from  the  radical  Mad, — with  the  prefixes  ttpa  and 
ni, — ^which  amongst  others  has  also  the  sense  of  "  destroying,"  literally 
means  the  science  which  distroys  en-oneous  ideas  or  ignorance. 
European  scholarai  on  the  contrary,  have  expressed  the  belief  that  it 
**  means  originally  the  art  of  sitting  down  near  a  teacher,  of  submis- 
sively listening  to  him"  (from  upa  **  below,"  ni  *'  dovm"  and  tad  "  to 
sit "  (for  instance,  Miiller, '  Anc.  Sansk.  Lit/  p.  319).  But  there  is  a 
strong  probability  that  the  word  has  been  already  used  by  a  Hindu 
grammarian,  who  preceded  the  existence  of  the  Upanishad  works,  in 
the  sense  of  "secret"  (Ooldstiicker,  'PAn'ini/  p.  141,  note  164);  and 
since  this  meaning  is  not  incompatible  with  the  etymology  of  the 
word — which  may  signify  "  entering  into  that^  which  is  hidden  " — ^it 
seems  certain  thlkt  at  no  period  the  Upanishads  were  looked  upon  as 
mere  lessons  imparted  to  their  pupils  by  old  divines,  but  as  the 
mysterious  science  which,  through  bestowing  real  knowledge  on  the 
human  mind,  leads  to  the  attainment  of  eternal  bliss. 

For  such  is  the  object  of  all  the  Upanishads ;  and  the  knowledge 
they  intend  to  convey  is  chiefly  that  of  the  production  and  nature  of 
the  world,  of  the  properties  of  a  Supreme  Divinity,  and  of  those  of  the 
human  soul,  which  they  conceive  to  be  part  of  it.  The  same  object  is 
pursued,  and  the  same  views  of  the  nature  of  the  divine  and  the  human 
soul  as  in  the  Upanishads  are  entertained  by  the  VedAnta  philosophy. 
We  perceive  therefore  at  once  the  close  connection  which  exists  between 
the  Upanbhads  and  this  orthodox  system  of  Hindu  philosophy.  Their 
difference,  indeed,  is  merely  that  wmch  separates  the  beginnmg  from 
the  end  of  a  certain  kind  of  philosophical  reasoning.  In  the  VedAnta 
the  Hindu  mind  possesses  a  system  which  endeavours  to  deduct  and  to 
connect  its  ideas  on  the  creation  of  the  world,  on  the  identity  of  the 
absolute  and  individual  souL  Its  method  would  not  stand  the  test  of 
our  philosophical  reasoning;  but  its  explanations  evidently  aim  at 
scientific  precision  and  shortness  of  expression ;  and  they  are  generally 
free  from  mythological  mysticism. '  In  the  Upanishads,  on  the  con- 
trary, there  is  merely  the  material  for  a  system  of  philosophy.  The 
subject  treated  of  by  them  is  frequently  dealt  with  in  a  desultory 
manner;  it  is  intercepted  by  legends  and  allegories;  it  is  adapted  to 
the  form  of  dialogues ;  it  abounds  in  repetitions  and  verbose  phrase- 
ology. But  all  these  negative  features  of  the  Upanishads  must 
be  viewed  in  the  mirror  of  the  Hindu  mind;  and  then  we  easily 
comprehend  that,  accessible  to  the  popular  understanding  of  the 
educated,  they  became  the  basis  of  that  more  enlightened  belief 
which  at  all  periods  of  Indian  history  has  struggled  against  the 
idolatry  and  the  gross  practices  produced  by  a  misconception  of 
the  sacred  texts,  and  doubtless  also  by  the  interested  motives  of  a 
degenerated  class  of  priests. 

Within  the  circle  of  the  Uponishad  literature  several  periods  are 
clearly  distingui9hable,  though  Sanskrit  philology  possesses  no  moans 
of  rendering  them  into  intelligible  dates.  The  first  is  that  of  the 
Jran'yaka.  As  the  name  indicates,  and  as  it  is  explained  by  Kdtydyana 
in  one  of  his  criticisms  on  the  great  grammarian  Pdn'ini,  this  class  of 
Upanishads  was  studied  in  the  solitude  of  the  forests,  apparently  be- 
cause it  was  thought  necessary  that  the  mind  should  divest  itself  from 
all  contact  with  &e  world  when  meditating  on  the  mysteries  of  life. 
These  Aran'yaha  are  more  immediately  connected  with  the  Br&hman'a 
than  the  Upanishads  properly  so  called.  The  Bi'ihad-Aran'yaka,  for 
instance,  is  a  part  itself  of  the  S'athapatha-Brdhman'a  of  the  White 
Yajurveda ;  the  Aitoreya-Aran'yoka  is  added  to  the  Aitareya-BrAhman'a, 
and  the  Chhftndogya-Upanishad,  as  we  have  seen,  though  not  bearing 
the  name  of  an  Aranyaka^  is  counted  amongst  the  Br&hman'a  of  the 
S&mavedo.  These  works  combine  ^eir  speculations  with  a  oonsidei^ 
able  amount  of  legendary  detail,  in  the  same  way  as  Uie  BriUliman'a  them- 
selves ;  and  they  are  held  in  especial  respect  on  account  of  the  obscure 
allusions  in  which  they  abound.  A  second  class  is  much  less  burdened 
with  mythological  and  allegorical  detail ;  it  is  brief,  and  addresses  itself 
more  to  the  philosophical  mind ;  it  comprises  the  greater  mass  of  the 
Upanishad  literature,  and  is  apparently  more  recent  than  the  Ann'yaka. 
A  third  and  last  category  is  marked  by  the  tendency  it  has  to  reconcile 
the  doctrines  of  later  sects  with  Vaidik  theology ;  Upanishads  belonging 
to  it  identify  the  universal  Spirit  with  one  or  the  other  form  of  the 
gods  of  the  Trimfbrti,  as  it  appears  in  sectarian  beliei  This  latter 
description  of  Upanishads  is  omefly  connected  with  the  Atharvavedo. 
We  choose  as  an  instance  of  the  Anm'yaka  dass  the  following  passages 
from  the  AitareyaAnmya : — "This  (world)  verily  was  before  (Uio 
creation  of  the  world)  soul  tdone,  and  nothing  else  whatsoever  active 
(or  non-active).  He  reflected :  '  Let  me  create  the  worlds.'  He  created 
these  worlds,  namely,  the  sphere  of  water,  the  sphere  of  the  sun-beams, 
the  sphere  of  deaw,  and  the  rohere  of  the  waters.  Th»  sphere  of 
water  lies  above  the  heavens,  tne  heavens  are  its  resting  place ;  the 
sphere  of  the  sunbeams  is  the  atmosphere;  the  earth  Sie  world  of 
death ;  the  worlds  which  are  beneath  it,  are  the  sphere  of  the  waters. 
He  reflected :  These  worlds  indeed  are  created.  Let  me  create  tiie 
protectors  of  the  world.  Taking  out  from  the  waters  a  bemg  of 
human  shape,  he  formed  him.  He  heated  him  (by  the  heat  of  his 
meditation).  When  he  was  thus  heated,  the  mouUi  burst  out  as  the 
egg  (of  a  bird),— -from  the  mouth  speech,— from  speech  fire.  The  \ 
nostrils  burst  out,— from  the  nostrils  breath, — from  breath  the  wind.  \ 
The  eyes  burst  out, — from  the  eyes  sight,— from  Uie  sight  the  sun.  . 


The  ears  burst  out| — from  the  ears  hearing, — from  hearing  the  regioas 

of  space,  ikjd He  reflected :  Those  worlds  and  protecton 

of  tiie  worlds  (have  been  created).  Let  me  now  create  food  for  them. 
He  heated  the  waters  (with  the  heat  of  his  reflection).  From  tAktan 
when  heated,  a  being  of  organised  form  sprung  forth ;  the  form  which 
sprung  forth  is  verily  food.  AVhen  created  it  cried  (by  fear),  and  tiifd 
to  flee.  He  (the  first-bom  male)  desired  to  seize  it  by  speech.  HaA 
he  seized  it  by  speech  (all)  would  be  satisfied  hj  pronouncing  food. 
He  desired  to  seize  it  by  breath ;  he  could  not  seize  it  by  breathing. 
Had  he  taken  it  by  breaUdng  (all)  would  be  satisfied  b^  smelliog  foc'd, 

Ac Of.  what  nature  is  the  tout  which  we  worship  by  tlie  words 

'  this  soul,'  and  which  of  the  two  (the  univeml  and  individual)  is  the 
soul  f  (Are  the  instruments  by  which  objects  are  |>erceived  the  soul,  cr 
the  perceiver  ?    No,  not  the  instruments).    Is  it  that  by  which  the 
soul  sees  form,  by  which  it  hears  sound,  by  which  it  apprehends  smells, 
by  which  it  expresses  speech,  by  which  it  distinguishes  what  is  oi 
good,  and  what  is  not  of  good  taste  ?    The  heart  and  the  mind,  know- 
ledge about  one's  self,  knowledge  about  one's  power,  the  knowled^  of 
the  sixty-four  sciences,  the  knowledge  of  what  is  practicable  at  this  or 
another  time,  understanding  of  instruction,  perception,  endurance  U 
pain,  thinking,  independence  of  mind,  sensibility,  recollection,  deter- 
mination, perseverance,  desire,  submission — all  these  are  names  d 
knowledge  (as  an  attribute  of  the  soul  in  its  modification  as  life,  of  ^le 
inferior  Bnkhman,  not  attributes  of  the  supreme  Brahman,  wlii<^  is  of 
no  form  whatsoever).    This  soul  is  Brahman  (the  inferior  BrahmanX 
this  Indra,  this  PrajApati,  this  all  gods  and  the  five  great  elements  a&d 
the  light ....  All  this  is  brought  to  existence  by  knowledge,  is  f  ound«d 
on  knowledge;  the  world  is  brought  into  existence  by  knowledge; 
knowledge  itself  is  the  foundation ;  Brahman  is  knowledge."     (Bovez's 
<  Transktion  of  the  Upan.  BibL  Ind.,'  vol  xv.  p.  28,  ff.) 

In  the  Br^ihad-Aron'yaka  it  is  told  that  Janaka,  the  king  of  tbs 
Videhas,  performed  a  samfice  at  which  many  Brahmans  were  assembled. 
The  king  having  a  great  desire  to  know  who  among  those  Brahmans 
knew  brat  the  Vedu,  tied  a  thousand  cows  in  a  stable,  and  covered  the 
horns  of  each  of  them  with  ten  pAda  of  gold.  He  then  said  to  the 
pious  men :  "  0  venerable  Brahmans,  whoever  amongst  you  is  the 
best  knower  of  Brahman  shall  drive  home  these  cows."  The  Brahmans, 
however,  did  not  venture  to  come  forward.  Then  said  T&jnavalkva 
to  his  student :  '*  Drive  home  those  cows."  But  the  Brahmans  became 
angry,  and  began  to  examine  the  sage  as  to  his  knowledge  of  the  Veda. 
"  Then  asked  him  Udddlaka,  the  son  of  Arun'a,''  ^^  legend  continues, 
— " '  Y&jnavalkya,'  said  he, '  in  the  county  of  tiie  Madras  we  abode  in 
the  house  of  Pantchola,  of  the  family  of  Kapi,  for  the  sake  of  studying 
the  science  of  offering.  His  wife  was  possessed  by  a  Qandharva.  We 
asked  him  (the  Qandharva), '  Who  art  thou  f '  He  said, '  Kabsndha, 
the  son  of  Atharvau'a.'  He  said  to  Patanchala,  of  the  &mily  of  Kapi, 
and  to  (us)  priests, '  0  KApva,  knowest  thou  that  Thread  by  which  this 
world,  and  the  other  world,  and  all  beings  are  bound  together  f ' 
Patanchala,  of  the  family  of  Kapi,  said,  '  I  do  not  know  it,  O  Vener- 
abl&'    He  sold  to  Pantanchala,  and  to  (us)  priests, — *  Knowest  thou, 

0  KApya,  that  Inner  Ruler  who  within  rules  this  world,  and  the  other 
world,  and  all  beings  ? '  Patanchala  said, — '  I  do  not  know  this,  0 
Venerable.'  He  said  to  Patanchala,  and  to  (us)  priests, — '  O  K&pya, 
whoever  knows  the  Thread  and  the  Inner  Ruler,  knows  Brahman, 
knows  the  worlds,  knows  the  gods,  knows  the  Vedas,  knows  the 
elements,  knows  tiie  soul, — ^knows  all.'  Then  (the  Gkndhar\*a)  said 
(all  about  the  Thread  and  the  Inner  Ruler)  to  them.  '  Therefore  do  I 
know  this.  If  thou,  0  TAjnavalkya,  ignorant  of  the  Thread  and  the 
Inner  Ruler,  hast  taken  away  the  cows  (destined  for  the  best  knower  of 
Brahman),  thy  head  will  certainly  drop  down.'  'I  know  verily, 
Gautama,  the  Thread  and  the  Inner  Ruler.'    '  Any  one  may  say  this, 

1  know,  I  know,  but  tell  the  manner  in  which  thou  knowest.'  He  said,— 
'  The  wind,  O  Gautama^  is  the  Thread ;  bv  the  wind,  as  by  a  thread,  are 
this  world,  the  other  world,  all  beings  bound  together,  O  Gautama. 
Therefore,  0  Gautama,  it  is  said  of  a  dead  man,  tiiat  his  members  are 
rekxed;  for  by  the  wind,  0  Gautama,  as  by  a  thread,  they  are  bound 
together.'  '  This  is  so,  O  Y&jnavalkya ;  now  explain  the  Inner  Ruler.' 
'  He  who  dwelling  in  the  euth  is  within  the  earth,  whom  the  earth 
does  not  know,  whose  body  is  the  earth,  who  within  rules  the  earth, 
is  thy  soul, — ^the  Inner  Ruler — ^immoitaL  He  who  dwelling  in  the 
watera  is  within  the  waters,  whom  the  waters  do  not  know,  whose 
body  are  the  watera,  who  within  rules  the  watera,  is  thy  soul, — the 
Inner  Ruler — immortal  He  who  dwelling  in  the  fire  is  within  the 
fire,  &C. ....  he  who  dwelling  in  the  atmosphere,  &c. . .  • .  he  who 
dwelling  in  the  wind,  &o. . . . .  in  the  heavens,  A». ....  in  the  sun, 
&c  . . . .  in  the  regions  of  space,  &a  . . . .  in  the  moon  and  stars, 
&a  . . . .  in  the  eUier,  &c  . . . .  in  the  darkness,  &c  . . .  •  in  the 
light,  &c  . . . .    in  all  elements,  &a  . . . .    in  the  vital  air,  &c. . . . . 

in  speech,  &c. . . . .    in  the  eye,  &o in  the  ear,  &c. . . . .    in 

the  mind,  ftc in  the  skin,  &c. ....    in  knowledge,  ftc. . . . . ; 

he  who  dwdUng  in  the  seed  is  within  the  seed,  whom  the  seed  does 
not  know,  whose  body  is  the  seed,  who  from  within  rules  the  seed,  is 
thy  soul — ^the  Inner  Ruler — ^unmortaL  Unseen,  he  sees ;  unheard,  he 
heora;  unminded,  he  minds;  unknown,  he  knows.  There  is  none 
that  sees,  but  he ;  there  is  none  that  hearo,  but  he ;  there  is  none  that 
minds,  but  he ;  there  is  none  that  knows,  but  he.  He  is  thy  soul — 
the  Inner  Ruler — immortal  Whatever  is  different  from  him  is  perish- 
able.' "    (lb.,  vol.  il  part  ill,  p.  199,  fL) 
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An  Ui)an]aliad  of  the  second  class  is,  for  instance,  the  IVa-Upanishad* 
which,  deriyee  an  additional  interest  from  the  circumstance  Uiat  it  is 
the  only  Upanishad  which  forms  part  of  a  Sanhit&  itself,  namely,  of 
that  of  the  White  Tajurveda,  and  thus  strengthens  the  proofs  which 
may  be  alleged  for  the  later  recension  of  this  Veda.     It  runs  as  follows  : 
"  Whatever  exists  in  this  world  is  to  he  enveloped  by  (the  thought  of) 
Qod  (the  Ruler).    By  renouncing  the  world,  thou  shalt  save  (thy  soul). 
Do  not  covet  the  riches  of  any  one.    Performing  sacred  works,  let  a 
man  desire  to  live  a  hundred  years.    If  thou  thus  (desirest),  0  man, 
there  is  no  other  manner  in  which  thou  art  not  tainted  by  work.    To 
the  godless  worlds,  covered  wiUi  gloomy  darkness,  go  all  the  people, 
when  departing  (from  this  world),  who  are  slayers  of  their  souls.    He 
(the  soul)  does  not  move,  is  swifter  than  the  mind,  not  the  gods  (the 
aensee)  did  obtain  him,  he  was  gone  before.    Standing,  he  outstrips  all 
the  other  (gods,  senses),  how  fiist  they  run.    Within  him  the  ruler  of 
the  atmosphere  upholds  the  vital  actions.     He  moves,  he  does  not 
move ;  he  is  far  and  also  near ;  he  is  within  this  all,  he  is  out  of  this 
all.     Whoever  beholds  all  beings  in  the  soul  alone,  and  the  soul  in  all 
beings,  does  hence  not  look  down  (on  any  creature).    When  a  man 
knows  that  all  beings  are  even  the  soul,  when  he  beholds  the  unity  (of 
the  soul),  then  there  is  no  delusion,  no  griel    He  is  all-pervading, 
brilliant,  without  body,  invulnerable,  without  muscles,  pure,  tmtainted 
by  Bin,  he  is  allwiae,  the  Ruler  of  the  mind,  above  all  beings,  and  self- 
existent.      He  distributed  according  to  their  nature  the  things  for 
everlasting  years.    Those  who  worship  ignorance,  enter  into  gloomy 
darkness,  into  stiU  greater  darkness  those  who  are  devoted  to  know- 
edge.    They  say,  different  Is  the  effect  of  knowledge,  different  the 
effect  of  ignorance ;  thus  we  heard  from  thesa^es  who  explained  (both) 
to  us.    Whoever  Imows  both,  knowledge  and  ignorance  together,  over- 
comes death  by  ignorance,  and  enjoys  immortality  by  knowledge. 
Those  who  worship  uncreated  nature,  enter  into  gloomy  darkness,  into 
still  greater  darknesa  those  who  are  devoted  to  created  nature.    They 
say,  different  is  the  effect  from  (worslupping)  uncreated  nature,  different 
from  (worshipping)  created  nature.    Tms  we  heard  from  the  sages  who 
explained  (both)  to  us.    Whoever  knows  both,  created  nature  and 
destruction  together,  overcomes  death  by  destruction,  and  enjoys  im- 
mortality by  created  nature.    To  me  whose  duty  is  truth,  open,  0 
Pilshan,  the  entrance  to  the  truth  concealed  by  the  brilliant  disky  in 
order  to  behold  (thee).    O  Pilshan,  R'ishi  thou  alone,  O  dispenser  of 
justice  (Tama),  O  Sun,  oflbpring  of  Pnj&pati,  disperse  thy  ravs  (and) 
collect  thv  light;  let  me  see  thy  most  auspicious  form;  for  the  same 
soul  whidi  IB  in  thee,  am  L    Let  my  vital  spark  obtain  the  immortal 
air;  then  let  this  body  be  consumed  to  ashes.    Om,    O  my  mind, 
remember,  remember  (thy)  acts,  O  mind,  remember,  remember  thy 
acts.    Quide  us,  0  Agni,  by  the  road  of  bHss  to  enjoyment ;  (guide  us), 
O  Qod,  who  knowest  all  acts.    Destroy  our  crooked  sin,  that  we  offer 
tiiee  our  best  salutation."    (lb.,  voL  xv.  p,  71.) 

The  prindpol  AranVaka  and  Upanishads  connected  with  each  of  the 
four  Vedas  are  the  following:  to  the  R'igveda  belong,  the  Aitareya- 
AramVaka  and  the  Kaushltaka-Aranyaka,  the  third  book  of  which  is 
the  KaTinhHjtlry.TTjMmiMTiiMi,  The  Upanishads  of  the  S&maveda  are  the 
Chh&ndogya-  and  the^  Eena-Upamshad.  To  the  Black  Yajurveda 
belongs  t£e  Taittirlya-Aran'yaka,  the  four  last  books  of  which  contain 
two  I^Mmishads,  namely,  the  Taittirtya-  and  the  N&r&yan'iya-Upanishad; 
besides  the  SwetAs'watara-,  Maitrftyan'a-,  and  KAt^hMca-Upanishad. 
That  the  Br'ihad- Aron'yaka  is  attached  to  the  BiAhxnan'a  of  the  White 
Yajurveda,  has  been  stated  already. 

The  largest  number  of  Upanishads,  however,  has  grown  up  in  con- 
nection with  the  Atharvaveda,  which  seems  to  have  favoured  more  than 
the  sacrificial  Vedas  the  tendency  for  mystical  reasoning.  Among  them 
we  name  eepedally  the  Mun'd'aka-,  Pras'no-,  Brfthmo-,  and  Mftn'd'iikya* 
Upanishad,  as  treating  of  the  nature  of  the  divine  and  human  souL 
The  J&bal&-,  Sannyftsa-,  As'rama-,  and  Hansa-Upanishad  are  some  of 
^ose  which  describe  the  means  by  which  deep  meditation  or  the 
abstract  union  with  the  Supreme  Soul  can  be  obtained.  A  third  class, 
as  mentioned  above,  has  a  sectarian  character,  by  identifying  the 
Supreme  Soul  with  Vishn'u  or  Siva  in  their  various  forms ;  among 
those  referring  to  Yiahn'u  we  notice  the  N&r&yanV,  and  the  Nr'isinha- 
tapaniya-Upanishad ;  among  those  connected  with  the  worship  of  S'iva 
we  find  the  S'atarudriya-,  Kaivalya-,  Skwada-Upanishad,  and  one  called 
Athorvaa'iras.  (For  a  fuller  account  of  this  class  of  works,  see  Pro- 
fessor Weber's  'Akademische  Yorlesungen  liber  Indische  Literatur- 
geschichte,'  and  his '  Indische  Studien.') 

While  the  Upanishads  are  the  intermediate  link  between  the  Yedas 
and  the  later  systems  of  Hindu  philosophy,  the  Veddngcu  show  us  how 
scientific  research  grew  up  in  India  from  the  soil  of  the  sacred  texts. 
If  we  consider  the  bulk  of  literature  which  is  comprised  by  the  Sanhit&s 
and  Brihman'as^  and  the  anxious  desire  which  every  Brahmanic  believer 
must  have  felt  to  preserve  it  in  its  integrity,  it  is  easily  understood 
that  in  the  course  of  time  various  means  were  devised  for  securing  the 
correctness  of  the  sacred  texts,  for  guarding  their  sense  against  erro- 
neous interpretations,  and  for  maintaining  in  its  purity  a  proper  prac- 
tice of  the  rites  which  were  taught  in  the  Br&hman'a.  This  is  the 
object  of  the  VedAnga  works.  The  BrAhman'a  of  the  S&maveda  speak 
of  six  VedAnga  or  "  limbs  of  the  Veda,"  in  other  words,  of  six  works  or 
clashes  of  works  which  were  instarumental  in  mAintAimng  the  integrity 
of  the  Yeda.  But  it  Is  not  certain  whether  this  Br&hman'a  means 
the  same  six  Yed&ngas  which  have  come  down  to  us;  Yiiska,  again, 
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alludes  to  YedAngas,  but  does  not  state  that  they  were  six.  We  must 
distinguiBh  therefore  between  categories  of  works  which  were  called 
Yed&ngas,  and  between  certain  works  which  ore  the  surviving  repre- 
sentatives of  these  categories,  but  need  not  have  been  the  first  Yed&ngv 
works. 

The  doctrines  comprised  under  this  name  are  the  following: — 
Sik8h4,  ChAandas,  Vydkaran'aj  Nirukta,  Jyotisha,  and  Kalpa. 

S'Uahi  is  the  science  of  a  proper  pronunciation.  One  Httle  treatise 
only  is  considered  as  representing  this  Yed&nga, — ^the  S'ikshA  ascribed 
to  the  authorship  of  the  great  grammarian  P&n'ini.  It  consists  in  one 
recension  of  thirty-five,  in  another  of  fifty-nine  verses,  and  treats  of  the 
nature  of  the  letters,  of  the  accents,  and  the  proper  mode  of  sounding 
them.  A  chapter  of  the  Taitttriya-Aran'yaka^eats  likewise  of  S'ikshft ; 
but  though  it  is  possible  that  Bin'ini's  Slkshft  may  not  be  the  original 
Vedftnga  of  tlus  class,  it  is  more  than  doubtful  that  this  chapter  of  the 
AranVaka  was  ever  considered  as  such. 

Chnandat  means  "  metre ;"  and  the  YedAnga  which  is  quoted  by  this 
name  is  referred  to  the  authorship  of  Pingalanflga.  But  as  the  work 
of  the  latter  treats  of  Prakrit  as  well  as  of  Sanskrit  metres,  it  becomes 
doubtful  again  whether  we  possess  in  it  an  original  Yed&nga  work. 

Vydkaran'a  signifies  "grammar,"  but  literally  means  "  undoing,"  that 
is,  analysis ;  for  to  the  Hindu  schobr  grammar  is  linguistic  analysis ; 
his  grammar  un-doea  words  and  ur^-^aet  sentences;  it  examines  the 
component  parts  of  a  word,  and  therefore  teaches  the  properties  of  a 
base  and  affix,  and  all  the  linguistic  phenomena  connected  with  both ; 
it  examines  the  relation,  in  sentences,  of  one  word  to  another,  and 
likewise  unfolds  all  the  linguistic  phenomena  which  are  inseparable 
from  the  meeting  of  words.  The  most  renowned  representative  of  this 
science  is  Pdn'ini,  who  wrote  a  work  in  eight  chapters,  comprising 
thirty-two  sections  and  three  thousand  nine  hundred  and  ninetv-six 
rules,  three  or  four  of  which,  however,  probably  did  not  belong  to  him. 
And  so  great  was  the  renown  of  this  wonderful  labour,  which  may  be 
placed  at  the  side  of  the  best  grammatical  works  of  any  nation  and  any 
age,  that  Pftn'ini  was  looked  upon  as  a  R'ishi  who  had  received  it,  hjf^ 
inspiration^  from  the  god  S'iva  himself.  P&nini,  it  Is  true,  quotes  in 
his  work  various  grammarians  who  preceded  him,  but  YvUuuvn'a  is 
typified  by  the  grammar  of  Pftn'ini,  which  has  remained,  up  to  this 
day,  the  standard  for  Sanskrit  speech.  We  may  add,  that  his  work 
was  criticised  and  amplified  by  KItyftvana,  who  in  his  turn  was  criti- 
cised by  Pfttanjali,  a  grammarian  who  hved  in  the  middle  of  the  second 
centuiy  before  Christ;  and  that  these  three  grammarians  are  con- 
sidered to  be  the  greatest  authorities  in  the  science  they  taught.  But 
P&n'ini  only  can  be  held  to  be  the  representative  of  the  Yed&nga  we 
are  speaking  of.  Nor  should  the  Yy&karan'a  be  confounded  with  a 
class  of  works  which  apparently  stands  in  a  closer  relation  than  itself  to 
the  Yedo-Sanhit&s— with  the  Pr&tis'flkhya  works ;  for  though  the  latter 
ore  concerned  in  Yoidik  language  alone,  whereas  PAn'ini's  work  is  even 
more  engaged  in  teaching  the  classical  than  the  Yaidik  dialect,  their 
aim  and  their  contents  materially  differ  £rom  those  of  the  Yyakaran'a. 
Their  object  is  merely  the  ready-made  word,  or  base,  in  the  condition 
in  whicn  it  is  fit  to  enter  into  a  sentence  or  into  composition  with 
another  base.  They  are  nowise  concerned  in  analysing  or  explaining 
the  nature  of  a  word  or  base ;  they  take  them  sucn  as  they  are,  and 
teach  the  changes  which  they  undergo  when  they  become  part  of  a 
spoken  hymn,  whether  there  existed  at  one  period  other  Pr&tis'&khyas 
than  those  which  have  survived,  it  is  not  easy  to  say  in  the  present 
condition  of  Sanskrit  philology ;  but  it  has  been  proved  that  the  pre- 
sent Pr&tis'&khyas  are  even  more  recent  than  Pftn'ini's  work.  (Qold- 
stiicker,  *  P&n'ini,'  p.  188,  ff.) 

JVtruiba,  or  "  explanation,"  is  represented  by  the  Nirukta  of  Ydsha, 
which  IB  the  oldest  attempt,  known  to  us,  of  an  explanation  of  obscure 
passages  of  the  Yaidik  Sanhit&s.  ''It  is  important,  however,"  says 
Professor  MUller  ('  Anc.  Sansb  Lit.,'  p.  154),  **  not  to  confound  T&ska's 
Nirukta  with  YAska's  Commentary  on  the  Nirukta,  although  it  has 
become  usual,  after  the  fashion  of  modem  manuscripts,  to  call  that 
commentary  Nirukta,  and  to  distinguish  the  text  of  the  Nirukta  by 
the  name  of  NighanVu.  The  original  Niruktas  that  formed  an  integral 
part  of  the  Yed&nga  literature,  known  to  Y&ska  himself,  can  have  con- 
sisted only  of  lists  of  words  arranged  according  to  their  meaning,  like 
that  upon  which  Y&ska's  Commentary  is  based.  ....  S&yana  gives 
the  following  account  of  this  matter  :— 'Nirukta  is  a  work  where  a 
number  of  words  is  given,  without  any  intention  to  coxmect  them  in  a 
sentence.  ....  The  first  part  (of  the  Nirukta)  is  the  Naighantfuka, 

the  second  the  NatgamOj  and  the  third  the  Daivata The  word 

Nighantu  applies  to  works  where,  for  the  most  part,  synonymous 
words  are  taught.  Therefore,  the  first  part  of  this  work  also  has  been 
called  Naighant'uka,  because  synonymous  words  are  taught  there.  In 
this  part  there  are  three  lectures :  in  the  first,  we  have  words  connected 
with  things  of  tune  and  space  in  this  and  the  other  worlds ;  in  the 
second,  we  have  words  connected  with  men  and  human  affairs ;  and  in 
the  third,  words  expressing  qualities  of  the  preceding  objects,  such  as 
thinness,  multitude,  shortness,  &a  Nioama  means  Yedo.  Ab  Y&ska 
has  quoted  many  passages  from  the  Yeda,  which  he  usually  introduces 
by  the  words,  "  For  this  there  is  also  a  Nigoma ; "  and  as  in  the  second 
part,  consisting  of  the  fourth  Adhy&ya,  words  are  taught  which  usually 
occur  in  the  Yeda  only,  this  part  is  called  Naigamo.  Why  the  third 
part,  consisting  of  the  fifth  Adhy&ya,  is  called  Daivata,  is  dear.  The 
whole  work,  consisting  of  five  Adhy&yas  and  three  parts,  is  called 

QQ 


ing  coavsjed  b;  each  word  u  fully  giTen  therein.' 

The  fifUi  Vedinga  U  called  JgolitAa,  or  "  utroDomy."  Its  ohjecC  ma 
to  teach  how  to  Qi  the  proper  time  for  the  performance  of  aicrifioial 
acta.  It  ii  a  Vaidil  calendar.  There  ia  but  one  manuKiipt  work,  in 
the  library  of  the  India  Office,  which  would  Beem  to  belong  to  thia 
cat^utj,  but  it  ii  difficult  to  aay  whether  it  may  aapire  %o  the  proud 
name  of  a  VedAnga  work. 

The  sixth  VedAuga,  on  the  oontrary,  the  falpo,  ia  repreaented  by  ~ 


bi  our  libnriea  KalpametOB 
daaa  are  the  code  of  the  Biahmauic  rit«.  It  waa  atatad  before  that 
tlie  BiAhman'a  poition  of  the  Veda  ooutaiua  explanatiooa  of  the  par- 
poaea  tur  which  the  veraea  of  the  SonhitAa  were  uied,  in  oonieqiience 
'*  '  "    a  a  knowledge  of  the  Vaidik  ritaa.      Thia  knowledge. 


which  required  a  more  copious  detAil  for  a  proper  perfbrmNloe  d  the 
rites.  Moreover,  ttie  BiAhman'a,  aa  a  first  attempt,  are  Wanting  in 
proper  amagemeut  of  the  matter  they  contain,  and  abound  in 
legendary  narrativsB,  which  iateTTupt  their  comment  on  the  sacrifidal 

acta.  The  Kalpa-Satras  remedy  this  practical  defect ;  they  contun  a 
complete  aygtem  of  the  Vaidik  ritea  according  to  the  Veda  (o  which 
thi^y  belong.  Of  auch  Kalpa-SQtras,  tboee  connected  with  the  cere- 
monial of  the  R'igreda  are,  the  Sfltraa  of  S'fmkbdTana,  Aa'walAyana, 
and  ^'aunaka.  ^]pa-3Atru  explaining  the  ritei  of  the  Silmaveda  are 
th'iBe  of  Haa'aka,  LAty&yana,  Oobhila,  DidhyAf  ui'b,  and  a  SQtra  called 
'     i|>DdaaQtn,  which  explain!  the  ceremonial  taught  in  the  Pancbavim'. 


the  White  Yajurveda,  that  of  Kltyiyana;  of  the  AtharraTcila,  that  of 
Euslka. 

Two  other  claoea  of  S&traa  giadually  oompleted  the  code  of  theae 
Ealfs  works,  which,  in  being  founded  on  S'ruti  or  the  Veda,  bear  alao 
the  name  of  Sfraula-SHtra,  namely,  the  WVtya-  and  the  SitiiaySehirika- 
Satrat.  The  Or'ihyaSfltra  describe  Uie  domeatic  ceremomea,  as  dia- 
tinct  from  the  greti  sacrificial  acta  enjinned  by  the  S'lauta  or  Ealj:« 
worki :  "  First,  the  marriage  oeremomea  ;  then  the  oeremoniea  which 
•re  perfonned  at  the  conception  of  a  child,  at  varioua  periods  before 
hia  birth,  at  the  time  of  bis  birth,  the  ceremony  of  "'"'■"g  the  child, 
of  carrying  bim  out  to  see  the  sun,  of  feeding  hun,  of  cutting  his  hair, 
and,  laatly,  of  investing  bim  as  a  student  and  sending  him  to  a  Oum, 
under  whose  care  he  is  to  itudy  the  sacred  writinga.  ....  It  ia  only 
after  he  has  served  hia  aptnentioeehip  and  grown  up  to  manhood  that 
hs  ia  allowed  to  marry,  to  light  the  SBcrificisl  fire  for  himself,  to  chooae 
Us  priests,  and  to  perform  year  alter  year  the  solemn  aaerificea  pveoiibed 
^ Smr'iti and S'mti.  Thelattararedeaaibedlii t)ieUt«rboduo(the 
(mhya-Sfltraa;  and  the  last  book  contain*  s  full  aobount  ol  the  fonenl 
oeremoniea  and  of  the  sooriSoei  ofbr«d  to  the  apirito  of  (he  denuied." 
(Hiiller, '  Ana.  Sanak.  Uu;  p.  20^) 

The  Sfanaytchtrikk^atraa  regul>ta  the  relatlcnw  of  erery-day  life. 
"  It  is  diieBy  in  them  that  we  have  to  look  to  the  origwal*  of  the 
metrical  law-books,  suob  aa  Hann,  T&jnanlkya,  and  the  reaL'  (Ibid., 
p.  200.)  Both  theae  Satras  are  oompriaed  mider  the  name  of  SmAia- 
Satra  (from  Sutr'iti, "  trsdiUon"),  as  they  are  based  on  it.  Of  the  Qr'Uiya- 
Sfitraa  of  the  R'igveda,  we  poaaasB  those  of  S'tnkh&yana  and  Aa'w^ 

?ina :  a  Or'ihya-SHtra  of  the  Slmaveda  U  that  of  Ckibhila ;  Uke 
ajurreda  In  both  its  reoenaiona  nem*  to  haTe  had  manySAtiaaof 
thia  kmd.  Of  the  Black  Tajurveda,  we  tuune  especially  the  Baodbi- 
yana;  and  of  the  White  Yajuneds,  the  Plraakars  Or'ihya.Satra. 

We  conclude  these  outlmea  of  the  prinoipal  works  of  the  Vaidik 
lileTature  with  mentioning  ano^er  p1m»  of  oompcAitiona  which  arose 
from  the  desire  of  securing  the  iutcgri^  of  the  Vaidik  texts,  aa  well  aa 
the  traditional  and  exegetie  matorial  oonnected  with  them, — ths 
Anviraman-i,  or  Indices  to  Tarioua  portkma  of  this  Hteratnre.  The 
oomidetest  of  thia  kind  is  that  by  Kfttyitym,  to  the  B'igrada-SaiihitA. 

It  gives  the  first  words  of  each  hymn,  the  number  of  Tsrses,  the 

and  family  of  the  poets,  the  names  ol  the  deitiv,  and  the  met 
every  verse.  Its  name  is  Sarvdnulcnaum't, — that  ii,  "  the  index  of  all 
thing*  ;"  and  it  seems  to  have  improved  on  four  similar  writinga  which 
preceded  it  and  are  ascribed  to  S'aunaka.  For  the  Tajurveda  there 
are  mentioned  three  Anukraman't,  for  the  Samtveda  two,  and  there  " 
one  for  the  Atharvaveda.    (Miiller, '  Ano.  Sanak.  Lit.,'  p.  SIS,  tt.) 

It  would  be  but  natural  to  aak.  what  data  could  be  asmgned  to  all 
or  any  of  the  various  works  which  have  been  named  In  the  course  of 
this  brief  sketch  of  Vaidik  literature ;  but  Sanakrit  philology  ia  as  jet 
notable  to  Muwer  this  question  satiafaqtorily.  It  m<y  offer  conjectural 
datea  according  to  the  impreadons  of  the  mdividuu  mind,  but  it  is 
bound  to  avow  that  past  research  has  not  provided  it  with  facts  which 
would  impart  to  its  Ehronologiad  surmisei  any  di^ree  of  plausibility. 

VEDANTA.    [EUhbkbit  UHODaoB  aim  Litmutdm,  ooL  299.] 

TBDUR.       [TBiDAH.] 

TEBRINQ,  or  WEARmO  (from  the  PVeneh,  «r«r),  I*  that  mov 
Blent  of  a  ship  in  which,  suppoahig  her  to  have  been  previously  "fciTmg 
with  the  wind  on  eith«r  bow,  ahels  brought,  by  her  head  being  turned 
to  lesirard,  into  such  position  (hat  the  wind  is  on  the  other  bow,  and 


rieioing  elteotuauy  to  tae  action  ot  the  wsur  on  uw 
us  of  turning  her  opposite  bow  towards  tlia  p<nDt  fim 
nd  is  blowiiu;,  the  ^p  is  said  to  miss  stays  ;  die  thru 
rd,  till,  by  the  action  of  the  water  on  the  lea  side  of  the 
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broogfat  ronnd  on  an  opposite  tMk. 
TaOKlKi}  will  show  that  during  that  operation  the  ship's  bowl  is 
brought  to  the  wind,  while  In  the  aot  of  veering  it  is  quit«  the  rewerwi. 
"  -n  tacking  the  diip  loses  so  much  ot  her  forward  motion  aa  to  be 

kble  of  yielding  effsotually  to  the  action  of  the  water  on  the 

r,  and  thus  of  te~'~~  "" "~  "~ 
whsnes  the  wind  is  bl 

drifts  to  leeward,  till,  by  ti- 

rudder  the  head  is  sgain  turned  from  the  wind,  when  she  is  bron^t  to 

her  previous  podtion.    In  thia  case,  should  it  be  neoossaiy  to  p ~~ 

in  endeavouring  to  chuiga  the  course,  and  should  the  ship  b« 
near  a  point  of  danger,  the  proposed  end  may  be  guned  l^  _ 

and  the  evolution  ia  thus  eSeeted : — When,  In  drifting  to  lesBBiil,  tiie 
ship  bu;itu  to  fait  off,  or  to  turn  her  head  from  the  wiitd,  the  helm  is 
pUoed  hard  a-weather,  and  the  after«uls  are  hauled  up  so  that  tiw 
wind  may  act  upon  the  h»d«uls  only,  and  (hat  the  ahip  may  be 
brought  before  the  wind ;  when,  the  velocity  of  rotation  oontinuiDg, 
the  ship's  head  begins  to  turn  towards  the  wind,  which  will  them  be  ca 
the  opposite  bow.  The  helm  being  now  turned  to  leeward,  and  the 
afteraaila  sst,  the  ship  oomes  r^tidly  into  the  required  positiott. 

This  evolution  is  frequently  the  only  ooe  which  can  be  port ortned 
in  stormy  wsathsr  whsn  little  sail  can  be  carried,  add  also  when  sailing 
with  a  light  breeae ;  sinoe,  in  dther  of  these  oases,  the  ship  may  doi 
have  Buffldent  velodly  to  allow  of  being  put  about  by  *•"*•■"(; '  *ht 
disadvantage  of  vesting  is  that,  during  the  evolution,  the  ship  is  eorae- 
times  carried  far  to  leeward,  and  the  loea  of  space  an  only  be  cuminiahed 
by  executing  the  meVMnsot  vrith  as  much  rapidity  aa  poasibls. 

When  a  heavy  sea  is  running,  veering  is  a  perilous  opeistioii,  aa  may 
be  inferred  fnmi  the  following  diagrams.  During  a  hard  ^la  good 
eiperienos  in  aeamanship  ia  required  in  order  to  prevent  the  decks 
being  swept  by  the  wavea.    There  are  two  periods,  while  •  ahip  ■ 


trough  of  the  Ms, 


j^.  1 ;  and,  next,  when  she  has  o 


osught  in  the 


is  that 

. _^ .         stem,  when  she  is  said  to  have  beoi 

pooped."  In  small  fore  and  aft  veasela,  and  especially  in  open  boats, 
veering  is  attended  vrith  some  risk  even  in  moderate  weather,  and 
should  be  idways  dona  with  caution ;  the  sudden  "  swag "  of  the 
msin—il  and  boom  from  one  side  to  the  other  as  the  wind  catcfaea  the 
vessel  upon  the  other  quarter,  may  snap  the  boom  with  the  sudden- 
nos  of  the  jerk,  or  capsize  the  vessel  altogether.  To  obviate  thia  it  is 
proper  to  round  in  the  main  sheet  as  it  comea  aft,  and  then  check  and 


turned  a-lee,  and  the  head^ails  laid  bi 
by  these  means  tSe  ship's  head  begins  to  turn  from  the  wind,  and  her 
forward  motion  ia  arrested.  Aa  the  ship's  head  continues  to  (um,  the 
wind  begina  to  act  on  the  after-surfacea  of  the  head^ails^^ving  a  small 
motion  forward ;  and  (hen  the  helm  is  shifted  so  as  to  co-operate  with 
the  wind  in  cauaing  the  ship's  bead  to  fall  farther  off.  The  rest  of  (he 
evolution  ia  umilar  to  that  which  is  performed  in  (he  act  of  veering. 

VEQETABLG  ALKALOIDS.    [Babi;  Oroxhio  Ba£U.] 

VEGETABLE  CASEIN.    [Lsgomui.] 

TEQETABLE  QREBH.    fCoLOCUva  IUttxbs.] 

VBOETABLK  IVORT.    [Itoet.] 

TEQETABLE  LEATHER.    [LuTHUl  UASUFlcrtiBi,] 

TSQETABLB  FAACUllENT'.    [FaBOHHUiT,  VMnABi.B.] 
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VEGETABLE  ROUQE. 


VELOCITY. 


VEGETABLE  ROUGE.    [Cabthamhi.I 
VEGETABLE  SCARLET.    [Caiiminr.J 
VEGETABLE  SILK.    [Silk  Mahufaotubb.] 
VEGETABLE  WAX.    [Wax.] 
VEGETO-SULPHURIC  ACID.    [Suoar.] 
VEINS,  DISEASES  OF.    The  physiology  of  the  veiiis  may  be 
found  in  the  article  Ciboulation,  in  if  at.  Hist.  Diy.  :  in  the  present 
article  their  principal  diseaeee  will  be  dewsribed.    Of  these  the  most 
frequent  is  that  in  which  they  beoome  what  is  called  Varieote,  that  is, 
dilated,  and  unnaturally  tortuous,  a  disease  which  ooours.  especially  in 
the  subcutaneous  veins  of  the  lower  extremity.    It  is  the  result  of  the 
coats  of  the  veins  losing  their  elasticity,  and  thereby  their  power  of 
resisting  the  pressure  of  the  column  of  blood  above  them.    The  loss  of 
elasticity  is  commonly  due  to  disease  of  their  coats,  and  is  frequently 
accompanied  by  an  increase  of  their  thickness,  and  by  destruction  or 
impairment  of  their  valves.     The  dilated  veins  appear  like  laige 
tortuous  blue  canals  beneath  the  skin,  or  in  extreme  esses,  where 
many  are  coiled  together,  they  form  projecting  tumours.    Th^  pro- 
duce inconvenience,  both  by  the  pain  which  results  from  their  dis- 
tension, and  occasionally  by  the  skin  over  them  ulcerating,  and  allowing 
them  to  burst  and  bleed  profusely ;  but  their  more  common  effect  is, 
that  in  parts  of  the  skin  below  them,  either  spontaneously  or  alter 
slight  injuries,  ulcers  fonn,  which,  in  consequence  of  the  circulation 
being  impeded  through  the  dilated  veins,  are  veiy  tedious  in  healing. 

For  this  varioose  state  of  the  laige  veins  numerous  remedies  have 
been  proposed ;  but  the  best  are  only  palliative.  A  temporaiy  remedy 
is  afforded  by  the  recumbent  posture,  in  which  the  walls  of  the  veins 
are  relieved  from  the  weight  of  the  column  of  blood :  oonstant  advan- 
tage is  afforded  by  the  wearing  of  a  weU-applied  bandage,  or  of  an 
elastic  stocking,  by  which  a  sufficient  pressure  is  applied  to  prevent  the 
further  distension  of  the  veins.  The  obliteration  of  the  venous  trunks 
may  be  effected  by  cutting  or  tying  them  in  various  ways,  or  by  apply- 
ing some  caustic,  so  as  to  make  the  tissues  over  them  slough ;  but 
these  proceedings  are  not  without  danger,  and  at  present  it  is  vexy 
doubtful  whether  they  are  often  productive  of  permanent  advantage. 
Patients  had  better,  in  general,  be  content  with  the  palliative  remedy 
of  the  bandage  or  elastic  stocking. 

A  form  of  varicoee  disease  of  the  veins,  which  often  accompanies 
that  of  the  venous  trunks,  but  sometimes  exists  alone,  and  with  which 
ulcers  of  peculiar  obstinacy  occur,  affects  the  small  vessels  about  the 
ankle  ana  lower  part  of  the  1^.  The  skin  in  this  disease  is  almost 
uniformly  red,  through  the  number  of  small  veins  that  are  distended ; 
the  neighbourhood  of  the  ulcer,  when  one  exists,  is  livid,  tense,  and 
shining;  and  the  ulcer  itself  is  indolent,  and  very  painful,  anddis- 
ohaiges  a  thin  sanies.  This  state  can  be  treated  only  by  the  same 
remedies  as  the  preceding:  but,  though  commonly  overlooked,  it 
is  ^  far  the  more  mischievous  disease  of  the  two. 

varicose  affection  of  the  veins  of  the  spermatic  cord  constitutes  the 
disease  named  Vctricocele  ;  and  that  of  the  veins  of  the  rectum,  or  skin 
around  it,  forms  hemorrhoids,  or  piles.  In  these,  and  in  all  the  other 
oases,  the  blood  is  apt  to  stagnate  in  the  dilated  veins,  and  to  co- 
agulate within  them.  The  dots  thus  formed  may  assume  a  definite 
form,  becoming  elliptical,  or  more  often  elliptictd  with  pointed  ex- 
tremities, and  me  fibrine  in  them  arranges  itself  in  concentric  layers : 
after  this  they  harden,  and  one  of  their  extremities  becoming  con- 
nected with  the  walk  of  the  vessel,  small  blood-vessels  may  form  in 
them,  and  conmiunicate  with  those  of  the  surrounding  parts.  Lastly, 
the  colouring-matter  of  the  blood  is  removed,  and  euthy-matter  is 
deposited  in  the  clots,  arranged  in  concentric  lasers,  and  giving  them 
considerable  hardness  :  thus  phkbo4ithet,  or  vem-stones  are  formed. 
They  are  usually  spherical,  measuring  from  one  to  four  lines  in  dia- 
meter, lying  loose  within  the  veins,  and  producing  no  apparent 
inconvenience^  except  by  obstructing  the  passage  of  blood.  Iney  are 
especial^  common  in  the  dilated  veins  m  the  pelvis  of  old  persons, 
and  in  the  veins  of  legs  which  have  been  long  varioose :  th^  neither 
need  nor  admit  of  surgical  treatment. 

That  which  is  particularly  termed  a  Varix  is  either  a  mass  of  dilated 
and  tortuous  veins^  or  a  single  saccular  and  drcumaoribed  dilatation  of 
a  vein,  analogous  to  the  circumscribed  aneurism  of  an  artery.  This 
droumscribed  dilatation  is  a  very  rare  disease,  but  in  its  consequences 
does  not  differ  from  ordinary  dilatation.  An  aneurismal  varix  is  pro- 
duced when,  a  communication  being  made,  either  by  a  wound  or  by 
ulceration,  between  an  artery  and  a  vein,  the  latter  is  dilated  by  the 
force  of  the  arterial  blood  into  a  circumscribed  sac.    [Anbubum.] 

The  most  serious  disease  to  which  the  veins  are  subject  is  acute 
inflammation,  or  phlebitis.  It  sometimes  occurs  after  the  sli^t  wound 
made  in  ordinary  bleeding;  it  is  more  oonmion  after  operaUons  upon 
varicose  veins ;  and  yet  more  frequently  oocun  after  amputations  of 
the  limbs.  SUght  cases  of  phlebitis  not  unfrequently  come  on,  as  if 
spontaneously,  or  after  exposure  to  cold,  in  varioose  veins.  The  (^ted 
veins  beoome  hard,  like  knotted  cords  beneath  the  skin,  and  very 
painful ;  the  skin  around  them  inflames,  and  the  parts  below  beoome 
oedematous ;  and  sometimes  a  slight  erysipelas  spreads  over  the  limb. 
Such  affections  are  usually  of  little  moment ;  leeches,  rest,  and  external 
oold  are  sufficient  [to  subdue  the  inflammation,  and  it  often  has  the 
favourt^le  result  of  obliterating  the  veins,  and  thus  curing  the  disease 
by  which  they  were  previously  affected. 
The  more  severs  phlebitis  is  a  moat  dangerous  disease.    Lymph  is 


effused  into  the  cavity  of  the  vein,  and  into  the  tissue  of  its  wiJls, 
rendering  them  thick  and  hard;  the  vein  and  the  tinsues  immediately 
around  it  become  exquisitely  tender,  and  the  parts  whose  blood 
should  be  returned  through  the  diseased  vein  are  usually 
oodematous.  In  a  further  stage  pus  is  effiised  into  the  cavity  of  the 
vein,  and,  mixing  with  the  blood,  it  may  pass  into  the  general  current 
of  the  circulation,  though  more  commonly  the  vein  is  obliterated  above 
the  diiefly  inflamed  part  by  lymph  deposited  on  its  walls,  and  thus 
the  passage  of  pus  into  the  circulation  is  prevented.  With  the  local 
inflammation  of  phlebitis  a  state  of  low  typhoid  fever,  with  muttering 
delirium  and  great  exhaustion,  is  usually  combined ;  and  under  these 
the  patient  dies. 

In  connection  with  suppurative  phlebitis  a  condition  often  occurs 
to  which  the  name  of  punUetU  diathesU  has  been  given.  Its  chief 
characteristic  is,  that  collections  of  matter  form  ooincidently  in  many 
different  parts  of  the  body,  most  frequently  in  the  joints,  lungs,  and 
liver,  accompanied  by  a  kind  of  fever  similar  to  that  which  attends 
phlebitis.  It  has  been  thought  that  this  state  depends  on  pus  formed 
m  an  inflamed  vein  being  carried  into  the  circulation,  and  deposited 
again  in  some  remote  p«fft;  or  that  there  Ib  a  kind  of  metastasiB  of 
suppuration  from  the  vein  to  the  parts  secondarily  affected.  But  cases 
occasionally  happen  in  which  all  the  signs  of  the  purulent  diatheeiB  are 
weU  marked,  although  no  vein  is  diseased ;  so  that  there  is  no  necessary 
connection  between  the  disease  and  phlebitis,  although  in  the  tendency 
to  suppuration  the  veins  generally  take  a  prominent  place.  The  most 
probable  explanation  of  the  disease  is,  that  some  morbid  matter,  such 
as  is  formed  in  the  decomposition  of  the  dischaige  from  sores  or  wounds, 
is  introduced  into  the  luood,  whose  chemical  composition  it  impairs, 
engendering  a  state  in  which  pus  is  apt  to  be  formed,  and  in  which,  as 
in  typhoid  fever,  every  function  is  seriously  disordered. 

The  treatment  of  these  cases  of  acute  phlebitis  and  purulent  diathesis 
cannot  be  laid  down  in  general  terms.  Very  commonly  the  former 
requires  the  coincident  employment  of  laige  local  bleedings,  and  of 
m^ciaes  and  regimen  calculated  to  maintain  the  patient's  strength. 
The  due  observance  of  the  indications  for  one  or  both  of  these  pro- 
ceedings affi>rds  the  only  prospect  of  success ;  but  most  frequently  the 
best  directed  means  are  ineffectuaL 

One  of  the  most  fatal  forms  of  phlebitis  is  that  which  affects  the 
veins  of  the  uterus  and  the  neighbouring  parts  after  labour,  and  which 
chiefly  constitutes  one  of  the  diseases  included  under  the  name  of 
puer^sral  fever.  Phlegmtuia  doUnt,  or  phlegmasia  alba,  is  due  to 
phlebitis  of  a  less  severe  kind  affecting  the  iliac  or  femoral  vein,  or 
both,  and  many  others  adjacent  to  them.  By  obliterating  the  venous 
trunks,  and  preventing  the  circulation  through  them,  the  disease  gives 
rise  to  the  firm  oodema,  accompanied  by  the  tightness  and  glossy 
paleness  of  the  skin  of  the  leg  and  thigh,  wbich  peculiarly  indicate  it. 
It  occurs  sometimes,  but  rarely,  after  exposure  to  cold :  its  usual  origin 
is  in  a  comparatively  slight  inflammation  of  the  veins  of  the  pelvis  of 
women  during  pregnancy,  or  after  delivery,  which  extends  from  them 
to  the  veins  of  the  lower  extremity.  It  is  a^nded  by  the  same  tender- 
ness and  hardness  of  the  diseased  veins  as  exist  in  other  cases  of 
phlebitis ;  and  in  its  treatment,  as  in  theirs,  the  general  state  of  the 
patient's  health,  and  the  degree  and  extent  of  the  local  afiection, 
oonsideTed  together,  must  detcormine  the  measures  to  be  adopted. 

VELLUM.      [PABOHMXIffT.] 

VELOCITIES,  VIRTUAL.    [Virtual  Vklocitiks.] 

VELOCITY.  T^  word,  rendered  into  English,  is  .simply  swiftness 
or  quidmess,  an4,  would  be  soon  disposed  of,  if  it  were  xiot  that  various 
circumstances  connected  with  its  measure  and  calculation  render  its 
consideration  one  of  the  most  useful  exercises  which  the  student  can 
have,  not  only  in  mechanics,  but  also  in  pure  mathematios.  And  since 
the  views  which  must  be  developed  in  treating  properly  of  this  word 
are  almost  identical  with  those  which  arise  in  explaining  the  meanings 
of  other  words  nearly  ab  important,  we  have  made  references  from  all 
quarters  to  this  article,  which,  though  they  will  increase  its  leAgth, 
will  upon  the  whole  save  room. 

The  difficulty  in  the  wav  of  a  beginner,  which  he  meets  with  in 
acquiring  a  dear  notion  of  the  measure  of  velocity,  is  the  tendency  to 
confound  the  velodty  and  its  measure ;  a  tendency  which  is  increased 
by  any  elementary  work  which  hastens  too  rapidly  to  the  mathematical 
treatment  of  the  word.  The  consequence  of  this  confusion  is  (since 
the  measure  of  velodty  must  be  a  length  described,  or  rather  a  length 
capable  of  being  described)  a  want  of  power  to  distinguish  between  the 
space  which  a  body  does  describe  in  a  given  time,  and  that  which, 
judging  from  its  velocity,  it  seems  to  be  going  to  describe  at  the 
beginning  of  that  time.  Hence  arise  many  notions  mathematically 
&Ise  :  these  might  perhaps  be  prevented  by  attributing  volition  to  the 
moving  partide,  and  distinguishing  between  its  apparent  intention  at 
the  b^inning  of  the  given  time  and  that  which  it  actually  aooomplidiea 
in  the  given  time.  Such  an  illustration  would  probably  receive  no 
approbation  ;  but  the  errors  to  which  it  would  lead  would  not  be  ol 
the  least  consequence  in  mathematics. 

A  point  is  in  motion,  and  during  a  certain  second  it  moves  over  ten 
feet :  if  the  same  thing  should  happen  in  preceding  and  succeeding 
seconds,  there  is  a  presumption  that  the  body  b  moving  uniformly  at 
the  rate  of  ten  feet  a  second ;  that  is  to  say,  there  is  a  presumption 
that,  in  any  portion  of  time  whatsoever,  during  its  motion,  there  is  a 
length  described  which  bears  to  ten  feet  the  same  proportion  as  that 
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portion  of  Ume  bean  to  one  second.  But  thia  is  a  presumption  only. 
It  does  not  follow,  because  ten  feet  are  described  in  one  second,  that 
five  feet  are  described  in  each  half  of  a  second,  and  one  foot  in  each 
tenth  of  a  second.  If  the  second  could  be  divided  into  a  million  of 
parts,  and  it  could  be  shown  that  the  millionth  part  of  ten  feet  is 
described  in  each  and  all  of  these  ports,  it  would  be  no  doubt  a  very 
strong  presumption  that  the  motion  is  really  \miform,  but  still  not 
amounting  to  certainty ;  for  it  is  possible  that  in  each  of  those  pu*t8 
of  time  there  mdy  be  a  variation  of  speed :  for  instance,  the  moving 
point  may  do  all  its  work  in  the  first  half  of  the  small  interv^,  and 
rest  during  the  remainder.  Something  of  this  kind  takes  place  in  the 
motion  of  the  minute-hand  of  a  dock,  which  is  propelled  once  in  each 
second  during  a  portion  of  the  second,  and  rests  during  the  remainder. 
But  so  rapidly  do  the  small  propulsions  follow  one  another,  and  so 
small  are  their  individual  effects,  that»  even  when  the  hand  has  been 
watched  untQ  its  motion  is  certain,  there  is  no  irregularity  discoverable 
by  ordinary  eyes.  And,  speaking  with  reference  to  common  purposes, 
there  is  no  occasion  to  deny  uniformity  of  motion  so  long  as  the  lengths 
described  in  those  times  which  are  convenient  to  be  mentioned  are 
equal  or  nearly  equal.  It  would  be  useless,  in  speaking  of  the  pace 
with  which  a  man  walks  four  miles  an  hour,  to  remind  the  hearer  that 
no  person  walks  uniformly,  and  that  in  eveiy  step  the  centre  of  gravity 
of  the  body  moves  up  and  down,  advancing  most  rapidly  when  it  is  at 
the  highest,  and  most  slowly  when  it  is  lowest.  But  for  mathematical 
purposes  a  correct  measure  of  speed  must  be  obtained,  and  the  pre- 
ceding aocoimt  would  at  first  seem  to  lead  to  the  inference  that  it  is 
impossible  to  have  such  a  measure.  Nor  indeed  has  velocity  yet 
received  its  definition  in  this  article,  at  least  not  its  measure :  we  have 
spoken  of  velocity  and  of  its  changing,  but  without  alluding  to  any 
mode  of  estimating  the  quantity  of  chsuoge.  But  there  is  that  about 
the  word  which  needs  no  definition :  when  we  say  that  the  railroad 
carriage  moves  "faster"  than  the  old  stage-coach,  or  that  two  bodies 
which  set  out  together  and  keep  together  are  always  moving  ''  at  the 
same  rate,"  there  is  no  need  of  ezpkmation  of  the  words  which  are  in 
marks  of  quotation.  And  we  must  now  refer  to  the  considerations  in 
Uniform,  as  a  constituent  part  of  this  article,  showing  that  we  may 
have  a  perfect  idea,  both  of  velocity  that  it  is  a  magnitude,  and  that 
there  is  such  a  thing  as  uniform  velocity,  previous  to  any  definite  ideas 
of  the  most  proper  mode  of  measui'ing  even  that  uniform  velocity,  to 
go  no  farther. 

If  a  body  move  uniformly,  it  is  customary  at  once  to  lay  down  as 
the  measure  of  the  velocity  the  space  described  in  a  given  time, 
usually  the  unit  of  time,  a  second,  a  minute,  an  hour,  as  the  case 
may  be.  So  far  as  the  great  object  of  calculation  is  concerned,  this 
definition  is  perfect :  by  instituting  measures  of  velocity,  we  can  but 
want  to  answer  one  or  other  of  these  questions  :  Where  wUl  the  moving 
point  be  at  the  end  of  a  given  time  1  or.  In  what  time  will  the  moving 
point  para  over  a  given  length  1  The  body  moves  at  the  rate  of  v  feet 
per  second,  it  moves  over  vt  feet  in  t  seconds,  and  moves  over  the 
length  8  feet  in  a-^-v  seconds.  Let  us  now  take  a  point  moving  with 
a  variable  motion,  that  is,  not  describing  equal  lengths  in  equal  times, 
say  a  nirticle  descending  by  its  own  weight  in  a  vacuum.  In  the  first 
second  it  falls  16  feet ;  but  hi  the  first  half  of  this  second  it  falls 
only  4  feet,  and  the  remaining  12  feet  in  the  second  half-second. 
The  space  described  in  one  second  is  therefore  no  measure  of  the  rate 
of  motion  during  that  second,  and  it  is  now  to  be  asked.  What  is  the 
way  of  obtaining  a  measure  of  the  speed  after  any  interval  has  elapsed  ? 
What  is  velocity  itself,  when  it  cannot  for  want  of  uniformity  be 
ascertained  by  the  space  described  in  any  given  time  f  If  the  action 
of  gravity  were  removed  at  the  end  of  that  time,  so  that  the  point 
would  go  on  uniformly  with  its  last  acquired  velocity,  how  much 
would  it  then  describe  in  one  second  ?  AU  these  questions  Bre  the 
same,  and  the  answer  cannot  be  given  without  the  introduction  of 
the  notion  of  a  limit,  whether  with  or  without  the  forms  of  the 
differential  calculus.  At  the  end  of  the  time  t  seconds,  let  the  moving 
point  be  at  a,  distant  by  $  feet  from  the  fixed  point  o.    During 
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the  ensuing  fraction  hot  a  second,  let  it  describe  the  further  space 
AB  (=:Jt).  The  length  k  is  then  moved  over  in  the  time  A,  and, 
if  the  velocity  were  uniform,  that  velocity  would  be  k-r-h  feet  in  one 
second ;  for  as  A  is  to  1  (second),  so  (on  the  suppodtiDn  of  uniform 
velocity)  is  ib  to  the  space  which  would  be  described  in  one  second.  If 
AB  were  veiy  small,  we  might  reason  (with  tolerable  exactness)  as 
follows :  In  a  very  small  time  the  change  of  speed  wiU  be  slight,  and  the 
motion  of  the  point  nearly  uniform,  though  not  absolutely  so ;  whence 
we  may  say,  without  material  error,  that  ab  is  described  as  with  a 
uniform  velocity  at  the  rate  of  k-i-h  feet  per  second.  The  process 
which  the  mathematician  adds  is  the  following :-— The  error  of  the 
preceding  process,  small  when  A  is  small,  becomes  smaller  when  h  is  still 
Bmaller,and  may  be  diminished  to  any  extent :  that  is,  little  as  may  be  the 
departure  from  uniform  motion  in  moving  through  a  small  length,  it  is 
less  in  movmg  through  a  smaller.  If,  then,  instead  of  making  A  simply 
small,  and  then  finding  Xr-f-A,  we  diminish  A  without  limit,  and  find  the 
limit  towards  which  ifc-^-A  approaches,  we  find  that  uniform  velocity 
which  may  be  said  to  represent  the  speed  of  the  point  in  passing 


through  A,  so  far  as  any  imiform  velocity  can  be  said  to  do  sol      \7s1ius 
such  language  as  supposes  the  point  to  have  volition,  we  have.  In  tbe 


limit  of  «-T*A,  the  length  per  second  with  which  the  point  alioira  an 
intention  of  proceeding  at  the  instant  when  it  passes  through  a,  tlxoa^ 
it  does  not  preserve  that  intention  wholly  unaltered  for  any  pcartion  cc 
time,  however  smalL 

Suppose  for  example  that  the  point  moves  in  such  a  wajr  ^^  to 
describe  i-k-^  feet  in  i  seconds,  for  all  values  of  t,  whole  or    _ 
tional.     We  have  then  8»<  +  ^,  «i-iE;»(t  +  A)  +  (t-f  A)%  whence 
obtain 

i=A-i-2eA-HA»  j«l+2<-».A. 

At  the  end  of  three  seconds,  what  is  the  velocity  f    Judging^  £rMn  tlie 
length  described  during  the  succeeding  fraction  A  (and  makiTig  t  =»  3), 
we  should  say  that,  2;-^-A  being  7  +  A,  the  limit  of  Uus,  or  7»  obtained 
by  diminishing  A  without  limit,  is  the  velocity  required;  tliat  is.  tbe 
point  is  then  moving  7  feet  per  second.    If  we  suppose  7  feet  per 
seoondy  the  length  described  in  the  fraction  A  of  a  second  is   the 
fraction  7 A  of  a  foot;  take  any  other  uniform  velocity  p  feet    per 
second,  and  pA  is  the  length  described  in  the  same  tim&     Now  wlkat 
is  really  described  is  7A+A';  so  that  the  errors  are  A' and  (7—/') 
A+A^  which  are  in  the  ratio  of  A  to  7— p-t-A.    Now  if  p  differ  (as 
we  have  supposed)  from  7,  the  first  error  diminishes  without  limit 
as  compared  with  the  second,  when  A  diminishes  without  limit : 
so  that,  of  all  wnform  veloeitiet,  7  feet  per  second  is  the  one  whidh 
best  represents  ti^e  motion  of  the  point  in  any  small  time  foUowiog 
the  end  of  the  third  second  ;  and  the  better  the  smaller  the  time. 

It  appears  then  that  we  do  not,  properly  speaking,  undertake  to  aay 
at  what  rate  the  point  is  moving  at  the  end  of  three  seconds,  but  what 
fictitious  iMu/ona  rate  best  represents,  at  the  instant,  the  variaUe  nte 
at  which  it  is  moving.  This  will,  for  a  moment,  seem  rather  unsatis- 
factory to  the  student  who  imagines  that  he  has  got  an  absolute  idea 
of  velocity,  and  here  he  should  compare  his  notion  on  this  subject  with 
that  of  the  direction  of  a  point  moving  in  a  curve.  [DmscTiosr; 
Tanoxnt.]  What  do  we  mean  by  sayiog  that  a  point  which  moves  in 
a  curve  has,  at  every  instant,  the  diroction  of  motion  which  is  repre- 
sented by  the  tangent  of  that  curve  f  Answer,  in  nearly  the  same 
words  as  before.  We  do  not,  properly  speaking,  undertake  to  say  in 
what  direction  the  point  is  moving  at  any  period  of  its  motion,  but 
what  fictitious  line  if  wtuform  direction  (straight  line)  best  represents, 
at  that  instant,  the  line  of  variahle  diredion  (curve)  on  which  it  is 
moving.  The  study  of  these  two  things  together,  velocity  and  direc- 
tion, is  useful,  as  each  throws  illustration  upon  the  difficultdes  of  the 
other.  In  both  cases  the  laws  of  matter  agree  in  preferring  that  whidi 
is  indicated  as  most  simple  by  the  laws  of  mind ;  for  if  a  point  moving 
along  a  curve  be  suddenly  relieved  of  the  forces  which  keep  it  in  a 
I>erpetual  change  of  speed  and  direction,  it  will  proceed  with  that  very 
velocity  which  we  have  said  it  shows  its  intention  to  ^srooeed  with, 
uniformly;  and  will  quit  the  curve  for  that  straight  Ime  which  we 
Height  equally  well  have  said  it  showed  a  disposition  to  prefer  to 
any  other  while  moving  on  the  curve,  namely,  the  tangent  of  the 
curve. 

If  it  should  be  said  that  we  are  reduced,  in  treating  of  variable 
velocities,  to  a  necessity  which  does  not  occur  in  describing  those 
which  are  uniform,  namely,  the  use  of  limits,  we  altogether  deny  the 
fact ;  that  is,  we  say  that  we  are  as  much  compelled  to  the  use  of 
limits  in  defining  a  uniform  velocity  as  a  variable  one.  For  what  does 
uniform  velocity  mean?  A  point  has  uniform  velocity  when  equal 
spaces,  any  equal  spaces  whatsoever,  are  described  in  equal  times ;  or 
when,  k  being  described  in  the  time  A,  k-r-h  \a  always  the  same.  That 
is,  k-i-h  must  retain  its  value,  however  sxnall  A  may  be ;  or  the  limit  of 
k-T-h  must  also  have  that  value.  And  we  have  seen  that  it  would  be 
impossible  to  declare,  experimentally,  the  existence  of  uniform  velocity, 
even  if  our  senses  had  no  imperfections,  upon  the  experience  of  com- 
parisons  of  any  finite  equal  spaces,  however  small;  nothing  but 
assurance  of  the  Umit  of  k-i-h  being  the  same  thing  wherever  the  point 
A  might  be  placed,  would  give  mathematical  evideaoe  of  the  velocity 
being  uniform. 

In  all  cases,  then,  by  the  velocity  of  a  point  in  motion,  at  any 
particular  period  of  its  motion,  is  to  be  understood  the  limit  of  the 
ratio  which  the  increment  of  the  length  described  bears  to  the  incre- 
ment of  the  time  expended  in  the  description  of  that  increment  of 
length.  That  is,  if  the  length  be  measured  in  feet,  and  the  time  in 
seconds,  and  if  k  be  the  fraction  of  a  foot  described  in  the  fraction  of  a 
second  A,  the  limit  towards  which  the  faction  k  divided  by  the  fraction 
A  continually  tends  while  A  is  diminished  without  limit,  is  the  number 
of  feet  per  second  which,  we  may  say,  expresses  the  rate  of  motion  at 
the  penod  in  question.  The  student  of  the  differential  calculus  will 
now  have  no  difficulty  in  altering  the  preceding  into  the  following 
form :  if  the  length  s  be  described  in  the  time  t,  the  velocity  (v)  at 
the  end  of  the  time  i  is  thus  expressed : 

If  y  be  any  function  of  x,  and  if  x  represent  the  number  of  units  of 
length  described  by  a  moving  point  in  the  time  f,  and  y  the  same  for 


V 


■I 


601 


VELOCITY. 


VELOCITY. 


60S 


another  moving  point,  and  if  y=^,  we  have  by  the  rules  of  the 
cLiiTerential  caloulus : 


dy 
dt 


dy  dx 
di  dt 


Sere  dy  :  dt  and  dx :  dt,  represent  y  and  x,  Newton's  Fluxiokb  of 
y  and  sc ;  and  dy  idxiB  obviously  the  same  thing  wsy  :  si  The  tenn 
fluxion  merely  means  velocity,  and,  after  all,  there  can  be  formed  no 
clearer  notion  of  a  di£ferentukl  coefficient  than  one  which  is  formed 
from  a  consideration  closely  resembling  the  fluzional  one.  If  y  be  a 
function  of  x,dy  idxia  the  rate  at  which  y  is  increasing,  as  compared 
"with  that  at  wmch  x  increases.  Thus  if  y=s^,  dy  :  dx=iji?,  which 
vrhen  xalO  is  4000.  What  does  this  mean?  We  say  that  nothing 
can  answer  more  clearly  than  the  following :  If  a  number  be  imagined 
to  be  gradually  increased  [Variabub],  by  the  time  it  becomes  10  its 
fourth  power  will  be,  at  that  instant,  increasing  4000  times  as  &st  as 
itself. 

Acceleration  is  the  increase  of  velocity ;  and  in  the  article  cited 

luiif  orm  acceleration  has  been  considered,  and  its  laws  deduced,  if  not 

ivith  the  forms,  yet  on  the  principles,  of  the  differential  ciUculus. 

Precisely  the  same  difficulties  come  before  us  in  the  development  of 

the  measure  of  acceleration  as  in  that  of  velocity,  and  they  are  to  be 

met  in  the  same  manner.    In  fact,  by  the  acceleration  is  meant  the 

rate  of  increase  of  the  velocity,  the  velocity  of  the  velocity.    Suppose 

the  velocity,  first,  to  increase  imiformly :  tiiat  is  to  say,  let  b  feet  be 

added  to  it  in  every  second,  and  in  that  proportion  for  all  times 

elapsed;  if  then  a  be  the  ioitial  velo^uty^  that  at  the  end  of  the  time  t 

iaa-^ht,  and  we  have 


da 


<s(U  +  i^ 


if  s  be  measured  from  the  point  of  starting.  Here  at  is  the  length 
due  to  the  initial  velocity  a,  and  ibfi  the  effect  of  the  continual 
acceleration.  Now  suppose,  returning  to  the  diagram,  that  the  velocity 
at  B  is  greater  by  2  than  that  at  a,  and  the  fraction  A  of  a  second 
having  eLapsed  between  the  two  positions :  that  is,  suppose  that  at  a 
the  point  begins  to  move  as  if  it  meant  (continuing  our  illustration)  to 
describe  v  feet  in  the  next  second ;  but  that  by  the  time  of  ooming  to 
B  it  begins  (firom  b),  as  if  it  would  describe  v-^l  feet  in  the  next 
second.  If  this  increase  of  velocity  were  uniformly  given,  that  is,  if 
in  the  time  4A  its  velocity  had  become  v+^l,in.  \h,  v+  ^2,  and  so  on 
for  every  fraction  of  A,  we  might  then  infer  that  the  acceleration  at  a, 
that  is,  the  rate  at  which  velocity  is  then  increasing,  measured  by  the 
quantity  which  would  be  gained  in  a  second  at  the  same  rate,  is  Li-h : 
for  as  A  is  to  one  second,  so  is  2  gained  in  the  time  A  to  what  would  be 
gained  in  a  second  at  that  rate.  But  if  this  supposition  be  not  true, 
that  is,  if  the  speed  receive  unequal  additions  in  equal  times,  we  must 
then  begin  to  reason  as  before,  and  to  find  what  (pursuing  the  same 
illustration)  we  may  call  the  intention  of  the  velocity.  If  {  be  added 
to  the  velocity  in  the  small  time  A,  it  will  be  added  nearly  uniformly ; 
if  A  be  still  smaller,  still  more  nearly,  and  so  on :  in  such  manner  that 
while,  practically  speaking,  2-j-A  is  a  sufficiently  good  representative  of 
the  current  rate  of  acceleration,  when  A  is  small,  the  (uniform)  rate 
of  acceleration  which  best  represents  the  state  of  things  at  a  is  the 
limit  which  is  deduced  by  making  A  diminish  without  limit.  And 
here  again,  copying  our  own  preceding  words,  we  do  not  undertake  to 
say  at  what  rate  the  velocity  is  incressing  when  the  moving  point  is  at 
a,  but  what  fictitious  uniform  rate  of  increase  best  represents,  at  the 
instant,  the  variable  rate  of  increase  which  would  be  detected  if 
the  chimges  of  velod^  between  a  and  B  could  be  noted.  And  hence, 
if  10  be  called  the  acceleration,  the  student  of  the  differential  calculus 
will  easily  deduce, 

dv       dh    ,  di 

and  also  vdv= todt. 

Thus  a  the  motion  of  the  point  be  such'  that  in  t  seconds  there  are 
described  fi+t*  feet,  we  have  as  follows : — 

#«<»+<«,  v^Zfi  +  ifi,  «  =  6<  +  12«« 

At  the  end  of  two  seconds,  then,  the  state  of  things  is  this : — the 
point  has  advanced  8  +  16  or  24  feet,  and  if  allowed  to  move  on 
without  further  change  of  velocity,  would  describe  12  +  32  or  44  feet 
in  the  next  second,  and  has  the  velocity  44  (feet)  in  one  second;  while 
at  the  same  time  there  is  an  acceleration  taking  place  which  would, 
if  allowed  to  remain  uniform  for  one  second,  add  12  +  48  or  60  to  the 
velocity,  wmking  it  44  +  00  or  104  at  the  end  of  the  third  second.  But 
this  rate  of  acceleration  is  itself  increasing,  since  at  the  end  of  the 
third  second  the  velocity  is  27  +  824  or  351. 

So  far  the  subject,  and  all  notions  connected  with  it,  fall  within  the 
province  of  pure  mathematics :  it  there  were  no  such  thing  as  either 
matter  or  force,  but  only  motion  and  a  mind  to  conceive  it,  all  that  has 
been  said  might  be  intelligible.  It  is  very  much  to  be  regretted  that 
the  connection  between  the  mathematical  doctrine  of  motion  and  the 
laws  of  matter  is  unduly  made,  and  at  too  early  a  stage,  by  the  appli* 
cation  of  the  term  accelerating  force,  instead  of  simple  eieoeleration,  to 
the  result  dv  :  dt.    Aooelemtion  would  be  what  we  have  described  it 


to  be,  if  matter  were  not  inert,  if  it  moved  by  its  own  volition,  or  on 
any  supposition  whatever,  provided  only  that  it  moved.  Why  then 
should  a  theory  be  made  to  supply  the  name  of  a  x«eult  antecedent  to 
that  theory,  and  which  would  be  perfectly  true  even  if  that  theory 
were  false  ?  The  oonseouence  of  tms  is,  that  when  the  laws  of  matter 
come  to  be  applied  to  the  mathematical  expressions  of  motion,  things 
are  taken  for  granted  which  ought  to  be  learnt. 

The  connection  between  these  two  subjects  is  made  in  the  manner 
described  in  the  article  Fobox,  according  to  which  it  appears  that  if 
the  weight  of  a  psrtide  be  w,  and  if  (this  weight  being  taken  away,  as 
by  laying  the  particle  on  a  table  without  friction)  a  pressure  be  con- 
stancy exerted  upon  it  such  as  would  be  produced  by  a  weight  p,  in 
any  direction  in  which  it  can  move  freely,  the  amount  added  to  the 
velocity  will  be  uniform,  at  the  rate  of  32*19  f-t-w  feet  in  ev^^iy 
second.    Hence  the  following  equation : — 


82-19  p 
w 


dv 


dv 


32-19  dt 


For  example,  what  pressure  must  act  uniformly  for  one  second  on  a 
partide  of  7  ounces  weight,  to  add  18  feet  per  second  to  its  velocity,  or 
that  the  rate  of  motion  at  the  end  of  that  second  may  be  13  feet  per 
second  greater  than  at  the  commencement  f  Here  dv  :  d<=18,  w= 7, 
and  the  answer  is 

7x18 


32-19 


*  2-88  ounces. 


The  numerical  divisor  S2'19,  the  uniform  acceleration  of  bodies 
falling  free  in  vacuo  at  the  earth's  surface,  is  usually  denoted  by  g,  and 
the  factor  w—^  usually  stands  for  the  Mass  of  the  body,  or  the  measura 
of  its  quantity  of  matter.    Hence  the  following  equation : — 

dv 

and  this  remains  true,  whatever  unit  of  mass  be  employed,  provided 
only  that  the  pressure  which  is  called  unity  shall  be  that  which, 
exerted  for  one  second  upon  the  unit  of  mass,  shall  add  a  unit  to  the 
▼elooity.  [  VABiATioir.]  And  now  comes  another  consequence  of  the 
application  of  the  term  force  to  the  simple  consequence  of  force,  acce- 
leration. The  word  is  wanted  again  to  signify  this  pressure  which 
produces  acceleration,  and  for  distinction  the  pressure  is  called  moving 
force,  [Momentum;  Moynra  Forge.]  So,  then,  the  name  of  the 
pressure  which  acts  and  produces  continual  accessions  to  the  speed  is 
moving  force,  while  the  name  of  the  rate  of  acceleration  is  accelerating 
force.  To  mend  this  confused  use  of  terms,  some  writers  endeavour 
to  create  a  notion  of  moving  force  independent  of  the  pressure ;  but  as 
they  always  end  in  saying  that  the  moving  force  varies  as  the  pressure 
and  never  tell  us  more  of  its  definition  ihan  that  it  is  the  product  of 
the  mass  and  acceleration,  they  niight  save  themselves  trouble,  and 
their  readers  also,  if  they  would  simply  establish  the  above  equation, 
where  p  means  the  pressure  which  produces  acceleration,  and  that 
pressure  is  the  unit  <j  its  kind  when  it  is  of  that  magnitude  which 
creates  in  the  unit  of  mass  a  unit  of  velocity  per  second. 

As  we  are  now  differing  from  men  of  deservedly  good  authority, 
both  at  home  and  abroad,  and  intending  to  make  our  assertion  in  a 
more  positive  manner  thim  is  usual  wiUi  us,  we  may  be  excused  for 
dwelling  a  little  more  upon  the  subject  If  we  consider  the  natural 
meaning  of  moving  force  and  accelerating  force,  it  is  obviously  as 
follows: — Moving  force  is  force  which  makes  motion;  accelerating 
force  is  force  which  makes  acceleration,  or  increased  motion.  Were  the 
distinction  ever  so  necessary,  these  words  would  be  very  bad  ones,  and 
would  always  obstruct  the  learner.  Kor  does  this  origin  of  the  word 
moving  force— namely,  that  which  produces  Momentum — ^give  any 
help ;  for  the  synonyms  for  momentum — ^namely,  quantity  of  motion, 
meaning  really  quantity  of  matter  moved  multiplied  by  the  velocity — 
is  a  perversion  of  words  of  the  same  kind.  To  momentum  we  have  no 
objection ;  it  is  a  Latin  word  to  which  an  Rnglj^h  ear  may  easUy  be 
£imiliarised  in  any  sense.  If  geometers  had  chosen  to  call  an  equi- 
lateral triangle  a  momentum,  the  etymological  student  might  have  been 
startled,  but  the  shock  would  soon  have  been  got  over;  but  if  they 
had  called  the  same  figure  a  qiumtity  of  motion,  every  beginner  would 
have  been  puzzled,  and  the  impression  would  have  been  lasting.  But 
returning  to  the  two  species  of  forces,  so  called,  we  find  a  double 
inconsistency :  the  idea  of  motion  is  introduced  into  the  word  which 
only  means  pressure  (for  moving  force  is  but  pressure),  while  the  idea 
of  pressure  is  introduced  iuto  a  word  which  has  only  reference  to 
motion  (for  accelerating  force  is  but  acceleration),  lliere  are  two 
distinct  and  leading  ideas  in  mechanics,  pressure  and  motion  :  on 
keeping  them  perfectly  distinct  till  the  time  comes  for  joining  them 
experimentally  it  must  depend  whether  a  student  sees  mechanics  to  be 
a  science  or  not.  If  any  one  should  say  that  pressure  producing 
motion  ought  to  be  distinguished  from  pressure  which  is  in  a  state  of 
equilibrium  with  other  pressures,  we  could  not  of  course  raise  any 
objection  :  let,  then,  moving  force  and  resting  force  be  used  in  these 
two  senses,  with  a  clearly  expressed  distinction.  Here  force  would  be 
synonymous  with  Pbebbube,  in  the  derived  or  secondary  sense  of  the 
article  cited.  But  let  acceleration  be  then  acceleration,  not  accelerating 
force. 

The  Composition  of  velocities  and  accelerations  is  so  easily  proved 
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that  we  do  not  think  it  necessary  to  lengthen  this  article  l^  dwelling 
upon  it.  Two  of  a  sort,  whether  velocities  or  aooderations,  aeting 
upon  one  particle,  at  any  one  instant,  are  equivalent  to  a  third  repre- 
sented in  magnitude  and  direction  by  the  diagonal  of  a  parallelogram, 
the  two  sides  of  which  represent  in  magnitude  and  direction  the  two 
components.  And  by  the  law  of  motion  which  is  commonly  called 
the  second  [Motion,  Laws  of],  the  several  accelerations  which  act 
on  any  particle  in  any  yivtn  airecHont  may  have  their  effects  com- 
puted separately  without  any  error  being  introduced.  If,  then,  sup- 
posing a  particle  to  move  in  a  plane,  the  pressures  p  and  Q  be  applied 
to  it  in  the  directions  of  the  rectangular  co-ordinates  x  and  y,  the  mass 
of  the  particle  being  u,  we  have 
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equations  which  are  only  true  on  the  supposition  that  there  is  this 
connection  betwem  the  unit  of  mass  and  that  of  pressure,  namely,  tiiat 
the  latter  acting  on  the  former  during  one  unit  of  time  shall  add  to  the 
line  which  represents  its  velocity  one  unit  of  length.  These  equations 
are  enough  to  determine  the  equation  of  the  curve  in  wmch  the 
pQrtide  must  move,  p  and  Q  being  given  functions  of  both  x  and  y;  and 
the  time  of  motion  through  any  arc  of  the  curve  •  is  then  found  from 
the  following  equation : — 


y^)  =2y(p<^  +  Q<^)OT<ft  = 


di 


^J/(2Fdx+2qdy) 

It  is  not  here  our  business  to  proceed  farther  with  the  consequences 
of  the  definitions  of  velocity  and  acceleration ;  but  we  must  explain  a 
point  which  will  arise  in  our  subsequent  article  on  Virtual  Vblo- 
CITIBS.  When  we  have  the  means  of  actually  ascertaining  the  motion 
of  a  particle  of  given  mass, — that  is  to  say,  of  finding  at  eveiy  instant 
its  actual  place,  its  velocities  in  the  directions  of  its  co-ordinates,  and 
its  aocelerations  in  those  directions, — ^we  are  prepared  to  assign  the 
pressures  which  must  act  upon  it  in  those  directions,  at  the  instant  we 
are  speaking  of,  either  in  mathematical  units  of  pressure,  as  before 
described,  or,  if  the  reader  please,  in  pounds  or  ounces  averdupois. 
To  show  this,  let  us  propose  an  instance,  as  follows : — ^A  particle  whose 


weight  (if  weight  were  allowed  to  act)  is  10  ounces,  moves  uniformly 
along  the  arc  of  a  parabola  o  p  (whose  focus  is  b,  o  B  being  half  a  foot) 
at  the  rate  of  2  feet  per  second :  What  pressures  in  tiie  diractions  of 
o  N  and  17  p  (or  of  x  and  y)  are  necessary  to  keep  up  the  motion ;  and 
in  particular  what  are  the  pressures  and  the  velocities  at  the  point  p  at 
wmch  N  p  =  8  feet  ?  The  equation  of  the  curve  is  2y  s  a^^  whence 
we  get 


dy 
di 


dx 


Or  the  velocity  in  the  direction  of  y  is  to  that  in  the  direction  of  x 
always  as  a?  to  1. 

But,  a  being  the  arc  OP,  we  have 


dt       ^>  dfi 

da^ 
whence  -rs 


d^ 
dfi 


l  +  a* 


d^ 
+  3? 

dfi  " 


»4 

1  +  a*' 


At  the  point  in  question  y=8,  d^=6,  from  which  the  velocities  in 
the  directions  of  x  and  y  are  found  to  be  +  V(?)  And  +  W>  or  *766 
and  1*852.  We  take  the  positive  signs,  ranee  both  morons  obviously 
fond  to  increase*  their  co-ordinates.  DifiTerentiate  the  last  equation! 
again,  and  we  have, — 

^      dx    _  dy  d^  8x       dx 


dx  d^x 

^  dF  "5? 

(ftp 

dfi 


(l4-a^«  dt'  ^  dt  dfi   ^  (l4-a?)«   di 

ix  (Py  4 

{l-hs^  dF  "^  (l+aJ»)«' 


or  the  velocity  in  the  direction  of  a;  is  always  retarded,  while  that  in 
the  direction  of  y  is  always  accelerated.  And  at  the  point  in  question 
we  have  -4V6-T-49  and  4-T-49  for  the  accelerations,  say  —-200  and 

•  We  have  aot  entered  into  the  dbtinetion  of  meaning  between  poeitiTe  and 
negative  veloeitiee  and  aceeleratioaa,  sinee  the  question  is  t  purely  algebraical 
one,  nnnecesttry  to  be  treated  here  if  tbe  student  really  understand  algebra, 
and  impossible  to  be  explained  within  oar  limits  to  one  who  does  not.    - 


*082;  by  which  we  mean  that  if  the  pressures  then  acting 
directions  of  x  and  y  were  allowed  to  continue  uniform  for  one 
they  would  alter  the  velocities  in  the  direction  of  x  and  jr 
and  1-852  to  '756-'200  and  1'852  +  082.    The  weight  of  the 
if  weight  *  were  allowed  to  act,  being  10  ounces,  uie 
would  produce  the  preceding  accelerations  are,  in 


tbe 


le. 


10  ix  10  4 

■"  82-19  (14-a^)*  82-19  (1  +  a?)*' 

the  pressures  in  the  direction  of  x  being  in  the  direction  frooi 
towards  o.    At  the  point  in  question  these  preessures  are  —  "OeS 
•0255  ounces. 

The  pressures  thus  derived  from  the  motion  which  acioally 
place,  by  means  of  the  aocelerations  d^x  :  dfi  and  (fy  :  dfi,  are  usually 
called  the  tffeetive  forces ;  and  the  name  is  very  appropriftte,  becaii^e  it 
is  true  that  these  must  be  the  forces  which  do  really  act^     DifiEer<^A 
pressures  produce  different  accelerations  upon  the  same  iiia8b  ;  or^  to 
one  acceleration  there  ub  but  one  produdng  pressure,  the  mau  besn^ 
given.    But  it  may  happen  that  tiie  forces  actually  tmjisresaBcf,  or  the 
pressures  actually  employed,  at  the  point  p,  may  be  very  di£krenft 
from  those  which  just  produce  the  motion  that  is  produced.     Suf^xMe 
for  example  that  the  mass  p  were  attached  to  the  mass  Q  by  the  lifpd 
rod  PQ  without  weight ;  and  suppose  such  forces  to  be  applied  at  p  and 
Q  as,  whatever  may  become  of  Q,  cause  p  to  move  uniformly  along  tlfee 
parabola  in  the  manner  above  described.    We  may  assign  an  infinite 
number  of  different  motions  to  q,  and  for  each  motion  of  Q  we  may 
assign  an  infinite  number  of  piessures  which,  being  applied  to  P  and  9, 
will  give  the  two  their  supposed  motions.    But  in  no  one  of  thaae 
cases  can  the  total  amounts  of  pressure  reallv  Applied  to  p»  in  the 
directions  of  x  and  y,  be  any  other  than  those  whidh  are  calcn- 
lated  above:  whatever  may  be  the  pressures  actually  applied  at  F, 
the  thrust  or  pull,  as  the  case  may  be,  of  the  rod  pq,  will  supply  what 
is  necessary  to  make  all  the  forces  that  act  on  p  (those  directly  applied 
and  that  arising  from  the  said  thrust  or  puU)  together  equivalent  to 
the  pressures  above  calculated.    This  is  the  foundation  of  lfAltmber<u 
principle,  [FoBOis,  impressed  and  sffbctive  ;  Virtual  VBLOcirnB.] 

The  connection  between  velocity  and  pressure  is  not  only  obecured 
by  phrases  as  cloudy  as  "  moving  force,  but  also  by  the  use  ol  the 
unit  of  mass  instead  of  the  unit  of  weight  This  measorement  fay 
masses  instead  of  weights  is  so  convenient  and  so  desirable  on  rational 
grounds,  that  it  cannot  ultimately  be  dispensed  with ;  but  at  the  first 
outset  the  student  should  be  taught  to  reduce  the  new  mode  of 
proceeding  into  terms  of  that  with  which  he  is  then  better  acquainted. 
A  beginner  in  the  theory  of  gravitation  is  not  allowed  to  have  the 
least  idea  of  the  amount  of  the  attractions  of  the  several  bodice  upon 
each  other  in  pounds  or  tons,  or  any  other  unit  which  he  can  at  onoe 
understand.  And  we  should  not  hd  surprised  if  many  who  can  easily 
compare  the  sun*s  attraction  upon  the  earth  with  the  earth's  attraction 
upon  Uie  moon,  so  as  to  find  either  of  them  when  the  other  is  given, 
would  be  awkward  at»  if  not  actually  puzzled  by,  the  question  of 
comparing  either  of  them  with  the  weights  in  a  grocer's  ohopu 
Undoubtedly  there  would  not  be  much  of  astronomical  utility  in  the 
question;  but  for  clear  conception  of  the  meaning  and  mode  of 
derivation  of  mechanical  results,  nothing  can  be  of  more  importance 
than  the  actual  comparison  of  all  results  with  those  which  are  best 
known,  because  actually  felt  and  perceived. 

VELVET,  a  variety  of  manufactured  silk,  remarkable  for  the  eoft- 
ness  of  its  surface.  Velvet  was  unknown  at  least  several  centuries 
after  the  introduction  of  plain  woven  oiks ;  and  it  is  not  mentioned  in 
any  ^documents  earlier  than  the  18th  oentuiy.  For  a  lon^  time  the 
manufacture  was  confined  to  Italy,  where,  particularly  m  Genoa^ 
Florence,  Milan,  Lucca,  and  Venice,  it  was  earned  on  to  a  great  extents 
It  was  subsequentiy  introduced  into  France,  and  brought  to  ^reat  per> 
fection.  On  the  revocation  of  the  Edict  of  Nantes,  in  1685,  this  bruK^ 
of  weaving  was  begun  in  England  by  tiie  refugees. 

The  peculiar  softness  of  velvet  is  owing  to  a  loose  pile  or  surface  of 
threads,  occasioned  by  the  insertion  of  short  pieces  of  silk  thread 
doubled  under  the  shoot,  weft^  or  cross  threads.  These  stand  upri^t 
so  thickly  as  entirely  to  conceal  the  interlacing  of  the  waip  and  shoot. 
The  richness  of  the  velvet  depends  upon  the  closeness  of  the  pile- 
threads.  The  insertion  of  these  short  threads  is  effected  in  the  follow- 
ing manner : — Tf*«<»*<^  of  having  only  one  row  of  warp-threads,  which 
^ml  be  crossed  alternately  over  and  under  by  the  shoot,  there  are  lira 
sets,  one  of  which  is  to  form  tiie  regular  waip,  while  the  other  is  to 
constitute  the  pile;  and  these  two  sets  are  so  arranged  in  the  loom  as 
to  be  kept  separate.  The  quantity  of  the  pUe-thread  necessary  is  very 
much  more  than  that  of  the  warp-thread;  and,  therefore,  must  he 
supplied  to  the  loom  by  a  different  agency.  If  the  pile-threads  were 
worked  in  among  the  dioot  in  the  same  way  as  the  warp-threads, 
the  fftbric  would  be  simply  a  kind  of  double  silk,  but  witnout  any 
pile.  The  pile-threads  are,  therefore,  formed  into  a  series  of  loops, 
standing  up  from  the  surface  of  the  rilk,  and  by  subsequentiv  cutting 
these  loops  with  a  sharp  instrument,  the  pile  is  produced.  The  loops 
are  formed  in  a  very  mnyilar  way.  After  the  weaver  has  thrown  the 
shuttle  three  times  across,  makmg  the  shoot  interlace  three  times 

*  The  weight  has  been  throaghout  supposed  to  be  nentrallsed,  as  it  would  be 
if  the  parabola  were  in  the  plane  of  a  table,  on  whieh  the  partiole  Is  laid. 
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Aznong  the  threada  of  the  waip,  he  insertB  a  thin  straight  bnaa  wire  at  ^ 

risbt  anglea  to  the  leogth  of  Uie  piece,  or  parallel  with  the  ahoot.    The 

"Wire  ia  ao  placed  aa  to  occupy  a  podtion  through  the  whole  breadth  oi 

the  fabric,  above  the  warp-threada  and  below  the  pOe-threadB.    The 

treadle  ia  then  put  to  work,  the  alternate  threada  of  the  waip  raiaed, 

aoid  the  ahuttle  again  thrown ;  by  which  a  ahoot-thread  ia  thrown  over 

the  plle-thxeada,  and  also  over  one-half  of  the  warp-threada ;  the  wire 

becomea  thus,  aa  it  were,  woven  into  the  aubetance  of  the  fafavio.    Two 

more  traverMB  of  the  ahoot  are  then  made,  paaaing  alternately  under 

and  over  the  warp  threada  in  the  uaual  way,  but  not  interfering 

'With  the  pile-threiula.    Another  wire  ia  then  laid  in,  below  all  the 

pile-threada  and  above  all  the  warp-threada,  and  this  is  aecured  by 

Bubaeouent  ahoot-threada,  aa  in  the  first  caae.     By  a  delicate  and 

difficiut  prooeaa,  theae  wirea  are  removed   by  the  aame  operation 

which  produoea  the  raised  pile.    Each  wire  ia  nearly  a  aemicylinder 

in   form,  and  haa  along  ita  upper  aurfaoe  a  carefully  oonatructed 

groove;    along  thia   groove  the  weaver   paaaea  the  aoarp  edge  of 

a    cuttmg  instrument  called  a  treffoi,  aevering  the  pile-threada  in 

his  progreaa.    It  neceaaarily  followa  from  thia  operation  that  two 

enda  of  eadi  thread  are  thua  loosened;  and  theae  ends,  being  after- 

"warda  bruahed  up  and  dreased,  constitute  a  portion  of  the  pile,  auffi- 

dently  long  to  hide  completely  the  woven  fabric  beneath.    Two  wirea 

are  employed,  becauae  if  one  only  were  uaed,  the  pile-threada  would 

become  diaananged  when  it  waa  removed.    When  tne  liberated  wire 

haa  been  again  insorted,  and  three  shoots  thrown  to  aecure  it,  the 

second  line  of  loopa  is  cut  and  the  aecond  wire  removed ;  and  ao  on 

during  the  weaving  of  the  whole  length. 

Striped  velvets  are  produced  by  aome  of  the  pile-threada  being 
uncut  The  alowneaa  and  delicacy  of  thia  branch  of  manufacture  may 
be  judged  from  the  fact  that  forty  or  fifty  inaertiona  of  the  grooved 
wire  are  made  in  the  apace  of  one  inch,  the  loopa  of  the  pile  beang  cut 
an  equal  number  of  timea.  In  addition  to  the  other  oomplicationB,  the 
weaver  has  to  uae  two  dioot-threada,  and  consequently  two  ahuttlea; 
for  the  ahoot  thrown  immediately  alter  the  insertion  of  the  wire  is 
stouter  than  the  two  following.  It  is  considered  to  amount  to  a  good 
day'a  work  when  one  yard  of  jdain  velvet  haa  been  woven.  Cotton  is 
now  employed,  aa  well  as  silk,  in  the  manufacture  of  velvet  The 
diflerent  varieties  of  fuatian  are  a  kind  of  cotton-velvet. 

Among  recent  inventiona  in  the  velvet  manufacture,  one,  by  Mr. 
Oratrix,  la  applicable  to  velvets  in  which  the  pile  is  produced  by  the 
weft,  and  the  cut  made  in  the  direction  of  the  warp.  The  pUe-threada 
are  woven  on  a  aeriea  of  fine  lonfl;itudinal  knivea  with  elongated  points. 
The  knives  are  stationary,  and  have  their  cutting  enda  attached  to  a 
bedding-frame.  Simultaneously  with  the  weaving,  the  portiona  of 
weft  intended  to  form  the  pile  alide  conaecutively  upon  the  pointa  of 
the  knivea  aa  the  doth  is  woven ;  and  the  weft,  when  it  arrives  at  the 
cutting  portiona  of  the  knives,  ia  aevered.  Another  arrangement,  bv 
the  aame  inventor,  ia  for  severing  the  pile  without  cutting  at  alL 
Wires  are  woven  in  with  the  thrmds,  so  as  to  leave  the  pile  above 
them ;  thev  paaa  between  two  peculiarly-formed  rollen,  which  preaa 
open  the  fibrea  over  each  wire,  and  thua  liberate  all  the  wires.  Some 
of  the  processes  recently  introduced  enable  the  weaver  to  out  and 
emboss  the  velvet  at  the  same  time. 
VENA  CONTRACTA.  rHTDBODTirAiao&] 
VENDOR  AND  PURCHASER.  The  law  of  vendon  and  pur- 
chasen  of  real  estate  in  E^land  is  a  subject  of  great  extent,  which 
may  be  said  to  comprise  nearly  the  whole  practical  application  of  the 
law  of  real  proper^. 

Contracta  for  the  aale  and  purchaae  of  land  or  other  real  eatate  may 
be  entered  into  either  privately  between  the  partiea,  or  upon  a  aale  by 
auction.  At  common  law,  agreements  for  the  purchaae  of  real  eatatea 
might  be  made  br  parol,  but  ^  the  Statute  of  Frauda  (29  Car.  IL 
c  3,  aa.  1, 2,  8,  and  4), "AH  leasee,  estates,  interests  of  freeholds,  or 
terms  of  yean,  or  any  uncertain  interest  of,  in,  or  out  of  any  messu- 
ages, manors,  lands,  tenements,  or  hereditaments,  made  and  created  by 
livery  and  seisin  only,  or  by  parol  only,  and  not  put  in  writing  by  the 
partiea  so  making  or  creating  the  aame,  or  their  agenta  thereunto  law- 
fully authoriaed  by  writing,  ahall  have  the  effect  of  leaaea  or  estates  at 
will,  any  consideration  for  making  any  auch  parol  leaaea  or  estates  not- 
withstanding." But  leases  not  exceeding  three  yean,  whereupon  the 
rent  reserved  should  amount  to  two-thirds  of  the  full  improved  value, 
are  excepted.  The  act  requirea  the  assignment,  grant,  and  surrender 
of  existing  interests  to  be  in  writing,  and  enacts  that "  no  action  shall 
be  brought  whereby  to  charge  any  person  upon  any  agreement  made 
upon  any  contract  or  sale  of  lands,  tenements,  or  hereditaments,  or 
any  interest  in  or  oonceming  them,  unless  the  agreement  upon  which 
such  action  shall  be  brought,  or  aome  memorandum  or  note  thereof 
shall  be  in  writing,  and  aigned  by  the  party  to  be  chai^ged  therewith, 
or  some  other  penon  thereunto  by  him  lawfully  authorised."  The 
note  or  memorandum  of  agreement  required  by  the  statute  need  not 
be  a  formal  document,  and  any  writing,  auch  as  a  letter,  or  receipt  for 
purchase-money,  may  constitute  an  agreement  within  the  statute,  pro- 
vided it  contain  the  terms  of  the  agreement  within  itself^  or  by 
reference  to  another  writing;  and  if  the  document  be  written  by  mo 
party,  the  occurrence  of  his  name  snywhere  in  the  document  Is  a 
sufficient  signing. 

Upon  sales  of  estates  by  publio  auction,  the  highest  bidder,  upon 
bsing  deolaied  the  purchaser,  is  oomridflred  to  have  entered  into  a  con- 


tract for  purchase  according  to  the  particulara  and  subject  to  the 
conditions  of  sale;  and  the  auctioneer,  who  is  for  ^is  purpose  con- 
sidered as  the  agent  of  both  vendor  and  purehaaer,  is  thereupon 
authorised  to  sign  an  sgreement  of  purchase.  The  writing  down 
the  purchaaer*a  name  upon  any  memorandum  of  aale  at  the  time  of 
the  Didding  is  a  sufficient  signing.  Sales  by  auction  of  lands  are 
within  the  above-mentioned  enactments  of  the  Statute  of  Frauds ;  but 
sales  before  a  master  under  a  decree  of  a  court  of  equity  will  be  carried 
into  execution  although  the  purchaser  did  not  subscribe  any  sgree- 
ment, for  the  judgment  of  the  court  in  confirming  the  purchase  taJLes 
it  out  of  the  statute.  The  subject  of  the  sale  and  purchase  of  estates 
is  discussed  at  length  in  Sugden's  (now  Lord  St  Leonards)  and  Dart's 
'  Treatisea  on  the  Law  of  Vendon  and  Purchasen  of  Estates.' 

VENEERING,  in  cabinet-work,  is  the  art  of  laying  tUn  leaves^ 
called  wneen,  of  a  valuable  kind  of  wood  upon  a  ground  or  foundation 
of  inferior  material,  ao  aa  to  produce  artidea  of  degant  appearance  at 
smsller  cost  than  if  they  were  made  solid,  or  composed  entirely  of  the 
ornamental  wood  which  appean  on  the  aurface.  Small  veneen  are  cut 
by  hand  with  a  thin  aaw,  tiie  block  being  h^d  firmly  in  a  vice ;  but 
huge  ones  are  usually  out  by  machinery,  for  a  notice  of  whidi  see 
Saw-Mill.  They  are  carefully  brought  to  the  right  thickness  by  fine 
planes ;  cut  preciselv  to  the  required  shape ;  and  then  glued  dovm  to 
the  ground,  which  should  be  of  dry  wood,  with  strong  glue.  If  the 
form  of  the  article  will  permit,  it  is  then  put  in  a  press  until  the 
glue  is  dry;  but  if  not,  the  newly-lud  veneen  are  covered  with  a 
board,  which  is  pressed  down  either  by  weights  or  by  poles  abutting 
against  the  beams  in  the  roof  of  the  workshop.  In  veneering  on  curved 
surfaces  a  somewhat  diffennt  course  is  punued,  but  with  the  same 
object,  that  of  keeping  the  veneer  in  its  place  until  the  glue  is  suffi- 
dentlv  set  to  hold  it  securely.  The  work  is  afterwards  finished  with 
very  fine  planes  and  scrapen,  and  polished  with  fish-skin,  wax,  and  a 
brush  or  poliaher  of  ahavsgrass. 

It  may  nere  be  mentioned,  that  before  the  saw-mills  were  rendered 
applicaUe,  the  elder  Brunei  devised  a  mode  of  cutting  timber  into 
veneen  by  a  kind  of  knife.  This  knife  was  formed  of  several  pieces  oi 
steel,  exactly  in  a  line  on  their  lower  surface.  The  block  of  wood  was 
csrried  sideways  beneath  the  knife  by  a  screw  slide,  worked  b^  a 
handle,  and  the  knife  cut  it  bv  a  short  reciprocating  or  sawing  action. 
The  block  was  raiaed,  after  each  cutting,  to  aheight  equal  to  the  thick- 
nesa  of  the  required  veneer.  The  method  answered  well  for  straight- 
grained  and  pliant  wood,  such  as  Honduras  mahogany,  but  not  for 
other  kinda. 

Ivory  veneen,  or  rather  thin  aheets  for  miniaturea  and  for  memo- 
randum books,  are  aometimea  not  more  than  one-aixtieth  of  an  inch 
in  thickneas,  requiring  much  nicety  in  their  msnipulaUon.  [Ivobt.] 
Vvleamte,  or  vulcanised  india-rubber,  is  now  used  aa  a  veneer.  It  ia 
rolled  into  thin  aheeta,  which  may  be  either  plain  or  emboeaed,  and 
it  receives  a  polish  by  the  rolling.  In  applying  this  substance  as  a 
veneer,  the  sneets  are  dipped  for  a  few  minutes  in  boiling  water,  tall 
they  become  as  tractable  aa  moist  paper ;  and  the  workmen  can  then 
veneer  with  them  round  and  over  the  aharpest  curvea  and  angles. 
Ordinaiy  wood  veneen  cannot  well  be  bent  round  comen ;  a  patent  to 
effect  ma  has  been  taken  out  by  Mr.  Meadowa;  but  in  general  it  is 
not  attempted. 

The  Americsns  have  recently  introduced,  under  the  name  of  preaaed 
work,  veneering  of  a  remarkable  kind.  Instead  of  a  thin  veneer  bdng 
placed  upon  a  thicker  substratum,  the  whole  substance  consists  of 
veneer.  It  comprises  four,  six,  eight,  or  any  other  number  oi  layers. 
Some  strong  plain  wood,  such  as  black-walnut  ia  selected  for  ^e 
interior  layen,  and  rosewood  or  other  fancy  wood  for  the  exterior. 
The  veneen,  which  are  of  the  uaual  thickness,  are  weU  aaturated  with 
^ue,  and  placed  one  upon  another,  with  the  grain  of  each  layer  at 
right  angles  to  that  of  the  next  The  mass,  while  hot,  is  placed  in 
moulds,  named  eaiwU,  and  preased  forcibly  for  twenty-four  hours. 
When  taken  out,  the  wood  is  found  to  be  finn,  elastic,  and  strong,  and 
to  conform  to  any  curvature  which  the  mould  may  have  given  to  it 
On  account  of  the  crossing  of  the  fibres,  the  wood  can  scarcely  split, 
except  by  a  force  that  would  rend  it  to  pieces.  The  pores  have  become 
so  filled  with  glue,  as  to  add  in  a  remarkable  way  to  the  strength  of 
the  substance.  Mr.  Belter  introduced  this  art ;  and  at  the  present  day, 
pressed-work  is  very  much  used  in  the  United  States  for  the  better 
kinds  of  furniture.  Chsin  of  this  make  are  in  demand,  for  their  great 
atrength  and  remarkable  lightness ;  it  is  the  6acfc  of  the  chair,  generally 
elegantly  curved,  that  consists  of  pressed  work.  There  are  usually 
seven  layen  for  the  back  of  a  chair,  making  a  substance  surprisingly 
thin  in  relation  to  its  strength.  An  odd  number  of  veneen  is  usually 
selected,  in  order  that  the  grain  may  extend  in  the  same  direction  on 
both  surfaces.  The  frame-wor^  for  bedsteada  ia  formed  in  a  aimilar 
way ;  and  ao  are  the  bodies  of  such  muocal  instruments  aa  the  violin 
and  violoncello.  M.  Bogaud,  another  inventor,  haa  aucceeded  in  pro- 
ducing diiked  or  ipheroidal  preaaed  work :  that  is,  artidea  in  wood 
presenting  much  deeper  carves  than  those  just  described.  To  effect 
this,  the  veneen  are  cut  by  machines  into  strips,  each  of  whidb  varies 
in  width  according  to  the  part  of  the  mould  into  which  it  is  to  be 
pressed;  the  ewttmg  must  oe  very  accurate  to  effect  this,  and  can  only 
be  done  by  apparatus  mathematicaUy  adjusted.  A  curve  of  double 
curvature  mav  be  produced  by  this  method.  Hitherto,  this  dished 
pressed  work  has  necessarily  beoi  very  expensive. 
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We  must  notice  ako  M.  Amies*  method  of  Teneering  in  reliet  Two 
moulds,  an  upper  and  an  under,  as  in  cameo  and  intaglio,  are  gently 
heated,  and  a  sheet  of  veneer  is  placed  between  them.  One  side  of  the 
veneer  takes  the  device  in  relief ;  the  other  side,  hollow,  is  then  filled 
up  with  mafitic  or  any  plastic  substance.  The  veneer  is  in  the  first 
instance  smoothed  or  polished  on  the  surface  which  is  to  be  in  relief. 
Paper  is  pasted  on  the  back;  and  it  is  while  tiie  wood  is  yet  damp 
with  the  paste  that  it  is  pressed  between  the  dies;  the  paste  assists 
the  veneer  to  conform  to  the  dies,  and  to  retain  the  device  when  cold. 
The  veneer  is  not  removed  from  the  mould  till  quite  dry.  Medallions 
are  produced  in  this  way,  remarkable  for  the  sharpness  and  per- 
fection of  the  device. 
VENETUN  SCHOOL  OP  PAINTING.  [Painting.] 
VENIRE  FACIAS,  or  Venire,  the  name  of  a  writ  addiiessed  to  the 
sheriff  or  other  returning  officer,  commanding  him ''  to  cause  to  come'' 
{venire  fadaa)  the  parties  set  forth  at  the  filaoe  named  in  the  writ. 
The  purpose  to  which  the  writ  was  formerly  applied,  and  in  reference 
to  which  it  is  generally  known,  is  in  summoning  juries  to  serve  for  the 
ordinary  trial  of  civil  causes.  It  has  long  ceased  to  be  acted  upon,  the 
court  assuming  that  the  jurors  had  been  summoned  upon  it  and  had 
failed  to  appear  at  Westminster,  where  anciently  the  trial  itself  took 
place,  anower  writ  thereupon  issuing  to  bring  them  to  the  assizes. 
Now,  however,  the  sheriff  is  simply  commanded  to  summon  the  jurors 
to  appear  before  the  judges  of  Assize  or  Nisi  Prius.  {Common  Law 
Procedure  Act,  IS52.)  [Jury;  Venue.] 
VENTILATION.  [Warming  and  Ventilatiow.] 
VENTRE  INSPICIENDO,  WRIT  DE.  "When  a  widow  is  sus- 
pected to  feign  herself  with  child  in  order  to  produce  a  suppositious 
heir  to  the  estate,  the  heir  presumptive  may  have  a  writ  de  venire 
inspiciendo,  to  examine  whether  she  be  with  child  or  not ;  and,  if  she 
be,  to  keep  her  under  proper  restraint  till  delivered ;  which  is  entirely 
conformable  to  the  practice  of  the  civil  law :  but  if  the  widow  be, 
upon  due  examination,  found  not  to  be  pr^nant,  the  presumptive  heir 
siiall  be  admitted  to  the  inheritance,  though  he  haUi  to  lose  it  again, 
on  the  birth  of  a  child  within  forty  weeks  from  the  death  of  a 
husband."  (Bkckstone,  '  Comm.'  i.  456)  The  Roman  practice  is 
explained  in  the  title  of  the  '  Digest'  (25 tit.  4) :  "De  intpiciendo  ventre 
eiutodiendoque  partuJ*  The  practice  originated  in  the  joint  reigns 
of  Aurelius  and  Verus,  in  a  case  in  which  a  wife  denied  her  pregnancy 
and  the  husband  maintained  it.  The  wife  had  separated  from  the 
husband,  and  probably  wished  to  keep  the  child  that  might  be  bom, 
though  by  law  it  would  belong  to  the  husband.  If  a  woman  alleged 
that  she  was  left  pregnant  by  her  deceased  husband,  it  was  her  duty  to 
announce  the  fact  to  those  whom  it  concerned,  and  to  Inform  them 
that  they  might,  if  they  pleased,  send  women  to  inspect  her  {qvLtB 
ventrem  in^piciant).  All  the  proceediogs  of  inspection  and  of  watch- 
ing the  woman,  if  she  should  be  reported  to  be  with  chUd,  are  minutely 
prescribed  in  the  Pnetor's  Edict.  The  penalty  in  case  of  the  woman 
not  complying  with  the  edict  was,  that  the  prsotor  would  refuse  to  the 
child  the  bonorum  ponemo. 

The  form  of  the  English  writ  de  venire  inqticiendo  is  given  Co. 
litt.  8  b.  It  is  directed  to  the  sheriff,  uid  commands  him  to  empanel 
a  jury  of  twelve  women  to  search  whether  she  be  enceinte.  If  they 
find  that  she  vi  with  child,  another  writ  issues  which  commands  that 
she  shall  be  safely  kept  and  duly  inspected  by  the  women,  who  must 
be  present  at  the  delivery. 

The  use  of  this  writ  is  an  instance  in  which  what  is  called  a  pro- 
ceeding at  common  law  is  taken  from  the  Roman  system.  (Co.  Litt. 
8  b.,  and  N.  44  in  Butler's  edition;  Comyns,  *  Digest/  Bastard,  C.) 

VENTRILOQUISM  (Uterally  "  bellywipeaking : "  from  venter,  the 
belly ;  and  loquor,  I  speak)  is  a  vocal  mimicry  of  sounds,  by  which  an 
illusion  is  produced  on  the  hearer  that  the  sound  comes,  not  from  the 
mimic,  but  from  some  other  appropriate  source.    The  various  pheno- 
mena of  vocal  mimicry  may  be  oonvenienUy  considered  under  two 
general  heads,  namely:   lst»  The  simple  imitation  of  the  voices  of 
I  persons,  of  animals,  of  musical  instruments,  and  other  sounds  and 
I  noises  of  every  description,  in  which  no  illusion  is  intended,  but,  on 
■the  contrary,  the  imitation  avowedly  and  perceptibly  comes  from  the 
i  mimic ;  and  2nd,  The  imitation  of  those  voices,  sounds,  and  noises,  not 
'as  originating  in  the  mimic,  but  in  some  other,  an  appropriate  source 
at  a  given  or  varying  distance,  in  any  or  even  in  several  directions 
successively.    And  when  these  imitations  are  made  witiiout  moving 
the  mouth,  features,  or  body,  the  illusive  effect  of  the  mimicry  is 
enhanced    The  terms  mimiczy,  or  imitation,  are  commonly  adopted 
to  designate  efforts  tmder  the  former  general  head  where  no  illusion  is 
intended,  while  the  term  ventriloquism  distinguishes  those  under  the 
latter  where  an  illusion  is  produced. 

The  various  kinds  of  divination  amongst  the  nations  of  antiquity 

which  were  stated  by  the  priesthood  ft)  be  by  a  spirit,  a  familitf  spirit, 

or  a  spirit  of  divination,  are  now  supposed  to  have  been  effected  by 

means  of  ventriloquism.    Divination  by  a  familiar  spirit  can  be  tracked 

throu^  a  long  period  of  time.    By  reference  to  Leviticus,  xx.  6,  27,  it 

will  be  seen  that  the  Mosaic  law  forbade  the  Hebrews  to  consult  those 

havmg  familiar  spirits,  and  to  put  to  death  the  possessor.    The  Mosaic 

law  was  given  about  fifteen  hundred  years  before  Christ.    Divining  by 

a  familiar  spirit  was  however  so  familiar  to  the  Jews,  that  the  prophet 

Isaiah  draws  a  powerful  illustration  from  the  kind  of  voice  heard  in 

such  divination,  see  Isaiah,  xxix.  4.    In  the  Acts  of  the  Apostles,  xvL 


16,  mention  is  made  of  a  young  woman  with  a  familiar  aptrit 
the  Apostles  in  the  city  of  Philippi  in  Macedonia.  And  Si.  Cbrymoet^Mm 
and  other  esrly  fathers  of  the  Christian  Church  mention  divina^ioKn^bj 
a  familiar  spirit  as  practised  in  their  day.  The  practice  of  «iiixilay 
divination  is  stall  common  in  the  Sast,  and  is  even  practised  amc^^^'t 
the  Esquimaux.  This  divination  by  a  familiar  spirit  has  been  — -^^^  tia«l 
upwards  of  tiiree  thousand  years. 
The  witch  of  Endor  divined  by  a  funiliar  spirit;  1  Sam. 
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hi  Hebrew  D5M— (Ob.)    The  word  is  also  adopted  in  the  Hebrew  :Bi^'U 
to  designate  those  persons^  whether  male  or  female,  in  whom  tbere  is 

a  familiar  spirit.    The  plural  of  ni«  is  nfaiW— Oboth,  wbiA  in  the 
Septuagint  version  of  the  Scriptures  is  mostly  rendered  by  the  G: 
'EYYcurrfHfMfvs,  which  is  compounded  of  iy,  in,  ywrrfip,  the  belly, 
ttXSoi,  speech,  and  correspondB  with  the  word  ventriloquism.       1 
rendering  d  the  Hebrew  m  the  Septuagint,  Professor  Lee  accounts  io^ 

by  the  muttering  of  those  having  a  familiar  spirit — the  iH'OIH  i  aee 
his  Hebrew  Lexicon,  or '  Thes.  HeK'  Gesenii,  tmb  voce. 

The  Greeks  practised  a  mode  of  divination  termed  gastroinancj, 
from  yturHip,  tiie  belly,  and  /uirrtf,  a  prophet;  where  the  diviBes^ 
replied  without  moving  his  lips,  so  that  the  oonsulter  believed  he  h<»rd 
the  actual  voice  of  a  spirit  speaking  from  its  rssidenoe  within  thm 
priest's  belly.  St  ChrTSOstom  adopts  the  same  Greek  word  as  Uw 
trsnslators  of  the  Septuagint  version  to  designate  the  diviners  by 
familiar  spirits,  namely,  'E^^wrript/iMovs. 

The  earliest  description  of  a  ventriloquial  illusion  in  modem  days  is 
that  performed  by  Louis  Brabant,  valet^e-chambre  of  Framaa  L  By 
the  aid  of  ventriloquinn  he  extorted  from  the  mother  of  a  youi^ 
woman  her  consent  to  their  marrisge  whidh  she  had  previaa»2y 
opposed,  and  from  a  rich  old  man  a  large  sum  of  money.  The 
work  of  M.  l!Abbd  de  U  Chapelle,  published  1772,  descriptive  o£ 
the  feats  of  Baron  Mengen  at  Vienna,  and  of  M.  St.  GiUe  near  Paris, 
ckims  attention.  Baron  Mengen  made  a  doll  with  moveable  lips, 
which  he  coidd  control  by  his  hand  under  its  dress.  With  this  doU  he 
held  witty  and  satiriod  dialogue.  Baron  Mengen  said  he  owed  his  art 
to  a  passion  for  counterfeiting  the  cries  of  animals  and  the  voioes  of 
persons,  that  the  passion  mamfested  itself  in  early  Ufe ;  and  that  he 
had  the  power  of  imitating  sounds  so  accurately  as  to  make  them 
appear  to  come  from  other  places  than  his  own  mouth. 

M.  St.  Qille,  in  1771,  made  an  experiment  to  test  his  ventriloquial 
talent  before  MM.  Leroy  and  Foubhy,  comnussioners  of  the  Boysl 
Academy  of  Sciences,  and  many  other  persons  of  the  highest  rank. 
The  object  of  the  experiment  was  to  show  that  M.  St.  Gille'e  mimiciy 
of  sounds  was  so  perfect  as  to  produce  illusion.  For  this  purpose  it 
was  reported  that  a  spirit's  voice  was  at  times  heard  in  the  environs  of 
St.  Germain,  and  that  the  comimssion  was  appointed  to  verify  the  fsct 
and  to  discover  the  cause.  All  the  company  were  in  the  secret  except 
one  lady,  who,  without  suspecting  it,  was  to  be  the  subject  of  the 
iUutton.  They  all  dined  in  the  country  in  the  open  air,  and  while 
they  were  at  table  a  voice,  as  of  a  spirit  suspended  in  the  air,  addressed 
the  lady :  now  it  seemed  at  the  top  of  the  trees ;  then  desoendipg,  it 
approached  her— then  receding,  it  plunged  into  the  ground,  whence  it 
ceased  not  to  make  itself  heard.  The  conversation  was  sustained 
upwuds  of  two  hours  with  sufsh  adroitness  that  the  lady  was  fully 
convinced  she  had  talked  with  a  sylph ;  and  when  the  Dlusion  was 
explained  to  her,  ahe  doubted  if  it  were  an  illusion. 

M.  St  Gille,  like  Baron  Mengen,  made  no  secret  of  his  art,  but 
referred  it  aU  to  mimicry,  for  which  he  had  a  strong  propensity.  The 
FVenoh  Academv  adopted  the  views  contained  in  the  statements  of 
these  two  ventriloquiBts,  namely,  that  the  art  consists  in  an  accurate 
imitation'of  any  given  sound  as  it  reaches  the  ear. 

Adopting  these  views,  physiologists  have  offered  a  variety  of  poanUe 
actions  of  the  vocal  organs  to  explain  its  production ;  and  some  have 
even  supposed  a  peculmrity  of  structure  of  the  vocal  organs  aa  neces- 
sary, but  have  wisely  omitted  to  specify  what  Many  physiolcgists 
think  that  ventriloquism  is  vocally  produced  by  spesking  during 
inspiration  of  the  breath.  It  is  possible  to  speak  during  inspiration, 
and  it  may  be  occasionally  adopted ;  but  dose  observation  on  many 
public  ventriloquists,  and  private  friends  who  can  ventriloquise,  con- 
vinces the  author  of  this  article  that  the  general  current  of  utterance 
is,  aa  in  ordioary  speech,  on  an  expiration  of  the  breath. 

Adopting  the  vievm  of  the  French  Academy,  some  have  thought 
that  the  vocal  means  of  effecting  the.  required  imitation  consist  in.  a 
skilful  management  of  the  echoes  of  sound.  Unfortunately,  however, 
for  this  theory,  an  edio  merely  repeats  what  is  already  produced ;  and 
several  ventruoquists,  including  the  late  Mr.  Mathews,  have  produced 
the  vocal  illusion  whUe  widking  in  the  streets. 

Baron  Mengen  thus  describes  his  mode  of  speaking  when  the  voice 
was  to  seem  to  come  from  Ms  doll  :—'*  I  press  my  tongue  against  the 
teeth,  and  thus  circumscribe  a  cavity  between  my  left  cheek  and  teeth, 
in  which  the  voice  is  produced  by  the  air  held  in  reserve  in  the 
pharvnx  (goner).  The  sounds  thus  receive  a  hollow  and  muffled  tone, 
whi(»L  causes  them  to  appear  to  come  from  a  distance."  The  Baron 
says  it  is  necessary  to  well  manage  the  breath,  and  to  respire  as  seldom 
as  possible. 

It  was  observed  that  M.  St.  Gille  appeared  fatigued  after  long  exer- 
tion, when  the  vocal  illusion  became  less  perfect  Those  ventriloquists 
with  whom  the  author  of  this  article  has  conferred  have  acknowledged 
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fatigue  in  the  chest,  which  they  have  attributed  to  the  extremely  slow 
expiration  of  the  breath.  M.  St.  Gille,  like  most  profeaBional  ven- 
triloquists, was  observed  to  cough  very  frequently. 

Now,  in  order  to  arrive  at  exact  and  positive  knowledge  of  the  modi- 
fications of  voice  termed  ventriloquism,  it  is  necessary  to  be  familiar 
with  the  distinctions  of  vocal  sound ;  and  to  know  how  the  organs  act 
in  producing  those  vocal  modifications,  it  is  necessary  to  know  how 
the  breath  is  vocalised  in  all  its  distinctions  of  pitch,  loudness,  and 
quality,  by  the  ordinary  actions  of  the  vooal  organs. 

In  ordinary  language  we  speak  of  noise,  of  sound,  and  of  musical 
sound ;  and  Dr.  Thomas  Young  adopts  those  terms  in  illustrating  the 
mechanical  causes  of  sounds : — "  A  quill  striking  against  a  piece  of 
wood  causes  a  noise ;  but  striking  successively  agaiust  the  teeth  of  a 
wheel,  or  of  a  comb,  a  continued  sound ;  and  if  the  teeth  of  the  wheel 
are  at  equal  distances,  and  the  velocity  of  the  rotation  is  constant,  a 
musical  sound."    ('  Lect.  Nat.  Phil.') 

The  general  terms  pitch,  loudness,  quality,  and  duration  embrace  all 
the  distinctions  which  the  musician  discovers  in  musical  sounds,  and 
which  he  employs  in  his  art.  The  distinguishing  feature  of  musical 
sound  is  its  uniform  pitch  throughout  its  duration.  And,  acoustically 
musical  sound  is  composed  of  an  equal  number  of  impulses  or  noises 
produced  in  equal  times.    [Acoustics  ;  Voios.] 

The  general  terms  pitch,  loudness,  quality,  and  duration  also  em- 
brace idl  the  distinctions  heard  in  ordinary  sounda.  These  sounds 
differ  from  the  musical  in  the  pitch  constantly  varying  throughout 
their  duration,  as  the  human  voice  in  speaking,  and  the  voices  of  quad- 
rupeds. Acoustically,  such  sounds  are  composed  of  an  unequal  number 
of  impulses  or  noises  produced  in  equal  times.  And  from  this  circum- 
stance pitch,  in  the  s^otly  musical  sense,  is  not  a  property  of  ordinuy 
sound« 

The  general  terms  loudness  and  quality  embrace  all  the  distinctions 
heard  in  a  noise,  as  in  the  collision  of  two  inelastic  sticks.  The 
momentary  collision  of  the  clapper  against  a  beU  is  a  noise,  but  this 
mere  noise  is  immediately  followed  by  the  ringing  sound  of  the  bell, 
which  is  a  musical  sound.  Pitch  and  duration  can  scarcely  be  con- 
sidered as  belonging  to  common  noise.    Thus  we  have : — 

I.  Noise,  whose  audible  distinctions  are  comprehended  under  the 
general  terms  loudness  and  quality. 

II.  Common  sound,  whose  audible  distinctions  are  comprehended 
under  the  general  terms  loudness,  quality,  duration,  and  ever- varying 
pitch. 

III.  Musical  sound,  whose  audible  distinctions  are  comprehended 
under  the  general  terms  loudness,  quality,  duration,  and  an  uniform 
pitch. 

Phonation,  or  the  production  of  voice,  is  a  result  of  actions  taking 
place  under  two  distinct  classes  of  laws,  namely :  1.  The  ordinary 
mechanical  laws  of  acoustics ;  and  2.  The  physiological  laws  of  mus- 
cular movement.  The  adjustment  of  the  vocal  mechanism  to  be  acted 
on  by  the  current  of  air  is  made  by  actions  under  the  latter  laws;  and 
phonation  is  the  result  of  the  re -action  of  the  mechanism  on  the 
current  of  air,  by  mechanical  movements  under  the  former  laws. 
[Lartnx,  in  Nat.  Hist.  Drv.]  The  pitch  of  the  voice  essentially 
depends  on  the  tension  of  the  vocal  ligaments ;  the  loudness  on  the 
extent  of  excursion  of  the  vocal  ligaments  in  their  vibration;  the 
duration  on  the  continuance  of  the  vocalising  causes ;  and  the  quality 
on  the  oiganisation  of  the  larynx,  and  also  on  the  form  and  size  of  the 
vocal  tube.  Now  the  form  and  size  of  this  tube  can  be  altered  in 
various  ways,  as  by  dilating  or  contracting  the  pharynx  [Pharynx,  in 
Nat.  Hist.  Div.]  ;  by  dilating  or  contracting  the  mouth ;  by  contract- 
ing the  commimication  between  the  pharynx  and  mouth  so  as  to  make 
them  distinct  chambers,  or  by  dilating  the  opening  so  as  to  throw 
them  into  one,  which  is  chiefly  effected  by  movements  of  the  soft 
palate ;  by  altering  the  form  of  the  mouth's  cavity,  which  is  produced 
by  varying  the  position  of  the  tongue.  It  will  be  found  that  each 
of  these  modifications  of  the  vocal  tube  confers  a  peculiarity  of 
quality  to  the  voice.  All  these,  however,  are  vocal  or  laryngeal 
sounds. 

Sounds  can  be  produced  in  the  vocal  tube  apart  from  the  larynx. 
These  are  not  vocal  sounds.   Some  of  them,  however,  may  be  of  a  definite' 
and  uniform  pitch,  while  others  are  mere  noises,  as  rustling,  whisper- 
ing, gui^ling,  whistling,  snoring,  and  many  others. 

Now,  as  every  audibility  comes  under  the  classes  of  noise,  sound,  or 
musical  sound,  and  as  each  variety  under  these  classes  is  producible  by 
the  vocal  apparatus  of  man,  it  is  an  obvious  conclusion  that  an  ordinary 
vocal  apparatus  is  all  that  is  required  to  vocalise  the  mimetic  con- 
ceptions of  the  ventriloquist.  A  larynx  capable  of  producing  a  larger 
compass  of  voice  than  another  has  a  greater  range  of  pitch  within  its 
power  of  imitation. 

A  person  having  an  ear  acutely  perceptive  to  the  nice  distinctions 
of  sounds  may,  by  a  little  practice,  imitate  many  sounds  with  accuracy. 
Those  persons,  however,  who  are  highly  endowed  with  the  mental 
requisites,  which  consist  of  an  intense  desire  to  mimic,  coupled  with 
the  ability  to  originate  mimetic  ideas,  are  able  to  imitate  sounds  at 
first  hearing,  and  without  previous  practice.  Passing  from  the 
imitation  of  sounds,  as  that  of  knife-grinding,  sawing  and  planing 
wood,  the  voices  of  animals  and  men,  we  proceed  to  treat  of  those 
illusions  where  the  voice  so  perfectly  counterfeits  the  reality  intended, 
that  it  appears  not  to  issue  ^om  the  mimic,  but  from  an  appropriate 
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source,  in  whatever  direction  and  at  whatever  distance  that  bouixm 
may  be.  The  essence  of  ventriloquy  consists  in  creating  illusions  as  to 
the  distance  and  direction  whence  a  sound  has  travelled;  which  are 
thus  explained : — 

I.  Dtstanee.  We  do  not  hear  the  distance  which  a  sound  has 
travelled  from  its  source,  but  we  judge  the  distance  from  our  former 
experience,  by  comparing  the  loudness  which  we  hear  with  the  known 
distance  and  known  loudness  of  similar  sounds  heard  on  former  occa- 
sions. ^  Common  experience  will  confirm,  that  we  oftener  err  in 
estimating  the  distance  of  uncommon  than  of  familiar  sounds.  In 
apology  for  such  an  error  the  ordinary  language  is,  "  It  seemed  too 
loud  to  come  so  far,"  or  "  It  seemed  too  near  to  be  so  faint  a  sound,*' 
as  the  case  may  be.  Both  of  which  are  apologies  for  an  erroneous 
judgment,  and  not  for  hearing. 

Near  sounds  are  louder  than  distant  ones.  Now,  by  preserving  the 
same  pitch,  quality,  and  duration,  but  with  an  accurately  graduated 
reduction  of  loudness,  a  series  forming  a  perspective  (if  the  term  be 
allowable)  of  sounds  may  be  created,  which,  falling  in  succession  on 
the  ear,  will  suggest  to  the  mind  a  constantly  increasing  distance  of 
the  sound's  source. 

Loudness  is  a  property  of  sound  which  has  not  had  justice  done  to 
its  importance  in  the  schools  of  music  and  elocution.  Its  nomenclature 
is  vague  and  meagre,  and  it  can  scarcely  be  said  to  have  a  notation. 
The  author  of  this  article  has  observed  that  one  of  the  high  excellences 
which  singers  of  genius  have  snatched  beyond  the  rules  of  art  has  been 
a  skilful  management  of  the  degrees  of  vocal  loudness,  and  a  nice 
adaptation  of  them  to  aid  the  melody  in  expressing  the  intended 
feeling.  The  varieties  of  loudness  remain  still  immeasured,  and  the 
abrupt  transitions  in  loudness  made  by  musical  performers  suggest 
that  these  distinctions  are  ill  perceived. 

The  estimate,  then,  which  is  formed  of  the  distance  which  a  sound 
has  travelled  before  reaching  the  ear  is  a  judgment  of  the  mind 
formed  by  comparing  a  present  perception  (by  hearing)  with  the 
remembrance  of  a  former  loudness  in  connection  with  its  known 
distance. 

II.  JHreclion.— The  direction  whence  a  sound  comes  seems  to  be 
judged  of  by  the  right  or  left  ear  receiving  the  stronger  impression, 
which  however  can  only  take  place  when  the  sound's  source  is  in  a 
plane,  or  nearly  so,  with  a  line  passing  through  both  ears.  It  is 
familiarly  known  that  a  person  in  a  house  cannot  by  the  noise  of  an 
approaching  carriage  judge  with  certainty  whether  it  is  coming  from 
the  right  or  left.  He  accurately  judges  it  to  be  approaching,  passing, 
or  receding,  as  the  case  may  be,  by  Uie  gradsnons  of  loudness,  but  is 
unable  to  decide  with  certainty  wnether  its  approach  or  recession  is 
from  up  or  down  the  street.  Common  experience  shows  the  judgment 
to  be  more  fallible  concerning  the  direction  than  the  distance  of  sounds. 
Professor  Miiller  of  Berlin  states,  in  his  '  Physiology,'  that  Venturini's 
experiments,  detailed  in  Voigt's '  Mag.,'  bd.  ii,  demonstrate  the  impos- 
sibility under  certain  circumstances  of  estimating  whence  a  sound 
comes  to  the  ear.  Now,  without  entering  upon  the  merits  of  those 
valuable  experiments,  enough  has  been  above  stated  to  show  that  we 
do  not  hear,  but  that  we  judge,  the  direction  a  sound  has  travelled 
from  its  source  on  reaching  the  ear. 

It  has  been  remarked,  and  the  writer  of  this  article  confirms  its 
truth  from  observations  niade  both  in  public  and  in  private  ventriloquy, 
that  the  ventriloquist  indicates  either  directly  or  indirectly  the  direction 
which  he  wishes  lus  audience  to  believe  the  sound  is  coming.  Thus 
they  directly  indicate  it  by  words,  such  as—"  Are  you  up  there  ?  ** 
"He  is  up  the  chimney,"  "  He  is  in  the  cellar,"  "Are  you  down  there?" 
&c.  And  they  indirectly  indicate  it  by  some  suggestive  circumstance, 
as  an  action  or  gesture  which  is  so  skilfully  unobtrusive  and  natural  as 
to  effect  its  object  without  being  discovered.  Thus,  when  the  ventrilo- 
quist looks  or  listens  in  any  direction,  or  even  simply  turns  towards 
any  point,  as  if  he  expected  sound  to  come  thence,  the  attention  of  an 
audience  is  by  that  means  instantly  directed  also  to  the  same  place. 
Thus,  before  a  sound  is  produced,  the  audience  expect  it  to  come  in 
the  suggested  direction.  And  the  ventriloquist  has  merely,  by  his 
adjustment  of  vocal  loudness,  to  indicate  the  necessary  distance,  when 
a  misjudgment  of  the  audience  will  complete  the  illusion  which  he  has 
begun. 

The  effect  which  is  produced  on  sound  by  its  travelling  from  a 
distance  is  observed  to  be — 

1.  That  its  loudness  is  reduced  in  proportion  to  the  distance. 

2.  That  its  pitch  remains  unaltered. 

3.  That  its  quality  or  tone  is  somewhat  softened. 

4.  That  its  duration  remains  unaltered. 

5.  That  human  speech  is  somewhat  obscured,  chiefly  in  the  consonant 
sounds. 

Now,  the  ventriloquist  imitates  the  sound,  not  as  it  is  heard  at  its 
source,  but  as  it  is  heard  after  travelling  from  a  distance.  A  skilful 
ventriloquist  can  effect  his  imitations  without  much  movement  of  his 
lips  and  features.  Now,  it  has  been  observed  that  ventriloquists,  during 
their  efforts,  turn  the  front  face  away  from  the  audience  and  scarcely 
even  show  the  profile.  The  author  of  this  article  confirms  this  observa- 
tion, as  far  as  regards  moderate-sized  rooms,  but  he  has  seen  the  front 
face  in  a  theatre. 

It  is  quite  easy  to^  speak  without  moving  the  jaw,  and  it  is  the  jaw*i 
movements  which  disturb  the  features  in  utterance.    Now  the  labial 
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louQcIs,  Buch  as  b,  p,  m,  'when  the  jaw  ia  thus  fixed,  can  be  made  with 
a  slight  movement  of  the  lips.  The  lips  and  jaws  being  always  some- 
what open  during  ventriloquy,  a  slight  labial  movement  remains 
uimoticed,  unless  special  attention  be  directed  to  it ;  and  all  the  modi- 
fications of  voice  can  be  produced  without  at  all  distorting  the  features 
or  moving  the  lips. 

The  preceding  outline  of  the  philosophy  of  ventriloquism  is  sufficient 
to  exhibit  the  nature  of  the  art.  To  enter  upon  the  consideration  of 
all  the  vocal  means  adopted  to  accomplish  the  various  imitations 
would  fill  a  volume.  The  mode  of  counterfeiting  variations  in  loud- 
ness by  changes  of  piteh,  and  also  by  changes  from  the  natural  te  the 
falsetto  regiHter  of  voice,  are  amongst  the  wonders  of  vocal  science,  and 
are  capable  of  extensive  application  by  the  scientific  ventriloquist. 

VENUE  {vicinetu.m,  visne,  "neighbourhood").  The  county  in 
which  the  trial  of  a  particular  cause  takes  place  is  said  to  be  the 
7enue  of  that  cause.  The  old  practice  in  this  matter  is  connected  with 
the  original  functions  of  the  jury,  as  persons  who  were  acquainted 
with  the  facts  in  issue.  [Jury.]  In  order,  then,  that  a  proper  venire 
might  issue  to  the  sherifi*,  the  place  in  which  the  action  was  brought 
was  stated  in  the  mai^gin  of  the  declaration,  and  on  the  statement 
throughout  the  pleadings  of  any  issuable  fact  a  statement  was  also 
made  of  the  place  at  which  such  fact  was  alleged  to  have  occurred. 
As  to  all  such  facts  upon  which  issue  was  taken,  a  t^enire  was  sued  out 
applying  to  each  different  place.  The  sheriff  returned  jurors  from  that 
place,  and  by  those  jurors  the  facts  were  decided,  so  that  several  dis- 
tinct venires  and  trials  might  be  necessary  to  dispose  of  the  issues  in 
one  action. 

When  juries  ceased  to  act  on  their  own  knowledge,  and  began  to 
determine  on  the  evidence  of  witnesses,  the  necessity  ceased  for  sum- 
moning them  from  the  particular  part  of  the  country,  and  the  practice 
gi-adually  declined,  till  at  last,  the  i-enire  itself  gave  way  to  a  precept 
commanding  the  attendance  of  the  jurors  at  the  assizes.  {Common 
l-aw  Procedure  Act,  1852.) 

A  distinction  was  long  since  established  between  local  actions  (that 
is,  actions  relating  to  real  estate)  and  transitory  (that  is,  actions  of  debt, 
contract,  for  personal  injuries,  &c.).  In  regard  to  the  former,  it  was  held 
that  the  actual  place  in  which  the  subject-matter  was  situated  must  be 
laid  as  the  venue  in  the  action,  and  that  rule  still  prevails.  The  reason 
is  said  to  proceed  from  the  circumstance  that,  unless  the  action  were 
brought  in  the  actual  county,  the  sheriff  of  the  county  would  be  unable 
to  give  effect  to  the  judgment  in  the  action.  In  transitory  actions,  on 
the  contrary,  the  subject-matter  of  them  being  held  not  to  have  any 
fixed  place,  the  plaintiff  is  at  liberty  to  bring  his  action  in  any  coxmty 
in  which  he  please.  As  a  consequence  of  which  it  follows,  that 
though  the  cause  of  action  has  occurred  even  out  of  the  kingdom,  it 
is  still  open  to  the  plaintiff  to  bring  his  action  in  the  courts  of  this 
country.  The  plaintiff  has  still  this  liberty  in  a  transitory  action ;  but 
the  courts  assert  an  authority  upon  application  made  to  them  of 
changing  the  venue.  This  is  done  upon  its  being  made  to  appear  that 
great  inconvenience  would  arise  from  trying  in  the  original  county, 
because  the  body  of  the  evidence  lies  in  another,  or  because  from  local 
prejudices  a  fair  trial  cannot  be  had,  &c.  And  the  same  authority  may 
be  exercised  even  in  local  actions,  in  spite  of  the  technical  difficulty 
which  has  been  before  referred  to. 

In  criminal  trials  the  venue  is  usually  the  county  in  which  the 
offence  charged  was  actually  committed.  The  courts  however  have 
the  same  discretion  as  to  the  power  of  changing  the  venue  as  in  civil 
cases ;  and  as  to  criminal  trials,  many  exceptions  have  been  introduced 
by  various  statutes. 
VENUS  DE  MEDICI.    [Aphrodite.] 

VENUS,  the  name  of  the  planet  which  is  nearest  to  the  earth,  and, 
except  Mercuiy,  nearest  to  the  sun.  The  principal  point  of  its  physical 
description  is  the  distinctness  with  which  its  phases  are  seen  through  a 
telescope,  in  which  it  exhibits  all  the  changes  of  appearance  which  are, 
to  the  naked  eye,  characteristic  of  nothing  but  the  moon.  With  regard 
to  these  phaaes,  there  is  a  remarkable  historical  error  which  we  cannot 
trace  higher  than  Dr.  Smith's  '  Optics,*  but  which  has  been  copied  by 
Hutton  and  others.  It  is  said,  "  When  Copernicus  revived  the  ancient 
Pythagoric  system,  asserting  that  the  earth  and  planets  moved  round 
the  STln  at  the  centre  of  their  orbits,  the  Ptolemaics  objected,  if  this 
were  true,  that  the  phases  of  Venus  should  resemble  those  of  the 
moon.  Copernicus  replied,  that  tome  time  or  other  thatr  reeemhlance 
would  he  found  out.**  (Smith's  '  Optics/  p.  415.)  Now,  first,  Coperni- 
cus never  answered  an  objection  to  his  system  in  the  manner  implied 
in  the  story ;  for  he  literally  only  lived  to  lay  his  hand  upon  a  copy  of 
his  own  work,  and  never  opened  it.  [Copernicus,  in  Bioo.  Div.] 
Secondly,  Oasseudi,  his  biographer,  in  stating  the  verification  of  his 
system  (as  he  calls  it),  derived  from  these  phases,  never  alludes  to  any 
such  prophecy ;  nor  does  Galileo,  in  announcing  the  telescopic  discovery 
of  tiie  phases  of  Venus  (a.d.  1611),  and  in  giving  praise  to  Copemicii 
and  Kepler  for  not  having  abandoned  the  motion  of  the  earth  on 
account  of  the  difficulty  arising  out  of  the  apparent  want  of  them,  ever 
suppose  that  Copernicus,  or  any  of  his  followers,  had  the  sUghtest  idea 
of  that  apparent  want  arising  from  imperfection  of  vision.  Thirdly, 
Copermcus  hmiself,  in  mentioning  the  difficulty,  expressly  meeto  it  by 
the  supposition  that  Mercury  and  Venus,  the  "stellffl"  alluded  to  in 
the  commg  quotation,  either  shine  by  their  own  light,  or  are  completely 
saturated  with  the  solar  rays ;  "  Non  ergo  fatomur  in  stellis  opacitatem 


esse  aliquam,  lunari  similem,  sed  vel  proprio  lumine,  vel  «*]^  ^^ 
imbutas  corporibus  fulgere,  et  idcirco  solem  non  impedire  "  «lib.  i. 
cap.  10).  And  the  objection  itself  has  nothing  to  do  vrith  the  differ- 
ence  between  the  system  of  Copernicus  and  that  of  Ptolemy,  for  it  hx] 
long  before  been  raised  against  the  latter :  all,  in  fact,  wiio  niamtame»i 
that  the  orbit  of  Venus  comes  between  the  earth  and  sun  hairing  t.j 
meet  it  in  one  way  or  another,  whether  they  made  the  ear^h.  or  the  .-cd 
the  centre  of  their  system. 

In  the  theory  of  the  motion  of  Venus,  the  most  remarkable  circam- 
stance  is  the  long  inequality  discovered  some  years  ago    bjr  3Ir.  Airr, 
depending  upon  the  earth.     [Gravitation.]    A  satellite   i*-aa  at  on- 
time  suspected  to  belong  to  this  planet,  but  no  such  thills'  haa  €*rer 
been  detected.      It  may  be  remarked  that  the  satellite  of    a.n   inierJc<r 
planet  might  not  be  easy  to  find,  if  it  were  very  small ;  for   n^hen  the 
planet  is  nearest  the  earth,  and  circumstances  are  moat  favoixrable  rVo-it" 
discovery  in  other  respects,  the  dark  side  would  be  turned  towartis  the 
earth.     Though  in  the  earHer  period  of  telescopic  observations,  sp<':t«    i 
various  sorte  were  detected  on  the  disc  of  Venus,  yet  the  gpeneral  ue- 
scription  of  its  appearance  in  our  day,  as  given  by  Sir  J.  Herschel,  is  u 
follows  : — "  Although  it  occasionally  attains  the  diameter  of  61",  xvhich 
is  lai^ger  than  that  of  any  other  planet,  it  is  yet  the  most  difficult  of 
them  all  to  define  with  telescopes.    The  intense  lustre  of  its  illumizLateti 
part  dazzles  the  sight,  and  exaggerates  every  imperfection  of  the  tele- 
scope ;  yet  we  see  clearly  that  its  surface  is  not  mottled  over  -with  per- 
manent spote  like  the  moon ;  we  perceive  in  it  neither  moiintains  nar 
shadows,  but  a  uniform  brightness,  in  which  sometimes  we  may  indc-ed 
fancy  obscurer  portions,  but  can  seldom  or  never  rest  fully  satisfied  of 
the  fact.      The  most  natural  conclusion,  from  the  very  rare  appearance 
and  want  of  permanence  of  the  spots,  is,  that  we  do  not  see.  as  in  th« 
moon,  the  real  surface  of  this  planet,  but  only  ito  atmosphere,  mui*li 
loaded  with  clouds,  and  which  may  serve  to  mitigate  the  otherwi£« 
intense  glare  of  ite  sunshine." 

Venus,  like  Mercury,  from  the  orbit  being  entirely  within  that  oi 
the  earth,  is  never  at  more  than  a  certain  angular  distance  from  the 
Sim;  her  greatest  angular  distance,  or  elongation,  being  from  45'  to 
47"  12'.     Her  mean  apparent  diameter  is  16"*9,  but  varies  from  9"*€  to 
6r-2.     The  real  diameter  is  '975  of  that  of  the  earth,  or  about  77i.») 
miles,  and  the  volume  is  '927  of  that  of  the  earth.    The  density  is  vexy 
nearly  that  of  the  earth  ;  but  this  element,  as  also  the  mass,  is  rather 
uncertain.     The  mass  of  this  planet  is  stated  by  Laplace  at  ss^^th  of 
that  of  the  sun,  but  later  writers  give  jnsWi^^  ^  more   probable. 
Mr.  Rothman  ('Mem.  Astron.  Soc.,'  vol  xii.  pp.  409-415)  has  shovm 
strong  reasons  for  supposing  that  the  mass  given  by  Laplace  has  b^en 
too  much  diminished  by  his  successors,  and  that  the  second  fraction 
above  named  should  bo  increased  by  about  ite  tenth  part  at  least,  and 
probably  by  more.     The  most  uncertain  of  all  the  results  of  the 
theory  of  gravitation  is  the  mass  of  a  planet  which  has  no  satellite. 

This  planet  revolves  on  its  axis  in  about  23^  21°>  7' ;  though  this, 
owing  to  the  absence  of  definite  spote  on  ito  disc,  can  hardly  be  con- 
sidered as  very  accurate.  Ite  light  and  heat  are  to  that  of  the  earth  as 
1911  to  1000. 

The  elemente  of  the  orbit  of  Venus,  which  are  usually  taken  from 
Lindenau's  Tables  (1810),  have  lately  undergone  a  searching  exami- 
nation by  comparison  with  seven  years*  observations  made  at  Green- 
wich. Messrs.  Main  and  Qlaisher,  who  made  this  examination,  have 
given  their  own  resulting  elemente,  compared  with  those  deduced  for 
their  own  epoch,  from  the  above  mentioned  tebles.  In  the  following 
list  wo  have  adopted  the  new  elemente,  placing  the  old  ones  after  them 
in  parentheses ;  but  teking  the  secular  variations  entirely  from  those 
given  as  the  result  of  the  investigation  just  quoted  ('  Mem.  Astron. 
Soc.,'  vol.  xiL).  The  semiaxis  major  alone  remains  untouched;  for 
though  the  examiners  found  reason  to  suspect  that  it  was  somewhat  in 
error,  they  did  not  feel  able  to  decide  with  certeinty  as  to  the  amount 
of  the  alteration. 

Elements  of  the  Orbit  of  Venus, 

Epoch  1836,  January  1,  O'*  mean  astronomical  time  at  Seebcrg 
(42™  66«  east  of  Greenwich). 

Semiaxis  major  '723331G,  that  of  the  Earth  being  assumed  as  the 
imit. 

Eccentricity  '00684568  (-00682265) ;  ite  secular  diminution  (or  dimi- 
nution in  100  years),  -00008200. 

Inclmation  of  the  orbit  to  the  ecliptic,  3**  23'  84"-34  (3*  23'  31"-11) ; 
its  secular  increase,  10"'035. 

Longitudes  from  the  mean  equinox  of  the  epoch  (1)  of  the  ascending 
node,  76"  12'  3"-60  (75'  12'  25") ;  ite  secular  increase  (combmetl  with 
the  precession),  3095"-23  :  (2)  of  the  perihelion,  129"  15'  3"  (1-29^  11' 
18") ;  ite  secular  increase  (combined  with  the  precession),  49"  62 ;  of 
the  planet  (mean),  332'  1'  85"-23  (332°  1'  33"-l). 

Mean  sidereal  motion  in  865^  days,  21066 41"*49 ;  sidereal  revolution, 
224-7007869  mean  solar  days. 

When  Venus  is  to  the  west  of  the  sun  she  rises  and  sete  before  him, 
and  was  then  called  Phosphorus  and  Lucifer  by  the  anciente ;  but 
when  she  is  to  the  east  of  the  sun  she  rises  and  sete  after  him,  and  was 
then  called  Hesperus.  The  old  terms  of  our  almanacs, "  Morning-star" 
and  "Evening-star,"  have  reference  to  these  positions. 

VENUS,  TRANSIT  OP.    [Transits  of  Mercury  and  Venub.] 

VERANTIN.    [Madder,  Colourino  Matters  op.] 
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VERATRIC  ACID  {C^^B.^fi^l  The  acid  with  which  veratrine 
exists  combined  in  CevadilL.  It  crystallises  in  short  priams,  which 
are  transparent  and  colourless,  and  slightly  sour  to  the  taste.  It  is 
slightly  soluble  in  cold  water,  but  more  soluble  in  hot,  and  readily 
dissolved  by  sdcohol,  but  not  at  all  by  ether. 

Neither  concentrated  nitric  nor  sulphuric  acid  decomposes  veratric 
acid,  but  a  mixture  of  them  renders  it  yellow.  When  heated  to  212* 
tlie  crystals  lose  water,  and  then  become  of  a  dull  white  colour ;  at  a 
high  temperature  they  melt  into  a  colourless  liquid,  and  sublime  with- 
out leaving  any  residue. 

The  crystals  contain  one  equivalent  of  water.  Veratric  acid  forms 
crystiUisable  salts  with  the  alkalies,  which  are  very  soluble  in  water 
and  alcohol.  Their  solutions  precipitate  the  salts  of  lead  and  silver, 
and  the  veratrate  of  the  latter  is  white,  and  slightly  soluble  in 
alcohol. 

VERATRINE  (CojH„N,0,o),  a  vegetoble  alkali  prepared  from 
Cevadilla,  the  seed  of  the  Veratrum  sabadilla.  It  was  discovered  by 
Meissner  in  ISIS,  and  obtained  by  Pelletier  and  Couerbe  in  1819. 

Veratrine  is  a  white  or  greenish-white  powder,  which  has  a  silky  and 
crystalline  appearance  under  the  microscope;  it  ia  inodorous,  very 
acrid  and  poiBonous.  It  is  insoluble  in  water  and  alkaline  solutions; 
very  soluble  in  alcohol  and  sparingly  so  in  ether ;  the  solution  when 
evaporated  deposits  transparent  lamince.  The  solutions  have  the 
alkaline  property  of  restoring  the  blue  colour  of  reddened  litmus. 

The  salts  of  veratrine  are  neutral,  and  have  a  slight  styptic  taste ; 
the  hydrochlorate  crystallises  in  short  needle-form  crystals,  which  are 
very  soluble  in  water  and  alcohol ;  the  sulphate  crystallises  in  quadri- 
lateral prisms ;  concentrated  nitric  acid  renders  veratrine  first  scarlet 
and  then  yellow ;  concentrated  sulphuric  acid  gives  it  at  first  a  yellow 
colour,  afterwards  a  blood-red,  and  eventually  violet. 

VERATRUM  ALBUM  (White  Bellehore)^ ^fedical  Properties  of. 
Of  this,  two  varieties,  or  distinct  species,  are  officinal :  one  termed  V. 
album;  the  other  V.  album  fi,  or  Lobelianum.  This  last  prefers  a 
chalky  soil ;  the  plants  occur  in  the  meadows  of  the  Swiss  Alps,  the 
Pyrenees,  the  mountains  of  Austria,  and  in  Siberia.  The  rhizomas  of 
both  kinds  ai-e  collected  indiscriminately.  This  part  occurs  single, 
double,  or  many-headed,  in  cylinders,  or  pyramidal  pieces,  from  two  to 
four  inches  long,  and  from  three-quarters  to  two  inches  thick,  rough, 
wrinkled,  of  a  grayish-black  colour  externally,  but  of  a  yellowish-white 
within.  Some  root-fibres,  intermingled  with  slender  flexible  radicles, 
adhere  to  it ;  and  on  the  upper  part  are  found  the  scales,  or  withered 
remains  of  former  leaves,  which  from  their  tunicated  appearance  have 
led  some  writers  to  describe  it  as  a  bulb.  This,  though  incorrect,  is 
useful  to  remember,  as  a  good  discriminative  mark  between  it  and 
other  plants  confounded  with  it,  which,  being  roots  and  not  rhizotnataf  are 
devoid  of  this  character.  A  transverse  section  presents  a  lai^ge  central 
portion,  sometimes  termed  the  medulla ;  and,  according  to  the  age  of 
the  specimen,  one,  two,  or  more  external  circles,  bounded  by  the  dark- 
brown  epidermis.  The  rhizoma  is  nearly  devoid  of  odour,  but  has  an 
acrid,  bitter,  burning  taste.  It  is  easily  powdered,  but  the  person 
engaged  in  powdering  it  should  wear  a  mask,  as  it  excites  a  heat  and 
emption  of  the  skin,  and  any  drawn  up  the  nostrils  causes  violent 
sneezing  and  inflammation  of  the  Schneiderian  membrane  :  hence  its 
German  name  of  nieawurzel.  By  time  the  acridity  and  activity  are 
diminished,  so  that  old  specimens  become  not  only  moiddy^  but  of 
inferior  strength,  and  should  be  rejected. 

Veratria,  ^led  also  Sabadillin,  is  procured  from  the  seeds  of 
Asagrma  officinalis  (Lindley,  Uelonias  officinalis,  Don)  and  the  Vera- 
trum Sabadilla,  Retz,  as  well  as  probably  other  seeds  of  Mdanthaeece, 

Veratrum  viride  is  used  in  America  as  a  substitute  for  V,  aibum 
and  also  for  colchicum.  White  hellebore  is  an  agent  of  great  and 
dangerous  power.  According  to  the  experiments  and  inquiries  of 
Schabel  ('  Diasertatio  de  eff.  Veratri  albi  et  Hellebori  nigri,'  Tubingen, 
1817),  it  ia  poisonous  to  all  classes  of  animals,  and  acts  fatally,  if  in 
sufficient  quantity,  by  whatever  way  it  is  introduced  into  the  system. 
It  appears  to  have  a  specific  efifect  on  the  intestinal  canal  and  nervous 
system,  its  effects  on  these  parts  being  uniform,  whether  applied 
du*ectly  to  them  or  to  remote  parts,  provided  absorption  take  place. 
The  action  is  that  of  a  narcotico-acrid  poison ;  but  its  narcotic  effect  is 
less,  while  its  acrimony  is  greater,  than  that  of  black  hellebore.  It  is 
doubtful  whether  the  plant  now  spoken  of  is  the  white  hellebore  of  the 
ancients.  In  doses  short  of  any  dangerous  or  violent  effect,  white 
hellebore  exercises  a  peculiar  action  on  the  secreting  oi^ns,  the  stomach 
and  intestines,  and  the  nervous  system.  Almost  all  mucous  surfaces, 
and  the  glands  connected  with  them,  as  well  as  the  kidneys,  are 
excited  to  increased  secretion.  But  when  the  quantity  is  more  con- 
siderable, heat  of  the  mouth,  tongue,  and  throat,  with  spasmodic 
constriction  of  the  pharynx,  thirst,  pains  in  the  stomach  and  intestines, 
alternate  heats  and  chills  of  the  whole  body,  perspirations,  anxiety^ 
pain  of  the  head,  giddiness,  depression  of  spirits,  gloomy  expression, 
and  even  spasms  of  the  countenance,  are  experienced :  if  vomiting 
fortunately  occur  early,  these  symptoms  are  alleviated.  Schabel  says 
that  no  substance  so  certainly  acts  as  an  emetic;  but  while  tartar 
emetic  or  ipecacuanah,  or  sulphate  of  zinc,  can  be  had,  it  ought  never  to 
be  employed.  If  the  substance  be  introduced  into  the  rectum,  the 
symptoms  are  the  same,  except  that  the  heat  of  the  mouth  and  pain  of 
the  stomach  are  less.  In  decidedly  poisonous  doaos  its  action  ia  that 
of  a  violent  narcotico-amd,  causing  severe  vomiting  and  purging,  often 


bloody  stools,  tenesmus,  burning  feeling  from  the  mouth  to  the  rectum, 
constriction  amounting  to  a  sense  of  strangulation  in  the  throat,  with 
small  pulse,  faintings,  cold  sweats,  giddiness,  blindness,  dilated  pupils, 
loss  of  voice,  convulsions,  and  insensibility,  generally  terminating  in 
death.  The  tincture  and  the  alcoholic  extract  act  more  powerfully 
than  the  watery  infusion  or  extract.  A  cutaneous  eruption  sometimes 
follows  the  use  of  white  hellebore.  Where  death  does  not  ensue, 
palpitation  with  intermitting  pulse,  along  with  dyspeptic  and  nervous 
symptoms,  remain  for  some  time.  The  application  of  white  hellebore 
to  wounds  or  any  broken  sur&tce,  either  to  destroy  vermin  or  to  cure 
the  itch,  may  produce  the  above  effects ;  and  this  result  occurs  whether 
it  is  used  in  powder,  as  a  wash,  or  ointment.  The  popular  use  of 
these  is  therefore  to  be  discouraged.  White  hellebore  is  occasionally 
mistaken  for  Galanga  root,  and  the  seeds  for  those  of  cumin  :  inten- 
tional poisoning  with  it  is  rare ;  but  from  the  use  of  it  among  soldiers, 
who  have  recourse  to  it  from  its  property  of  producing  palpitation  of 
the  heart,  and  thus  simidating  disease  of  that  organ,  in  hopes  of 
obtaining  their  discharge,  violent  and  indeed  fatd  effects  ensue.  It  is* 
the  active  ingredient  in  some  quack  medicines  for  gout  or  rheumatism, 
often  producing  dangerous  consequences.  It  is  also  the  efficient  agent 
in  many  insect-destroying  powders.  An  efficient  antidote  is  scarcely  to 
be  found.  Samuel  Hahnemann,  overrating  the  antagonising  power  of 
coffee,  recommends  that  article ;  but  at  best  it  can  only  combat  tho 
narcotic  symptoms,  which  are  not  the  most  formidable.  Astringent 
drinks  have  also  been  proposed,  but  they  are  not  to  be  zjelied  on. 
Acid  drinks  seem  more  serviceable :  hence  tamarinds,  or  cream  of 
tartar  may  be  given,  followed  by  demulcent  or  oily  fluids.  Vomiting 
should  be  encouraged. 

The  medicinal  employment  of  white  hellebore  is  not  very  great  in 
the  present  day;  but  when  administered  with  due  caution  it  is  of 
great  service  in  gouty  and  dyspeptic  disorders,  where  there  is  torpor  of 
the  liver,  sluggish  bowek,  and  defective  secretion  from  the  kidneys. 
From  its  influence  on  these  organs  it  often  proves  useful  in  chronic 
cutaneous  diseases,  in  which  the  digestion  is  always  impaired.  It  is 
likewise  used  as  a  sternutatory,  largely  diluted  with  some  starchy 
powder.  Externally,  veratria  is  employed  to  relieve  nervous  pains ; 
but  its  use  requires  the  greatest  caution. 

VERB.     [Langcjage.] 

VERDERER.    [Forest  Laws  ;  Woods  and  Forests.] 

VERDIC  ACID,  an  acid  discovered  by  Runge,  and  so  named  from 
its  property  of  becoming  green  by  exposure  to  the  air.  It  is  obtained 
from  several  of  the  Umlelliferce,  PlanJtayinea:,  &c.,  but  chiefly  from  the 
root  of  the  Scabiosa  succisa.  When  combined  with  excess  of  base,  it 
becomes  green  in  the  air,  owing  to  the  absorption  of  oxygen ;  Berze- 
lius,  therefore,  proposes  to  call  the  colourless  the  verdous,  and  the 
coloured  the  verdic  acid.  The  former  is  obtained  by  digesting  the 
dried  and  powdered  root  of  the  scabiosa  in  alcohol,  from  which  on  the 
addition  of  ether  white  flakes  are  thrown  down ;  to  these,  dissolved 
in  water,  acetate  of  lead  is  added,  and  the  precipitate  thrown 
down  is  decomposed  by  hydrosulphuric  acid.  By  evaporating  the 
filtered  liquor  the  acid  is  obtained  in  the  state  of  a  brittle  yellow  mass, 
which  reddens  litmus  and  does  not  alter  in  the  air.  When  it  is 
saturated  with  an  alkali,  ammonia  for  example,  and  exposed  to  the  air, 
it  absorbs  oxygen  and  becomes  gradually  green.  The  acids  then  pre- 
cipitate it  in  the  form  of  a  reddish-brown  ix>wder,  which  is  verdio 
acid  :  this  redissolves  and  becomes  green  with  the  alkalies.  The  earthy 
or  metallic  verdites  are  yellow,  while  the  va-dates  of  the  same  bases 
are  green.  Runge  states  that  he  found  by  analysis  that  verdic 
acid  contaioB  one  equivalent  of  oxygen  more  than  the  verdous 
acid. 

VERDICT.    [Jury.] 
•    VERDIGRIS.    [AcKT ATE ;  IHacetate  of  CopperA 

VERDITER.    [Copper  ;  Acetate  of  Copper.] 

VERDOUS  ACID.    [Verdic  Acid.] 

VERMICELLI,  a  dried  paste,  manufactured  chiefly  in  Italy  in  the 
form  of  smooth  round  strings.  The  nan>e  has  been  given  to  it  on 
accoimt  of  its  worm-like  appearance,  vemiiceUi  in  Italian  signifying 
little  worms.  Maccaroni,  which  the  Italians  spell  macckeroni  or 
macclierone  (a  word  of  doubtful  etymology),  is  manufactured  of  the 
same  kind  of  paste  as  vermicelli,  and  in  a  similar  manner ;  but  it  ia 
itkther  lai^er  in  diameter,  and  is  hollow  like  the  tube  of  a  tobacco-pipe. 
Fedelini  is  a  kind  still  smaller  than  vermicelli. 

The  paste  is  made  of  wheat  stripped  of  the  husk,  and  ground  roughly 
into  a  sort  of  grit.  The  kind  of  wheat  preferred  by  the  Italians  is  a 
small  hard-grained  species  which  they  now  cultivate  on  purpose,  but 
which  they  formerly  imported  from  the  coasts  of  the  Black  Sea — yrano 
di  Mar  Nero.  The  ground  wheat  is  mixed  with  clear  soft  water,  and 
made  into  a  paste  by  kneading  it  on  a  large  block  with  a  wooden  lever 
ten  or  twelve  feet  long.  The  short  end  of  the  lever  is  made  sufficiently 
heavy  to  lift  the  long  end,  on  which  one  or  two  men  or  boys  get 
astride,  and  alternately  sitting  down  and  springing  up,  work  the  paste 
for  a  long  time.  The  toughness  and  elaisticity  of  the  paste  result 
from  this  long  and  powerful  process  of  kneading.  The  paste  is  next 
forced  by  strong  pressure  through  round  holes  in  the  bottom  of  a 
cylinder ;  but,  to  form  maccaroni,  a  wire  extends  from  a  bridge  in  the 
upper  pairt  of  the  cylinder  through  the  centre  of  each  of  the  largest 
holes,  and  the  paste,  being  forced  through  each  hole  around  the  wire, 
is  consequently  hollow.    The  strings,  several  feet  in  length|  whether 
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of  maocaroDi,  Termicelli,  or  fedelini,  having  been  thoroughly  dried,  are 
ready  for  use. 

The  Italians  manufacture  the  paste  into  many  other  forms ;  into  thin 
flat  fitripe  like  ribbons,  into  thin  sheets  Uke  paper,  into  round  balls,  and 
into  beans  and  peas.  The  NeapoUtans,  who  use  great  quantities  of 
maocaroni  as  their  favourite  food,  use  nothing  but  the  pure  paste  of 
wheat  and  water,  but  the  Qenoese  mix  sa&on  with  it,  which  gives  it  a 
yellow  tinge.  The  French,  who  also  manufacture  a  good  deal  of  it, 
frequently  season  the  paste  with  various  condiments. 

VERMILION.    [CoLOURiNo  Matters  ;  Mercury.] 

VERNAL,  VERNAL  EQUINOX.  The  word  vernal  is  the  ad- 
jective derived  from  ver,  the  spring ;  and  the  vernal  equinox  is  that 
point  of  the  equator  which  the  sun  crosses  when  it  passes  into  the 
hemisphere  of  the  observer,  and  when  his  days  begin  to  be  longer  than 
the  nights.  Consequently  that  point  of  the  ecliptic  which  is  called  the 
first  point  of  Aries  is  the  vernal  equinox  to  those  in  the  northern 
hemisphere,  while  the  first  point  of  Libra  is  the  same  to  those  in  the 
^southern.  If  there  were  any  decidedly  astronomical  nations  south  of 
the  equator,  some  confusion  might  perhaps  have  arisen ;  but  as  all  the 
science  will  be  carried  from  the  north,  it  is  probable  that  the  terms 
and  modes  of  measurement  peculiar  to  the  north  will  be  universdly 
retained. 

V  iulLNIER.  We  shall  give  under  this  head  a  short  account  of  the 
diBerent  methods  employed  to  measure  tiie  parts  of  the  divisions  of 
astrononucal  and  geodesical  instruments.  This  and  the  article 
Graduation  may  be  considered  as  a  sort  of  introduction  as  well  as 
supplement  to  the  description  of  each  particular  instrument.  It  is 
necessarily  both  meagre  and  imperfect,  but  the  references  will  point 
out  the  principal  authorities  to  be  consulted.  We  shall  conclude  with 
a  brief  account  of  the  vernier  in  its  simplest  form. 

We  are  not  aware  that  the  Greeks  or  their  successors  the  Arabs  had 
any  contrivance  for  subdivision.  They  seem  to  have  simply  divided 
their  circles  as  accurately  as  possible,  and  into  small  convenient  por- 
tions. Ptolemy's  catalogue  does  not  profess  to  distinguish  less 
quantities  than  10';  or  rather,  the  parts  of  degrees  are  marked  frac- 
tionally with  no  lai^ger  denominator  than  0*.  Ulug  Beigh  used  instru- 
ments of  greater  dimensions,  and  seems  from  his  catalogue  to  have 
noted  minutes.  At  the  revival  of  astronomy  in  Europe  the  instru- 
ments were  very  rude,  and  the  simple  division,  aided  by  estimation, 
was  probably  considered  sufficiently  accurate  without  any  artificial 
contrivance. 

Peter  Nonius,  in  the  third  proposition  of  his  treatise  '  De  Crepus- 
culis  Olyssipone,'  1542,  proposed  the  following  graduation  for  astrono- 
mical instruments : — Forty-five  concentric  circles  are  to  be  inscribed 
on  the  limb,  and  separated  into  quadrants  by  diameters  intersecting  at 

right  angles.    The  quadrants  are  then  to  be  sub-divided  as  follows  : 

the  outermost  into  90  equal  parts,  each  of  which  consequently  equals 
V  ;  the  next  into  89,  that  following  into  88,  and  so  on  to  the  inner- 
most, which  is  to  be  divided  into  46  equal  parts.  Each  circumference 
is  marked  at  a  convenient  place  with  the  number  of  its  subdivisions. 
The  fiducial  edge  of  the  bu*  carrying  the  sights  passes,  when  produced, 
through  the  centre,  and  the  author  assumes  that  whatever  be  the 
direction  of  the  line  of  sights  the  fiducial  edge  will  cut  some  one  of 
these  circles  at  a  division  without  sensible  error.  The  corresponding 
angle  in  degrees,  minutes,  seconds.  &c.,  is  readily  computed  from  the 
number  of  parts  intercepted  and  the  order  of  the  circle.  Thus  if  the 
exact  coincidence  takes  place  at  division  29  of  that  quadrantal  arc 
which  is  divided  into  77  parts,  the  corresponding  arc  in  degrees  is 

29 

—  of  90%  which  is,  when  reduced  to  its  ordinazy  denomination, 

83'  58'  46"  veiy  nearly. 

Tycho  applied  the  graduation  of  Nonius,  or  a  modification  of  it,  to 
some  of  his  earier  instruments,  but  "quia  hsec  subtilitaa,  cum  ad 
praxim  deventum  est,  plus  habeat  laboris  quam  fructus,  neque  id  in 
recessu  prastet,  quod  primA  fronte  pollicetur,"  he  abandoned  it,  and 
adopted  the  method  of  tramvtnaU,  which  is  well  known  to  most  of 
our  readers  as  the  diagonal  scale  in  the  case  of  drawing-mstrumenta 
This  Hooke  says  ('Animadversions,*  &c.)  "was  first  made  use  of  in 
England  by  the  most  skilful  mathematician  Richard  Cantzler."   Tycho 
describes    this    mode    of    subdivision    in    the    supplement   to    his 
'Mechanica,*Norimbei^,  1602.    Two  concentric  circles  are  drawn 
upon  the  limb  at  about  Jj  of  the  radius  from  each  other,  and  divided 
into  equal  parts  of  10'.     The  space  from  the  zero  of  the  inner  circle  to 
the  10'  division  of  the  outer  circle  is  divided  into  10  equal  parts  by 
9  fine  dots ;  and  in  like  manner  the  space  between  the  10*  of  the  outer 
circle  and  the  20'  of  the  mner,  and  so  on.    These  rows  of  points  form 
a  sharp  zigzag  with  the  angles  in  the  two  circles.    The  index,  which 
may  be  either  a  fiducial  edge  or  a  fine  hair,  will  pass  over  or  near  one 
of  these  dots  m  every  position,  and  the  angle  to  be  read  off  is  the 
number  of  degrees  and  tens  of  minutes  which  is  taken  from  the 
circles,  inner  or  outer,  +the  niimber  of  minutes  and  parts  of  a 
minute  (the  latter  by  estimation)  reckoned  by  counting  the  points 
from  the  preceding  angle.    Tycho  became  acquainted  with  this  divi- 
sion by  diagonals  as  applied  to  straight  lines  when  a  student  at  Leip- 
zig,  and  in  the  place  above  referred  to  he  proves  that  this  subdivision 
though  not  theoretically  exact  when  appUed  to  curbed  lines,  was  yet 
fiufficientiy  true  for  his  purpose.    Instead  of  dots,  other  astronomers 


struck  nine  concentric  circles  at  equal  distances,  and    tlxen    drc7 
straight  lines  where  Tvcho  placed  his  dots. 

In  the  year  1681  Pierre  Vernier,  Capitoine  et  Chastell^izi   i>our  n 
Majesty  au  Chasteau  Domans,  &a,  published  at  Bruxelles  *  lla    On- 
struction,  I'Usage,  et  les  Proprietez  du  Quadrant  nouveau  de   Matlur- 
matique,'  which  he  dedicated  to  the  Princess  Isabella.     He  suppo^er^  \ 
quadrant  divided  into  half -degrees  on  the  limb,  the  surface  of  \rLi>  l. 
rises  above  the  plane  of  the  instrument  (this  he  calls  the  baae)^  and  % 
moveable  plate  of  tiie  form  and  figure  of  a  sector  (and  so  nazneti  by 
him),  which  is  concentric  with  and  exactly  fitted  within  the  lixnb,  xii^ 
surfaces  of  the  two  forming  one  plane.     An  arc  of  lb"*  30'  U  tlien  set 
off  on  the  sector,  which  is  subdivided  into  thirty  equal  pttrts.      He 
directs  two  Unes  of  sight  to  be  fixed  on  the  extreme  radii  of  the  »ectc-r, 
which  therefore  include  an  angle  of  15**  SO',  and  orders  tiie  divi&ion 
to  degrees  and  half-degrees  to  be  numbered  one  way  on  the  limb  &\^m 
left  to  right,  and  the  divisions  of  the  sector  to  be  numbered  up   to  ^t/ 
from  right  to  left.     Suppose  the  line  of  sight  towards  the  zero  end  cf 
the  quadrant  to  be  directed  to  any  object : — If  the  division  3o'  on  the 
sector  (we  will  now  call  this  the  vemi€r)  which  answera  to  the  line  uf 
sight,  seems  to  be  a  continuation  of  a  division  of  the  quadrant,  the 
angle  read  off  will  be  that  degree  or  half -degree  of  the  quadrant,  ani 
the  0'  of  the  vernier  will  exacUy  correspond  to  another  division  of  the 
quadrant.     No  other  division  of  the  vernier  will  so  correspond  if  the 
division  be  exact     Now  it  will  easily  be  seen  Uiat  as  the  arc  of  15~  Si/ 
is  divided  on  the  vernier  into  30  equal  parts,  each  part  is  equal  to  31 '; 
and  therefore  that  when  0'  is  placed  opposite  a  division  of  the  quad- 
rant, the  division  1'  of  the  vernier  overshoots  the  next  division  of  the 
quadrant  1'  in  the  direction   of  the  vernier,  and  contrary   to   the 
numbering  of  the  limb.     If  the  line  of  sight  were  pushed  forward  V, 
the  vernier  division  of  1'  would  therefore  agree  with  a  division  in  the 
quadrant,  and  so  on ;  so  that  in  fact,  whatever  be  the  position  of  the 
line   of   sight,  the   true  angle  is  to  be  read  off,  firat  as  to  degre^^ 
and  half-degrees  from  the  quadrant,  and  then  for  the  minutes  from 
the  vernier.* 

In  1643  Benedictus  Hedneus  published  at  Leyden  his  'Novaet 
Accurata  Astrolabii  Geometrici,  uec  non  Quadrantis  Astronomici 
Structura,'  dedicated  to  his  sovereign.  Queen  Christina  of  Sweden. 
In  his  preface  he  objects  to  the  inaccuracy  of  Tycho*s  method  of 
transversals,  and  gives  himself  a  correct  construction,  namely,  by  de- 
scribing a  circular  arc  through  10'  of  the  outer  division,  C  of  the 
inner  division  and  the  centre  of  the  quadrant,  and  dividing  that 
portion  which  is  included  between  the  inner  and  outer  circles  into  ten 
parts,  when  the  subdivision  will  be  true.  Hedra2us  has  adopted  the 
vernier,  but  without  naming  the  inventor :  his  astrolabe  and  quadrant 
are  well  contrived. 

Hevelius  applied  to  his  instruments  the  transversal  division  of 
Tycho  as  well  as  the  vernier.  He  seems  to  claim  the  invention  of  the 
tangent-screw  for  giving  a  slow  motion  to  his  line  of  sight,  and  dwells 
at  great  length  on  the  subdivision  of  the  larger  divisions  by  the 
revolution  and  parts  of  the  tangent-screw.  ('  Machina  CkBlestis,'  Pars 
Prior,  cap.  xv.  Gedanl,  1673.)  So  far  as  we  can  judge  from  his  asser- 
tions and  description,  he  arrived  at  great  excellence  in  this  part  of 
mechanical  construction,  which  however  his  imacoountable  rejection  of 
telescopic  sights  rendered  of  little  value. 

The  next  year  after  the  appearance  of  Hevelius's  book,  Hooke  pub- 
lished at  London  his  '  Animadversions  on  the  firat  part  of  tiie  Machina 
Coclestis  of  the  honourable,  learned,  and  deservedly  famous  astronomer 
Johannes  Hevelius,*  a  tract  distinguished  by  its  acuteness  and  origin- 
ality. It  is  remarkable  that  he  did  not  see  the  merit  of  Veinier*8 
invention,t  nor,  as  it  would  seem,  of  Hevelius's  application  of  the 
revolutions  of  the  tangent-screw  to  measuring  very  minute  quantities. 
He  suggests  a  very  elegant  appUcation  of  the  diagonal  scale,  with  nilea 
for  its  accurate  division  when  applied  to  circular  arcs,  but  recommends 
racking  the  outer  edge  of  the  quadrant  and  measuring  the  angle  by  the 
revolutions  and  parts  of  the  screw  which  carries  the  telescope  by 
working  in  the  racked  limb. 

Hooke's  unlucky  idea  was  carried  into  execution  in  Flamsteed's 
sextant,  and  turned  out  so  iU  that  the  diagonal  division  was  applied  as 
an  after-thought  See  his  prolegomena  ('  Historia  Codestis,'  vol  iii. 
p.  106,  and  Biuly's  Flamsteed.)  Hooke's  advioe  was  afterwards  followed 
in  making  a  quadrant  for  the  Greenwich  Observatory,  which  was  also 
found  to  be  useless.  In  the  mural  arc  which  Flamsteed  erected  at  his 
own  expense  and  under  his  own  direction,  he  drew  diagonals  after 
having  divided  the  inner  and  outer  arcs  to  5'.  The  subdivision  was 
performed  by  dividing  the  fiducial  edge  of  the  index,  not  into  five 
equal  parts  but  into  such  parts  as  would  give  the  minutes  exactiy,  and 
each  of  these  was  divided  into  six  equal  parts ;  so  that  the  instrument 

*  ycrnier*s  tract  is  very  80«roe,  and  the  Iqjastice  of  thoae  writers  who  per. 
siated  in  giving  the  name  of  Nonius  to  his  inTenlion  has  induced  ua  to  enter 
into  a  more  particular  exposition  of  hoth  principles.  The  second  line  of  si^ht 
is  merely  to  enable  the  obeerver  to  extend  the  angle  to  90^^  without  carrying 
the  aeotor  beyond  the  quadrant.  He  givea  a  very  prolix  account  of  tlio 
graduation  proper  for  quadrants  and  astrolabes  of  different  sixca,  and  hov 
angles  exceeding  90**  are  to  be  meaaured,  but  of  this  no  further  notice  ii 
required  here. 

t  Hooke  conjectures  that  Tycho  had  invented  Vernier'a  contrivance  and 
rejected  it,  but  without  any  probability.  Tyoho'a  words  and  figure  refer 
clearly  to  some  change  of  Nonioa'a  divisors. 
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rcsad  off  to  10^,  and  by  eetimation  to  6".  The  outer  edge  was  also 
racked  after  Hooke'a  method,  but  rather,  we  think,  as  a  check  against 
erroneous  reading,  than  as  a  means  for  exact  measurement. 

Romer  proceeded  in  a  totally  different  manner.  The  limb  of  the 
circle  was  divided  to  10',  and  a  magnified  image  of  each  division  was 
formed  in  the  focus  of  a  microscope,  so  as  exactly  to  fill  the  space 
between  eleven  threads  at  equal  intervals.  Thus  the  arc  was  read  off 
to  minutes  by  the  threads  and  the  seconds  estimated,  which  they  easily 
might  be  to  5",  according  to  Horrebow. 

The  vernier  appears  to  have  come  into  general  use  after  Flamsteed  s 

time,  and  in  the  larger  quadrants  there  were  usually  two  sets  of 

divisions,  one  into  90"  and  the  other  into  96  parts,  each  with  their 

peculiar  vernier :  the  approximate  divisions  were  brought  into  exact 

coincidence  and  the  quantity  measured  by  the  revolutions  and  parts  of 

the  tangent-screw,  after  Hevelius's  method.     Such  were  the  mural 

quadrants  at  Greenwich  and  elsewhere,  erected  by  Bird,  Ramsden,  &c., 

in  the  last  century ;  and  the  portable  astronomical  quadrant  had  the 

same  or  similar  contrivances  for  subdivision.    In  the  sector  employed 

in  the  French  survey,  and  described  in '  La  Mdridienne  de  Paris  verifide,' 

Paris,  1744,  the  arc  was  divided  by  fine  points  to  every  10'.    In  making 

the  observation  the  plumb  line  was  first  brought  directly  over  one  of 

these  dots,  and  the  star  afterwards  bisected  by  a  micrometer-screw 

carrying  a  wire  in  the  focus  of  the  telescope.    The  degrees  and  tens  of 

minutes  being  read  off  on  the  limb,  the  revolutions  and  parts  of  the 

screw  furnished  the  remaining  minutes  and  seconds.     This  method  of 

Bubdivision  was  applied  by  La  Caille  to  the  sextant  with  which  he 

observed  at  the  Cape  of  Good  Hope  and  at  Paris.     The  invention  is 

due  to  the  Chevalier  de  Louville,  whose  memoir  is  to  be  found  in  the 

*  Mdmoires  de  TAcaddraie*  for  1714. 

We  have  already  mentioned  Romer's  optical  method  of  subdivision. 
The  invention  of  the  micrometer-microscope,  in  which  the  divisions 
are  first  magnified  and  the  intervals  measured  by  the  revolutions  and 
parts  of  a  screw  carrying  a  wire  or  cross-wires  in  the  focus  of  the 
object-glass  of  the  microscope,  is  due  to  the  Due  de  Chaulnes,  whose 
account  was  published  in  1768 :  '  Description  d'un  Microscope  et  de 
differents  Micrometres,*  &c.  The  reader  will  find  some  account  of  the 
construction  and  verification  of  the  micrometer-microscope  in  the 
article  Circle.  .     . 

We  will  now  briefly  explain  the  principle  of  the  vernier  in  its 
simplest  form.  If  that  be  well  understood,  the  reader  mil  have  little 
difficulty  in  making  out  the  value  of  the  divisions  in  any  instrument  to 
which  the  vernier  is  applied,  though  he  may  require  considerable 
practice  before  he  is  able  to  read  off  well  and  quickly. 

Ko.  3. 


1 

io.  1. 

W-' 

1 

KA 

0 

2 

A. 

41 

« 

A 

«>a 

1A 

PA  . 

*«>" 

1 

I 

ai 

•>.' 

A 

A 

^.^ 

O 

M^ 

4l 

ff 

91A 

0 

ou 

99 

ts 

Number  1  is  the  fio^re  of  a  Temier  for  measiuiug  hundredths  of  an 
inch,  such  as  is  usually  applied  to  common  barometers.  The  scale  is 
on  the  left  hand,  on  which  the  inches  and  tenths  are  marked.  The 
f)ortion  on  the  right  hand,  which  can  be  slipped  up  or  ^own,  remaining 
always  in  contact  with  the  scale,  is  the  vernier.  It  is  merely  a  length 
of  1 1  parts  of  the  principal  scale  divided  into  10  equal  parts.  Each  of 
these  parts,  therefore,  equals  y^^  of  an  inch,  or  '11  and  the  difference 
between  a  part  of  the  scale  and  a  part  of  the  vernier  is  '01  inch.  In 
the  figure  the  zero  of  the  vernier  is  made  to  coincide,  that  is,  to  form 
joe  continued  line  with  the  division  80  on  the  scale,  and  conseciuently 


10  on  the  vernier  also  coincides  with  28'9  on  the  scale.  Division  1  on 
the  veruier  is,  from  what  we  have  said,  *11  inch  below  the  zero  of 
vernier,  while  the  next  lower  division  ou  the  scale  is  only  '10  below  it : 
hence  the  vernier  division  1  is  '01  inch  below  the  division  29'9  on  the 
scale.  For  the  same  reason  division  2  on  the  scale  is  twice  as  much,  or 
*02  below  29'8  on  the  scale,  aud  so  on,  the  divisions  on  the  vernier 
overlapping  those  on  the  scale  until  10  on  the  nemier  stretches 
over  to  exact  coincidence  with  28'9  on  the  scale.  Now  suppose 
the  vernier  to  be  raised  '01  inch,  it  is  evident  that  division  1  of 
vernier  will  coincide  with  29'9  on  the  scale.  If  the  vernier  were  raised 
*02  inch,  the  vernier  division  2  would  coincide  with  29 '8  on  scale;  and 
BO  on ;  so  that  in  order  to  read  off  the  hundredths  of  an  inch  which 
the  vernier  zero  advances  beyond  any  tenth  in  the  scale,  we  have 
merely  to  see  what  vernier  division  comes  nearest  to  a  division  of  the 
scale,  and  set  that  down  for  the  hundredth  required. 

This  is  the  form  which  was  given  to  the  vernier  by  its  inventor,  in 
which  the  parts  of  the  vernier  are  larger  than  those  of  the  scale,  and  in 
which  the  numbering  of  the  parts  of  the  vernier  runs  contrary  to  the 
numbering  of  the  scale.  But  if,  as  in  No.  2,  the  vernier  has  the 
length  of  nine  divisions  of  the  scale,  and  this  is  divided  into  ten  equal 
parts,  each  part  will  be  equal  to  *09  inch,  while  the  divisions  of  the 
scale  are  equal  to  *1  inch.  The  vernier  in  this  form  is  to  be  numbered 
foncardt,  as  well  as  the  scale.  It  is  clear  that  raising  the  vernier  '01 
will  bring  the  division  1  of  the  vernier  into  coincidence ;  and  so  on, 
exactly  as  before ;  and,  therefore  that  the  inches  aud  tenths  being  read 
from  the  scale,  the  hundredths  are  to  be  taken  from  the  vernier.  The 
reading  both  scales  forward  is  some  advantage  in  favour  of  the  latter 
mode,  while  the  size  of  the  vernier  divisions  is  larger,  and  consequently 
clearer,  in  the  first.  There  might  perhaps  be  some  advantage  in  par- 
ticular cases  in  uniting  both  veruiei-s,  as  the  reading  would  be  made  on 
two  divisions  and  by  two  sets  of  independent  subdivisions,  but  we  do 
not  remember  to  have  seen  this  in  actual  use. 

In  modem  astronomical  and  geodesical  instruments  the  vernier 
usually  reads  forward.  Sometimes,  for  greater  compactness,  the  7.ero 
is  placed  in  the  middle  of  the  vernier,  and  the  graduation,  after 
running  on  to  the  end  of  the  vernier,  is  continued  from  the  other  end 
of  the  scale  to  the  middle,  and  reads  both  backwards  and  forwards. 
There  is  a  great  liability  to  confusion  in  these  verniers,  which  can  only 
be  avoided,  at  first,  by  guessing  the  value  of  the  subdivision  before 
reading  the  vernier.  We  prefer  simple  verniers,  reading  always 
forward  with  the  zero  at  one  end. 

The  ordinary  subdivision  in  English  instruments  is  to  minutes, 
half-minutes,  twenty  seconds^  and  ten  seconds.  Thus  if  the  circle  be 
divided  to  30^  and  the  vernier  taken  equal  to  29  half-degrees,  and  then 
divided  into  30,  each  part  of  the  vernier  will  equal  §g  of  80'  or  29',  and 
the  difierence  between  a  part  of  the  circle  and  a  part  of  the  vernier  be 
1'.  If  the  circle  be  divided  to  every  10',  and  the  vernier  taken  equal 
to  59  of  these  parts  ( =  9"  5Qf),  and  divided  to  60,  each  part  of  the 
vernier  will  be  ^  of  10',  that  is,  will  be  equal  to  590"  or  9'  50", and  the 
difference  between  a  part  of  the  circle  and  a  part  of  the  vernier  be  10". 
This  division  is  legible  in  circles  of  8  inches  diameter.  In  circles  of 
1 8  inches  diameter  we  should  still  adopt  the  same  division,  as  it  is  easy 
to  estimate  the  difference,  and  less  fatiguing  to  read  an  open  division 
than  a  crowded  one. 

The  continental  artists  generally  make  one  circle  turn  closely,  but 
freely,  within  another,  and  nearly  in  the  same  plane,  as  we  have  seen 
was  directed  by  Vernier.  The  reading  is  much  more  pleasant  and 
exact  in  this  way.  Troughton  objected  to  it,  that  if  a  particle  of 
dust  should  get  between  the  circles  it  would  necessarily  grind  and 
tear  the  edges  of  the  circles,  leaving  a  muddy  and  ragged  ditch  between 
them.  We  do  not  know  whether  this  objection  is  confirmed  by 
experience.  The  English  artists  generally  place  their  verniers  on  thin 
plates  which  move  upon  the  divided  circles.  There  is  some  chance  of 
rubbing,  and  a  certainty  of  wearing,  if  the  verniers  press  on  the  circle ; 
and  if  they  stand  off  from  it  thev  are  awkward  to  read,  with  a  chance 
of  considerable  error  from  parallax.  The  subdivision  by  the  vernier 
seems  to  be  preferred  by  the  German  artists  in  general  to  that  by 
micrometer  microscopes,  which  are  in  England  universally  appUed  t^ 
large  meridian  circles,  and  indeed  to  all  considerable  instruments  where 
the  fixing  of  the  microscopes  is  not  subjected  to  a  varying  effect  of 
gravity.  On  the  side  of  the  verniers  may  be  pleaded  cheapness,  and 
freedom  from  changes,  such  as  those  which  the  scale  of  a  microscope 
suffers  when  the  distance  between  the  limb  and  the  object-glass  of  the 
microscope,  or  the  body  of  the  microscope  itself,  from  expansion  or 
other  cause,  is  altered.  On  the  other  luind,  the  micrometer  micro- 
scope  certainly  admits  greater  magnifying  power,  keeps  the  observer 
away  from  the  instrument,  can  be  fixed  with  greater  firmness,  and 
remains  more  steady.  It  is  not  easy  to  fix  a  vernier  firmly  without 
running  the  risk  of  affecting  the  motion  of  the  circle.  On  the  whole 
we  prefer  the  micrometer  microscope,  although  it  must  be  admitted 
that  the  perfection  which  the  continental  artists  give  to  the  centering 
of  their  circles  and  verniers  may  well  cause  a  difference  of  opinion. 
For  small  instruments,  and  those  which,  like  the  declination  circle  of 
an  equatorial,  are  placed  under  different  strains  in  difl'erent  positions, 
the  vernier  is  indispensable. 

There  is  difficulty  very  often  in  getting  the  proper  light  on  the 
divisions.  It  is  desirable  that  those  of  the  vernier  as  well  as  those  of 
the  limb  should  appear  sharp  and  black,  and  the  divisions  b^ore  «ncl 


619 


VERSED  SlKE. 


VERSION. 


after  that  which  is  nearest  to  coincidence  should  bo  Bcrutinised  in 
order  to  estimate  the  decimal  or  fraction  which  is  wanted  fur  perfect 
coincidence.  A  more  perfect  setting  will  generally  be  obtained  by 
making  the  divisions  before  and  after  the  coincident  division  equally 
discordant,  than  by  attempting  to  get  a  perfect  coincidence.  The 
observer  should  be  careful  to  view  the  divisions  directly,  and  in  the 
centre  of  the  magnifier,  or  he  will  have  an  error  arising  from  parallax 
which  may  be  considerable. 

The  truth  of  a  vernier  in  one  respect,  that  of  its  embracing  a  proper 
portion  of  the  limb,  may  be  tried  in  different  parts  of  the  limb.  If  the 
circle  be  very  excentric  this  may  give  a  little  trouble  at  first,  and  be 
confounded  with  bad  division.  In  ordinary  cases,  however,  if  there 
are  opposite  verniers,  and  their  extreme  divisions  sometimes  overlap 
and  sometimes  fall  short  of  the  corresponding  portion  of  the  limb,  the 
mean  will  be  true  although  the  excentricity  is  sensible.  The  number 
of  verniers  may  be  either  two,  three,  or  four,  at  equal  distances.  Two 
are  absolutely  necessary  to  get  rid  of  excentricity,  and  three  or  four 
will  also  nullify  any  error,  original  or  superinduced,  which  gives  the 
circle  an  elliptic  form.  But  it  is  not  easy  in  all  cases  to  apply  these 
readings  conveniently,  and  the  fatigue  of  many  readings  U  scarcely 
recompensed  by  a  little  superior  accuracy,  at  least  in  well-made  and 
well-divided  instruments  which  are  carefiUly  handled. 

VERSED  SINE.     [Trioonometry.] 

VERSION.  The  word  version,  or  translation,  is  used  to  express  the 
transferring  of  some  written  composition  from  one  language  into 
another.  Like  many  other  terms,  translation  cannot  be  briefly  defined  : 
the  notion  of  translation  must  be  attained  by  a  consideration  of  all 
the  conditions  of  translation  ;  and  the  right  understanding  of  its 
nature  involves  a  part  of  the  general  theory  of  language. 

If  two  languages  corresponded  perfectly ;  if  every  tcim  in  the  one 
language  had  its  equivalent  in  the  other ;  and  if  the  forms  of  speech 
in  the  two  languages  were  also  perfect  equivalents,  the  diflficulty  of 
translation  would  not  be  great.  It  would  only  be  necessary  to  dis- 
cover the  equivalent  tei*ms  and  the  equivalent  forms  of  speech  in  the 
two  languages,  and  translation  would  be  effected  by  mere  substitution. 
In  this  supposed  case,  as  the  terms  and  the  forms  of  expression 
would  be  perfectly  equivalent,  a  person  who  should  read  the  trans- 
lation would  understand  it  exactly  as  a  person  would  understand  the 
original ;  for  the  supposition  of  the  two  languages  being  perfect 
equivalents  involves  the  supposition  of  the  objects  of  thought  and 
the  mode  in  which  their  relations  to  one  another  are  viewed  being  the 
same  for  the  people  who  use  the  two  languages.  Now  no  two  lan- 
guages have  this  perfect  equivalence  of  terms  and  forms  of  speech, 
and  therefore  a  perfect  translation  cannot  be  made. 

The  general  distribution  of  words  into  notional  and  relational  words 
is  explained  in  the  article  Notion.  In  no  two  languages  are  all  the 
notional  words  perfectly  equivalent.  Such  words  as  express  many  of 
the  ordinary  objects  of  sense,  as  sun,  moon,  man,  woman,  are  perfect 
equivalents ;  but  all  the  words  which  express  objects  of  sense  in  one 
hmguage  have  not  their  equivalent?  in  another.  Various  nations  have 
various  articles  of  dress,  various  utensils,  implements,  and  ornaments 
which  are  peculiar  to  them,  and  consequently  have  not  their  equiva- 
lents in  another  language.  If  such  terms  are  rendered  by  some  other 
term  in  the  language  into  which  the  translation  is  made,  the  translation 
will  not  convey  the  exact  notion  of  the  original,  though  it  may  come 
near  enough  for  many  purposes.  In  some  cases  the  difference  is 
immateiial,  as  may  be  shown  by  instances ;  in  others  the  difference  is 
material.  The  Latin  words  **  domus  "  and  "  navis  "  may  be  respectively 
rendered  by  the  English  "  house  "  and  "  ship,"  though  Roman  houses 
and  ships  differ  considerably  from  English  houses  and  ships.  But  if 
the  word  "  domus  "  is  merely  used  to  signify  the  general  notion  of  a 
dwelling  for  man,  as  for  example,  when  one  wishes  to  say  that  a  "  man 
was  killed  in  a  house  and  not  in  the  street,"  tiie  precise  difference 
between  Roman  houses  and  English  is  immaterial,  for  house  in  such 
case  is  used  in  its  most  general  sense.  But  if  in  the  original  Latin'passage 
anything  turned  on  the  difference  between  "  domus  "  and  "  villa  "  as 
oppoised  to  one  another,  then,  unless  the  English  language  possessed 
two  words  which  should  stand  in  the  same  opposition  to  one  another 
as  "  domus  "  and  "  villa,"  a  trtmslation  could  not  be  made  simply  by 
equivalent  terms  :  it  must  be  effected  in  some  other  way.  Material 
objects  then,  for  which  there  may  be  equivalents  in  two  languages 
when  the  object  is  used  in  its  most  general  sense,  may  not  have  equi- 
valents in  the  two  languages  when  used  in  this  special  sense.  Thus 
the  Latin  words  •'  patera,"  "  urna,"  "  lanx,"  are  words  which  express 
the  general  notion  of  a  thing  that  is  used  to  contain  other  thingu ;  but 
aa  they  are  also  used  to  indicate  a  particular  kind  of  containing  vessel, 
there  can  bo  no  translation  of  such  terms  unless  we  have  both  the 
thing's  and  the  name  for  them.  It  appears  then  that,  even  in  the  &ise 
of  such  ordinary  things  as  domestic  utensils,  a  translator  will  often  be 
at  a  loss  to  find  a  word  equivalent  to  the  original  word ;  and  he  must 
either  find  a  word  which  comes  the  nearest  to  it,  or  he  miwt  adopt  the 
original  -t»ord.  In  the  one  case  he  will  not  convey  an  exact  notion  to 
the  reader,  and  he  may  convey  a  very  erroneous  notion ;  in  the  other  he 
will  convey  none  at  all,  unless  the  reader  happens  to  know  the  thing 
intended  by  the  term  in  the  original  language.  The  context  may  often 
help  to  the  right  understanding  of  a  term,  but  that  is  not  the  matter 
at  present  mider  consideration. 

The  teims  which  denote  the  political-  and  religioua  inatitutions  or 


usages  of  a  country  often  present  still  greater  difficulty.     The    Ron-' 
terms  ''^idilis,"  "  Consul,"  "  Comitia,"  "  Tribus,"  "  Judex,"  **  Pt^ntliV  x. 
"Augur,"  cannot  be  rendered  into  our  language  by  any  et^Kiiv-xA-i.t 
terms.     In  these  and  many  similar  instances  it  has  become   u^tii'  :  • 
adopt  the  original  term,  with  the  termination   sometimes     till    .i^\. 
altered,  and  the  reader  of  such  translations  is  supposed  either^  to  kn  • « 
what  these  terms  mean,  or  to  have  books  which  will  explain   t^.  -^ 
This  is  in  fact  the  only  practicable  mode  of  translating  sucli  tern^-. 
and  such  translation  is  not  liable  to  more  objection  thajQ  a  l>c*i  .Ic  :  i 
one's  own  language  which  contains  numerous  technical   terms,   tl.- 
explanation  of  which  is  not  given  in  the  book,  and  cannot    Xn.-  u  : 
from  the  context,  but  must  be  sought  for  in  a  dictionary  or  'w<irl.  •  : 
reference. 

If  tlie  original  language  has  been  more  cultivated  than  the  lasgxin.r. 
into  which  the  translation  is  made,  the  translator  will  find  that  hi  .<• 
ill  provided  with  terms  equivalent  to  those  of  the  original,  port  l^i 
works  on  jurisprudence  or  philoso])hy,  when  translated  into  Kn^Ii>iu 
present  this  difficulty,  which  can  only  be  overcome  by  adopting'  the 
technical  terms  of  the  original  language.  If  the  translator  were  t.- 
attempt  to  make  names  which  should  correspond  to  the  original  teixo^, 
he  would  not  be  so  likely  to  succeed  in  getting  them  adopted  as  Lj 
transferring  the  original  terms  into  his  translation. 

That  part  of  translation  then  which  consists  simply   in   finding 
equivalent  notional  terms  is  limited.     It  depends  on  the  character  uf 
the  two  languages,  the  original  and  that  of  the  translation,  how  i^r 
equivalent  terms  can  be  found.      In  all  matters  which   characterise 
the  usages  of  a  people,  it  is  impossible  to  find  equivalents  in  ttco  ix'd' 
guages,  for  by  the  term  character  is  here  meant  something  w^hich  c.a^h 
has  and  the  other  has  not.     As  to  all  terms  which  are  the  expre3r^^«>u 
of  universal  notions,  such  as  are  in  a  great  degree  independent  of  lite 
character  of  a  people,  those  languages  which  have  been  cultivated  trt  an 
equal  degree  do  possess  terms  which  are  sufiiciently  equivalent.     B'lt 
even  here  there  is  often  a  very  great  difficulty  in  ascertaining  the 
equivalent  terms,  as  any  one  may  satisfy  himself  by  attempting  to 
translate  into  English  such  a  work  as  Cicero's  treatise  on  the  Orator,  or 
some  parts  of  Tacitus. 

Perliapii  it  is  often  easier  to  translate  from  one  language  into 
another  when  the  two  languages  have  no  historical  connection,  than 
when  they  are  related  as  original  and  derived  languages,  or  as  language:; 
which  have  interchanged  terms,  or  where  the  exchange  has  been  all  on 
one  side  ;  for  it  often  happens  that  words  which  are  transferred  from 
one  language  into  another  retain  nearly  the  original  form,  and  yet  hare 
either  been  adopted  in  a  different  sense  from  the  original  sense,  or  have 
in  course  of  time  acquired  such  different  meaning.  It  would  be  ea^^y 
to  find  numerous  examples  of  such  change  of  meaning  in  words  thit 
have  been  introduced  into  the  English  either  directly  from  the  Latin 
or  through  the  medium  of  other  languages. 

The  union  of  notional  words  into  connected  speech  or  language  is 
effected  by  the  words  of  relation,  which  are  either  appendages  added  to 
words,  or  seixirate  small  words,  or  both ;  and  it  is  also  effected  by  the 
order  of  the  words.  Now  the  words  of  relation  and  the  order  of  word:, 
differ  considerably  in  most  languages,  and  hence  arises  a  great  difficulty 
in  translation  ;  for  language  consists  not  of  single  words,  no  more  than 
a  ship  consists  of  trees  :  in  the  case  of  language  and  a  ship,  words  and 
timber  are  materials,  but  materials  without  form  have  no  significance. 
Yet  in  everything  the  nature  of  the  material  is  an  element  in  the 
capacity  for  receiving  form  ;  and  in  language  the  possession  or  absence 
of  case-endings,  and  of  suffixes  which  show  the  modifications  of  words, 
called  mode  and  tense,  materially  influences  the  capacity  of  the  lan- 
guage for  expressing  a  given  idea  with  perspicuity,  brevity,  and  force : 
it  also  materially  affects  the  possible  order  of  the  words.  Those  lan- 
guages which  possess  case-endings  and  verbal  terminations  in  abundance 
can  vary  the  order  of  the  words  in  a  great  number  of  ways,  do  as  to 
place  particular  words  in  those  positions  where  they  shall  be  most 
effective.  A  language  like  the  English,  which,  in  its  present  form,  has 
few  suffixes,  is  much  more  limited  in  this  power  than  the  German,  the 
Greek,  and  the  Latin.  Languages  also  differ  greatly  in  the  number  of 
small  words  (relational  words)  which  are  adapted  to  express  the  relation 
of  notional  terms  to  one  another.  Some  of  the  more  delicate  colours 
which  are  thus  expressed  in  one  language  are  absolutely  incapable  of 
being  expressed  in  another  by  any  corresponding  relational  words, 
and  sometimes  they  cannot  be  expressed  by  any  combination  of 
woixls. 

It  will  now  not  be  difficult  to  ascertain  in  a  general  way  what  can  be 
effected  in  a  translation,  and  what  ought  to  be  attempted.  Some 
people  have  had  a  notion  that  a  translation  should  be  literal,  or  near  to 
the  original,  by  which  it  is  meant  that  eveiy  word  of  the  original 
should  have  its  equivalent  in  the  translation,  or  nearly  so.  There  is 
no  objection  to  this,  so  far  as  it  can  bo  dono  consistently  with  the 
proper  idioms  of  the  translator's  language ;  yet  such  a  translation  is 
not  commendable  because  it  is  literal,  but  because  it  is  true.  The 
idiom  of  the  translation  must  not  be  corrupted  by  an  imitation  of  the 
idiom  of  the  original.  If  what  is  called  a  literal  version  is  a  sufficient 
version  of  the  meaning,  and  if  it  is  also  expressed  in  a  true  idiom,  the 
translation  is  good ;  but  its  literal  character  is  a  mere  accident.  It 
will  depend  both  on  the  character  of  the  two  languages  and  on  the 
character  of  the  original  work  how  far  the  version  shall  in  its  form 
correspond  to  the  original.    Simple  narrative  is  generally  easily  ren- 
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dered  from  one  language  into  another  without  varying  much  from  the 
form  of  the  original     Works  which  have  more  of  an  artistic  character 
present  greater  difl&culties,  whether  they  are  historical,  critical,  or 
poetical.     Poetry  presents  liie  greatest  difficulties,  because,  in  addition 
to  the  general  difficulty  of  transferring  the  meaning  of  one  language 
into  another,  there  is  the  difficulty  of  reproducing  the  rhythmical 
f  omi  of  the  original,  and  this  is  sometimes  impossible.    Horace  suc- 
ceeded in  introducing  the  Greek  lyric  metres  into  the  Latin  language 
in  his  translations  or  imitations ;  but  Horace  was  a  master  of  his  art, 
and  he  had  a  language  which  was  sufficiently  near  to  his  original.    The 
translations  of  Voss  from  the  Greek  and  Latin  poets  have  the  advantage 
of   being  in  a  Language  which,  from  its  copiousness,  its  grammatical 
forms,  and  its  capacity  of  combining  words,  renders  such  an  under- 
taking practicable  in  skilful  hands.  •  The  English  language  has  copious- 
ness and  energy,  but  less  flexibility  than  the  German,  and  the  imitation 
of  the  rhythmical  forms  of  other  languages  is  sometimes  impossible  in 
an  English  version ;  and  without  this  imitation  the  translation  of  poetry 
is  incomplete,  for  the  metrical  form  is  a  part  of  poetry.     It  is  indeed 
often  as  easy  to  express  in  a  prose  translation  the  ideas  of  poetry  as 
those  of  prose  composition,  for  the  essential  qualities  of  poetiy  are  not 
destroyed  by  reducing  it  from  its  metrical  into  a  prosaic  form.    In  this 
form  it  may  still  fill  the  mind  with  the  images  of  the  original,  but  it  will 
not  equally  affect  the  passions ;  for  the  passions  are  most  vehemently 
moved  by  direct  sensuous  impressions,  and  the  sensuous  character  of 
poetry  is  its  metrical  form.     All  attempts  therefore  at  poetical  transla- 
tion from  one  language  into  another  can  only  be  partially  successful 
unless  the  character  of  the  two  languages  admits  of  a  perfect  metrical 
imitation  in  the  translation. 

A  translator  should  show  his  judgment  by  tfce  choice  of  his  subject 
as  w^ell  as  by  his  manner  of  handling  it.  He  will  not  choose  what  is 
incai>able  of  being  rendered  adequately.  He  will  not  attempt  to  fashion 
his  form  of  expression  to  that  of  the  original  by  doing  violence  to  his 
own  idiom.  He  will  neither  servilely  follow  the  division  of  sentences 
nor  the  forms  of  expression.  He  will  labour  to  penetrate  through  the 
author's  language  to  his  meaning,  and  he  will  then  strive  to  express 
that  meaning  in  his  own  language.  He  must  rigidly  scrutiniae  the 
result  of  his  labour,  to  see  if  it  conveys  the  same  meaning  as  the 
original,  and  neither  more  nor  less.  When  this  is  accomplished,  his 
translation  will  be  sufficient,  though  it  may  not  be  perfect.  It  will 
be  all  that  a  translation  often  can  be — a  sufficient  copy  of  the  original. 
But  there  may  be  something  wanting.  Every  writer  has  peculiari- 
ties which  constitute  his  style.  One  writer  is  sententious,  compresjsed, 
and  energetic,  but  perhaps  obscure ;  another  is  diffuse,  flowing,  and 
redundant,  but  fills  the  ear  more  than  the  mind ;  a  third  may  be  per- 
spicuous and  simple,  but  withal  feeble.  Now  a  translator  who  should 
so  far  mistake  his  original  as  to  give  a  diffuse  version  of  a  sententious 
writer,  or  to  express  any  original  in  a  form  which  should  be  altogether 
unlike  it,  would  show  that  he  had  ill  appreciated  the  writer's  character, 
and  this  would  not  be  the  only  blunder  that  we  might  expect  from 
him.  A  version  of  a  prose  writer  which  should  possess  a  general  cha- 
racter altogether  unlike  the  original,  would  as  little  merit  the  name  of 
a  translation  as  a  dull  prosy  version  of  the  '  Iliad*  would  deserve  the 
name.  To  fix  a  true  medium  between  a  close  imitation  of  the  style  of 
the  original  and  a  wide  departure  from  it,  belongs  to  that  department 
of  the  busiiless  of  translation  in  which  taste  is  concerned.  It  is  some- 
thing wherein  precise  rules  can  never  be  laid  down,  and  yet  the  best 
critics  will  not  disagree  in  their  judgment.  It  is  a  groas  error  which 
we  see  in  some  attempts  to  translate  Tacit\iB,  to  reproduce  the  original 
with  all  its  obscurity  and  brevity  :  it  is  a  grosser  blunder  to  weaken 
his  sententious  energy  by  a  profusion  of  words,  many  of  which,  being 
impertinent  and  idle,  only  form  a  stronger  contrast  with  those  of  the 
original,  which  have  been  selected  and  arranged  with  studious  care. 

Like  portrait-painting,  translation  has  only  one  rule,  and  that  not  a 
nile  which  shows  us  how  to  act,  but  only  prescribes  a  certain  end. 
Make  your  copy  like  the  original :  let  no  man  mistake  it.  Many 
copies  may  be  made,  and  all  may  be  pronounced  to  be  likenesses. 
Compare  the  likenesses  with  one  another,  and  you  will  find  one  which 
shall  be  more  like  than  the  rest.  Ask  the  master  how  he  made  it :  ho 
will  say  that  he  copied  the  original ;  but  how  he  did  it  you  cannot 
understand,  nor  can  he  say. 

VERTEX,  a'  name  given  to  any  remarkable  or  principal  iK)int, 
particularly  when  that  point  is  considered  as  the  top  or  summit  of  a 
figure.  Thus  we  have  the  three  vertices  of  a  triangle,  the  vertex  of  a 
cone  or  pyramid,  &c. 

VERTICAL.  The  zenith  being  considered  as  a  vertex,  which  in 
fact  it  is,  when  the  word  vertex  means  summit,  a  vertical  plane  is  one 
which  passes  through  the  line  drawn  from  the  spectator  to  his  zenith ; 
a  vertical  plane  therefore  merely  means  one  which  is  perpendicular  to 
the  horizon,  and  a  vertical  line  ha«  the  same  meaning. 

VERTICAL,  ANGLE  OF  THE.  A  name  given  to  the  angle  made 
by  the  diameter  through  any  point  of  the  earth,  supposed  a  spheroid, 
with  the  direction  of  gravity  at  that  point,  or  the  perpendicular  to  the 
tangent  plane. 
VERTIDINE.  A  base,  not  yet  analysed,  contained  in  shale  tar. 
VERTIGO,  or  giddiness,  is  a  peculiar  sensation  depending  probably 
on  some  disturbance  of  the  circulation  in  the  brain.  It  need  not 
be  described,  for  whoever  has  not  felt  it  may  do  so  at  once  by 
tiuning  round  a  few  times  rapidly.    The  nature  of  the  change  pro- 


duced in  the  brain  by  the  numerous  causes  of  giddiness  is  altogether 
unknown ;  probably  the  sensation  may  be  the  result  of  several  differ- 
ent conditions,  for  it  ensues  alike  when  the  pressure  of  the  blood  upon 
the  brain  is  diminished  by  bleeding,  and  when  it  is  increased  in 
plethora,  or  what  is  called  determination  of  blood  to  the  head  :  it  is 
a  sign  too  as  well  of  deficiency  of  food  as  of  repletion ;  and  .of  the 
various  continued  movements  by  which  the  steady  flow  of  blood 
through  the  brain  may  be  disturbed,  though  the  rotatory  motion  is 
the  most  general  cause  of  giddiness,  yet  the  movi^ment  of  the  head 
backwards  and  forwards  or  from  side  to  side  will  produce  it  as  effectu- 
ally, and  the  vertical  movement,  such  as  is  endured  in  the  pitching  of 
a  ship,  more  certainly  still.  At  present  therefore  it  must  be  concluded 
that  whatever  disturbs  the  movement  or  the  pressure  of  the  blood 
within  the  brain  may  produce  giddiness ;  and  that  in  some  cases  it 
occurs  without  any  cause  of  this  kind,  as  a  sympathetic  or  purely 
subjective  sensation,  dependant  on  the  state  of  the  substance  of  tho 
brain  itself. 

As  a  sign  of  disease  vertigo  by  itself  indicates  very  little.  No  judg- 
ment can  be  formed  from  it  except  by  taking  it  in  connection  with 
the  other  characters  of  the  'affection  of  which  it  is  a  part,  and  these 
will  generally  be  sufficiently  indicative.  Its  most  common  cause  is 
some  disturbance  of  the  digestive  organs,  and  it  may  be  safely  treated 
in  that  view,  except  in  those  who  are  prone  to  apoplexy  or  other  cere- 
bral disease,  in  whom  it  must  be  always  regarded  with  fear. 

VESICANTS.    [Blisters.] 

VESTA.     [Asteroids.] 

VESTA  {'Earia  or  'lariri,  Hestia,  or  HistiC),  one  of  the  great  divinities 
of  the  ancients,  and  common  both  in  name  and  mode  of  worship  to  the 
Greeks  and  Romans.  According  to  Heaiod,  she  was  the  tirat-born 
daughter  of  Kronos  and  Rhea,  and  sister  of  Zeus,  and  the  Romans 
therefore  made  her  the  daughter  of  Saturn  and  Ops.  She  was  a  maiden 
divinity,  and  was  said  to  have  vowed  eternal  virginity  by  the  head 
of  Zeus. 

Vesta  was  tho  goddess  of  the  hearth ;  and  as  the  hearth  was  with 
the  ancients  the  centre  of  the  fanculy,  where  the  members  met,  con- 
versed, and  took  their  meals,  Vesta  was  regarded  as  the  goddess  of 
domestic  union  and  happiness.  Strangers  and  friends  were  hospitably 
received  at  the  hearth ;  suppliants  sought  safety  and  protection  there ; 
and  there  the  members  of  a  family  swore  fidelity  to  one  another.  The 
fire  burning  on  the  domestic  hearth,  the  symbol  of  domestic  union, 
was  also  regarded  as  the  symbol  of  Vesta  herself.  As  according  to 
the  notions  of  the  ancients  the  state  was  formed  on  the  model 
of  a  single  family,  each  political  community,  city,  or  state  had  its 
public  hearth  or  altar  of  Vesta,  on  which  a  perpetual  fire  was  kept 
burning.  At  Athens  the  public  hearth  of  Vesta  was  in  the  Prytaneum, 
and  here  the  guests  of  the  state  and  foreign  ambassadors  were  received 
and  hospitably  treated.  The  public  hearth  was  to  the  members  of  a 
civil  community  what  the  domestic  hearth  was  to  the  members  of  a 
family ;  and  when  a  state  sent  out  colonists,  they  took  from  the  public 
hearth  of  the  metropolis  the  fire  which  was  henceforth  to  blaze  on  the 
public  hearth  of  the  colony.  Larger  communities  than  a  mere  town 
or  city  had  likewise  their  public  hearth  and  centre  of  union.  Thus  the 
common  hearth  of  the  Greeks  was  at  Delphi,  and  that  of  the  Latius  at 
Lanuvium,  the  metropolis  of  the  Latins.  Later  speculators  *nd  mystics 
extended  this  idea  even  farther,  and  spoke  of  a  central  fire  or  a  common 
hearth  of  the  earth  and  the  universe.  Vesta,  as  the  protectress  of  the 
family,  is  intimately  connected  ^vith  the  Penates,  and  she  herself  is 
sometimes  called  a  Penas  or  Dea  Penetralia.  Her  connection  with  the 
house  led  some  ancients  even  to  ascribe  to  her  the  art  of  building 
houses. 

In  Greece,  Vesta  had  very  few  temples,  because  every  house  and 
every  prytaneum  was  regarded  as  her  sanctuary,  and  because  she  had 
her  share  in  all  the  sacrifices  which  were  offered  to  other  gods ;  and  at 
all  sacrificial  feasts  the  first  and  last  libations  were  offered  to  Vesta. 
But  at  Hermione  in  Argolis  she  had  a  special  temple,  though,  Hke  her 
temple  at  Rome,  it  contained  no  image  of  the  goddess.  The  sacriticea 
offered  on  her  altar  consisted  of  seeds,  fruit,  libations  of  water,  oil,  or 
wine,  and  of  young  cows. 

^neas  was  believed  to  have  brought  the  sacred  fire  of  Vesta  together 
with  the  Penates  and  tho  Palladium  from  Troy  to  Italy ;  and  at  Rome 
the  worship  of  Vesta  was  said  to  have  been  introduced  by  liomulus  or 
Numa.  Her  worship  at  Rome  was  of  much  greater  importance  than 
in  Greece.  Her  temple,  which  was  of  a  roimd  form,  stood  in  the 
forum  near  that  of  the  Penates ;  it  was  open  during  the  day  and  closed 
by  night.  According  to  Ovid's  description,  its  walls  consisted  in  the 
earliest  times  of  wicker-work,  and  the  roof  of  reeds.  The  temple  con- 
tained the  altar  of  the  goddess  with  her  sacred  fire,  the  extinction  o| 
which  was  regarded  as  an  omen  of  the  greatest  calamity  to  the 
republic,  and  priestesses  (at  Athens  and  at  Delphi  widows,  and  at 
Rome  virgins)  were  appointed  to  keep  the  fire  ahve.  With  the 
exception  of  the  Pontifex  Maximus,  no  male  being  was  allowed  to 
enter  the  temple  of  Vesta ;  and  hence  we  never  hear  of  the  senate 
meeting  in  it  as  in  other  temples.  The  Roman  pnctors,  consuls,  and 
dictators,  on  entering  upon  their  offices,  had  to  offer  sacrifiies  to  the 
Penates  and  to  Vesta  at  Lanuvium.  Representations  of  Vesta  in 
works  of  art  were  not  frequent  m  antiquity,  as  she  was  worshipped  in 
the  form  of  the  sacred  tire  burning  on  the  heai-th.  But  some  are 
mentioned  by  Pausanias  and  Pliny,  and  she  was  represented  in  the  grave 
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and  dignified  attitude  and  expression  of  a  majestic  and  pure  maiden, 
with  the  attire  and  veil  of  a  matron,  and  holding  in  her  hand  a  sceptre 
or  a  lamp. 

(Hartung,  Die  Beligion  der  BSmer,  ii^  P*  lll»&c.;  R.  H.  Klausen, 
JSneas  und  die  Penaten,  ii.,  p.  624,  &c. ;  Miiller,  Arch,  der  Kunti, 
I  382  ;  Hirt,  Mytholog.  Bilderbuch,  i.,  p.  70.) 

VESTAL  ("  Virgo  vcstalis,"  Itrriaj),  a  priestess  of  the  Roman  deity 
Vesta.  The  number  of  these  priestesses,  according  to  the  regulations 
of  King  Numa,  was  four,  two  for  each  of  the  ancient  tribes.  Servius 
Tullius,  or.  according  to  others,  Tarquinius  Priscus,  added  two  more, 
to  represent  the  third  tribe,  or  Luceres.  In  the  earliest  times  they 
were  chosen  by  the  kings,  but  afterwards  by  the  Pontifex  Maximus, 
who  had  the  especial  superintendence  of  everything  connected  with 
the  worship  of  Vesta.  At  first  the  selection  seems  to  have  been  left 
to  his  discretion,  but  subsequently,  whenever  there  was  a  vacancy  in 
the  sisterhood,  he  drew  by  lot  one  out  of  twenty  select  virgins  in  the 
assembly  (in  concione).  It  might  happen  that  a  parent  offered  his 
daughter,  though  this  seems  to  have  been  the  case  very  rarely. 
After  Uie  lot  was  drawn,  the  Pontifex  took  hold  of  the  virgin,  as  if 
she  were  a  prisoner,  and  having  pronounced  a  certain  solemn  formula, 
he  conducted  her  to  the  atrium  of  V/t»ta.  Parents  could  only  oppose 
their  daughter  being  thus  taken  from  them  and  devoted  to  the  sei  vice 
of  the  goddess,  in  three  cases  :  fint,  if  one  of  her  sisters  was  already  a 
vestal ;  secondly,  if  the  parents  had  no  more  than  three  children ;  and, 
thirdly,  if  the  father  held  one  of  certain  high  priestly  ofiBces.  In  these 
cases  parents  were  exempt  from  the  obligation  of  allowing  their  daugh- 
ter to  become  a  priestess  of  Vesta.  The  conditions,  on  the  other  hand, 
on  which  alone  a  virgin  could  be  made  a  vestal  were — 1,  that  her 
father  was  not  carrying  on  a  disreputable  occupation ;  2,  that  her 
parents  were  free  and  free-bom,  and  settled  in  Italy ;  3,  that  both  her 
parents  were  alive ;  and,  4,  that  she  was  neither  yoimger  than  six  nor 
older  than  ten  years.  From  the  moment  that  a  vestal  virgin  was 
chosen  and  taken  to  the  atrium  of  Vesta,  she  was  emancipated  from 
her  father's  power ;  she  required  no  patron  in  any  court  of  justice,  and 
had  the  right  to  dispose  of  her  property  by  testament ;  and  if  she  died 
without  having  made  a  will,  her  property  fell  to  the  republia  A 
vestal  virgin,  if  once  appointed,  was  obliged  to  serve  the  goddess  for 
thirty  years.  The  first  ten  years  were  a  period  of  noviciate,  during 
which  they  received  instiniction  respecting  the  various  duties  that 
they  had  to  perform.  Then  followed  ten  years  during  which  they 
wrere  allowed  to  perform  all  the  functions  of  their  office  ;  and  during 
the  last  ten  years  they  instructed  those  who  were  going  through  their 
apprenticeship.  After  the  expiration  of  the  thirty  yean  they  might, 
if  they  liked,  unconsecrate  (exaugurare)  themselves,  and  might  marry. 
This,  however,  happened  very  seldom  :  it  was  considered  unlucky  for 
vestals  to  marry.  The  habits  which  they  had  acquired  during  their 
priesthood  generally  induced  them  to  continue  in  the  service  of  their 
goddess  for  life.  These  virgin  priests  enjoyed  at  Rome  the  highest 
distinctions.  When  they  went  out  a  lictor  walked  before  them; 
pnctors  and  consuls  when  they  met  them  lowered  the  fasces,  and  any 
criminal  whom  their  eye  caught  sight  of  was  immediately  set  free.  In 
the  theatres  honorary  seats  were  set  apart  for  them.  Augustus  how* 
ever  prohibited  their  being  present  at  the  athletic  games.  Nero,  on 
the  other  hand,  abolished  this  law,  and  permitted  them  to  be  present, 
on  the  ground  that  the  priestesses  of  Ceres  were  allowed  to  be  present 
at  the  Olympic  games.  They  had  an  official  residence  on  the  Via 
Sacra,  and  salaries  derived  from  estates  of  the  goddess,  which  were 
increased  from  time  to  time.  A  vestal  virgin  was  considered  to  be  of 
the  same  rank  as  the  Flamen  Dialis,  and  in  a  coiurt  of  justice  she  could 
not  be  compelled  to  confirm  her  evidence  by  an  oath.  Their  prayers 
were  believed  to  be  of  particular  efficacy,  and  wills  and  important 
documents  were  often  intrusted  to  their  keeping.  They  had  also  the 
privilege  of  being  buried  within  the  pomoerium. 

The  duties  of  the  vestals  were  to  keep  the  fire  on  the  altar  in  the 
temple  of  Vesta  burning,  to  guard  the  sacred  relics  and  symbols 
preserved  in  the  temple,  to  sprinkle  the  temple  of  the  goddess  every 
morning  with  water  from  the  Eg^rian  well,  and  various  other  things 
connected  with  the  worship  of  Vesta.  Besides  the  functions  directly 
connected  with  the  worship  of  Vesta,  they  had  to  perform  in  the 
course  of  the  year  various  others.  Thus,  for  instance,  they  conducted 
the  mysterious  worship  of  the  Bona  Dea  on  the  first  of  May,  and  had 
to  prepare  the  sacrifice  to  be  ofifered  on  certain  occasions.  If  ever  the 
sacred  fire  in  the  temple  of  Vesta  became  extinct  by  the  carelessness 
of  a  priestess,  the  neglect  was  atoned  for  by  sacrifices,  and  the  guilty 
vestal  was  scourged  by  the  Pontifex  Maximus  on  her  niUied  back.  The 
fire  was  not  rekindled  from  a  common  fire,  but  from  one  produced  by 
the  Pontifex  by  the  friction  of  two  pieces  of  wood,  or  from  the  rays  of 
the  sun  by  means  of  a  burning-glass,  and  the  vestal  caught  it  in  a 
brass  sieve  by  means  of  tinder,  and  thus  carried  it  into  the  temple. 
On  entering  on  the  priesthood  every  vestal  had  to  make  a  solemn 
vow  to  keep  her  chastity  pure,  like  the  goddess  whom  she  served, 
during  the  years  of  her  priesthood.  A  breach  of  this  vow  was 
regarded  as  a  terrible  crime  and  as  a  fearfiU  calamity  to  tho  whole 
etate.  When  a  vestal  was  found  guilty  by  the  college  of  pontiffii,  i^e 
was  condemned  to  death  without  having  the  right  of  appeal  to  the 
people.  As  nothing  but  death  could  atone  for  her  crime,  and  as  it  was 
nevertheless  not  allowed  for  any  mortal  to  lay  hands  on  the  priestess  of 
Vesta,  she  was  buried  alive  in  a  subterraneous  vault  in  the  Campus 


Sceleratus,  near  the  Colline  gate.    The  mournful  eolemmty  on   sock 
occasions  was  this.    The  guilty  vestal  was  laid  on  a  bier,  tied  t^Mt  whii 
leather  thongs,  and  covert  in  such  a  manner  that  not  even.  Uie  aocnkd 
of  her  voice  could  be  heard.     In  this  position  she  was  carried^  as  it 
were,  in  a  funeral  procession,  accompanied  by  her  friends  and  relations, 
amidst  the  dead  silence  of  all  the  people,  to  the  place  of  exeeutx«xi 
near  the  Colline  gate.    On  her  arrival  here  she  was  relieved   of  h^ 
bands,  the  Pontifex  Maximus  with  uplifted  hands  said  a  myBteri<u3a 
prayer,  and  then  conducted  the  veiled  vestal  to  the  ladder  which  led 
into  the  tomb.    The  executioner  took  her  down  and  drew   up  tlie 
ladder;    and  during  this  process  the  pontiff  and  the  other  priests 
turned  away  their  faces.    In  her  tomb  the  vestal  found  a  ooudi,  a 
lamp,  and  some  bread,  water,  milk,  and  oiL    The  tomb  was  closeci  a&d 
covered  over  with  earth  to  a  level  with  the  rest  of  the  ground.      Tits 
man  who  had  seduced  a  vestal  was  scoui^ed  to  death.     Notvdthstazidin^ 
the  severity  of  the  punishment,  Roman  history  has  on  record  several 
instances  in  which  the  punishment  was  inflicted.     During  the  time  of 
the  republic  the  violation  of  chastity  on  the  part  of  a  vestal  was  always 
visited  by  the  punishment  prescribed  by  law,  unless   the  godd^s 
heraelf  interposed    in  some    miraculous  manner  to  show   that   her 
priestess  had  been  unjustly  charged  with  Uie  crime.     Several  inte- 
resting instances  of  this  kind  are  related  by  the  Roman  historians. 
During  the  early  part  of  the  empire  the  conduct  of  the  vestals  appears 
to  have  become  rather  loose,  since  Domitiau  found  it  neoessarj  to 
make  the  law  concerning  it  more  strict 

(Lipsius,  Jh  Vuta  et  Vettalibut  Syntttgrna ;  Hartung,  Z>tc  Rdigitm 
der  H»mer,  iL,  p.  115,  &c ;  Qottling,  GeschichU  der  B&mi$ehai  StaaU 
verfauunff,  p.  189,  Ac.) 

VESTED  REMAINDER.    [Remainder.] 

VESTRY  is  the  name  of  that  part  of  a  parish  chiurch  where  Uie 
ecclesiastical  vestments  are  kept ;  and  inasmuch  as  meetings  of  parish- 
ioners have  been  usually  held  in  this  part  of  the  church  for  porochiai 
purposes,  such  meetings,  duly  convened,  have  acquired  the  name  of 
vestries ;  so  that  even  where  a  building  remote  from  the  church  has 
been  erected  for  parochial  meetings,  it  is  usually  called  the  vetiry-raooL. 
When  the  meeting  is  held  in  the  church,  or  even  in  a  building  within 
the  precincts  of  the  churchyard,  the  ecclesiastical  courts  claim  juris- 
diction over  the  conduct  of  the  parishioners. 

By  the  common  law  all  rated  inhabitants  of  a  parish  have  a  right, 
either  periodically  or  when  specially  convened,  to  meet  in  vestiy  for 
the  affairs  of  the  parish,  and  to  vote  the  necessary  pecuniary  rates. 
But  this  common  law  right  has  been  modified  in  many  ways. 

1.  By  custom,  which  has  vested  the  government  of  some  parishes  in 
a  select  and  usually  a  self-elected  body  of  persons,  probably  the  sue* 
cessors  of  individuals  to  whom  the  parishioners  at  some  previous  time 
delegated  the  management  of  their  parish  for  a  stated  period,  but  who, 
by  the  indifference  and  neglect  oi  their  constituents,  came  to  hold 
permanently  the  powers  intrusted  to  them.  The  principal  act  for  the 
regulation  of  these  vestries  is  the  58  Qeo.  III.,  c.  69,  but  it  does  not 
extend  to  parishes  within  the  city  of  London  or  borough  of  Souths 
wark. 

2.  The  act  10  Anne,  c.  11  (for  the  purpose  of  erecting  fifty  new 
churches  in  Loudon  and  its  neighbourhood)  appoints  "  a  select  vestry 
for  each  parish."  The  59  Qeo.  III.,  c.  134,  also  permits  the  election  of 
a  select  vestry  out  of  the  "substantial  inhabitants  of  the  district," 
parish,  or  chapelry ;  and  several  local  acts  have  also  created  vestries. 

3.  The  59  Qeo.  III.,  a  12  (Sturges  Bourne's  Act),  enables  general 
vestries  to  appoint  special  vestries  for  certain  purposes ;  but  they  are 
little  more  than  committees  of  the  general  vestries,  to  which  they  are 
responsible. 

4.  A  fourth  kind  of  vestry  is  created  by  1  &  2  Wm.  IV.,  c  60  (Sir 
John  Hobhouse's  Act),  but  the  adoption  of  this  act  is  left  to  the  dis- 
cretion of  each  particular  parish ;  rural  parishes  of  less  than  800  rated 
householders  being  excluded  from  its  operation. 

It  is  the  duty  of  vestries  to  provide  funds  for  the  maintenance  of 
the  edifice  of  the  church  and  the  due  administration  of  public  worship; 
to  elect  churchwardens;  to  present  for  appointment  fit  persons  as 
overseers  of  the  poor ;  to  administer  such  estates  and  other  property 
as  belong  to  the  parish ;  and  in  some  cases,  under  local  acts,  to  super- 
intend the  x>aving  and  lighting  of  the  parish,  and  to  levy  rates  for  those 
purposes. 

The  remedy  for  neglect  of  duty  by  a  vestry  is  a  mandamus  from  the 
Court  of  Queen's  Bench,  directed  to  the  officer  whose  duty  it  would  be 
to  perform  the  particular  act,  or  in  some  cases  by  ^n  ordinary  process 
against  him,  or  by  a  process  against  the  churchwardens  out  of  the 
ecclesiastical  courts. 

VIADUCT.  A  bridge  erected  over  a  valley,  for  the  purpose  of 
avoiding  the  necessity  for  carrying  a  roadway  either  by  long  inclines, 
by  zigzags,  or  by  precipitous  descents,  from  a  high  level  on  one  side  of 
the  hills  bounding  the  valley,  to  a  corresponding  height  on  the  other 
side.  The  conditions  under  which  it  is  advisable  to  incur  the  expense 
of  such  a  work,  are  principally  when  the  annual  cost  of  the  traction 
upon  tho  additional  length  of  the  inclined  roads  would  exceed  the 
interest  upon  the  capital  invested  in  the  construction  of  the  viaduct, 
added  to  the  cost  of  its  repairs ;  or  when  the  rate  of  inclination  of  the 
roads  is  such  as  to  render  economical  traction  impossible.  In  roads 
designed  to  accommodate  rapid  traffic,  for  instance,  inclines  of  1  in  12 
are  inadmissible  under  any  circumstances,  and  inclines  of  1  in  80  ars 


VIBRATION. 


VIBRATION. 


m 


objectionable ;  but  in  either  case  the  construction  of  a  vLuluct  for  the 
p\irpo8e  of  obviating  the  necessity  for  the  incline  must  depend  upon 
tbe  number  of  the  carriages  likely  to  resort  to  it  In  railway  structures 
viaducts  are  more  commonly  employed  than  in  common  roads,  on  ac- 
count of  the  greater  influence  of  the  inclinations  of  the  roadway  upon 
^be  traction ;  but  even  in  them  the  use  of  Tiaducts  can  only  be  justified 
by  considerations  of  economy. 

In  the  article  Bridoks  wiU  be  found  a  summary  description  of  the 
dimensions  of  the  most  celebrated  viaducts  hitherto  constructed.  The 
principles  upon  which  they  are  built  have  been  discussed  either  in  that 
article,  or  under  Arches.  It  may  suffice,  therefore,  here  to  add,  that 
tbe  skill  of  the  engineer  may  be  as  usefully  displayed  in  the  execution 
of  an  embankment  for  the  purposes  of  the  roadway  as  in  the  construc- 
tion of  a  monumental  viaduct;  and  that  the  repairs  of  the  former 
'would  be  in  all  probability  much  less  than  those  of  the  latter.  The 
Highgate  Archway,  the  North  Bridge  at  Edinburgh,  the  Dee  Viaduct 
near  Chirk,  the  Crumlin  Viaduct,  the  Aricia,  Barentin,  Chaumont, 
Dinting  Vale,  Elsterthal,  Goeltzchthal,  Malaunay,  Ouse  Valley,  Port- 
age, Tyne,  viaducts,  may  be  cited  as  the  most  remarkable  works  of  this 
description. 

VIBRATION.  We  have  had  in  many  articles  to  consider  the  eflects 
of  vibratory  motions,  but  we  have  not  yet  givpn  the  explanation  of 
the  simple  vibration,  so  as  to  enable  a  student  with  no  very  extensive 
knowledge  of  mathematics  to  form  some  conception  of  its  character. 
The  theory  of  the  vibrations  of  the  particles  of  an  elastic  fluid  is  the 
key  to  what  is  known  of  the  phenomena  of  sound  and  light  [Acoustics  ; 
Umdulatort  Theort]  ;  and  there  is  some  reason  to  suspect,  or  at 
least  those  whose  opinions  are  worthy  of  attention  have  suspected, 
that  the  causes  of  the  sensible  phenomena  of  heat,  electricity,  and 
magnetism  will  also  be  found  in  the  vibrations  of  matter  of  some  kind. 
All  the  particles  of  material  bodies,  even  when  solid,  are  probably  in 
continual  vibration ;  and  it  is  certain  that  very  slight  disturbances  will 
communicate  sensible  amounts  of  vibration  to  considerable  distances, 
and  this  through  all  manner  of  difierent  substances,  from  loose  earth 
to  compact  stone,  and  through  those  in  every  kind  of  state,  from  the 
aeriform  to  the  solid. 

Little  as  may  be  known  of  most  of  the  vibrations  which  are  per* 
petually  occurring,  nothing  is  more  certain,  from  the  fundamental 
laws  of  mechanics,  than  that  eveiy  such  vibration  in  every  individual 
particle  is  either  made  up  of  one  or  several  motions  of  one  particular 
kind,  or  of  an  exceedingly  close  approximation  to  such  simple  motion 
or  combination  of  motions.  It  is  not  merely  swinging  backwards 
and  forwards  which  constitutes  a  vibration;  such  a  motion  might 
certainly  be  so  called,  at  the  pleasure  of  any  one,  but  another  name 
must  then  be  invented  to  designate  that  particular  sort  of  vibration  of 
which,  and  of  no  other,  we  have  to  speak  in  the  first  instance.  The 
piston  of  a  steam-engine,  for  example,  when  it  is  forced  upwards  with 
continually  accelerated  velocity  until  it  strikes  the  top  of  the  cylinder, 
and  is  then  forced  downwards  in  the  same  manner,  does  not  show  what 
is  mathematically  called  a  vibration  ;  but  take  one  of  those  more 
recent  constructions,  in  which  the  steam  is  checked  as  soon  as  the 
piston  has  acquired  momentum  enough  to  carry  it  to  the  top  of  the 
cylinder,  so  that  the  force  is  nearly  spent  before  it  begins  to  return, 
and  we  have  something  to  which  tiie  term  vibration  is  much  more 
nearly  applicable. 

The  simple  vibration,  of  which  we  have  said  all  others  may  be  com- 
pounded, is  best  imagined  as  follows: — Let  a  point  Q  revolve  wnifarmly 
round  a  circle  a  Q  a  6,  and  from  Q  draw  Q  P  perpendicular  to  a  a. 
Then  p  moves  over  a  a  in  the  manner  of  a  simple  vibration ;  the  whole 
vibration  being  from  ▲  to  ▲  again.    At  a  and  a  the  velocity  of  p  is 


I 


extinct,  the  whole  motion  of  Q  being  i)erpendicular  to  a  a ;  but  at  o 
the  velocity  is  greatest,  p  then  moving  as  fast  as  Q.  If  we  measure  the 
time  t  from  the  epoch  of  Q  being  at  b,  and  suppose  the  motion  of  Q  to 
be  in  the  direction  B  Q  a,  and  n  to  be  the  angular  velocity  of  Q,  we  have 
(o p  =  a;,  o  A  =  a)  d;  =  a  sin  nf,  while  the  velocity  of  p  is  na  cos  nt,  the 
acceleration  of  P  is  -—  n'a  sin  nt,  or  —n^x,  and  if  v  be  the  weight  of  a 
{article  at  p,  the  pressure  necessary  to  maintain  it  in  this  state  of 
vibration  is  always  directed  towards  o,  and  is,  in  units  of  the  same 
kind  as  10, 
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if  X  and  a  be  measured  in  feet,  n  in  theoretical  angular  units  [Anqlb], 
and  t  in  seconds  [Vblocttt].  If  t  be  the  number  of  seconds  in  the 
whole  vibration  trom  a  to  a  again,  we  have  n—2  x  3*14159-^t,  and  the 
pressure  is  l'22fiixw-i-T\  The  pressure,  it  appears,  requisite  to  main- 
tiiin  a  simple  vibration  must  be  always  in  a  given  proportion  to  the 
distance  of  P  from  o,  and  always  directed  towards  o ;  and  the  relation 
between  the  pressure  at  a  given  value  of  x  and  the  time  of  vibration  is 
wholly  independent  of  a,  the  exeurnon  of  the  particle.  For  the 
mechanical  reason  of  this  property,  see  Isochronism.  To  form  a  more 
convenient  expression,  let  n  be  the  number  of  vibrations  in  a  second, 
and  let  x  be  measured  in  hundredths  of  inches  instead  of  in  feet;  then 
T=  1  -HN,  and  for  x  we  must  write  a: 4- 1200,  which  gives  for  the  pres- 
sure '001022  N>xfr.  For  example,  if  a  particle  vibrate  only  100  tunes 
in  a  second,  which  is  not  much  [Acoustics],  and  have  an  excursion  of 
one  five-hundredth  of  an  inch  (n=I0O,  xs'2),  the  force  of  restitution 
at  the  extremity  of  the  excursion  is  more  than  twice  the  weight  of  the 
particle.  By  this  formula  it  is  easy  to  get  a  just  idea  of  the  greatness 
of  the  molecular  forces  required  to  produce  those  vibrations  which  are 
constantly  excited  in  sonorous  and  other  bodies. 

If  we  suppose  a  second  vibration  to  be  communicated  to  p,  in  the 
same  line,  and  of  the  same  duration,  but  whether  of  the  same  extent  or 
not  does  not  matter,  the  compound  vibration  is  only  equivalent  to 
another  simple  vibration.  Let  a  circle  move  with  Q,  and  in  that  circle 
let  a  point  (r)  revolve  uniformly,  and  let  b  v  be  perpendict^ar  to  o  a. 
Then,  while  p  vibrates  about  o,  v  performs  a  vibration  in  the  same 
time  relatively  to  p ;  or  a  spectator  who  does  not  see  the  motion  of  p, 
will  see  no  motion  in  v  except  a  vibration  about  p.  Now  it  is  easily 
shown  that  b  not  onlv  describes  a  circle  about  Q,  but  also  actually 
describes  either  a  circle  in  space,  about  the  centre  o,  or  an  ellipse,  in 
the  manner  presently  explained.  And  v,  vibrating  about  p,  which 
itself  vibrates  about  o,  does,  if  these  vibrations  be  of  the  same  duration, 
nothing  but  vibrate  about  o.  Mathematically,  this  is  easily  obtained 
as  follows : — Let  the  angles  acq  and  c  Q  R  (q  c  being  parallel  to  o  a)  be 
at  some  one  moment  a  and  i9,  and  let  o  Q=a,  Q  R=6,  and  let  the  time 
be  measured  from  the  instant  at  which  the  angles  are  a  and  fi.  Then 
we  haw 

«=a  cot  (n(  +  a)  •«- &  cos  (n<  +  ^), 

the  sign  +  being  used  when  the  circular  vibrations  are  in  the  same^ 
—  when  they  are  in  opposite,  directions.  This  is  equivalent  to  ar  =  ^ 
ooB{nt  +  A),  provided  I  and  K  be  found  from 

looBk^aeoBa  +  booufi  ,  2BinA  =  aBina±&8in^; 

and  the  joint  vibration  is  one  of  the  excursion  2,  and  such  thattho 
augle  is  A  when  the  angles  of  the  component  vibrations  are  a  and 
/3.  It  is  easy  to  show  in  like  manner  that  any  number  of  vibrations 
whatsoever,  made  in  the  same  times  and  in  the  same  lines,  are  not 
distinguisliable  from  one  single  vibration,  of  the  same  duration  and  in 
the  same  line. 

Again,  it  is  easUy  shown  that  a  vibration  which  is  represented  in 
direction  and  excursion  by  the  diagonal  of  a  parallelQgram  is  the  com- 
pound effect  of  two  vibrations  of  the  same  duration,  represented  in 
direction  and  excursion  by  the  two  sides  of  the  pamllelogram,  if  the 
particles  of  the  component  vibrations  begin  to  describe  the  sides  at  the 
same  instant  as  the  particle  of  the  resultant  vibration  begins  to  de- 
scribe the  diagonal ;  and  the  same  thing  may  be  shown  of  the  diagonal 
of  a  parallelopiped  and  its  three  sides.  Hence  any  number  of  vibrations 
of  equal  times  about  any  lines  drawn  through  one  point  may  each  be 
decomposed  into  three  in  the  direction  of  three  given  axes  passing 
througn  that  point,  and  those  in  the  several  axes  may  be  compounded 
together  into  one.  The  student  who  appreciates  the  similarity  of  the 
laws  by  which  velocities,  pressures,  and  rotations  are  compounded  and 
decomposed,  wiil  see  that  to  the  list  must  be  added  vibrationa.  But 
the  only  vibrations  which  bear  the  application  of  these  rules  are  those 
of  equal  duration. 

Let  us  now  suppose  that  any  number  of  vibrations  of  equal  times, 
and  about  the  same  point,  are  reduced  to  three,  in  the  directions  of 
three  axes  of  x,  y,  and  z.  When  a  cos  |  represents  the  distance  of  a 
vibrating  particle  from  its  centre  of  vibration,  let  the  angle  |  be  called 
the  phcue  of  ihe  vibration.  If  the  three  vibrations  be  always  in  the 
same  phase,  the  diagonal  of  the  parallelopiped  described  on  the  three 
excursions  represents  the  direction  and  excursion  of  the  resulting 
vibration,  which  is  simple  and  rectilinear.  But  if  the  simultaneous 
phases  be  not  the  same,  so  that  2=  a  cos  (nt  +  a),y=booa  {nt  +  $), 
z  =  €  COB  {nt  +  y),  represent  the  simultaneous  distances  in  the  three 
vibrations,  and  also  the  co-ordinates  of  a  point  which  is  affected  by 
them  all,  the  particle,  thus  triply  vibrating,  does  not  move  in  a  straight 
line,  but  in  an  ellipse.  Let  us  consider  two  vibrations  in  a  plane,  and 
let  A  a  and  b  6  be  their  double  exenisions  about  the  common  centoe  o. 
The  axes  in  the  figure  are  drawn  at  right  angles,  but  any  angle  will 
do  equally  well.  Draw  the  parallelogram  w  x  T  2,  which  always  con- 
tains the  particle,  and  suppose  that  P  and  v  are  contemporaneous 
positions  in  the  two  vibrations,  whence  N  is  one  of  the  positions  of  the 
particle.  Through  M  can  be  drawn  two  ellipses,  having  the  centre  o« 
and  touching  all  the  four  aides  ol  tho  panllelogram  wzts.    ThQ 
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particle  must  describe  one  or  other  of  these  ellipses :  one  when  P  and 
V  are  both  leaving  the  centre  or  both  returning  to  it ;  the  other  when 
one  IB  leaving  the  centre  and  one  returning  to  it.  In  the  figure,  and 
supposing  c He  to  be  the  direction  of  motion,  T  is  leaving,  and  F 
returning  to^  the  centra*    And  if  o  K  c  be  the  cirde  deaeribed  about 


this  ellipse,  and  k  L  x  be  always  perpendicular  to  c  c,  the  law  of  the 
motion  of  the  particle  L  is  that  M  moves  uniformly  round  the  circie,  or 
R  moves  through  a  simple  vibration.  This  is  exactly  the  law  of  motion 
shown  by  Newton  to  obtain  when  the  particle  L  is  attracted  towards  o 
by  a  force  which  varies  as  its  distance  from  o ;  and  mechanical  con- 
nderations  might  easily  be  used  to  establish  the  whole  theorem.  If 
the  vibrations  be  thus  compounded  for  each  pair  of  axes,  three  ellipses 
are  obtained  on  the  three  co-ordinate  planes,  which  are  the  projections 
of  the  ellipse  which  the  particle  describes  in  space. 

We  may  attempt  to  compound  two  dilfereat  vibrations  on  the  same 
line,  that  is,  two  vibrations  of  different  duratione.  If  in  the  firet 
figure  we  suppose  the  angular  velocity  of  B  round  Q  to  be  different  from 
that  of  Q  round  o,  we  see  that  b  d«Kribes  a  troehoidal  carve,  and 
supposing  such  a  curve  to  be  described  by  uniform  circular  motions, 
the  motion  of  the  projection  of  B  upon  the  line  of  vibration  will  show 
the  effect  of  t&e  two  vibrations.  Some  simple  instances  may  be  readily 
obtained  from  the  diagrams  in  the  article  cited ;  but  an  attempt  at  a 
description  of  the  muHifarious  effects  ot  even  two  vibrations  would 
baffle  all  human  power  cf  classificstion. 

We  now  proceed  to  some  account  of  t^ie  principal  mechanical  con- 
sideratioiis  oomiccted  with  vibrations,  it  any  system  whatsoever  be 
dightly  disturbed  from  a  position  of  stable  equilibrium,  every  particle 
makes  an  effort  to  return  to  that  position ;  and  it  can  be  shown  that 
the  force  of  restitution  varies  as  the  distance  from  the  position  of 
eqnilibrimn,  so  that  all  the  particles  perform  either  simple  vibmtions, 
or  motions  compomided  of  simple  vibrations.  Not  that  it  is  accurately 
and  geometrically  true  that  the  force  of  restitution  always  varies  as  the 
distance  from  the  position  of  equilibrium,  but  only  exceedingly  near  to 
it.  The  consequence  of  the  restrtutive  force  is,  that  the  system,  in 
vetunii&g  to  its  position  of  equilibrium,  acquires  velocity,  and  the 
several  particles  pass  through  or  near  to  their  positions  of  equilibrium 
with  their  several  velocities,  until  the  force  of  restitution,  which  begins 
to  act  in  a  contrary  direction  the  moment  the  position  of  equilibrium 
is  passed,  destroys  the  acquired  velocity,  and  causes  the  particles  to 
return.  The  si»ne  -iribration  is  tihen  repeated,  or  rather  would  be 
repeated  if  there  were  no  retarding  forces ;  as  it  l6,  the  resistance  of 
the  air,  &c.,  cowtinually  diminish  the  extent  of  the  vibrations,  until  at 
laSFt  thoy  become  insensible.  Btrt  it  can  be  satisfactorily  shown  that 
these  resistances  have  no  sensible  tendency  to  alter  the  times  of  the 
vibrations;  and  few  persons  are  aware  how  much  of  their  comfort 
depends  upon  this  circumstance.  Whenever  a  sound  is  produced,  a 
musical  note  generally  accompanies  it ;  the  sound  is  the  consequence  of 
the  vibrations  excited  in  the  disturbed  system,  and  the  permanency  of 
its  musical  pitch  is  the  consequence  of  these  vibrations  being  all  made 
mthe  same  time,  or  very  nearly  so.  The  air  does  not  retain  the 
vibrations  communicated  to  it,  but  pdsses  them  on,  so  to  speak ;.  and  it 
is  therefore  an  agent  which  communicates  the  successive  vibrations  of 
a  disturbed  body  just  as  they  are  communicated  to  it.  If  the  \'ibra- 
tioms  gradually  slackened  m  their  times,  as  they  do  in  their  excursions 
from  the  effect  of  the  resistances,  the  consequence  would  be  that  there 
would  be  no  sustained  notes,  but  every  sound  would  be  a  sliding 
ohromatic  descent,  like  the  cry  of  some  animals,  which  are  therefore 
considered  very  annoying  neighbours;  and  most  musical  instruments 
would  be  rendered  unusable. 

There  is  a  principle  in  mechanics  which  Is  called  that  of  the  coex- 
ittence  of  vibftgtioia,  and  sometimes  the  tupei-potition  of  libraions, 


which  seems  to  be  only  a  particular  case  of  what  might  be  caBed  tlie 
coexistence  or  superposition  of  small  changes  of  any  kind.     If  a  fi«*  <>• 
small  vibrations  be  given  to  any  system,  solid  or  fluid,  the  diatwrfa«s»«» 
of  any  particle  at  any  one  instant,  arising  from  the  united  effect  of  the 
vibrations,  will  be  the  sum  or  difference  of  the  dSstuiboncea  arisir;  j 
from  the  several  different  vibrations,  according  as  tiiey  are  in  tiie  ^mz^ 
or  opposite  directions.    This  is  not  strictly  true  in  any  caae,  but  it  i* 
very  nearly  true  when  the  vibrations  are  small,  and  the  more  nearly  »3 
the  smaller  the  vibrations  are.    For  instance,  two  stones  are  dropi^ 
into  water  at  two  different  places,  and  at  a  certain  time,  on  a  certain 
part  of  the  surface,  the  resulting  waves  cross  one  another.     If  there  b* 
a  particle  which  is  at  the  same  time  raised  on  both  waves,  a  tentli  of 
an  inch  say,  from  one  only,  and  three-tenths  of  an  inch  from  the  otber, 
that  particle  will  altogether  be  raised  four-tenths   of  an   inch,   or 
insensibly  near  to  it.    Thus  the  effects  of  the  two  waves  travel  withcrtrt 
any  apparent  interference  with  each  other,  and  the   eye  can  t^sny 
follow  any  one  wave,  even  though  a  dozen  disturbances  sliotdd  have 
been  excited  at  the  same  time.    A  handful  of  small  pebbles  tiirovra 
into  smooth  water  will  show  the  coexistence  of  the  resulting  wares 
very  satisfactorily ;  and  it  is  curious  to  observe  how  readilj  the  non- 
interference of  the  several  disturbances  is  seen  when  looked  for,  i^ 
readily,  that  it  never  is  looked  for  unless  the  attention  be  t^g&saSij 
directed  to  ii» 

VIBRATIONS  OF  HEAT.    [Heat.] 

VICAR  (from  the  Latin  vicarim,  "  one  who  cUscharges  the  functions 
of  another").  The  origin,  constitution,  and  functions  of  this  claa  of 
ecclesiastical  persons  have  been  already  fully  treated  of.  [Bekeftct- ] 
One  part  of  the  subject  is  alone  omitted  in  that  artide,  namely,  the 
dissolution  of  vicarages.  Of  this  it  suffices  to  say  that  since  the  ISth 
Elizabeth,  c.  10,  the  property  neither  of  a  vicarage  nor  of  any  other 
ecclesiastical  office  can  be  alienated,  and  that  although  a  vicarage  may 
be  dissolved,  as  already  described,  by  the  vicar  acquiring  all  the  rights 
of  the  parson,  yet  the  appropriator,  whether  lay  or  ecclesiastica],  cannot 
dissolve  the  vicarage  by  afienating  its  property  or  by  neglecting  to 
present.  A  vicarage  may  be  dissolved  ft  the  parson  or  appropriator 
presents  the  clerk  to  the  benefice,  whether  by  design  or  by  accident  : 
it  may  also  be  dissolved  and  become  a  parsonage,  or,  to  sp^lL  techni 
cally,  disappropriate,  by  the  dissolution  of  the  corporation  to  which 
the  benefice  is  annexed.  Thus  if  a  college  which  is  tiie  appropfriator  of 
a  certain  benefice  is  dissolved,  the  vicar  becomes  entitled  to  tiie  great 
tithes,  and  his  vicarage  is  thenceforward  converted  into  a  rectoiy. 
[Benefice;  Tithes.] 

VICAR  APOSTOLIC.    [Catholic  Chubch  (Roman).] 

VICARAGE.    [ViCAB.] 

VIENNA  LAKE.    [Colourwo  Matters.] 

VIENNA,  TREATY  OF.    [Treaties,  CHEoyoLOGlCAL  Table  or.] 

VILL.    [Town.] 

VILLEIN,  or  VILLAIN,  denotes  a  species  of  bondman  subject  to 
his  feudal  superior.  The  word  is  from  the  low  Latin  form  VUlaniUf 
which  is  from  the  Latin  word  Villa,  In  England,  during  the  Anglo- 
Saxon  period,  a  large  part  of  the  people  appear  to  have  been  in  a  servile 
condition,  either  as  domestic  slaves  or  cultivators  of  the  land.  The 
power  of  the  master  among  the  Anglo-Saxons,  though  very  extensive, 
nad  some  limits.  If  a  master  beat  out  the  eye  or  the  tooth  of  hid 
slave,  the  slave  was  entitled  to  his  freedom ;  if  he  killed  him,  he  paid 
a  fine  to  the  king,  unless  the  slave  lived  a  day  after  the  wound  was 
infiicted,  in  which  case  the  offence  was  unpunished.  "Hie  Norman 
Conquest  did  not  materially  alter  the  state  of  slavery  in  England.  The 
lands  were  transferred  to  Norman  masters,  and  the  slaves  passed  as 
part  of  the  property.  After  the  Conquest  there  were  four  classes  of 
slaves  :  1,  Villeins  in  gross,  who  were  the  personal  property  of  their 
lords,  and  performed  3ie  lowest  household  duties.  They  were  very 
numerous,  and  were  frequentiy  sold  and  even  exported  to  foreign 
countries,  (WaUingham, '  Hist.  Ang.,'  p.  258.)  2,  Villeins  regardant, 
or  pnedial  slaves,  who  were  attached  to  the  soil,  and  specially  eng^eil 
in  agriculture.  These  were  in  a  better  condition  than  vUleins  in  gros8, 
were  allowed  many  indulgences,  and  even,  in  some  cases,  a  limited  kind 
of  property ;  yet  the  law  held  that  the  person  and  property  of  the 
villein  belonged  entirely  to  his  lord,  the  rule  being  the  same  as  that  in 
the  Roman  law,  that  whatever  was  acquired  through  the  slave  was 
acquired  by  the  lord.  3,  A  class  called  Cottarii  is  mentioned  in  Domes- 
day Book ;  and  4,  in  the  same  book  a  class  called  BcrdariL  But  the 
first  two  classes  in  fact  comprised  all  the  villeins. 

The  legal  condition  of  villeins  in  the  reign  of  Edward  IV.,  when 
Littleton  wrote  his  Book  of  Tenures,  appears  from  that  work,  Sectioiu 
172-208. 

In  England  a  few  instances  of  prscdicd  servitude  existed  so  late  a^ 
the  reign  of  Elizabeth,  and  perhaps  at  a  still  later  period.  (Barrington, 
*  On  the  Statutes,'  274 ;  Hallam's  '  Middle  Ages/  vol.  i)  In  some  parts 
of  France  it  existed  do^vn  to  the  time  of  the  Revolution.    [Slavery.] 

(Bracton ;  LitUeton ;  Coke's  First  Inst, ;  Reeves,  Hist,  of  BnglOk 
Law  ;  Black8tone*s  Convmentai-i^t,) 

VILLEINAGE  was  a  base  tenure  of  land.  This  tenure  was  founded 
on  the  servile  state  of  the  occupiers  of  the  soil  [VilLkin],  who  were 
allowed  to  hold  portions  of  land  at  the  wUl  of  their  lord,  on  condition 
of  performing  base  and  menial  services.  Where  the  service  was  base 
in  its  nature,  and  uncertain  as  to  time  and  quantity,  the  tenure  was 
called  pure  villeinage ;  but  where  the  service,  though  base,  was  certain 
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and  defined,  it  was  termed  privileged  viUeioagej  and  Bometimea  villein- 


aocage. 


Villeinage  is  generally  supposed  to  be  the  origin  of  oopyhold  tenure. 
[CoFTHOLD ;  Enpranqhiskment.] 

VINCULUM,  a  name  given  in  algebra  to  the  line,  brackets,  paren- 
theses, or  other  symbol,  by  which  various  terms  are  compounded  into- 
one,  or  supposed  to  be  so  compounded,  in  order  that  the  result  may  be 
further  operated  oa.    As  in — 

a  +  b  +  ex  ,  (a  +  6  +  c)  a?  ,  {o  +  6  +  c}  a?  ,  Ac, 

which  are,  by  the  vinculum,  prevented  from  being  confounded  with 
a-k-b  +  €X, 

VINE.    [Vineyard.] 

VINEGAE,  MEDICAL  USE  OF.  [Acetic  Acid.] 
VINEGAR-MAKINQ.  Vinegar  is  a  dUute  acetic  acid  obtained  by 
the  vinous  fermentation.  [Fermentation.]  In  countries  which  pro- 
duce wine,  vinegar,  as  its  name  imports,  is  obtained  from  the  acetous 
fermentation  of  wine ;  but  in  this  country  it  is  usually  procured  from 
malt,  and  the  process  employed  resembles  the  first  stage  of  the  brewer's 
operations.  [Bbswino.j  The  malt  is  ground  and  mashed  with  hot 
water.  The  wort,  after  being  cooled,  is  transferred  to  the  fermenting 
tun,  where,  by  the  addition  of  yeast,  it  undergoes  the  acetous  fermenta- 
tion ;  and  when  this  is  over,  the  liquor  is  transferred  to  small  vessels, 
whidi  are  kept  vrarm  by  means  of  a  stove :  in  this  it  remains  for  a 
shorter  or  longer  period,  according  to  the  temperature,  of  the  stove  and 
the  strengUi  of  Uxe  liquor.  The  process  of  aoetification  is  assisted  by 
introducing  into  the  casks  with  the  wort  what  is  called  rape,  the 
residuary  fruit  which  has  served  for  making  domestic  wines,  or  has 
been  preserved  by  the  vinegar-maker  from  one  process  to  another  in 
his  own  Victory.  The  use  of  the  rape  is  to  act  as  an  acetous  ferment, 
and  thus  induce  soiuness  in  the  wash,  it  being  well  impregnated  with 
vinegar  and  continually  kept  sour.  Acetification  is  sometimes  carried 
on  by  transferring  the  wort,  after  it  has  undei^one  the  vinous  fer- 
mentation, into  csdES,  the  bungholes  of  which  are  left  open  and  loosely 
covered  with  tiles ;  the  casks  are  then  exposed  for  a  long  time  to  the 
air.  But  the  use  of  stoves  has  greatly  superseded  this  mode,  and  has 
abridged  the  time  of  the  operation  and  rendered  it  less  liable  to  failure. 
The  vinegar,  after  it  has  reached  its  greatest  degree  of  sourness,  is 
rendered  clear  and  fit  for  use  either  by  subsidence  or  the  employment 
of  isinglass.  The  manufacturer  is  allowed  by  act  of  parliament  to  mix 
lobs  ^^  ^^  weight  of  sulphuric  acid  with  vineg&r ;  and  what  is  termed 
by  the  Excise  proof  vinegar  contains  5  per  cent,  of  real  acetic  acid. 

Vinegar  may  be  prepared  in  small  quantities  from  the  fermentation 
of  a  solution  of  sugar  mixed  with  yeast ;  or  it  may  be  obtained  by  the 
fermentation  of  various  fruits :  thus,  the  juice  of  good  apples  contains 
a  sufficiency  of  sugar  to  afiford  tolerably  good  vinegar  without  any 
addition. 

In  France,  vinegar  is  made  from  poor  wine,  and  there  are  two  kinds : 
the  white,  prepared  from  white  wine ;  and  the  red,  by  the  acetification 
of  the  red  wine.  These  are  finer  flavoured  and  somewhat  stronger 
than  the  malt- vinegar  of  this  coimtzy. 

Vinegar-works  in  this  country  are  but  few  in  number ;  they  roQuire 
a  large  amount  of  space  and  the  investment  of  much  capital.  Tnere 
are  about  half-a-dozen  of  them  in  the  metropolis.  At  most  of  those  in 
this  country,  as  has  been  said,  malt  is  the  kind  of  grain  employed ; 
but  the  vinegar-maker  holds  himself  free  to  the  use  of  unmalted  grain, 
if  price  and  other  circumstances  should  render  it  desirable,  or  saccha- 
rine substances  inst^id  of  grain.  From  whatever  substances  the  gyU 
is  produced,  the  conversion  of  it  into  vinegar  is  managed  nearly  in  the 
same  way.  Where  the  rape  is  not  to  be  procured  easily,  the  vinegar- 
maker  uses  wood-shavings,  straw,  or  even  tanners*  spent  bark;  but 
the  rape  is  so  far  preferable,  that  a  large  expenditure  is  sometimes 
incurred  to  obtain  a  sufficient  quantity :  hence  the  advantage  of  carry- 
ing on  Uie  "  British  wine  "  manufacture  and  the  vinegar  manufactiu'e 
in  the  same  establishment  (which  is  sometimes  done) ;  refuse  raisin- 
Btalks  and  skins  result  from  the  making  of  raisin-wine.  Vinegar  is 
known  by  certain  numbers,  such  as  Nos.  18,  20,  22,  and  24 ;  these 
originally  represented,  it  is  supposed,  the  number  of  pence  per  gallon 
at  which  the  vinegar  was  sold;  and  although  the  price  no  longer 
agrees  with  the  numbers,  they  have  been  retained  as  designations  for 
dilferent  kinds  or  strengths  of  vinegar.  The  quantity  made  in  the 
United  Kingdom  is  not  now  known;  some  years  ago  it  was  about 
3,000,000  gallons  annually. 

It  may  be  well  to  remark  that,  in  country  districts,  much  vinegar, 
but  of  inferior  quality  and  insipid  flavour,  is  made  by  the  aid  of  the 
singular  substance  known  as  the  vinegar-plant.  This  substance  is 
rather  a  scum  than  a  plant.  In  Staffordshire,  a  vinegar-plant  is  thus 
produced : — About  a  quarter  of  a  pound  of  sugar  and  half  a  pound  of 
treacle  are  put  into  three  quarts  of  water ;  the  solution  is  simmered, 
poured  into  a  jar,  covered  up,  and  kept  in  a  warm  comer  for  six  weeks : 
an  inferior  kind  of  vinegar  is  formed,  and  on  the  top  of  it  is  a  scum,  with 
very  much  the  appearance  of  tripe,  constituting  the  so-called  vinegar- 
plant.  Vinegar  can  thus  be  made  from  a  sweet  liquor  alone;  but 
when  a  vinegar-plant  is  once  pruduced,  it  greatly  quickens  the  process 
of  vinegar-making,  without  materially  altering  the  proportions  of  the 
other  ingredients.  A  gallon  of  vinegar  is  thus  made  at  a  cost  of  about 
sixpence.  During  the  process  the  vinegar-plant  thickens,  by  the 
formation  of  a  new  layer  on  the  under  surface ;  ih&  two  layers  may 


easily  be  separated,  and  each  will  be  available  for  a  further  process  of 
vinegar-making,  and  this  three  or  four  times  over.  The  substance  is  a 
kind  of  fungus,  whitish  in  colour,  semi-transparent,  jelly-like,  and 
sometimes  an  inch  in  thickness.  In  some  country  places  strong 
picklLog-vinegar  is  made  by  cottagers,  by  mixing  cowslip  flowers  and 
stalks  with  sugar  and  water,  adding  a  little  yeast,  closing  it  up,  and 
allowing  it  to  remain  in  a  warm  place  for  sevex^  weeks. 

VINETABD.  The  vine  only  thrives  in  particular  climates,  where 
the  autumns  are  not  excessively  hot,  nor  the  springs  subject  to  late 
frosts.  It  has  been  observed  in  France,  that  the  line  which  marks  the 
northern  boundary  of  the  vineyards  is  not  parallel  to  any  circle  of 
latitude ;  but  that  it  lies  obliquely,  advancing  more  to  the  north  on 
the .  eastern  boundary  of  the  country  than  on  the  western.  It  seems 
to  depend  more  on  the  nature  of  the  climate  in  spring  and  autumn, 
than  in  summer  and  winter.  A  hard  frost  at  the  time  the  sap  is 
quiescent  has  no  bad  effect  on  the  vine,  but  rather  the  contrary ;  wnile 
a  late  frost  in  spring  disappoints  all  the  hopes  of  the  vine-grower. 
There  was  a  time  when  the  vine  was  cultivated  in  England  for  the 
purpose  of  making  wine ;  but  whether  the  climate  is  altered,  or  the 
foreign  wines  have  superseded  the  sour  home-made  wines,  no  one  now 
attempts  to  cultivate  the  vine  except  for  the  purpose  of  obtaining 
grapes  for  the  table,  and  the  mode  of  cultivation  is  a  branch  of  horti- 
culture. 

It  may  however  be  interesting  to  know  how  the  vine  is  ctdtlvated  in 
the  countries  which  produce  good  wine ;  of  which  France  is  one  of  the 
principal  and  nearest  in  climate  to  England.  The  vine  grows  best  in 
a  soil  where  few  other  shrubs  or  plants  would  thrive,  and  it  seems  a 
wise  distribution  of  Providence,  wat  where  there  is  the  best  soil  for 
wine,  there  it  is  the  worst  for  wheat,  and  vice  vertd.  The  vine  delights 
in  a  deep  loose  rocky  soil,  where  its  roots  can  penetrate  deep  mto 
fissures,  so  as  to  insure  a  supply  of  moisture  when  the  surface  is 
scorched  by  the  sun's  rays.  On  the  steep  slopes  of  hills  towards  the 
south  and  sheltered  from  the  north-east,  the  grapes  attain  the  greatest 
maturity,  and  the  vintage  is  most  certain.  So  great  an  influence  has  a 
favourable  exposure,  that  in  the  same  vineyard  the  greatest  difference 
exists  between  the  wine  made  from  one  part  and  that  made  from 
another,  merely  because  there  is  a  turn  round  the  hill,  and  the  aspect 
varies  a  very  few  degrees.  A  change  of  soil  produces  a  similar  effect. 
The  &unous  Rhine  wine  called  Johannisbei^g,  when  made  from  th9 
grapes  which  grow  near  the  castle,  is  worth  twice  as  much  as  that 
made  a  few  hundred  yards  farther  off.  Here  both  soil  and  aspect 
change.  The  Chi  de  Vougeau,  which  produces  the  finest  Burgundy, 
is  confined  to  a  few  acres ;  beyond  a  certain  wall  the  wine  is  a  common 
Burgundy,  good,  but  without  extraordinary  merit 

The  best  vineyards  in  Europe  formerly  belonged  to  monasteries,  and 
the  quality  was  then  thought  of  more  importance  than  the  quantity : 
of  late  the  demands  of  commerce  have  made  the  quantity  the  principal 
object ;  and  to  this  the  quality  is  frequently  sacrificed. 

When  a  vine  is  first  established  on  any  spot  where  none  grew  before, 
the  first  thin^  is  to  prepare  the  ground  for  planting.  In  steep  places, 
where  the  soil  might  be  carried  away  by  rains  in  winter  or  spring, 
terraces  are  formed  by  building  pnassive  stone  walls  along  the  slope, 
and  levelling  the  soil  behind  them,  The  walls  serve  to  reflect  the  heat» 
and  form  a  shelter  to  the  vine  below.  Thus  a  whole  hill  is  sometimet 
covered  with  terraces  from  top  to  bottom,  and  there  the  wine  is  gene* 
rally  good,  if  the  exposure  be  favourable.  Limestone,  gravel,  or  ooarso 
sand,  with  a  small  mixture  of  clay,  forms  a  good  soil  for  a  vine ;  vegs* 
table  substances  alone  should  be  used  to  enrich  it^  such  as  the  leaves 
and  tendrils  of  the  vine,  the  residue  of  the  grape  when  pressed,  and, 
failing  these,  the  leaves  of  trees  collected  when  green,  and  formed  into 
a  compost  with  earth.  The  ground  should  be  well  trenched,  if  it  will 
admit  of  it,  or  loosened  with  Uie  mattock  and  pickaxe*  The  different 
parts  of  the  soil  should  be  intimately  mixed,  keeping  some  fine  earth 
or  soil  at  top  to  set  the  plants  in.  When  the  ground  is  prepared, 
holes  are  dug  in  rows  four  or  five  feet  wide,  at  the  same  distance  from 
each  other,  so  as  to  alternate;  some  o|  the  finest  of  Uie  soil  is  put  into 
each  hole,  and  the  vine-plants,  which  have  been  rooted  in  a  nursery,  or 
else  simple  cuttings,  are  carefully  inserted,  pressing  the  mould  round 
the  roots  and  levelling  the  earth  round  them.  Rooted  plants  will  bear 
the  second  or  third  ^ear,  but  cuttings  take  a  much  longer  time.  The 
season  for  planting  is  during  the  winter,  when  the  weather  is  open. 
If  cuttings  are  used,  they  are  taken  off  the  vine  on  which  they  grew 
at  the  usual  time  of  pruning  after  the  vintage;  a  piece  of  the  pre- 
ceding year's  wood  is  left  on  the  cutting,  and  when  it  is  planted,  the  end 
where  the  old  wood  is  left  is  bent  or  twisted  to  facilitate  its  striking : 
three  or  four  eyes  are  buried,  so  that  the  end  is  a  foot  at  least  under 
ground.  If  the  plant  is  already  rooted,  care  is  taken  not  to  wound  or 
bend  the  roots,  but  to  spread  them  out  and  cover  them  with  mould. 
During  all  the  time  that  the  vine  is  growing,  the  ground  must  be 
regularly  cultivated  and  kept  perfectly  clear  of  all  weeda  The  usual 
instrument  of  tillage  in  stony  and  rocky  soils  is  a  two-pronged  fork 
fixed  in  a  short  handle,  at  an  angle  less  than  a  right  angle  with  the 
prongs,  which  are  a  foot  long,  and  very  strong,  like  a  double  pickaxe  (see 
figure,  col.  631 ).  This  is  struck  into  ike  ground  and  then  drawn  towards 
the  workman,  while  the  handle  is  lifted,  which  acts  as  a  lever  in  raising 
the  soiL  The  roots  are  by  this  means  enabled  to  spread  through  the 
sou  in  search  of  moisture  and  food.  The  next  year  it  is  usual  to  prune 
the  young  vine  down  to  one  or  at  most  two  eyes  or  buds;  but  some 
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experienced  vine-dressers  recommend  deferring  thia  operation  to  the 
second  year,  by  which  although  the  vine  will  not  be  so  forward  in 


fruiting,  it  wUl  be  much  strengthenedj  and  fully  repay  the  apparent 
loss  of  time  in  the  end. 

In  the  third  year  the  vine  is  trained,  that  is,  the  shoots  are  tied  to 
upright  stakes  planted  at  each  root,  or  they  are  laid  in  an  arch  and  tied 
from  one  root  to  another  along  the  ground.  In  southern  climatea 
trees  are  planted  at  a  certain  distance  from  each  other,  and  the  vine, 
planted  at  their  foot,  is  allowed  to  run  up  their  branchesi  from  which 
it  is  led  in  festoons  from  tree  to  tree,  while  the  head  and  branches  of 
the  tree  are  cut  off  to  prevent  too  much  shade.  This  is  by  far  the 
most  elegant  mode  of  training  the  vine ;  but*in  France  the  stakes  and 
the  low  training  are  the  only  methods  suitable  to  the  climate.  The 
pnming  is  generally  done  in  the  banning  of  winter. 

When  vineyards  are  established  in  the  plains,  where  sometimes,  as 
those  of  Medoc,  they  produce  very  good  wine,  the  intervals  between 
the  plants  can  be  stirred  by  the  plough,  although  forking  and  digging 
by  hand  is  more  common ;  hoeing  is  as  necessary  in  a  vineysud  to 
destroy  weeds  as  it  is  in  a  field  of  turnips  or  any  other  crop  sown  in 
rows.  Wherever  a  vineyard  is  overrun  with  weeds,  you  may  be  sure 
that  there  is  no  good  wine,  and  much  poverty  in  the  proprietor.  The 
pruning  of  a  vine  in  bearing,  the  object  of  which  is  to  produce  much 
fruit  without  weakening  the  plant,  can  only  be  learnt  by  experience 
and  practice;  much  of  the  success  of  a  vineyard  depends  on  this 
operation.  In  the  best  vineyards  no  manure  is  used,  except  that  which 
we  mentioned  before,  of  leaves  and  tendrils ;  but  some  soils  require  to 
be  recruited,  and  without  manmre  would  produce  little  or  no  wine.  In 
this  case  there  is  no  alternative,  and  composts  must  be  formed,  as  is 
done  in  conunon  cultivation,  with  animal  and  vegetable  substances 
mixed  and  decomposed.  Manure  from  the  cow-house  should  be  mixed 
with  vix^gin  earth  from  pastures  and  meadows,  and  laid  in  small  heaps 
in  the  intervals  between  the  rows.  It  may  be  left  a  little  while,  if  it 
have  any  rank  smell,  and  then  forked  in  round  the  roots ;  the  more  it  is 
decomposed  the  better.  Many  a  vineyard  has  lost  its  reputation  after 
having  been  abimdantly  manured.  The  Johannisberg  was  much 
reduced  in  value,  after  having  been  dunged,  while  in  the  possession  of 
General  Kellerman. 

After  a  certain  time,  which  differs  in  different  situations,  the  vine 
becomes  less  productive  from  the  exhaustion  of  the  soil,  as  is  the  case 
when  the  same  crops  are  repeatedly  sown  in  the  same  ground  :  this 
depends  on  the  depUi  of  the  soils.  All  perennial  plants  shoot  out  their 
roots  farther  and  farther  every  year  in  search  of  fresh  earth,  and  it  ia 
by  this  means  that  trees  flourish  for  along  time  on  the  same  spot ;  but 
if  the  roots  are  prevented  from  spreading,  or,  the  plants  being  too 
crowded,  their  roots  interfere,  a  diminution  of  vigour  is  the  con> 
aequence.  So  it  is  with  the  vine.  In  some  situations,  where  the  roots 
stnke  in  crevices  of  rocks  in  which  rich  earth  has  accumulated,  the 
vines  will  continue  in  vigour  for  many  years ;  but  where  their  progress 
is  arrested  by  a  solid  rock  or  substratum,  they  will  in  time  show  signs 
of  exhaustion.  In  this  case  the  remedy  is  the  same  as  for  laud  bearing 
com.  A  fallow,  or  rest,  as  it  is  usually  called,  is  necessary,  together 
with  the  addition  of  such  manures  as  shall  restore  the  lost  fertility. 
For  this  purpose  a  portion  of  the  oldest  roots  are  dug  up  every  year, 
and  the  ground  trenched  or  loosened  two  feet  deep  or  more  with  the 
mattock,  to  expose  it  to  the  influence  of  the  atmosphere.  A  compost 
is  prepitfed  with  sods  taken  from  pastures,  or  any  viigin  earth  which 
can  be  prociued ;  this  is  mixed  with  some  lime  and  turned  over  several 
times,  to  rot  all  the  roots  and  grass  which  may  be  in  it,  and  to  make 
it  a  uniform  and  rich  mould.  Holes  are  now  made,  exactly  as  when  a 
new  vine  is  planted,  and  in  each  of  them  a  basket  or  barrowf id  of  earth 
is  thrown ;  in  this  the  new  plants  or  cuttings  are  planted  to  produce 
new  vines  in  due  time:  thus  the  vineyard  is  gradually  renovated. 
The  proportion  thus  fallowed  every  year  depends  on  the  natural 
4uration  of  the  vine  in  that  particular  situation.  In  inferior  soils  one- 
seventh  is  thus  renewed  eveiy  year,  in  some  a  twentieth  part  is  suffi* 
cient,  and  there  are  vineyards  which  have  never  been  renewed  in  the 
memory  of  the  present  generation,  but  these  are  few  in  proportion  to 
the  rest. 

Yinevards  for  several  years  past,  and  in  almost  every  country,  have 
been  subject  to  attacks  of  the  Oidium  Tuckeri,  a  destructive  fungus  that 
has  in  many  cases  entirely  ruined  the  vineyards.  No  perfect  remedy 
has  been  yet  found  for  the  attacks  of  this  fungus,  but  the  most 
successful  hitherto  has  been  the  sprinkling  of  the  plants  with  powdered 
sulphur.    [ViTis,  in  Nat.  Hist.  Div.] 

VINIC  ALCOHOL.    [Alcohol.] 

VINOUS  FERMENTATION.  The  process  by  which  sugar,  in  the 
presence  of  yeast,  is  transformed  into  alcohol  and  carbonic  acid.    [Feb- 

HSKT.] 


VIOL,  an  ancient  musical  instrument,  which  is  traced  back  aafarzs 
the  8th  century,  and  may  be  considered  as  the  parent  of  all  mcxicra 
instruments  of  the  violin  family. 

The  Viol  was  a  fretted  instrument,  of  three  sorts— treble,  tenor,  and 
base,  each  furnished  with  six  strings,  and  played  on  by  a  bow-  TLe 
Treble  Viol  was  rather  larger  than  our  violin,  and  the  music  far  it^sA 
written  in  the  treble  clef.  The  Tenor  Viol  was  in  length  and  breadtn 
about  the  size  of  the  modem  viola,  but  thicker  in  the  body,  and  it* 
notation  was  in  the  soprana  or  C  clef.  The  Base  Viol  scaroelj  diifered 
in  dimensions  from  our  violoncello :  the  music  for  it  waa  written  in 
the  base  clef 

"  Concerts  of  viols,"  says  Sir  J.  Hawkins  (iv.  339),  "  were  the  usual 
entertainments  after  the  practice  of  singing  madrigals  grew  into  difiUi=-«  ; 
and  these  latter  (that  is,  viols)  were  so  totally  excluded  by  the  intro- 
duction of  the  violin,  that  at  the  beginning  of  the  18th  oenttrry  pr 
Tudway  wss  but  just  able  to  give,  in  a  letter  to  his  son,  a  deacriptioa 
of  a  Chest  of  Viok     He  tells  us  that  it '  waa  a  large  hutch  with  seve- 
ral apartments  and  partitions  in  it,  each  lined  with  green  baize.    Kvery 
instrtmient  was  sized  in  bigness  according  to  the  part  played  upofo  it ; 
the  least  size  played  the  treble  part,*  &c.      The  humoroua  Thooua 
Mace,  of  Cambridge,  in  his  *  Music's  Monument*  (p.  245),  ss^ya, '  Yoor 
best  provision  (and  most  complete)  vdll  be  a  good  chest  of  viola,  six  in 
number,  namely,  two  bases,  two  tenors,  and  two  trebles,  all  truly  and 
proportionably  suited.     Of  these  the  highest  in  esteem  are  by  BoUes 
and  Ross  (one  bass  of  Belles'  I  have  known  valued  at  100^).    These 
were  old ;  but  we  have  now  very  excellent  workmen,  who  (no  doubt) 
can  work  as  well.* " 

VIOL  DA  GAMBA  (or  properly,  Viola  di  Oamma),  that  is,  the 
leg-viol,  so  called  from  being  held  between  the  legs,  was  the  la^t 
survivor  of  the  family  of  viols,  and  did  not  entirely  i^  into  disuse  till 
the  latter  part  of  the  18th  century.  In  form  and  dimenaioDa  it  r^ 
sembled  the  modem  violoncello,  but  had  six  strings.  The  tone  was 
Tifli^l  and  disagreeable,  and  the  instrument  is  so  thoroughly  supplanted 
by  the  violoncello,  that  in  all  likelihood  its  restoration  will  never  be 
attempted. 

VIOLA,  or  TENOR-VIOLIN,  a  larger  kind  of  violin,  to  which  the 
part  between  the  second  violin  and  base  is  assigned.  It  has  four  gut 
strings,  the  two  lowest  covered  with  silver  wire,  which  are  tuned  a,  o, 
o,  and  c,  an  octave  above  the  violoncello ;  or 
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VIOLA  ODORATA,  Medical  ProperHa  of.  Though  every  part  of 
the  sweet-scented  violet  possesses  some  property  which  renders  it 
useful,  it  is  chiefly  the  qualities  of  the  flower  which  entitle  it  ia 
notice  here.  The  petals  possess  a  colour  and  an  odour  which  render 
them  useful.  The  former  serves  as  a  chemical  test,  the  latter  recom- 
mends the  preparations  to  the  sense  of  smell  by  its  pleasantness.  It  is 
not  always  innocuous,  as  very  sensitive  persons  have  sunk  under  its 
influence.    Violets  should  not  be  kept  dming  the  night  in  sleeping- 


rooms. 


The  petals  may  either  be  employed  fresh  to  form  a  syrup,  or  pre- 
served dry,  and  used  when  required.  The  drying  must  be  carefully 
performed,  to  preserve  the  colour,  and  afterwards  kept  in  the  dark, 
eilher  in  bags  of  thick  brown  paper,  or  bottles  lined  with  paper.  The 
syrup  is  used  more  as  a  chemical  test,  to  show  by  the  action  on  its 
colour  the  presence  or  absence  of  acida  or  alkalies,  than  as  a  medicine. 
It  ought,  for  either  purpose,  to  be  perfectly  pure ;  but  few  things  are 
more  sophisticated.  Its  medical  proi)erties  are  slight,  if  any.  It  is 
reputed  to  be  a  mild,  safe  laxative,  mixed  with  almond-oil,  for  even  the 
youngest  children. 

The  seeds  are  demulcent,  and  they,  as  well  as  the  leaves,  are  emollient* 
from  the  mucilage  they  contain.  They  are  both  used  for  fomentations 
and  cataplasms.  The  root  is  emetic  and  purgativa  It  contains  an 
alkaloid  termed  Violina,  This  resembles  Emetina,  and  can  be  used 
like  it. 

Viola  tricol&r,  or  Pansy,  is  recommended  in  the  skin  disease  of 
children  <»lled  CnutaUtctea,  or  Porrigo  larvalis.  It  communicates,  as 
does  a  Spanish  sweetmeat  or  preserve,  a  peculiar  odour  to  the  secretion 
from  the  kidneys.  The  occurrence  of  this  odour  is  therefore  no  crite- 
rion of  a  beneficial  action  over  the  disease.  Viola  primulcBfoUa,  Linn , 
V.  ovata,  Rafinisque,  is  reputed  good  against  the  bite  of  the  rattlesnake. 

lonidium  Ipecacuanka  is  the  emetic  of  Brazil,  while  lonidium  micrih 
phyUwnty  of  Quito,  is  most  useful  in  Elephantiasis. 

VIOLET.  The  botanical  characters  are  given  in  the  Nat.  Hist. 
Drv.,  under  Viola  ;  but  there  are  many  varieties.  There  are  hardly 
any  species  of  violet  that  do  not  deserve  cultivation  on  account  of 
their  beauty ;  but  the  varieties  of  odorata,  the  sweet-scented  species, 
and  tncolor  [Pansy],  are  the  chief  favourites.  They  are  all  reatlily 
raised  by  seeds,  or  by  parting  the  roots.  The  annuals  may  be  sown  on 
the  open  border  or  on  rockwork ;  the  perennials,  on  a  mixture  of  loam, 
peat,  and  plenty  of  sand.  The  Grubby  kinds  are  best  propagated  by 
cuttings,  and  the  herbaceous  by  dividing  the  roots.  The  Neapolitan 
violet,  which  is  white,  is  somewhat  more  difficult  to  raise  in  this 
countiy.  The  best  way  is,  in  May,  after  they  have  done  flowexing,  to 
sift  some  light  soil  over  the  plants  to  the  depth  of  a  couple  of  inches, 
in  order  to  promote  the  production  of  nmners,  but  leaving  as  much  of 
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tlie    foliage  as  possible  exposed  to  the  air.    In  about  six  weeks  the 

I'lmiieni  have  formed  roots.     Then  take  up  the  old  plants  and  select 

the    best  runners.     These  are  to  be  planted  in  a  bed  formed  of  two 

partB  of  turfy  loam  and  one  part  of  leaf  mould,  placed  so  as  to  be 

tsliaded  by  trees,  but  well  exposed  to  the  air.    A  trench  is  to  be  made 

\*y  removing  the  soil  to  a  depth  of  about  four  inches,  which  is  to  be 

tilled  up  to  a  level  with  leaf  mould,  over  which  the  removed  soil  is  to 

be  x>1aced.    Upon  this  the  runners  are  to  be  planted,  at  distances  of 

alioiit  four  inches,  the  rows  being  at  least  seven  inches  apart.    They 

are  then  to  be  well  watered,  and  the  watering  repeated  frequently 

during  the  summer  monUis.    In  September  they  will  have  become 

Btri>ng  enough  to  be  removed,  with  good  bulbs  at  their  roots,  and  may 

be  transplanted  to  frames  under  glass,  well  watered  and  shaded  from 

the  sun,  for  about  a  week,  when  they  will  have  rooted  well  again,  and 

may  be  freely  exposed  to  the  air.    By  October  they  will  be  in  bloom, 

aiid  will  continue  flowering  till  May. 

VIOLET  SAUNDERS.    [Colouring  Mattkrs.I 
VIOLIN.     The  colouring  matter  of  violets.      Its  composition  is 
unknown.    This  name  has  also  recently  been  applied  to  one  of  the 
numerous  and  beautiful  colouring  matters  derived  from  aniline.    Dr. 
D.ivid  Price  prepares  this  colour  by  heating  an  aqueous  liquid  con- 
t.aiiiing  two  equivalents  of  sulphuric  add  and  one  equivalent  of  aniline 
to  the  boiling  point,  and  then  adding  one  equivalent  of  binoxide  of 
lead,  boiling  the  mixture  for  some  time  and  then  filtering  it  whilst  hot. 
The  filtrate  is  of  a  dark  purple  hue,  is  boiled  with  potash  both  to 
separate  the  excess  of  aniline  and  aluo  to  precipitate  the  colouring 
ituktter.     When  all  the  free  aniline  is  volatilised  the  residue  is  thrown 
tm  a  lilter  and  slightly  washed  with  water,  and  then  dissolved  in  a 
(hlute  solution  of  tartaric  acid.    This  solution  after  filtration  is  evapo- 
rated to  a  small  bulk,  re-filtered,  and  then  precipitated  by  means  of  an 
alkali.    Thus  obtained  violin  presents  itself  as  a  blackish  purple  powder, 
which,  when  dLtsolved  in  idcohol  and  evaporated  to  dryness,  apliears  as 
a  brittle,  bronze-coloured  substance,  similar  to  aniline  purple,  but  pos- 
B4;.=«sing  a  more  coppery  reflection.     It  is  nearly  insoluble  in  water,  very 
soluble  in  alcohol,  and  insoluble  in  ether  and  hydrocarbons.     These 
(solutions  possess  a  colour  somewhat  similar  to  that  of  the  field  violet. 
Concentrated  sulphuric  acid  dissolves  it,  forming  a  green  solution,  but 
excess  of  water  restores  it  to  its  original  colour.     Reducing  agents 
deprive  it  of  its  colour,  which  is,  however,  restored  by  the  action  of 
the  atmosphere.    Tannin  produces  an  insoluble  compouud  with  it. 

VIOLIN  ( Vidino,  It.,  a  tmall  viol),  a  musical  instrument  known,  in 
some  sliape,  as  used  with  a  bow,  in  nearly  all  parts  of  the  world,  is  by 
luany  antiquaries  believed  to  have  existed  in  very  remote  times.  Be 
that  i\s  it  may,  the  Abb^  le  Beuf  has  produced  a  strong  proof  that  the 
violin— or  perhaps  rebec  [Rebec]— acted  on  by  a  bow,  was  known 
in  Fi*ance  during  the  8th  century,  and  thus  has  left  little  if  any  doubt 
of  the  use  of  the  instrument  from  that  period,  however  uncertain  we 
may  be  as  to  its  previous  existence.  The  Welsh  cruth,  or  crwth,  or 
crowd,  whic^  pretends  to  great  antiquity,  seems  originally  to  have 
pirtakeu  more  of  the  form  and  character  of  the  harp  than  of  the  violin. 
Tlie  cruth  of  a  later  period  was,  however,  certainly  a  violin,  with 
gut  strings,  and  played  on  by  a  bow.     (See  '  Hudibras,'  I.  iL  105.) 

The  modern  violin  has  four  gut  strings,  the  hist,  or  lowest,  covered 
with  silver-wire.    These  are  tuned  in  5thB,  K,  a,  d,  o ;  or, 
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M.  Baillot,  one  of  the  finest  modem  performers,  in  his '  M^thode '  for 
the  violin,  adopted  by  the  Conservatoire  de  Musique,  says  that  the 
compass  of  the  violin  exceeds  three  octaves.  Supposing  this  to  signifv 
tliree  octaves  and  a  half,  the  legitimate  extent  of  the  instrument  will 
be  from  o,  the  fourth  space  in  the  base,  to  the  octave  above  the  second 
added  line  in  the  treble.  But  we  cannot  refrain  from  expressing  our 
wish  that  violinists  would  confine  themselves  within  a  more  limited 
compass.  The  highest  sounds  of  the  instrument  are  disagreeable  to 
most  ears ;  are  often  harsh,  and  almost  always  squeaking ;  and  though 
they  display  a  kind  of  mechanical  skill  in  the  peiiormer,  tiiey,  in  most 
iuotances,  betray  his  vanity  and  want  of  true  taste. 

When  complete,  says  H.  Otto  (instrument-maker  to  the  court  of 
Weimar),  in  his '  IVeatise  on  the  Construction,  &c.  of  the  Violin,'  this 
instrument  consists  of  fifty-eight  difierent  p^rts,  or  pieces  :  but  such 
small  divisions  are  not  indispensably  necessary,  for  in  many  instru- 
ments of  a  cheap  description  Uie  parts  are  not  so  minutely  divided. 
"  The  wood  is  generally  of  three  sorts.  The  back,  neck,  sides,  and 
circles  are  of  sycamore  :  the  belly,  bass-bar,  sound-post,  and  six  blocks, 
of  deal :  the  finger-board  and  tail-piece  of  ebony.''  The  finest  violins 
now  in  use  were  made  by  one  family,  living  in  Cremona.  The  oldest 
came  from  the  hands  of  Hieronymus  Amati,  at  the  commencement  of 
the  17th  century.  He  was  followed  by  Antonius  Amati,  about  the 
Diiddle  of  that  century ;  and  succeeded  by  Nicolas  Amati,  towards  the 
end  of  the  same.  To  these  is  to  be  added  Antonius  Straduarius,  of 
Cremona  also,  who  was  contemporary  with  the  two  latter  of  the 
Amatis.  And  last,  Joseph  Quarnerius,  at  the  beginning  of  the  18th 
entury.  "  All  their  instruments,"  M.  Otto  adds,  *'  were  constructed 
after  the  simplest  rules  of  mathematics  (?),  and  the  six  which  came 
into  my  posseosion  unspotU,  were  made  after  the  following  proportions : 
—The  belly  wa^  thit^kest  where  the  bridge  rests ;  then  it  diminished 


about  a  third  at  that  part  where  the  /  holes  are  cut ;  and,  where 
the  belly  rests  on  the  sides,  it  was  half  as  thick  as  in  the  middle. 
The  same  proportion  is  observed  in  the  length.  The  thickness 
is  equally  maintained  all  along  that  part  on  which  the  bass  bar 
is  fixed:  thence  to  the  upper  and  under  end  blocks  the  thickness 
decreases  to  one-half,  so  that  the  cheeks  are  three-fourths  the  thickness 
of  the  breaist,  and  the  edges  all  round  only  one-half.  These  propor- 
tions are  best  adapted  for  imparting  a  full,  powerful,  and  sonorous 
tone.  The  back  is  worked  out  much  in  the  same  proportion  as  the 
belly." 

Steiner,  of  Apsam,  is  also  celebrated  for  his  violins.  "  They  difler,** 
M.  Otto  tells  us,  **  from  the  Cremonese,  both  in  shape  and  tone.  They 
art*  higher  modelled,  and  their  proportions  of  strength  are  calculated 
quite  difierently.  A  Cremonese  has  a  strong  reedy  tone,  something 
like  that  of  a  clarionet,  while  a  Steiner  approaches  that  of  a  flute." 
The  same  author  also  gives  the  names  of  many  German  violin-makers ; 
but  as  they  are  not  generally  known  out  of  their  own  country,  we 
cannot  afford  any  space  to  them,  but  refer  our  readers  to  the  transla- 
tion of  M.  Otto's  work,  by  Mr.  Fardeley  of  Leeds. 

Many  years  ago,  M.  Savart  constructed  a  violin  with  straight  sides, 
and  diifering  in  several  other  particulars  from  the  ordinary  instrument. 
It  was  tested  by  musicians,  and  reported  on  most  favourably  by 
M.  Biot  ('  Annales  de  Chimie  et  de  Physique,'  tom.  xii.).  It  would 
appear  from  this  report,  that  a  first-rate  violin  may  be  constructed  for 
a  few  shillings,  provided  the  parts  be  selected  and  put  together  on  the 
acoustic  principles  therein  described.  We  are  unable  to  say  what  is 
the  cause  of  failure,  but  it  seems  that  out  of  Savart's  own  skilful  hands 
the  experiment  has  nut  succeeded. 

VIOLIN  STRINGS.    [Catgut.] 

VIOLONCELLO  (a  diminutive  of  Violone,  Ital,  a  contra-hasso,  or 
double-base),  a  musical  instrument  of  four  gut  strings,  the  two  lowest 
covered  with  silver-wire,  and  tuned  in  5ths,  a,  d,  q,  and  c ;  or. 


9E 


This  fine  rich  instrument  is  an  improvement  of  the  viol  da  gamba, 
the  latter  having  formed  one  of  the  family  of  viols.  [Viol  ;  Viol  Da 
Qamba.]  Enghmd  may  justly  claim  the  merit  of  having  given  birth 
to  the  best  performers  on  the  violoncello  that  Europe  has  produced. 

VIRGINAL,  a  musical  instrument  now  entirely  disused.  It  is  de- 
scribed by  Dr.  Bumey  as  *'  a  keyed  instrument  of  one  string,  jack,  and 
quill  to  each  note,  like  a  spinet,  but  in  shape  resembling  the  present 
small  piano-forte.  It,"  he  adds, "  has  been  imagined  to  have  been 
invented  in  England  during  the  reign  of  Elizabeth,  and  to  have  been 
thus  denominated  in  honour  of  that  virgin  princess ;  but  a  drawing 
and  description  of  it  appeared  in  Luscinius's  '  Musurgia '  before  she 
was  bom."  ('  Hist,  of  Music,'  iii.  5.)  The  compass  of  the  virginal  was 
from  the  second  added  line  below  the  base  to  the  second  added  line 
above  the  treble— or  four  octaves. 

VIRGO  (Constellation),  the  sixth  constellation  in  the  zodiac,  sur- 
rounded by  Libra,  Bootes,  Leo,  and  Corvus.  It  is  best  known  by  two 
remarkable  stars  :  the  first,  Spica  (a  Virginis),  a  star  of  the  first  magni- 
tude, is  in  the  hand,  which  holds  ears  of  corn,  typical  of  the  harvest, 
which  approached  in  the  time  of  the  Greeks  as  the  sun  neared  this 
star ;  the  other,  Prsevindemiatnx,  or  Vindemiatrix  (c  Virginis),  took 
its  name  from  the  vintage.  The  star  Spica  forms  a  remarkable  triangle 
with  Arcturus  and  /3  Leonis  (or  Denebola) ;  and  of  the  bright  stars  in 
this  triangle,  Vindemiatrix  is  the  one  nearest  to  the  Ime  joining 
Arcturus  and  /3  Leonis. 

The  principal  stars  are  as  follows  : — 


Character. 
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Hesiod  and  Aratus  unite  in  representing  Virgo  to  be  justice,  who 
retired  to  heaven  when  the  golden  age  came  to  an  end :  the  former 
makes  her  the  daughter  of  Jupiter  and  Themis ;  the  latter,  of  Astrseus 
and  Aurora :  others  make  her  to  be  Fortune,  oUiers  Ceres,  &c 

VIRIDIC  ACID.    [Tannic  Acid;  Viridie  Add.] 

VIRTUAL  VELOCITIES.  The  name  of  the  jniiudpU  of  virtual 
vdocU,ie»f  which  is  given  to  what  is  perhaps  the  most  important  gene- 
ralisation in  mechanics,  is  very  ill-fitted  to  express  tlie  idea  which  is  to 
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be  conveyed.  It  will  take  some  space  to  prepare  even  the  mathematical 
reader,  unless  he  be  already  acquainted  with  the  subject,  for  the  recep- 
tion of  this  principle  as  a  real  and  physical  consequence  of  the  laws  of 
matter.  So  long  as  it  is  only  treated  as  a  mathematical  mode  of 
expressing  geometrical  conditions,  its  import  is  hardly  seen,  and  its 
value  is  lessened  by  a  want  of  perfect  conviction. 

Our  works  on  mechanics  are  now  written  in  so  very  cold  a  style,  and 
mathematical  deduction  has  so  completely  taken  the  place  of  every- 
thing else,  that  little  space  is  given  even  to  interpretation  of  results, 
and  none  to  illustration  of  first  principles.  The  <:on8equence  is  a 
strong  leaning  to  purely  mathematical  definitions,  which,  though  they 
place  the  student  in  the  smallest  poi^ible  time  at  the  beginning  of  his 
career  of  deduction,  nevertheless  make  it  difficult  for  him  ever  to  con- 
nect his  first  principles  (first  equations  we  ought  rather  to  call  them) 
with  the  actual  properties  of  the  matter  around  him,  and  with  the 
phraseology  which  sight  and  touch  make  him  feel  to  be  justifiable. 
We  do  not  like  the  system  of  mechanics  in  which  velocity  is  only 
ds  :  cUf  moving  pressure  but  a  name  for  mdv  :  dt,  and  the  principle  of 
virtual  velocities  nothing  but  a  nickname  for  2pc£p=»0.  For  a  proper 
description  of  real  facts,  we  would  rather  that  nature  should  (wkor  a 
vacuum,  that  fluid  should  tri/  to  find  its  level,  that  the  centre  of  gravity 
should  endeavour  to  descend  as  low  as  possible,  and  so  on.  Of  sucn 
language  the  mathematician  must  allow  the  use,  if  the  learner  be  to 
feel  the  truth  of  the  results  of  meclianics :  and  in  no  case  is  such 
permission  of  more  importance  than  in  the  illustration  of  the  principle 
before  us. 

When  we  say  that  any  system  whatever  is  in  equilibrium  under  the 
action  of  forces,  it  is  obvious  that  the  word  equilibrium  is  only  used 
for  a  state  for  rest,  as  opposed  to  one  of  motion ;  which  last  Ib  possible 
to  be  imagined,  and  might  actually  take  place,  if  it  were  not  that  the 
impressed  forces  mutually  counteract  each  other's  efforts.  If  a  system 
could  not  move,  if  so  many  of  its  points  were  fixed  that,  consistently 
with  those  points  remaining  fixed,  no  geometrical  possibility  of  motion 
was  left,  it  would  be  useless  ta  ask  whether  any  given  set  of  forces 
would  keep  that  system  in  equilibrium  or  not.  For  the  answer  would 
be  that  the  system  must  be  in  equilibrium,  forces  or  no  forces.  But 
when  it  is  left  possible  that  a  system  may  move,  it  then  becomes  a 
question  whether  a  given  set  of  forces  will  entirely  prevent  all  motion, 
or  will  cause  one  of  the  possible  motions  to  begin :  and  the  alternative 
may  be  restricted  by  the  \ise  of  as  small  a  portion  of  time  as  we  please. 
What  will  take  place  during  the  first  millionth  of  a  second  after  the 
forces  are  applied,  rest  or  motion  ?  And  instead  of  the  millionth  of  a 
second,  anv  smaller  fraction  may  be  used ;  so  that  we  may  say  the 
question  of  rest  or  motion,  the  settlement  which  of  the  two  is  to  take 
place,  mav  be  considered  as  one  which  involves  but  an  infinitely  small 
portion  of  time.  We  shall  throughout  this  article  use  the  language  of 
the  infinitesimal  calculus,  leaving  it  to  the  reader  to  reduce  it  to  the 
stricter  form,  if  he  think  that  there  is  such  a  thing. 

Now  all  the  different  infinitely  small  motions  of  which  it  is  possible 
that  a  system  may  take  any  one  during  the  infinitely  small  time  dt 
which  elapses  after  forces  are  applied  to.  it — are  called  virtual  motions. 
This  word  is  not  used  in  the  meaning  which  it  commonly  bears,  as 
when  we  say  that  a  man  who  does  not  prosecute  a  claim  virtually  (as 
good  as)  abandons  it.  When  John  Bernoulli  used  tMs  adjective  (and 
we  can  find  none  prior  to  him  who  did  so)  it  was  in  a  sense  which  it 
will  not  now  bear :  by  a  virtual  velocity  he  meant  any  infinitely  small 
velocity,  or  increase  of  velocity.  But  in  modem  times,  virtual  is  used 
in  the  sense  of  potential,  or  possible :  a  virtual  motion  is  one  which  a 
system  might  take,  whether  it  take  it  or  not :  thus  if  forces  keep  a 
system  at  rest,  it  will  not  take  any  one  whatsoever  of  the  virtual  (or 
possible)  motions ;  but  if  they  do  not  keep  it  at  rest,  it  will,  in  the 
time  dt  which  elapses  after  the  forces  are  applied,  take  some  one  of  the 
virtual  motions,  to  the  exclusion  of  the  rest  Nevertheless,  so  long  as 
it  is  geometrically  possible  that  any  one  given  motion  might  have  taken 
place,  we  are  at  liberty  to  suppose  that  that  motion  has  taken  place 
(which  is  simply  making  an  ai-bitrary  displacement  of  the  system),  if  by 
60  doing,  and  noting  the  displacements  which  the  different  parts  re- 
ceive, we  can  draw  any  conclusions  as  to  the  conditions  of  equilibrium. 

When  we  see  a  system  in  equilibrium,  experience  tells  us  that  there 
are  efforts  at  motion  which  are  counteracted.  Remove  any  one  of  the 
forces,  or  any  part  of  one  of  them,  and  motion  immediately  begins. 
It  is  true  that  friction  and  other  resistances  prevent  our  having  so  good 
a  perception  of  this  truth  as  we  otherwise  might  have ;  since,  when 
equilibrating  forces  are  removed  in  whole  or  in  part,  friction  frequently 
supplies  the  place  and  maintains  the  equilibrium.  A  little  refiectiou 
will  however  make  it  apparent  that  when  a  system  is  once  in  equi- 
librium, no  addition  nor  subtraction  of  forces  can  be  made  without  pro- 
ducing motion,  unless  the  forces  added  or  withdrawn  be  such  as  by 
themselves  would  maintain  equilibrium. 

A  system,  then,  at  rest,  makes  efforts  to  move,  which  efforts  are 
counteracted ;  and  the  mathematical  conditions  of  equilibrium,  what- 
ever they  may  be,  must  express  that  every  force  endeavours  to  produce 
motion ;  must  contain,  directly  or  indirectly,  a  measure  of  the  energy 
of  that  force;  and  must  show  that  a  complete  counteraction  of  all 
the  efforts  at  motion  takes  place.  But  here  arises  a  question,  and  one 
which  is  of  the  utmost  importance  in  the  comprehension  of  our  prin- 
ciple. The  number  of  virtual  motions  is  usually  infinite :  —Does  any 
given  system  of  forces  make  an  effort  to  produce  every  one  of  them,  or 


some  only  ?    We  know  that,  if  the  forces  do  not  produce  &i 
one  of  the  virtual  motions  ensues  in  the  first  dt  followixis  tii«  appb^ap 
tion  of  the  forces,  to  the  exclusion  of  all  the  rest ;  it  ough*  not,  th-er^ 
fore,  to  surprise  the  student  if  he  were  told  that,  for  every  given  ^  << 
forces  (a  given  system  being  always  understood),  some    cme  ia*.^-a 
prevented  is  every  motion  prevented.    But  in  point  of  fia<rt  the  dir« 
contrary  is  true,  in  rigid  systems  at  least :  generally  speaking,  there  ii 
but  one  class  of  virtual  motions  which  a  given  set  of  farce»  haa  ?  ^^  » 
tendency  to  produce,  and  any  one  of  the  rest  may  be  produced-     Oar 
meaning  will  appear  in  the  following  explanation: — We    Irave   fc«a 
fRoTATiON]  that  every  infinitely  small  motion  of  a  ri^d  system  n=aj 
be  produced  by  a  screwlike'teotion,*  namely,  rotation  rouxid   an  axs, 
accompanied  by  a  slipping  up  or  down  that  axis.    Take  any  line  for  ^ 
axis,  and  suppose  a  screw,  fitted  to  its  receiving  screw  (the  latter  im- 
moveably  fixed  in  space),  to  be  described  with  that  axia  :  suppose  abc 
that  the  system  to  which  the  forces  are  applied  is  fixed  to  the  scrsw. 
Here  then  is  every  virtual  motion  prevented,  except  one ;   so  tl^t  i£ 
the  system  begin  to  move,  it  must  take  that  one  motion.     N'otv  appir 
the  giV6n  set  of  forces,  and  resolve  them  all  in  directions  parallel  to  the 
axis,  and  in  planes  perpendicular  to  it.    There  must  be  motion  unless 
the  former  forces  destroy  each  other,  and  the  latter  have  a  ressmltaot  ist 
resultants  passing  through  the  axis.     Consequently,  with  certain  ex- 
ceptions (which,  though  mfinite  in  number,  are  few  compared  with  tiis 
rest),  a  given  set  of  forces,  acting  on  a  given  system,  wUl  produce  anj 
virtual  motion,  if  others  be  excluded:  but  when  there  are  T^rhas 
virtual  motions  not  excluded,  the  system,  if  the  forces  do  not   baJaaet 
one  another,  will  take  one  in  preference  to  anv  of  the  rest.     The  pm- 
ceding  ai^ument  ought  to  be  more  developed,  but  we  have  not  roos 
for  such  an  explanation  as  would  be  intelligible  to  every  one :    most  <d 
the  difficulty  indeed  lies  in  the   purely  geometrical  oonoeption  of 
motion,  and  is  foreign  to  our  article. 

We  are  to  expect,  then,  as  the  condition  of  equilibrium,  a  ooUecticg 
of  conditions,  an  intinite  number,  implying  that,  of  an  infinite  number 
of  motions,  possible  d  priori,  the  given  system  of  forces  mak^  each  and 
every  one  impossible.    To  make  it  appear  in  what  the  condition  may 
prol)ably  consist,  look  at  the  foUowmg  cases : — If  one  point  of  tl:^ 
system  be  fixed,  forces  applied  at  that  point  are  useless,  for  they  calf 
produce  a  pressure  or  strain  on  the  fixed  point,  and  neither  promote 
nor  retard  any  virtual  motion.    If  one  point  be  restrained  to  move 
upon  a  given  surface  or  curve,  forces   applied  at  that  point  per- 
pendicuhu*  to  that  surface  or  curve  are  useless,  for  a  similar  reasoo. 
Thus  suppose  one  point  must  be  retained  on  a  given  horizontal  plane : 
any  weight  added  to  that  point  has  no  effect  on  the  equilibrium ;  it  is 
merely  equivalent  to  so  much  weight  t  laid  upon  the  plane.     Generally, 
then,  a  force  produces  no  effect  in  equilibrium  unless  the  point  to 
which  it  ia  applied  ca|i  move  in  the  direction  of  that  force :  thus  wei^t 
produces  no  effect  when  applied  to  a  point  of  which  all  the  virtual 
motions  are  horizontal.    But  let  the  plane  be  ever  so  little  inclined  to 
the  horizon,  a  point  restricted  to  move  upon  it  has  somewhat  oi 
vertical  motion  :  weight  applied  at  that  point  will  have  some  ^ect  in 
equilibrium.    It  would  be  natural  to  conclude  (and  let  it  be  remem- 
bered that  in  these  d  priori  views  we  are  only  stating  strong  probabi* 
lities)  that  the  more  freely  a  point  may  move  in  the  direction  of  the 
force  which  acts  upon  it,  the  greater  the  effect  of  that  force  in  pro- 
ducing or  disturbing  equilibrium.     Now  since  it  is  sufficiently  evident 
that,  cceteiis  paribui,  a  force  has  more  or  less  efifect  in  proportion  to  its 
magnitude,  for  instance,  that,  under  given  circumstances,  two  pounds 
of  pressure  produce  twice  the  effect  of  one  pound,  it  seems  that  for 
any  given  virtual  motion,  the  effect  of  each  force  varies  jointly  as  the 
magnitude  of  the  force,  and  the  length  over  which,  in  that  virtual 
motion,  the  point  of  application  moves  in  the  direction  of  the  force. 
That  is,  suppose  A  to  be  the  point  of  application  of  the  force,  and  aq 


to  represent  its  direction  and  magnitude.  In  one  virtual  or  possible 
motion  of  the  system,  let  a  be  transferred  to  R,  infinitely  near  to  a. 
Draw  B  8  perpendicular  upon  Q  a,  then  a  s  is  the  space  moved  over  m 
the  direct^n  of  the  force ;  and  if  the  force  contain,  p  units  of  pressure, 
p  X  A  s  is  the  product  on  Uie  value  of  which  the  efficiency  of  the  force 
seems  to  have  some  dependence.    Here,  however,  the  motion  a  s  is  in 

*  Simple  tran^dation  it  the  extreme  case  in  vihich  the  thread  of  the  screv 
becomes  parallel  to  the  axis ;  and  simple  rotation  the  other  extreme  case  in 
which  the  successiTe  coils  of  the  thread  coincide. 

f  Here  again  the  common  ideas  derived  from  friction  mnst  be  abandoned ; 
a  weight  attached  to  such  a  point  might  help,  by  the  friction  on  the  plane,  to 
equilibrate  the  system. 
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tlie  clireetion  of  the  force,  and  the  foxxse  helps  to  prodace  that  motion ; 

for   it  iB  obviously  easier,  catena  paribus,  that  the  point  a  ahould 

move    in  ihe  direction  ar,  when  the   force  acts  m  the  direction 

A.  Q,  than  it  would  have  been  if  the  same  force  had  acted  in  the 

•opposite  direction  at.     But  suppose  that  another  virtual  motion 

•migliLt  bring  a  to  v.      Draw  vw  perpendicular  to  at;  then  aw 

is  th.e  space  moved  over  in  the  direction  of  the  force,  and  P  x  aw  is 

the  product  on  which  the  efficiency  of  the  force  seems  to  d^Mod.    Bat 

liere  the  motion  aw  is  in  the  direction  opposite  to  that  of  the  force, 

and  it  is  obviously  less  easy  that  the  point  a  should  move  in  the 

direction  ay,  when  the  force  acts  in  the  direction  aq,  than  it  would 

liave  been  if  the  force  had  acted  m  the  opposite  direction  a  t.     Hence,  to 

-what  has  preceded,  we  may  probably  add  that  the  efllciency  of  a  force, 

in  promoting  or  preventing  one  given  kind  of  virtual  motion,  is  to  be 

consider^  as  of  one  kind  or  another  according,  as,  for  tiiat  motion, 

the  virtual  motion  of  the  point  of  application,  estimated  in  the  line 

of  action  of  the  force,  is  with  the  direction  of  the  foree,  or  opposite 

to  it. 

These  conjectures,  for  they  are  nothing  more,  will  show  of  the  prin- 
ciple of  virtual  velocities,  the  moment  it  is  announcM,  that  it  is  a 
highly  reasonable  and  probable  principle.    It  may  be  announced  as 
follows : — Let  Uie  forces  which  are  applied  to  a  system,  at  diffbrent 
points,  be  p,  Q,  R,  ftc.,  each  in  an  assigned  direction.    Let  one  of  the 
virtual  (that  is,  possible)  motions  which  the  system  may  undergo  in 
the  infinitely  small  time  dt  succeeding  the  moment  of  application  of 
the  forces,  be  supposed  to  be  given,  upon  trial.    Decompose  the  several 
motions  of  the  points  of  application  of  the  forces  each  into  two,  one  in 
the  line  of  the  applied  force,  the  other  perpendicular  to  that  Ihie :  let 
dp,  dq,  dr,  kc.,  be  the  resolved  motions  m  the  lines  of  the  forces,  and 
let  those  be  reckoned  positive  which  are  in  the  directions  of  ^e  forces, 
and  negative  which  are  in  the  CGntnry  directions.    Then  rdp-i-i^  + 
udr  +  &c.,  is  a  quantity  on  which  it  depends  whether  the  given 
virtual  motion  can  actutdly  take  place  or  not.     If  vdp  +  qdq  +  ndr  + 
ftc.,  —0,  that  motion  cannot  be  the  result  of  the  applied  forces  :  but 
if  vdp  +  Qdq  +  B.dr  +  ftc.  be  not  =  0,  that  motion  «nay  take  place. 
And  there  is  equilibrium,  that  is,  no  one  of  the  possible  nK>taons  can 
actually  take  place  when  Fdp  -h  Q<f §f  +  ndr  +  &c.  is  always  *«  0,  for 
every  virtual  motion ;  and  there  is  not  equilibrium  when  one  or  more 
virtual  motions  can  be  assigned,  for  ^hich  Tdp  +  qdq  +  R(fr  +  &c.  b 
not  =sO.    This  is  the  principle  of  virtual  vdocities,  as  to  which  perhaps 
the  first  thing  that  will  strike  the.reader  is  that  the  word  velocity  does 
not  occur  ia  the  explanation  of  it.     But  if  we  suppose  the  virtual 
motion  of  the  system  to  be  aetnally  performed  in  the  time  dt,  then 
the  velocities  of  the  points  of  application,  in  the  directions  of  the 
several  forces,  are  dp  :  dt,dq  :  dt,  dr  :  di,  ftc,  and  the  principle  above 
stated  may  be  affirmed  of 

dp         dq        dr 

instead  of  Fdp  +  fidq  f  R(2r  +  Ac.    But   the    latter    is  the  more  oon- 
venient  of  the  two.    The  product  Fdfi  is  called  the  wtommi  of  the 
force  p,  which  is  not  a  weU-ohosen  term,  since  ''moment "  is  used  in 
other  senses.    It  would  be  much  better  (^ough  we  shall  not  here 
depart  from  established  usage)  tiiat  i^dp  should  be  called  the  measure 
of  the  equilibrating  power  of  the  force  p,  or,  in  one  word,  the  power* 
of  the  force  p :  with  reference,  of  oovunse,  to  the  promotion  or  hindrance 
of  those  virtual  motions  only,  ia  which  dp  is  the  part  of  the  motion 
which  is  in  the  line  of  p's  action.      No  perfectly  general  proof  of 
this  principle  has  been  given ;   indeed  to  apply  it  demonstrativeln  to 
the  cases  of  fluid  and  gaseous  systems  would  require  a  knowledge  of 
the  oonsMtiient  parts  of  matter,  and  of  their  oonnection  with  each 
other,  which  we  do  not  possess.    But  the  oases  in  which  it  can  be 
strictly  shown  are  very  extensive  :  all  cases  whatsoever  in  which  the 
conditions  of  equilibrium  can  be  established  admit  of  the  truth  of  this 
principle  being  shown  d  posteriori,  with  certain  exceptions,  the  reasons 
of  which  will  presently  appear ;  and  when  it  is  aasumed,  it  always 
leads  to  results  which  are  consistent  with  the  other  known  principles 
of  mechanics.    In  the  demonstration  which  we  give,  we  shall  confine 
otuselves  to  the  case  of  forces  which  act  upon  points,  which  are  either 
independent  of  each  other,  or  some  or  all  of  which  are  connected  by 
rigid  rods  without  weight :  and  our  limits  require  xlb  to  speak  but 
briefly  ,of  all  the  steps  which  are  purely  mathematical.      Ordinary 
works  on  mechanics  give  the  simple  illustrations  which  the  beginner 
wants :    and  it   is   impossible   to  read  anything  like  a  general  de- 
monstration without  being  well   acquainted  with   the   infinitesimal 
calculus  and  with  the  principal  formula)  of  algebraic  geometry  of  three 
dimensions. 

First,  let  there  be  a  single  point  a,  the  co-ordinateH  of  which  are 
Xf  y,  and  z.  Let  there  act  upon  this  point  the  forces  P,  in  a  direction 
which  makes  with  the  axes,  angles  a,  ^,  7 ;  P^,  the  direction  of  which 
maices  angles  a',  0,  y*\  p",  the  direction  of  which  makes  angles  a",  0\  y", 
&c.  Let  the  point  a  move  to  b,  the  co-ordinates  of  which  are  x-¥dx, 
y-'rdy,i  +  dz,  and  let  a  B  make  the  angles  A,  fi,  ¥  with  the  axes.    Then, 

A  BrsVlt^+t^jr' +  «?«'), 

•  Either  of  the  words  activity,  efficiency,  energy,  would  do  as  well ;  anything 
but  moment,  which  has  other  meanings. 


dx                dv               dt 
cos  A»  — ,  cos  /*=-£,  cos  y  = . 

AB  AB  AB 

Now  the  line  ab  decomposed  in  the  direction  of  P,  gives  ABXOot 
(angle  made  by  r  with  a  b)  or 

AB  (cos  A  .  cos  a+  cos  fi .  cos  ^+cos  V  .  cos  y) 
or  cos  a  .  dx-\-ooE  fi  .  dy-\-ooB  y  .  dz=dp. 

Hence  the  moment  of  the  force  pisPcosa.cir  +  PcosiS.c^y  +  PcoB 
y  .  dz,  and  the  sum  of  the  'moments  of  all  the  forces  h  (fx  S  (p  cos  a) 
+  cfy  2  (P  cos  fi)-h-dz1  (p  cos  y),  where  2  (p  cos  o)  stands  for  p  cos  a  4- 
p'  cos  el  +  &C.,  and  no  on.  But  when  there  is  equUibrium  2  (p  cos  0)= 
0,  since  p  cos  o,  p'  cos  o',  &c.,  are  the  components  of  the  several  forces 
in  the  direction  of  x.  For  similar  reasons  2  (P  cos  jB)  =  0,  2  (p  cos  y) 
=  0,  whence  Pdp  +  pdf>'+&c.,  is=0  for  every  motion  of  which  the 
point  is  capable. 

Let  there  be  anv  number  of  points,  and  let  each  of  them  be  acted 
upon  by  any  number  of  forces  :  but  as  all  the  forces  which  act  upon  a 
given  point  may  be  reduced  to  one,  let  b.  be  the  force  which  acts  on 
the  first,  and  a^,  fi^,  y^,  be  the  angles  it  makes  with  the  axes :  let 
R^  Oar  fit,  y%»  stand  m  the  same  relations  to  the  second  point;  and  so 
on.  Let  Xy,  y^,  z^,  be  the  co-ordinates  of  the  first  point,  and  so  on. 
Let  any  of  the  points  be  connected  by  rigid  bars  without  weight :  and 
suppose  A  to  be  one  of  the  points,  and  a  b  the  bar  connecting  it  with 
another  point  B.  The  point  a,  then,  besides  other  forces,  is  acted  on 
by  a  pressure  called  the  tension  of  the  bar,  either  in  the  direction  a  b 
or  B  A  :  while  b,  besides  the  other  forces,  is  acted  on  by  the  same  ten- 
sion, but  in  a  contrary  direction.  Supposing  a  b  to  receive  one  of  its 
virtual  motions,  and  to  come  into  the  position  h  n  (which  need  not  be 


in  the  same  plane  with  a  b),  then  if  u  o  and  ir  D  be  drawn  perpendi- 
cular to  A  B,  and  if  the  position  u  n  be  infinitely  near  to  a  b,  so  that 
H  c  and  K  B  need  not  be  distinguiBhed  (so  far  as  small  quantities  of  the 
first  order  are  concerned)  from  arcs  of  circles  with  the  centres  B  and  a 
—it  follows  that  a  c  may  be  considered  as  the  diminution  of  the  line 
if  A  only  changed  place,  and  came  to  m,  while  B  d  may  be  considered 
as  the  quantity  by  which  it  would  be  lengthened,  if  B  only  changed 
place,  and  came  to  K.  Hence,  since  the  bar  remains  of  the  same 
length,  we  have  a  0= B  D,  or  at  least  the  two  only  difier  by  an  infinitely 
small  x>art  of  either.  But  a  c  gives  the  virtual  velocity  of  the  tension 
at  A,  and  B  D  that  of  the  tension  at  B,  and  these  lines  being  equal,  and 
the  tensions  equal,  their  moraente  are  equal ;  but  these  moments  have 
different  signs,  one  of  the  virtual  velocities  being  in  the  direction  of 
ite  force,  and  the  other  in  the  opposite  direction.  Hence  the  sum  of 
these  two  momente  xb  =  0 ;  and  the  same  follows  for  the  two  moments 
of  any  other  of  the  tensions,  exerted  by  any  other  of  the  connecting 
bars.  Let  T^  be  the  sum  of  the  moments  of  the  tensions  which  act  on 
the  fiivt  point,  T,,  t,,  ftc.,  of  those  which  act  on  the  second,  third,  &c., 
points ;  then,  taking  the  principle  as  established  above,  for  each  point 
separately,  we  have  b^  arj  +  Ti  =  0,  B,  rfr,  +  T,  =  0,  &c. ;  by  summing 
which  we  have  B^  rfr^  +  r,  dr^  +  &c.,  +  t^  +  Tj  +  &c.  =  0.  But  t^  + 
T,  +  &c.  =  0 ;  for,  as  shown,  every  term  in  each  of  t^,  Tj„  &c.,  finds  an 
equal  and  contrary  term  in  one  of  the  others.  Hence  r^  dr^  +  r,  dr^  + 
&c.  =  0,  or  the  principle  is  establitihed  for  any  system  consisting  of 
forces  applied  to  points  connected  by  rigid  bars,  and  this  whether 
there  be  connections  enough  to  ensure  complete  stability  of  form 
or  not. 

Various  other  cases  may  be  examined  in  which  the  same  conclusion 
as  the  last  will  be  arrived  at,  namely,  that  the  principle  of  virtual 
velocities  is  true  of  the  external  forces  only,  and  that  those  which 
arise  from  the  internal  forces  of  the  system  may  be  neglected.  If,  for 
example,  one  of  the  points  to  which  a  force  is  applied  slide  upon  a 
string,  in  the  manner  of  a  bead,  the  ends  of  the  string  being  attached 
to  other  points  of  the  ^stem,  the  two  tensions  are  the  same  on  both 
sides  of  the  bead,  and  any  virtual  motion  of  the  bead  alone  shortens 
one  part  of  the  string  as  much  as  it  lengthens  the  other.  Those  parts, 
by  which  one  side  is  lengthened  and  the  other  shortened,  are,  when  the 
motion  is  infinitely  small,  the  spaces  from  which  the  virtual  velocitl$;s 
of  the  tensions  are  obtained,  and  they  are  of  contrary  signs.  The 
moments  of  the  tensions  are  therefore  equal  and  contrary;  or  the 
principle  is  true  independently  of  tho.se  tensions.  Again,  suppose  one 
of  the  points  of  the  system  is  restrained  to  move  upon  a  given  sur- 
face or  curve;  being  tied  in  such  a  manner  as  to  slip  freely  upon  the 
surface  or  curve,  without  being  able  to  leave  it.  The  force  which 
retains  the  point  thus  attached  is  perpendicular  to  the  surface  or 
curve,  but  every  virtual  motion  of  that  jxrint  is  (when  infinitely  small) 
in  the  taogent  plane  of  the  surface  or  tangent  of  the  curve  :  so  that 
there  is  no  component  in  the  direction  of  the  force,  and  the  moment 
of  the  force  vamshes. 

When  questions  occur  in  which  friction  is  an  element,  the  principle 
of  virtual  velocities  is  not  of  very  easy  application.  Kven  in  the 
ordinary  modes  of  solving  such  problems,  the  formulse  which  must 
vanish  when  there  is  no  friction,  are  not  required  to  vanish,  but  must 
lie  between  certain  positive  and  negative  limits,  depending  on  the 
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friction.  A  similar  change  must  be  predicated  of  the  sum  of  the 
moments  of  the  impressed  forces;  but  as  even  Lagrange  does  not 
appear  to  have  thought  the  principle  before  us  conveniently  applicable 
to  friction  problems,  we  may  well  dispense  with  the  consideration  of 
them  here.  When  elastic  bodies  are  in  question  the  principle  can  be 
applied,  but  only  on  condition  that  the  elasticities  of  the  several  parts 
of  the  system  are  considered  as  external,  not  internal  forces  :  an  hypo- 
thesia  rendered  necessary  by  our  ignorance  of  the  molecular  constitu- 
tion which  gives  rise  to  elasticity.  It  may  also  be  said  that  in  its 
application  to  hydrostatics  there  are  mathematical  conventions 
(expressive,  no  doubt,  of  tnitha,  but  foreign  to  the  mere  enunciation 
of  the  principle)  which  represent  our  ignorance  of  the  molecular  con- 
stitution of  a  fluid.  On  this  point  we  should  recommend  the  student 
who  has  enough  of  mathematics  to  have  recourse  to  the  '  M^canique 
Analytique  *  of  Lagrange,  the  standard  work  on  virtual  velocities :  the 
demonstrations,  so  called,  given  by  all  the  elementary  writers  we  know 
of  (even  Poisson,  see  hia '  Mdcanique,'  vol.  ii.,  p.  512,  2nd  edition)  are 
mere  illustrations  conducted  upon  the  most  limited  suppositions. 
These  are  more  than  excusable,  considered  with  reference  to  the  sup- 
posed mathematical  knowledge  of  the  reader ;  but  it  is  not  right  to 
make  him  believe  that  he  is  considering  a  subject  generally,  when 
nothing  but  a  limited  case  is  presented  to  him.  The  great  fault  of  the 
mathematical  writers  of  our  day  is  the  tcant  of  avoteal  of  vncompletcnest: 
and  any  one  who  looks  in  Poisaon's  table  of  contents  for  'Demon- 
stration du  Principe  des  Vitesses  Virtuelles  dans  TEquilibre  d'un 
Liquide,'  and  compares  it  with  the  article  indicated,  will  see  a  notable 
instance. 

When  we  look  at  the  preceding  demonstration  of  the  principle,  we 
see  that  it  depends  upon  knowledge  of  the  mode  of  compounding  and 
decomposing  forces ;  buc  there  is  an  d  piHori  proof  of  a  most  singular 
character,  as  extensive  as  can  be  given  by  the  mode  already  used. 
This  proof  was  prefixed  by  Lagrange  to  the  *  Mecanique  Analytique,' 
and  judging  from  the  slight  degree  of  notice  which  it  has  obtained 
from  succeeding  writers  on  mechanics,  we  should  suppose  that  it  waa 
disputed  or  thought  unsound.  We  have  ourselves  strong  objections  to 
the  form  given  by  Lagrange ;  but  we  believe  that  a  sound  and  sufficient 
method  of  proof  does  exist  in  the  principle  which  he  has  used;  and 
this  we  shall  endeavour  to  develope. 

Suppose,  first,  that  all  the  forces  which  are  applied  are  equal  to  one 
another;  the  case  of  unequal  forces  will  follow  veiy  readily.  As 
an  instance,  suppoM  three  equal  forces  applied  at  the  points  a,  b,  o,  in 
the  directions  al,  bm,  CN ;  abo  being  a  solid  triangle  without  weight. 
At  A,  B,  o>  attach  rings  *  to  the  triangular  system,  and  at  L,  u,  N, 
attach  rings  to  a  solid  frame  unconnected  with  the  system,  except  by 
the  flexible  string  now  to  be  mentioned.  Let  this  string  be  made  hat 
to  the  ring  jx  at  1,  from  whence  let  it  be  carried  through  the  ring  o. 
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and  agam  through  the  ring  w  at  4.  from  whence  it  la  pasned  through 
M  at  5 ;  being  nowhere  attached  to  the  frame  except  at  1.  Its  course 
is  then  denoted  by  the  numbers  1,  2,  3,  4,  &c. ;  and,  when  it  emerges 
at  1 4,  let  a  weight  be  attached,  equal  to  the  half  of  the  force  which  is 
required  to  act  at  each  of  the  points  a,  B,  c ;  this  force  being  p,  the 
weight  IB  ^p.    The  tension  of  the  string  being  everywhere  the  same, 

♦  PalleTS,  in  Lagrange ;  but  tho  wheel  la  the  pulley  is  only  a  fricUon-wheel, 
and,  18  we  are  at  liberty  to  diapeiue  with  friction  in  our  thoughts,  we  may  also 
deprive  the  pulley  of  its  wheel. 


it  is  everywhere  equal  to  4p  :  and  at  the  point  a  each  of  tlie  part*  ^ 
the  string  (10,  9),  and  (11, 12),  applies  a  force  equal  to  i  P,  «o  that  tk» 
force  P  is,  from  the  two  strings,  applied  at  a.  The  same  may  be  sad 
of  the  points  B  and  c.  If  then,  at  the  outset;  the  system,  a.  B  c  were  sc 
placed  that  forces  P,  P,  P,  applied  at  the  three  points  in  tlie  gj-res 
directions  would  produce  equilibrium,  it  follows  that  there  "will  be  «» 
motion  when  the  weight  ^  p  w  made  to  act  on  the  string  ;  for  eq-cii- 
brating  forces  will  at  that  instant  be  applied  to  the  systAxn  :  and  th» 
weight  iP  cannot  move  unless  the  triangle  move. 

Now  it  is  obvious  d  priori  that  if  any  forces  keep  a  syateni  in  eqiii- 
librium,  forces  exactly  oppo^site  to  those  forces  will  al«o   keep  :t  h 
equilibrium  :  if  P,  Q,  R,  keep  a  system  in  equilibrium  :  so  will^  —  p,  -  q. 
and— B,  forces  equal  and  opposite  to  the  first  three.     For  it  is  obTi-^i 
that  all  the  six,  p, — p,  Q,  —  Q,  b,  —  B,  keep  it  in  equilibrium,  beings  threr- 
sets  of  equilibrating  forces.   Take  away  the  set  p,  Q,  B,  which,   by  hji"^ 
thesis,  equilibrate  Uie  system,  and  the  remaining  set,  —  P,  —  Q,  —  b.  r  n 
then  equilibrate  it.      But  here  it  must  be  noticed  that  when  U^ 
inversion  of  directions  is  made,  tho  inversion  of  the  tenaiuna  thutI  ai-n 
be  possible  :  a  force  which  before  the  inversion  pulls  by  a  stris^.  mn-n, 
after  the  invention,  be  supposed  to  push  that  string :  that  is  to  ^sr, 
the  string  must  have  the  property  of  a  rigid  bar  as  to   pushing  e<r 
pulling  being  indifferent     The  reader  of  theoretical  mechaxiics  mu.< 
accustom    himself  to  the  idea  of  a  string  which,   though     later^j 
flexible,  can  transmit  a  push  or  thrust  in  the  direction  of  its  length. 
Imagine  the  direction*  of  gravity  to  be  changed  in  the  machine,  k 
that  4p  acts  upwards,  the  string  being  capable  of  tTunsmitting  the 
thrust  through  the  whole  of  its  length.     Nothing  is  then   changed 
except  the  directions  of  the  forces  acting  at  a,  b,  c,  in  such  niaous' 
that,  if  the  original  position  be  one  of  equilibrium,  the  weight  ^p  cansct 
ascend,  any  more  than  it  could  de.scend  in  the  first  supposition. 

When  there  is  equilibrium,  then,  tho  weight  {v,  whether  it  bs 
supposed  to  pull  downwards  or  thrust  upwards,  cannot  either  asoeoii 
or  descend.    But  what  is  to  hinder  4p  from  descending  in  the  first  ca». 
or  ascending  in  the  second?    The  weight  is  only  counterbalanced  at 
1,  which  is  made  fast  to  the  ring  at  N,  and  if  more  string  can  be  dra.vn 
out  beyond  (13)  by  the  descent  of  ir,  or  pushed  in  by  ite  ascent,  there 
is  no  mechanical  reason  why  such  drawing  out  or  pushing  in  shoul^i 
not  take  place.    The  reason  why  the  ascent  or  descent  cannot  take 
place  must  be  of  a  geometrical  character,  and  Lagrange   reasons  u 
follows : — It  will  be  sufficient  that  any  infinitely  small  displacement 
of  the  triangle  abo  should  produce  no  displacement  of  the  weight : 
and  this  will  also  be  necessary :  for  if  any  possible  infinitely  small 
displacement  of  the  system  could  let  out  string  and  give  motioo 
to  the  weight,  the  tendency  of  the  weight  to  descend  would  prtv 
duoe  that  small  displacement.    But  (implies  Lagrange)  it  is  enough 
that  any  infinitely  6mall  displacement  of  the  system  should  only 
produce  a  displacement  of  the  weight  which  is  of  an  inferior   order: 
or  it  is  enough  that  the  second  displacement  should  be  an  infinitely 
small  part  of  the  first     Here  we  cannot  follow  the  reasoning  :   why 
should  the  weight  not  be  capable  of  descending  because  the  first 
infinitely  small  motion  of  a  b  c  is  attended  by  one  of  an  inferior  order 
in  the  weight  ^p  ?    We  could  name  any  number  of  cases  in  which  con- 
tinued motions  begin  in   this  manner.      We  can  only  understand 
Lagrange's  argument  to  this  extent :  if  there  be  a  position  of  equili- 
brium at  all,  it  must  be  that  in  which  a  given  infinitely  small  dis- 
placement produces  the  smallest  effect  upon  the  weight ;  so  that,  if 
there  be  one  position  in  which  eveiy  displacement  produces  relatively 
an  infinitely  small  displacement  of  the  weight,  that  position,  or  none, 
must  be  the  position  of  equilibriunL    We  shall,  however,  proceed  with 
L^^range's  reasoning,  and  shall  then  endeavour  to  show  that  it  may  be 
saved  £rom  the  preying  objection  at  least,  if  not  rendered  absolutely 
rigoroua    Let  s  be  the  fixed  ring  to  which  d  (moveable  with  the 
system)  belongs ;  and  let  the  latter,  in  a  certain  infinitely  small  dis- 
placement of  the  system,  be  removed  to  B.    If  8  d  be  greater  than  s  £, 
the  string  s  D  is  shortened  by  the  removal,  and  drawing  the  arcKK  and 
the  perpendicular  Bit,  the  virtual  velocity  of  the  force  acting  in  the 
direction  D  s  is  to  (and  is  positive),  while  the  quantity  by  which  each 
string  is  shortened  is  K  D ;  but  if  8  B  be  longer  than  8  D,  the  virtual 
velocity  is  negative,  and  the  string  is  lengthened.    Hence,  if  e^  /S,  7,  be 
the  virtual  velocities  of  the  forces  in  their  own  directions,  the  expres- 
sion 2a -¥2$  +  27  is,  if  positive,  the  quantity  of  string  let  out  by  the 
displacement;  if  negative,  the  quantity  taken  in.    Or  rather  we  should 
say  that  2a  +  2fi-\-2y  differs  from  the  quantity  let  out  or  taken  in  by 
an  infinitely  small  quantity  of  the  second  order  ,*  for  ko  and  K  D,  even 
when  E  is  infinitely  near  to  d,  are  not  equal,  but  differ  by  a  small 
quantity  of  the  second  order.    Lagrange,  then,  confounding  an  infi- 
nitely small  quantity  of  the  second  order  with  absolute  nothing,  com- 
pared with  one  of  the  first  order,  takes  2o  +  2^  -f-  27 = 0,  or,  multiplying 
by  }p,  Pa  +  P/3  +  P7=0,  as  the  condition  that  an  infinitely  small  dis- 
placement of  the  system  will  allow  no  displacement  whatever  of  the 
weight;  from  which,  by  the  aid  of  the  mathematical  consideration 
alr^idy  alluded  to,  he  completes  what  he  gives  as  the  proof  that 
Pa  -h  P/3  -t-  P7=  0  is  the  condition  of  equilibrium  :  which  is  for  this  case 
the  enunciation  of  the  principle  of  virtual  velocities. 

*  Lagrange  avftlds  this  lecond  case  by  an  appeal  to  mathematiea,  wbleh  not 
only  deitroys  the  «lementary  character  of  the  proof,  bat  is  of  a  ebaraeter 
Inoongmona  with  the  «ther  parts  of  it,  and  is  moreover  not  always  eon«et« 
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Before  proceeding  to  give  our  view  of  the  manner  in  which  this 
proof  may  be  amended,  we  shall  point  out  how  to  proceed  when  the 
forces  are  not  equal.  In  such  case  they  are  either  commensurable  or 
incommensurable:  let  them  be  commensurable, and  let  them  be^p, 
m  p,  n  P,  where  /,  m,  «,  are  integers.  Instead  of  passing  the  string 
twice  only  through  each  ring,  pass  it  2n  times  through  c  and  N,  2  m 
times  through  B  and  u,  22  times  through  ▲  and  L.  Then,  the  instant 
the  weight  ^p  is  applied,  there  are  22  strings  in  the  direction  al,  each 
Tvith  the  tension  4p,  or  altogether  there  is  the  force  Zp,  applied  to  a  in 
the  direction  al  ;  and  similarly  of  the  rest.  If,  then,  a,  ^,  7,  be  as 
before,  we  have  22a+  2fn^  +  2^7,  differing  only  by  an  infinitely  small 
quantity  of  the  second  order  &om  the  quantity  of  string  let  out  or 
taken  in  by  an  infinitely  small  displacement  of  the  system.  The  usual 
methods  apply  for  the  extension  of  this  reasoning  to  the  case  in  which 
the  forces  are  incommensurable. 

Let  AL»a,  BM=&,  ON  —  e:  then  the  whole  length  of  the  string  as 
far  al^  (13)  is  22a  +  2m&  +  2ne  +  a  constant  made  up  of  (4,  5),  (8,  9), 
and  (12,  18).  Hence  2lda  +  2m,dl  +  2nc2e  is  the  infinitely  small 
quantity  taken  in  or  let  out  by  an  infinitely  small  displacement ;  taken 
in  when  positive,  let  out  when  negative;  so  that  da,dh,de,  asawer 
to  —  a,  —fi,  —  7»  in  the  preceding.    Now 

1.  It  is  established  that,  equilibrium  existing,  equilibrium  will  remain 
when  all  the  forces  take  opposite  directions. 

2.  Neither  a,  6,  e,  nor  their  differential  coefficients,  can  become 
infinite  in  any  position  of  the  system ;  so  that  the  only  way  in  which 
22a  +  2m6+  2ne  can  become  a  maximum  or  a  minimum  is  by 
2lda  +  2mdb  +  2nde  becoming,  in  the  language  of  the  differentia 
calculus,  nothing,  that  is,  more  strictly,  an  infinitely  small  quantity  of 
the  second  order. 

Now  let  the  weight  ^p  act  downwards,  and  let  it  draw  out  all  the 
string  possible,  and  then  rest.    There  must  then  be  equilibrium,  for 
every  displacement  makes  the  weight  rise;  and  the  weight  has  no 
tendency  to  take  advantage,  so  to  speak,  of  this  power  of  rising.    Con- 
sequently, there  must  be  equilibrium  when  22o  +  2»n6  +  2nc  is  a 
minimum,  the  weight  acting  downwards ;  that  is,  when  22c2a+2mc2& 
+  2nc2c  is  always  positive,  and  of  the  second  order ;  or  when  p2.  o  + 
Pm .  /3  -I-  p».7  is  always  negative,  and  of  the  second  order.    And  this 
equilibrium  is  stable ;  for  any  displacement  makes  the  weight  rise,  and 
its  tendency  is  to  descend,  and  restore  the  former  state.    Now  reverse 
the  direction  of  the  weight,  and  let  the  string  conmiunicate  thrust 
instead  of  pull,  as  before  described.     Then  there  is  still  equilibrium 
(which  is  demonstrable  independently)  because  only  the  directions  of 
the  forces  are  changed;  but  since  the  forces  change  direction,  the 
virtual  velocities  change  sign,  and  p2.o  + ,  &c.,  is  always  positive,  and 
of  the  second  order.    Here,  then,  though  the  weight  (we  call  4  p  wighi 
always,  whether  it  tend  upwards  or  downwards)  tends  to  rise,  and  (geo- 
metrically speaking)  can  rise,  it  does  not  rise  :  observe,  also,  that  the 
rise  would  be  aD  infinitely  small  quantity  of  the  second  order.    The 
equilibrium  in  this  case  is  unstable,  for  every  displacement  raises  the 
weight,  which  does  not  tend  to  return.    Now  let  the  weight  ^P  act 
upicwds,  and  let  it  push  in  all  the  string  possible,  and  then  rest. 
There  must  then  be  equilibrium,  for  every  displacement  makes  the 
weight  fall,  and  the  weight  has  no  tendency  to  take  advantage  of  this 
power  of  falling.    (Consequently,  there  must  be  equilibrium  when 
22a  + ,  &C.  is  a  maximum,  the  weight  acting  upwards ;  that  is,  when 
2lda  +  ,&o,  is  always  negative,  and  of  the  second  order;  or  when 
p2.  a  + ,  &c  is  always  negative,*  and  of  the  second  order ;  and  this  equi- 
librium is  stable,  for  any  displacement  makes  the  weight  fall,  and  its 
tendency  is  to  rise  and  restore  the  former  state.    Now  reverse  the 
direction  of  the  weight,  and  let  the  string  pull,  instead  of  thru^ 
There  is  still  equilibrium  (because  only  the  directions  of  the  forces  are 
changed) :  the  virtual  velocities  change  sign,  and  p2.a  +,  &c.  is  always 
positive,  and  of  the  second  order ;  and  in  this  last  case,  though  the 
weight  tends  to  fall,  and  (geometrically  speaking)  can  fall,  it  does  not 
fall.    Observe,  also,  that  the  fall  would  be  an  infinitely  small  quantity 
of  the  second  order;  and  the  equilibrium  in  this  case  is  unstable, 
for  eveiy  displacement  lowers  the  weight,  which  does  not  tend  to 
return. 

Collecting  these  cases,  it  appears  then  that  whenever  p 2.a  +,  Ac.  is, 
for  eveiy  infinitely  small  di^Ucement,  an  infinitely  small  quantity  of 
one  given  sign,  there  is  equilibrium ;  stable  when  that  sign  is  negative, 
unstable  when  it  is  positive.  But  supposing  p2.a +,  &c.  to  be  of  the 
second  order,  sometimes  of  one  sign,  and  sometimes  of  the  other, 
according  to  the  di^lacement,  the  preceding  reasoning  does  not  apply. 
Nor  do  wo  see  how  it  can  be  applied  without  the  assumption  that  an 
equilibrium,  which  is  produced,  though  all  the  displacements  of  the 
weight  favour  the  motion  which  it  tends  to  take,  is  d  fortiori  produced 
when  some  only  do  the  same.  Taking  the  case  in  which  the  weight 
acts  downwards,  we  have  seen  that  there  is  equilibrium  when  the 
descent  of  the  weight  is  of  the  second  order,  and  always  downwards ; 
the  circumstance  of  the  descent  being  of  the  second  order,  produces 
equilibrium,  even  though  its  durection  is  that  which  the  weight  can 
take.  Still  more  must  there  be  equilibrium  when  all  the  descents  are 
of  the  second  order  at  least,  and  some  only  downwards. 

Hence,  in  every  case^  p2.a+,&c»0  (in  the  common  language  of 

*  When  the  action  of  the  string  is  that  of  a  thrust,  it  will  be  seen  that 
da  is  =  a,  &c.,  since  the  virtual  ▼clocities  change  sign. 
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the  differential  calculus)  gives  a  position  of  equilibrium ;  and  we  have 
now  to  prove  the  converse,  namely,  that  every  position  of  eqtulibrium 
gives  p2.a-f',  &c.  =  0  (Lagrange  proves  this  converse  first).  This 
converse  can  be  proved,  we  submit,  without  taking  it  for  granted,  at 
once,  with  Lagrange,  that  if  any  motion  of  4^  of  the  first  order 
were  possible,  the  weight  would,  by  its  tendency  to  descend,  tiJLe  that 
motion.* 

SuppcMsing  the  system  to  be  at  rest»  and  the  weight  to  act  downwards, 
it  is  obviously  physically  possible  that  a  given  finite  velocity  should  be 
communicated  to  the  weight.  Suppose  a  blow  to  be  giyen  to  the 
weight  in  a  downward  direction,  such  as  would  communicate  a  finite 
velocity ;  what  would  be  the  effect  upon  the  system  at  the  instant 
when  the  weight  receives  the  blow  downwards  ?  An  impulsive  strain 
upon  the  string,  which  would  only  commimicate  forces  proportional  to 
those  already  exi8ting,t  and  could  not  disturb  the  equilibrium.  The 
system  then  cannot  move,  neither  therefore  can  the  weight  move. 
Now  as  it  is  unquestionably  physically  possible  that  the  weight  may 
take  a  finite  velocity,  the  impossibility  of  moving  the  system  must  be 
geometrical ;  or  a  velocity  communicated  to  the  system  must,  be  it 
what  it  may  at  the  first  instant,  commimicate  none  to  the  weight ; 
and  the  definition  of  velocity  shows  that  this  can  only  happen  when, 
the  displacements  of  the  system  in  the  time  dt  bearing  a  finite  ratio  to 
dt,  that  of  the  weight  is  infinitely  small  compared  with  dt;  that  is, 
when  the  displacement  of  the  weight  is  infinitely  small  compared  with 
those  of  the  system.  From  this  it  follows  that  22a  +,  &c.  is  infinitely 
small  as  compared  with  a,  &c. 

We  do  not  know  how  to  make  the  preceding  prove  its  converse,  and 
we  object  to  the  mode  pursued  by  Lagrange.  Having  proved  that 
equilibritmi  gives  22a  + ,  &c.,  that  b,  havmg  proved  it  on  the  distinct 
assumption  that  the  weight  cannot  descend  in  the  first  instant  through 
a  quantity  comparable  to  a,^  &a,  he  then  proceeds  as  follows  : —  Re- 
ciprocally 2 2a  + ,  Ac  =  0,  gives  a  case  of  equilibrium ;  for  '*  the  weight 
remaining  immoveable  under  all  displacements,  the  powen  which  act 
upon  the  system  remain  in  the  same  state,  and  there  is  no  more  reason 
why  they  ^ould  produce  one  of  the  two  displacements  than  the  other, 
of  any  two  in  wmch  a,  Ac.  have  contrary  signs.  It  is  the  case  of  the 
balance  which  remains  in  equilibrium,  because  there  is  no  more  reason 
why  it  should  incline  on  one  side  than  the  other."  Now,  first,  this 
reasoning  might  just  as  well  be  applied  to  prove  equilibrium  when 
22a  + ,  &c.  is  not  =  0 ;  secondly,  it  is  not  the  case  of  the  balanced  lever 
of  Archimedes,  for  there  is  not  that  same  symmetry,  either  geometrical 
or  mechanical,  which  makes  it  impossible  to  admit  either  motion  in 
preference  to  the  other  [Statics;  Sufficient  Beason];  thirdly, 
there  is  a  mechanical  reason  why  one  of  the  motions  should  be 
taken  rather  than  the  other,  namely,  that  one  in  which  the  displaoe- 
inent  of  the  weight  (even  though  supposed  of  the  second  order)  is 
positive.    This  last  will  appear  sufficiently  in  the  sequeL 

We  shall  now  proceed  to  show  that  the  moment  the  principle  of 
virtual  velocities  is  granted,  a  problem  of  statics  becomes  one  of  pure 
mathematics.  This  is  all  we  can  undertake  to  illustrate ;  and  for  this 
purpose  any  mathematical  result  may  be  taken  for  granted.  First,  let 
the  force  p  be  decomposed  into  three,  x,  t,  e,  in  the  direction  of  x,  y, 
and  2 ;  and  let  the  point  of  application  move  until  the  co-ordinates  are 
X  +  dx,  y  -f-  dy,  2  +  <U,  Then  a  force  equal  and  opposite  to  P  (of  which 
the  moment  is  —vdp)  balances  x,  t,  and  z ;  so  that  the  prindplo  gives 
Tdx  +  Ydy  +  zdz  +  (— P<2/))  =  0,  or  Fdp = ndx  +  Ydy  +  zdz.  Do  the  same 
with  each  of  the  forces,  and  we  have  2  {tdp) «  2  (xdx)  h-  2  (T<2y)  +  2  (zdz). 
If  the  system  be  rigid,  every  virtual  motion  may  be  decomposed  into 
two :  a  motion  of  translation  of  any  one  given  point,  and  a  motion  of 
rotation  round  an  axis  passing  through  that  point.  Let  XQ,yo,ZQ,he 
the  co-ordinates  of  any  point  which  moves  with  the  system,  and  let  this 
point  move  so  that  its  co-ordinates  shall  become  x^  +  dx^  yo  +  dyp, 
z^  +  dz^  at  the  same  time  that  the  system  revolves  through  an  angb 
a^  about  an  axis  passing  through  the  point  {x^  y^  2^),  and  makii^ 
angles  A,  /a,  v  with  the  tluree  axes.  If  the  consequence  of  this  motion 
be  that  the  point  whose  co-ordinates  are  x,  y,  z,  moves  so  that  its 
co-erdinates become  x  +  dx,y  +  dy,z  +  dz,  we  have 

dx^dx^  +  {cos  fi  (2—80)  —  cos  y  (y—yfi]  d^ 
dy=  dy^  -¥  {cos  v  (x-Xg)  —  ooe  A  («—  2o) }  <^ 
dz  =  dzQ  +  {cosA(y— yo)- cos/*(«-a;o)}<^ 

from  which  we  find  for 

^{Pdp)  at^ixdx)  +  ^(Ydy)  +  ^(zdz), 

the  following  expression : — 

Sx .  dxo  +  (z^Y—y^)  cos  A  rf^  +  ^(zy  -«)  .  cos  X  d^ 
H-2T.dyo  +  (x^-z^x)coBndft>'i'^(zt-zx).0OAtidp 
+  2z  ,dzQ  -I-  (y^x-a;oST)cosi'  dip +  t{Yx—xy), cob p d^ 

*  It  seems  to  us  Just  as  sound  to  say  that  if  there  he  any  motion  of  the 
second  order  possible,  the  weight  will  take  that  motion,  and  in  an  infinitely 
small  time  acquire  a  velocity  of  the  first  order,  which  is  exactly  what  takes 
place  in  a  body  ftiUinff  freely  from  rest. 

f  It  is  here  assumed  that  whatercr  forces  keep  a  system  at  rest,  impnlses 
proportional  to  those  forces,  and  applied  in  the  same  manner,  will  not  disturb 
the  equilibrium. 
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and  in  the  caae  of  equUibriuiQ  this  is  always  =  0.  Since  dXf,,  dy^^  dz^, 
COB  \d^,  coa  fidipf  cos  t'dip,  can  each  receive  any  value  wo  pleaae  inde- 
pendently of  the  rest,  the  preceding  can  only  vanish  when  the  six 
following  conditions  are  f ulmled : — 

2(zy-Y«)  =  0        2(xa— za?)  =  0        2(y3:— xy)  =  0 

which  are  the  six  well-known  equations  of  equilibrium  of  a  rigid 
system. 

We  might  give  more  examples,  but  our  limits  require  us  at  once  to 
enter  upon  a  point  which  will  require  fuller  explanation,  because  the 
student  will  not  find  it  in  any  elementary  work.  **  When  2  {^dp)  is 
«=  0  for  every  virtual  motion,  there  must  be  equilibrium  :"  but  the 
converse,  namely,  that  "  when  there  is  equilibrium  the  equation  2  (prfp) 
=  0  must  be  true  for  every  virtual  motion,"  has  not  the  same  univer- 
sality as  the  direct  proposition.  If  we  look  carefully  at  the  proof,  we 
shall  see  that,  taking  any  particular  instance  of  virtual  motion,  the 
only  reason  why  we  want  5  {Fdp)  to  be  =>  0  for  that  particular  motion, 
is,  that  the  forces  may  not  be  able  to  make  the  system  set  off  with  that 
motion  :  or  that  the  incapability  might  exist  even  though  that  motion 
were  the  only  one  which  the  system  could  take.  If  then  there  be  in 
the  nature  of  the  i^stem  itself  any  reason  why  a  particular  case  of 
virtual  motion  should  be  imattainable  by  the  action  of  those  forces,  we 
have  no  longer  any  reason  to  say  that  2  (Tdp)  must  be  =  0  in  that 
case. 

,  As  a  general  rule,  if  p,  q,  r,  &c.  be  the  acting  forces,  and  vdp  +  Qdq 
:  +  Rrfr  +  &c.,  the  sum  of  their  moments ;  and  if  in  one  virtual  motion 
^=^a,  dq=$f  dr=y,  to.,  that  one  virtual  motion  has  its  opposite,  in 
which  dp  =  —  o,  dj  «  --  /3,  dr  =  —  7,  &c.  And  we  shall  presently 
see  that  if  that  one  motion  and  its  opposite  be  by  proper  restrictions 
made  the  only  ones  which  the  system  can  take,  the  system  will  begin 
to  take  the  first  motion  ifPo-}-Qi8-t-B7-f-&c.  be  positive,  and  the 
opposite  if  P  ( -  o)  +  Q  (—  /3)  +  B  ( —  7)  +  &c.  be  positive.  In  fact,  a 
system  must  set  off  from  rest  in  such  manner  that  the  sum  of  the 
initial  moments  is  positive  :  and  it  is  clear  enough  that  either  Pa  + 
iui.f  or  p  ( —  a)  -I-  Ac.  must  be  positive  unless  both  vanish.  As  a 
^neral  rule  then,  Po  +  &c.  must  vanish ;  for  if  not,  either  the  virtual 
motion  first  named,  or  its  opposite,  has  a  positive  sum  of  moments,  and 
can  be,  and  (if  no  other  motion  can  take  place)  will  be,  an  initial 
motion  of  the  system.  But  if  ever  it  should  happen  that  there  are 
cases  in  which  a  virtual  motion  is  possible,  but  its  opposite  motion  is 
impossible,  then  all  that  is  requisite  is  that  for  the  possible  one  of  the 
pair,  2  Fdp  should  be  0  or  negative,  not  positive.  There  is  another 
exception  of  a  remarkable  character,  for  which  it  will  be  better  to 
wait  until  we  come  to  see  the  meaning  of  the  sum  of  the  moments 
in  a  dynamical  point  of  view.  Excluding  this  for  the  present,  let  a 
▼irtual  motion  which  has  its  opposite  be  called  a  double  motion,  and 
one  which  has  not  its  opposite,  a  single  motion :  then  the  true  state- 
ment of  the  principle  oi  virtual  velocities  is  as  follows  : — 

If  ^vdp  be  notlung  for  every  double  virtual  motion,  and  nothing  or 
negative  for  every  single  one,  there  is  equilibrium :  and  if  there  be 
equilibrium,  then  2  {pdp)  is  nothing  for  every  double  virtual  motion, 
and  nothing  or  negative  for  every  single  one. 

We  might  easily  have  incorporated  the  consideration  of  these  ex- 
ceptional cases  of  single  virtual  motions  in  the  general  proof.  We 
shall  now  give  a  simple  instance.  Let  a  weight  be  fastened  to  the 
xniddle  of  a  string,  at  the  end  of  which  are  two  rings ;  these  rings 
dide  upon  curves  which  have  cusps  as  in  the  diagram,    llie  weight  is 


in  equihbrium,  and  the  weight  is  the  only  external  acting  force :  but 
it»  moment  is  not  nothing  (that  is,  is  not  of  the  second  order  with 
reference  to  the  displacement  of  the  rings),  but  is  negative.  The 
vu^ual  motions  of  the  rings  are  single,  and  can  only  be  upwards.  The 
reader  who  compares  the  preceding  omission  in  the  statement  of  the 
prmciple  of  virtual  velocities  with  Vabiations,  Calculus  op,  will  see 
LJ!  wt  ^®°^  between  the  cases :  in  fact,  these  errors  and 
!?Jf^  ?T  ^^"A  "J^°  ^^^  "*™e  ^"^^  ^^  omission,  which  may  be 
5k^  JS/i^lr'  '"l^  **'*'?  ^«  ^  proposition  (a)  which  is  true  on  con- 
ft«^«T^  f  •  ^"^°<^^Y  »  «  "^ever  positive ;  and  if,  generaUy  speaking, 
every  negative  value  of  b  be  accompanied  by  a  corr^ponding  positive 
one,  then,  general  y  speaking,  (a)  cannot  be  true  if  B  be  negative?  that 
18,  the  truth  of  (A)  reqmres  B  =  0.    But  if  there  be  exceptional  or 


singular  ca«ea  in  which  negative  values  of  b  are  not  accompanied  by 
corresponding  positive  ones,  then  B  =  0  is  no  longer  necessary ;  it  is 
enough  that  B  should  be  negative.  Now  the  error  which  has  run 
through  the  results  of  the  differential  calculus  from  book  to  book, 
from  country  to  country,  and  from  century  to  century,  consist*  in 
taking  the  usual  and  general  case  for  universal,  apd  forgetting  the 
exception. 

The  principle  of  virtual  velocities  is  applied  to  dynamics  by  means 
of  the  celebrated  principle  which  goes  by  the  name  of  D'AIeinbert, 
propounded  by  hin^  in  his  treatise  on  dynamics,  publiiibed  in  1743. 
We  have  touched  upon  this  principle  in  Forces,  Impressed  axd 
Effective,  but  we  have  referred  the  complete  development  of  it  to 
the  present  article. 

It  will  do  for  our  present  purpose  to  suppose  a  system  of  points  con- 
nected together,  each  point  being  considered  as  a  certain  mass  of  matter. 
Whatever  may  be  the  faults  of  the  system  of  Cavalieri  [Cavaliebi,  in 
]^ioo.  Div.]  for  geometrical  deduction,  it  is  sound  enough  mechanically 
considered :  a  point  may  not  be  taken  to  be  one  of  the  constituent 
parts  of  a  length,  but  there  is  no  difficulty  in  considering  it  as  endowed 
with  weight  and  impenetrability,  or  as  rigidly  connected  with  other 
points.     If  we  imagiue  a  mass  of  matter  to  be  divided  into  an  infinite 
number  of  infinitely  small  elements,  each  of  which  is  an  extended  m&as, 
though  we  may  not,  for  geometrical  purposes,  suppose  each  of  these 
elements  to  have  its  btUk  collected  in  any  one  of  its  points,  there  is  no 
difficulty  in  supposing  its  mass  to  be  so  collected.    If  then  we  begin 
with  the  consideration  of  a  finite  number  of  points,  having  various 
masses,  we  may,  by  increasing  the  number  of  our  points  and  diminidhing 
their  masses,  approach  as  near  as  we  please  to  the  case  of  a  contiuuoua 
geometrical  solid,  all  the  \)aiis  of  which  have  weight,  and  of  which  the 
densitv  varies  according  to  any  law.    Again,  when  a  system  move^, 
and  when  the  law  of  its  motion  is  known,  we  can  determine,  at  any 
one  instant  [Velocity],  the  velocity  of  any  one  point  in   any  one 
direction,  and  the  acceleration  (or  retardation,  negative  acceleration)  at 
that  one  instant :  that  is  to  say,  the  rate  per  second  at  which  the 
motion  is  receiving  acceleration  at  the  moment  named.     From  this 
acceleration,  as  in  the  place  last  cited,  we  can  determine  the  pressure 
which  the  mass  of  the  point  in  question  is  actually  experiencing  at  the 
moment ;  for  on  one  mass  there  is  but  one  pressure  which  can  produce 
acceleration  at  one  given  rate.    In  this  way  then  we  can  determine  the 
pressures  which  the  various  points  (or  molecules*)  of  the  system  are 
undezgoing;  and  this  determination  is  made  ift  terms  of  the  motion, 
that  is,  in  terms  of  the  velocities  and  accelerations  of  tne  molecules, 
the  pressures  being  derived  from  the  accelerations  by  reference  to  the 
known  masses  of  Qxe  molecules.     The  pressures  so  obtained  are  called 
effective  forces,  a  sufficient  and  expressive  name.    But  it  by  no  means 
follows  that  the  forces  applied  at  the  different  molecules  are  those 
which  are  effective  on  those  molecules.    Two  molecules  are  inseparably 
joined  by  a  rigid  bar  without  weight,  and  thrown  into  vacuous  space. 
If  these  molecules  were  thrown  separately,  each  would  describe  a 
parabola ;  but  as  the  case  stands,  the  centre  of  gravity  of  the  molecules 
describes  a  parabola,  and  the  bar  revolves  round  its  centre  of  gpravity 
[Tbanslatiok  and  Rotation]  :  the  effective  forces  are  very  diO'erent 
from  the  impressed  forces.      Now    D'Alembert's    principle    is    the 
expression  of  this  simple  law,  that/orce  is  never  lostf  nor  gained.     If  a 
force  applied  to  any  molecule  of  the  system  be  not  wholly  effective  on 
that  molecule,  the  part  which  is  not  effective  on  the  molecule  of 
application  is  effective  elsewhere ;  and  if  the  motion  gained  by  or  rate 
of  acceleration  shown  by  any  given  molecule  be  greater  than  is  due  to 
the  force  impressed  on  that  molecule,  some  other  molecule  of  the 
system  must  have  less  than  is  due  to  its  impressed  forcei    Thus  the 
motion  of  a  system  of  connected  molecules  involves  a  collection  of 
debtor  and  creditor  accounts,  the  balances  of  which  cannot  show,  when 
put  together,  the  smallest  amount  of  momentum  in  any  direction, 
except  what  the  system  either  had  at  the  beginning  or  has  received 
from  the  impressed  forces  during  the  motion.    The  consideration  of 
the  third  law  of  motion  [Motion,  Laws  of,]  would  make  such  a  result 
appear  extremely  probable,  if  not  necessary ;  but  a  specific  demonstra- 
tion of  the  truth  of  the  principle  can  be  given. 

Let  the  molecules  have  the  masses  m^,  m,,  &c.,  and  let  the  impressed 
forces  be  such  as,  in  their  directions,  would  give'the  rates  of  accelera- 
tion Pi,  p„  &c.,  if  these  molecules  were  free  and  unconnected.  Then 
[Force;  Mass;  Vabiation;  Velocitt]  m,Pi,  m^v^,  represent  the 
pressures  impressed,  on  the  condition  that  the  unit  of  pressure  is 
that  which  produces  a  unit  of  acceleration  in  the  unit  of  mass.  Let 
the  effective  pressures,  derived  from  the  velocities  in  the  directions 
of  the  oo-ordinates  of  x,  y,  and  s,  and  compounded  into  one  force 
for  each  molecule,  be  such  as  would  produce  the  rates  of  accele- 
ration Qj,  Qg,  &c. ;  so  that  the  effective  pressures  are  m^Q^,  m,  q,.  &c. 
When  two  forces  act  on  a  point,  either  is  equivalent  to  the  other 
with  a  certain  third  force ;  let  m^p^  be  equivalent  to  m^Q^  and 
m^  Bj ;  let  m^  P,  be  equivalent  to  m^  Q^  and  m^  Rj,,  and  so  on.  Then  the 
system  (p)   of  impressed  forces  is  equivalent  to  the  system  (q)  of 

*  A  molecQle,  in  geometrical  mechanics,  means  a  point,  endowed  with  the 
properties  of  a  masK  of  matter,  finite  or  infinitely  small,  as  the  case  may  be. 

t  Wo  here  exclude  friction  and  rcMistanceti,  but  only  on  account  of  our 
ignorance  of  the  action  of  theee  forces.  The  forces  lost  (that  i»,  lost  vith 
respect  to  the  system)  are  here  communicated  to  other  substances,  to  the  mass 
in  eontaot  or  to  the  air. 
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efTective  forces,  together  with  the  system  (r)  :  for  (p)  substitute  (q) 
and  (r),  and  the  eifect  upon  the  system,  in  the  infinitely  small  time 
following  the  moment  of  which  we  apeak,  is  what  it  would  have  been 
if  (p)  bad  continued.    But  that  effect  is  precisely  what  is  produced  by 
(q)  ;  for  (q)  was  nothing  but  the  pressures  necessary  to  pi  )duce  the 
actual  effect  of  which  we  are  speaking.    Therefore  (b)  has  no  effect, 
and  would  of  itself  equilibrate  the  system  :  to  suppose  that  (r)  would 
not  equilibrate,  or  would  produce  some  motion,  while  (q)  is  actually 
calculated  to  produce  all  that  is  to  take  place,  is  to  suppose  that  the 
syatem  will,  in  the  infinitely  small  time  next  ensuing,  have  another 
motion  besides  that  which  (q)  would  produce,  which  is  absurd.    Con- 
sequently (s)  is  a  system  of  equilibrating  forces,  which  is  expressed  by 
saying  that  the  forces  lost  and  gained  balance  one  another :   for  if 
m,Pj^,  the  force  impressed  on  m^  be  equivalent  to  ^iQi  suid  m^R^  of 
which  m^Qi  is  enough  to  produce  what  takes  place,  it  la  obvious  that 


wij^Rj,  so 


far  as  the  molecule  m^  is  concerned,  is  lost.     It  would  be 


^  in  the  directions  of  x,  y,  and 


2.  are 


(Px,      cPy,   _ 


and 


better  to  say  that  m^  b^  la  transferred,  and  that  all  the  forces  trans- 
ferred balance  one  another.  Again,  since  (b)  is  wholly  without  effect, 
it  follows  that  (?)  is  equivalent  to  (q);  or,  at  every  instant  of  the 
motion,  the  impressed  forces  are  a  set  of  equivalent  statical  powers 
'with  the  effective  forces :  so  that  if  either  set  were  applied  to  the 
system  at  rest,  and  also  the  opposites  of  all  the  forces  in  the  other  set^ 
there  would  be  equilibrium.  Or  the  impressed  forces  balance  the 
effective  forces  with  their  signs  changed.    Now  the  effective  forces  on 

d(^ 

similarly  for  the  rest ;  while,  if  we  decompose  the  rate  of  acceleration 
p J,  into  Zi>7i»  Zj,  in  the  directions  of  x,  y,  and  z,  the  impressed 
pressures  m  these  directions  are  m^x^,  m^Y^,  and  m^z^.  And  [Varia- 
tions, Calculus  of,]  to  distinguish  the  virtual  motion  wmch  the 
problem  of  equilibrium  requires,  from  the  actually  coming  motion 
in  terms  of  which  the  effective  forces  are  expressed,  we  may  use  Ix, 
instead  of  dx,  in  the  former,  and  so  on.  Hence,  changing  the  signs  of 
the  impressed  forces  and  combining  them,  so  chang^,  with  the 
effective  forces,  we  have^  for  the  fundamental  equation  of  e^^y 
dynamical  problem — 

Id^x        \  fd^y        \  (dht        \ 

From  which  are  obtained,  as  in  a  preceding  process,  the  following  six 
equations  of  motion,  abbreviating  d^x  :  dt^  into  x",  and  so  on — 

%(iMf')  «=  3(mx)        5{w(«^y-!^2)}  =  2{m(zy-T2)} 

3  (my")  =  2  (mT)        2  { m  (a/'2-  ^x)  j  =  2  {m  (X2— zj;)  } 

a(ma!")  «  2(mz)        %  {mJifx-'Siry))  =  2  {m(Ta:-xy)} 

These  equations  express  the  property  already  mentioned  FTbansla- 
tion],  namely,  that  the  centre  of  gravity  moves  as  it  would  do  if  all 
the  masses  were  collected  there,  and  all  the  pressures  applied  there. 
We  shall  merely  enumerate  the  steps  of  the  proof  of  this  proposition. 
The  co-ordinates  of  the  centre  of  gravity  being  x^  y^,  2^,  we  have  x^ 
2 in  =^  2  (mo;),  &c.,  whence  x^'^Zm  —  2 (ma;")  =  2(mx),  &c.,  which  are 
precisely  the  equations  for  the  motion  of  a  molecule  of  the  mass  2  m, 
and  to  which  the  force  Z(mx)  is  applied.  With  regard  to  the  initial 
velocity  which  ought  to  be  given  to  the  centre  of  gravity  when  the 
molecules  are   there   collected,  observe  that  a:o'=2(?/ix') -7- 2m  = 

{a  +  Zifmxdt)  }  -~  2m,  where  ▲  is  the  initial  value  of  2  {mxf). 

Consequently,  at  the  commencement  of  the  motion  xj  should  have  the 
same  value  as  2 (mo;')  -f-  2  m),  or  we  should  have  x^  2  m  =  2 (mo/)  at  the 
outset;  that  is,  the  momentum  of  the  collected  mass,  in  the  direction 
of  X,  should  be  the  same  as  the  sum  of  the  momenta  of  the  molecules 
in  the  system,  and  the  same  of  the  other  co-ordinates.  Again,  let  |,  17, 
If,  be  the  co-ordinates,  referred  to  the  centre  of  gravity,  of  the  point 
whose  original  co-ordinates  are  x,  y,  z. 

We  have  then  a;  =  a;^  -h  |,  y  =  y^  +  ij,  z  =  a^  +  f ;  also  2.m|  =  0^2m7; 
a  0^  2  7n  C  ==  0*    Substitution  gives 

2{m(2"y-y"2)}  =  yo2mz-i^;8mT  +  2{m(rij-ij''0} 

=  2{mz(yo+ii)-mY(2o-fO} 
whence  2  {m(Cl-V'C)}  =  2  {m(zii-Tf)} 

which,  with  the  two  other  equations  similarly  deduced,  are  precisely 
those  which  would  determine  the  motion  if  the  centre  of  gravil^  were 
fixed  and  the  forces  then  applied.  We  must  refer  to  works  on  the 
subject  for  further  development  of  these  conditions,  and  shall  proceed 
to  cases  more  illustrative  of  the  principle  under  consideration. 

Among  the  virtual  motions,  one  of  course  is  the  motion  the  system 
is  actually  about  to  take.  In  this  case  dx  ia  dx,  Sk,,  and  the  funda- 
mental equation  becomes 

2{m  {x^'dx  +  y^'dy  -k-  2"cfc)}  =  2{m(xcfa;  -f-  yrfy  -f-  zdz)\. 

Now  the  first  side  of  this  equation  is  nothing  but  the  differential 
with  respect  to  the  time  of  J 2  •{m(x'^-|-y^  +  2'-)  J,  or  42 mr^,  v^,  r.^,  &c., 

being  the  actual  velocities  of  the  molecules  at  the  end  of  the  time  U 

Hence  we  have 

« 

2TOI;'  =  a  +  2  [  m/{i.dx  +  Trfy  +  zdz)  \ 


where  A  is  the  value  of  2  m  r^  at  the  commencement  of  the  motion, 
and  the  integral  also  begins  at  that  commencement.  Suppose  the 
system  to  be  at  rest  at  the  commencement  of  the  motion,  then  a  =  0, 
since  each  of  the  incipient  velocities  is  nothing ;  consequently  at  the 
end  of  the  first  infimtely  small  element  dt,2mv^  has  changed  from 
0  to  tn{xdx+Ydy-{-zdz).  But  this  is  precisely  the  sum  of  the 
moments  of  the  impressed  forces  in  the  princi|de  of  virtual  velocities ; 
and  2mt;*  being  m^  v^^-\-m^v^*+  &c.,  must  be  a  positive  quantity. 
Hence  the  sum  of  the  moments  must  be  positive,  for  the  virtual 
motion  which  the  system  actually  tends  to  take:  and  this  is  the 
principle  of  which  we  have  forestalled  the  use  in  completing  the  cor- 
rect enunciation  of  the  principle  of  virtual  velocities,  lids  might 
be  suspected  beforehand  from  the  following  consideration  : — The 
forces  which  have  positiye  moments  are  those  which  tend,  ao  far  as 
they  go,  to  produce  the  virtual  motion  in  question ;  and  those  which 
have  negative  motions  to  hinder  it.  Whatever  motion  the  system 
tak^,  it  must  be  one  in  which  the  forces  tending  to  produce  that 
motion  predominate  over  those  which  tend  to  hinder  it :  or  the  forces 
with  positive  momenta  must  have  those  moments  together  larger  than 
the  forces  with  negative  moments. 

The  choice  which  the  system  ♦  makes  among  all  the  virtual  motions, 
in  which  to  begin  its  motion,  is  that  in  which  the  sum  of  all  the 
momenta  of  the  forces  is  a  maximum,  in  the  sense  which  will  pre- 
sently  be  explained.  Since  every  motion  of  a  system  call  be  reduced 
to  a  translation  of  the  centre  of  gravity  and  rotation  round  an  axis 
passing  through  that  centre,  let  us  reduce  the  virtual  motion  to  termA 
of  the  motion  of  and  round  the  centre  of  gravity.  If  2mz,  ftc.,  be 
p,  Q,  B,  and  if  2{m  (zy—Tz)  |  &c.,  be  L,  M,  n,  it  foUows  from  what  haa 
been  shown  respecting  the  motion  of  this  centre  that  its  first  direction 
of  translation  (the  system  starting  from  rest)  is  such  that  dx^,  dy„  dz^ 
are  in  the  proportion  of  p,  q,  b,  and  that  the  axis  round  which  the 
system  begins  to  turn  makes  angles  with  the  axes  of  x,  y,  and  2,  whose 
cosines  are  in  the  proportion  of  L,  M,  and  N.  Now  suppose  any  motion 
of  and  round  the  centre  of  gravity,  and  returning  to  the  expressions 
in  which  the  sum  of  the  moments  is  given  in  terms  of  those  motions, 
observe  that  we  must  write  mx  for  x,  &c.,  because  the  pressures  are 
now  represented  by  mx,  &c.,  which  were  then  represented  by  X,  &c. 
Moreover  2o2mT— yo2mz,  and  the  other  terms  corresponding,  all 
vanish,  because  2o==2mz-;-2m,  ftc.  We  hare  then  for  the  sum  of  the 
moments, 

vdxQ  -f  qdy^  -h  B(£b  +  (l  cos  ^  -h  m  oos  m  +  n  oos  i')  (2fi 

Let  the  displacement  of  the  centre  of  gravity  be  d »,  we  hare  then 
<i  w  =  y/{dx^ +dy^+ dz^).  Now  the  theorem  la,  that  for  given  values 
of  du  and  d4>,  for  a  given  amount  of  translation  and  rotation,  the 
direction  of  translation  and  the  position  of  the  axia  of  rotation,  in  the 
virtual  motion  which  the  initial  effect  of  the  forces  actually  causes,  are 
such  as  to  make  the  preceding  expression  a  TnaTimnm. 

First,  it  must  be  shown  by  the  common  methods  that  for  a  con- 
stant value  of  p'  +  g'+r',  the  expression  Ap  -f- Bg -t- or,  if  then 
potitive,  ia  a  maximum  when  p,  q,  r  are  in  the  proportion  of  a,  d,  0. 
Now  in  the  actual  motion  of  the  system,  Tdx^  +  QdyQ+tidzQ, 
and  (l  cos  A.  +  &c.)  d  f,  are  positive  quantities  .;  for  the  first  is  the 
initially  obtained  value  of  |2mt^  when  the  system  is  all  collected 
in  the  centre  of  gravity  and  all  the  forces  are  then  applied  : 
and  the  second  is  the  same  when  the  centre  of  gravity  ib  fixed  and  the 
system  bogins  to  move  about  it.  And  since  the  variables  of  the  first 
and  second  are  entirely  independent  of  each  other,  the  sum  of  the  two 
is  a  maximum  when  each  separately  i^  a  maximum.  In  the  first  dx^^  + 
ftc,  is  a  constant,  being  du^,  and  therefore  the  first  is  a  maximum 
when  dXfy,  dy^,  and  dz^  are  in  the  proportion  of  p,  Q,  n.  But  in  the 
second,  cos'x -fcos-fi +  cos*i'«l,  whence  the  second  is  a  maximum 
when  cos  X,  cos  /ti,  cos  p  are  in  the  proportion  of  l,  m,  nt.  But  these 
two  sets  of  conditions  put  together  precisely  represent  the  motion 
which  at  the  outset  the  system  does  take  from  the-  impressed  forces. 
Whence  the  theorem  Ib  true,  as  asserted. 

We  may  now  treat  the  exception  of  which  we  have  spoken  in  a 
preceding  part  of  this  article.  Suppose  that  the  moments  in  all  the 
directions  in  which  the  system  can  move  are  equal,  or  else  that  there 
is  among  them  a  set  which  are  equal,  and  each  of  them  greater  tlian 
any  of  the  rest  Which  of  all  the  virtual  motions  having  these 
moments  is  the  system  to  take!  It  cannot  prefer  either,  and  will 
remain  in  equilibrium.  As  an  instance,  let  the  end  of  a  string  be 
attached  to  a  oorre  on  which  it  can  slide  freely,  while  th«  string  sup- 


ports a  weight    Let  the  curve  have  a  cusp  pointing  upwards,  with  its 
tangent  vertical,  and  let  the  end  of  the  string  be  placed  at  the  cusp,  as 

*  We  confine  oaraelyeB  here  to  a  rigid  sjBtem,  thoagh  the  proposition  is  tme 
universally.    But  the  universal  proof  would  be  too  long. 
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in  the  diagram.  There  will  be  equilibrium,  but  the  principle  of  virtual 
velocitiea  will  not  be  true,  even  in  the  extended  form  which  we  have 
used.  The  moments  belonging  to  the  two  possible  motions  are  posi- 
tive, but  they  are  equaL    On  which  side  is  the  descent  to  take  place  ? 

The  mathematician  has  a  warning  in  such  cases,  which  may  be  easily 
and  briefly  expressed.  The  expression  2P(2p,  before  it  is  used,  requires 
that  the  quantities  p^,  p^,  Ac.,  should  be  reduced  to  the  smallest  nimi- 
ber  of  independent  variables.  Let  9x)  ?2  •  •  *  ^  these  variables,  and  let 
the  sum  of  the  moments,  when  reduced  to  terms  of  these  variables,  be 
Qydqx  +  &c.,  or  2qdq,  The  principle  is  then  intelligible  when,  for  all 
the  virtual  motions,  dp^,  dq^,  kc,  have  finite  ratios  to  one  another. 
But  if  there  be  any  position  in  which  for  a  certain  virtual  motion  one 
or  more  of  the  set  cfp^,  dp^  &c.,  become  infinite  with  respect  to  Uiose 
of  the  set  dq^,  dq^,  &c.,  the  equation  becomes  incapable  of  being  used. 
For  if  we  take  the  actual  virtual  vdocitiet,  and  attempt  to  reduce 

2Q  -?  to  its  equivalent  2p  J?, 
dt  dt 

the  first  side,  which  may  be  made  finite,  is  equated  to  an  expression 
in  which  infinite  terms  occur,  which  is  always  a  warning  to  expect 
the  possibility  of  cases  of  exception.  Circumstances  of  this  sort  have 
never  received  sufficient  investigation,  and  in  all  probability  there  are 
numerous  varieties  of  the  cases  of  equilibrium  which  arise  out  of  them, 
and  which  cannot  be  treated  by  the  ordinary  principle.  So  much  we  may 
certainly  say,  that  if  there  be  different  virtual  motions  with  the  sums 
of  the  moments  positive  and  maxima,  either  there  must  be  equilibrium, 
or  the  test  for  determining  which  of  the  motions  will  ensue  is  wholly 
imknown. 

On  the  history*  of  virtual  velocities,  there  is  not  much  to  say. 
Guido  Ubaldi  saw  it  in  some  cases,  Galileo  in  some  others;  WalUs 
adopted  it  as  a  principle,  and  after  him  John  Bernoulli,  who  gave  it  in 
the  most  general  form.  Lagrange  made  it  the  foundation  of  his 
'  M^canique  Analy tique,'  and  since  his  time  it  has  formed  part  of  every 
well-constituted  treatise  on  mechanics.  It  was  in  the  'M^canique 
Analytique'  that  the  principle  given  by  D'Alembert  was  first  joined  to 
that  of  virtual  velocities  in  such  a  manner  as  to  give  the  science  of 
dynamics  its  present  uniformity  of  system. 

VIS  INERTIA.    [Inertia.] 

VIS  VIVA,  or  living  force,  a  name  given  in  mechanics  to  the  fol- 
lowing index  of  the  state  of  a  system  in  motion :— the  sum  of  all  the 
masses,  each  multiplied  by  the  square  of  its  velocity.  If  the  system 
be  considered  as  composed  of  a  finite  number  of  molecules,  the  vis  viva 
may  be  expressed  by  the  symbol  2mv* ;  but  if  it  be  a  continuous  mass, 

or  a  collection  of  continuous  masses,  hyfi^dm,  or  ^f^din.    It  is 

enough  that  the  mass  of  every  particle  be  found  in  the  expression, 
multiplied  by  the  square  of  its  velocity. 

In  the  article  Virtual  Velocitibb  we  see  the  equation — 

awr*  «  ^mj  (xda;  -J-  xdy  -»-  zdg), 

the  integral  being  taken  for  each  molecule  over  the  whole  path  which 
it  has  described  since  the  b^pnning  of  the  motion. 

Presuming  a  knowledge  of  the  article  cited,  we  may  describe  the  vis 
viva  thus : — Dividing  the  whole  motion  of  the  system,  from  the 
beginning  to  the  time  under  consideration,  into  an  infinite  number  of 
infinitely  small  changes  of  place,  each  of  those  changes  is  one  of  the 
virtual  motions  which  come  under  consideration  in  the  principle  of 
virtual  velocities.  And  each  motion  has,  generally  speaking,  its  con- 
trary ;  and  one  of  these  two  the  system  would  tend  to  take,  and  to 
refuse  the  other,  if  its  motion  were  for  an  instant  restricted,  so  that  it 
could  only  choose  between  those  two.  The  one  which  it  would  tend 
to  take  is  that  for  which  2  m  (x  d  a:  +  &o.)  is  positive.  Now,  it  appears 
in  the  preceding  equation  that  whenever  the  infinitely  small  motion 
which  IB  taking  place  for  the  time  being  is  that  which  (when  restricted 
as  above)  the  system  would  take,  the  vis  viva  is  receiving  increase; 
when  that  which  it  oould  not  take,  decrease.  And  the  via  viva  is  the 
lolance,  so  to  speak,  of  all  the  sums  of  moments,  each  with  its  proper 
sign,  added,  also  with  its  proper  sign,  to  the  vis  viva  at  the  beginning 
of  the  motion.,  [Physical  Forcb,  Conservation  op.] 

The  preceding  equation  is  sometimes  said  to  express  the  principle  of 
the  WMervoiwn.  of  vis  viva,  which  is  to  be  understood  thus :  tiie  system 
never  acquh-es  nor  loses  any  quantity  of  vis  viva  from  the  action  of  its 
parts  upon  each  other,  but  only  from  the  action  of  external  forces.  If 
after  a  certain  time  all  external  forces  cease,  from  that  moment 
2m  {x.dx  +  &c.)  is  =  0,  or  (£  (2m«3)  =  0,  or  2mi^  remains  constant. 

Another  remarkable  property  of  the  vis  viva  is,  that  in  all  the  cases 
which  occur  in  nature,  the  amount  of  vis  viva  acquired  in  passing  from 
one  position  to  another  depends  only  on  the  co-ordinates  which  settle 
the  initial  and  final  positions.  If  x,  &c.,  be  fimctions  of  co-ordinates 
only,  it  generally  happens  that  xdx  +  Ydy  +  zdziBan  integrable  func- 
tion, and  depends  on  co-ordinates  only.  But  the  force  of  this  result  is 
not  easily  seen  by  the  beginner. 

At  the  end  of  the  17th  century  a  remarkable  discussion  took  place 
on  the  question  of  the  mechanical  interpretation  of  the  vis  viva. 

*  On  this  point,  and  nuny  others  connected  with  the  history  of  mechanics, 
the  reader  will  find  specific  accounts  and  valuable  references  in  Walton's 
*  CoUeotion  of  2^blenit  on  Theoretical  Meehanios,' 


Leibnitz  firet  gave  this  name :  he  considered  force  -when  it  produces 
motion  as  vw  viva,  or  living  force;  but  when  it  is  equilibrated,  he 
called  it  vis  mortua,  or  dead  force;  and  he  measured  the  effect  of  living 
force  by  the  mass  multiplied  into  the  square  of  the  velocity.  To  take 
the  simple  case  which  was  mostly  appealed  to : — If  two  equal  weights 
be  thrown  up  in  vacuo,  the  one  with  a  velocity  double  that  of  the 
other,  it  is  well  known  that  the  one  will  rise,  not  ttrice,  but  four  times 
as  high  as  the  other :  accordingly,  Leibnitz  considered  that  the  force 
whi(£  produces  the  double  velocity  is  four  times  as  effective  as  the 
other  force.  Various  other  instances  were  produced  in  which  the 
duplication  of  the  velocity  is  the  quadruplication  of  the  efiTect  pro- 
duced. It  was  accordingly  argued  that,  for  a  given  masa,  the  square 
of  the  velocitv  is  the  proper  measure  of  the  force  necessary  to  destroy 
or  to  create  vie  velocity.  But,  on  the  other  hand,  it  was  very  well 
known  that,  whatever  might  be  adopted  as  the  measure  of  force,  it  was 
certain  that  pressures  were,  cattris  paribv/s,  proportional  to  the  simple 
velocities  produced  by  them  in  a  given  time.  John  Bernoulli  adopted 
the  opinion  of  Leibnitz,  which  was  opposed  by  various  other  contempo- 
raries; and  the  controversy  (the  history  of  which  may  be  seen  in 
Montucla)  continued  until  the  publication  of  D'Alembert's  work  on 
dynamics,  in  which  the  question  was  treated  as  being  purely  one  of 
words. 

It  was  objected  to  the  opinion  of  Leibnitz,  that  though  the  double 
velocity  would  give  four  times  the  ascent,  it  ought  not  to  be  forgotten 
that  it  required  twice  the  time :  so  that  in  a  given  time  double  the 
velocity  would  produce  only  double  the  ascent,  one  part  of  the  ascent 
with  another.    This  argument  was  never  satisfactorily  answered ;  and 
while  we  cannot  help  thinking  that  it  ought  to  have  been  decisive  oi 
the  question,  we  draw  from  it  a  conclusion  different  from  that  of 
D'Alembert ;  we  cannot  think  the  dispute  a  mere  question  of  words. 
It  must  be  granted  that,  for  all  purposes  in  which  time  is  not  an  ele- 
ment, the  measure  of  the  effect  of  a  force  may  be  the  square  of  the 
velocity,  as  exemplified  in  the  instance  cited.    But  when  is  it  that  a 
mechanical  effect  can  be  properly  estimated  without  reference  to  the 
time  in  which  it  is  produceid  ?    The  definition  of  the  words  measure 
and  effect  may  thus  without  doubt  be  accommodated  either  to  the  idea 
of  Leibnitz  or  of  his  opponents ;  and  those  who  disputed  on  the  ques- 
tion without  requiring  exact  definitions  might  degenerate  into  a  mere 
question  of  words.    But  it  ought  to  have  been  a  question  as  to  what 
was  the  proper  meaning  of  the  word  effect,  in  the  fundamental  phrase 
"  effect  of  a  force,"  the  proper  explanation  of  which  must  precede  all 
good  reasoning  in  mechanics.    If  pressure  be  defined  as  that  which 
produces  a  certain  effect  [Prjsssure]  on  our  senses,  undoubtedly  it  is 
a  known  fact  that  uncoimteracted  pressure  produces  motion ;  but  it  is 
only  when  allowed  to  act  for  a  finite  time  :  consequently,  the  element 
of  time  is  as  essential  to  the  conception  of  the  phenomenon  as  tliat  of 
pressure  or  motion.    Height  in  a  rectangle  gives  area ;  but  it  would 
not  therefore  be  allowable  to  measure  that  area  by  the  height ;  for 
there  must  be  a  base,  or  there  is  no  rectangle  at  alL    But  if  pressure 
be  merely  considered  as  the  cause  of  motion,  and  called  force  in  that 
sense,  it  is  very  difficult  to  see  why  the  cause,  which  is  only  known  by 
the  effect,  is  to  be  measured  by  anything  but  the  simple  effect    Pro- 
bably this  discussion  gave  rise  to  the  chapter  of  the  '  M^canique 
Celeste/  in  which  Laplace  speculates  upon  what  the  laws  of  motion 
would  have  been  if  force  had  been  as  a  function  of  the  velocity,  instead 
of  as  the  simple  velocity.     We  have  never  met  with  any  one  who 
could  give  us  an  intelligible  account  of  the  meaning  of  this  investi- 
gation. 

VISCIN.      [BlRDLIMK.] 

VISCOUNT,  the  name  of  a  dignity  which  ranks  fourth  in  the 
I>eerage,  immediately  above  that  of  baron.  It  is  the  most  recent 
English  title,  having,  it  is  said,  its  origin  in  the  time  of  Henry  VI., 
who,  in  1440,  created  by  lettere  patent  John,  Lord  Beaumont,  Viscount 
Beatunont.  In  Scotland  the  title  of  Viscount  was  first  granted  by 
James  VI. 

Camden  observes  that,  although  this  is  a  new  title  of  dignity,  yet  it 
is  an  ancient  one  of  office :  viscount,  vicecomes,  the  deputy  of  tlie 
count  or  earl,  is  the  Latin  name  for  the  sheriff  of  a  county  [Sheriff], 
an  office  in  ancient  times  held  by  persons  of  the  highest  rank.  Whether 
the  title  of  viscount  was  suggested  by  that  office  it  is  difficult  to  say; 
but  Spelman  mentions  that  William  the  Conqueror  made  Baldwin 
hereditary  Viscount  (vice-comitem)  of  Devon  and  Baron  of  Okehampton; 
and  "  he  made  Ureus  or  Urso  Abtot  viscount  of  Worcester,  but  Roger 
his  son  was  deprived  of  the  title  by  Henry  I.,  because  he  had  killed  a 
certain  servant  of  the  king ;  the  office,  however,  was  transferred 
through  his  sister  to  the  Beaumonts."  Spelman  seems  in  these  passages 
to  consider  this  title  as  one  of  dignity  before  Henry  VI.'s  time,  and  as 
having  been  distinct  from  that  of  sheriff :  in  the  firat  instance  he  joins 
it  to  the  title  of  baron  and  gives  it  precedence ;  in  the  second,  he  treats 
the  Beaumonts,  who  are  usually  deemed  the  fint  viscounts,  as  oiily 
restored  to  a  title  which  had  been  in  abeyance  or  forfeited  for  three 
centuries.  In  the  British  peerage,  in  1861,  tiiere  were  22  viscounts; 
and  there  were  41  Irish  viscounts,  of  whom  10  held  British  peerages 
also,  with  5  Scotch  viscounts,  of  whom  8  held  British  peerages. 

(Spelman,  title  Vice-coines,  nomen  dignitatis;  Camden's  BriUmtM 
(Gough's),  i.,  cxciv. ;  2,  299  ;  4,  24.) 

VISHN'U  (from  wV,  "to  enter,"  or  "to  pervade")  occupies  the 
second  place  in  the  Trim<lrtti,  or  Triad  of  the  Hindus^  and  is  the 
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personification  of  the  preserving  principle.  There  is  no  doubt  that  his 
worship  la  of  a  very  ancient  date ;  but  at  the  same  time  it  ia  evident 
that  it  has  experienced  successive  and  considerable  changes,  and  that 
the  fomos  under  -which  Vishn'u  is  now  worshipped  in  India  are  far  from 
being  authorised  by  the  ancient  scriptures  of  the  Hindus.  (For  his 
place  among  Yaidik  deitira,  see  Veda.) 

There  is  no  trace  of  Vishn'u  or  anything  relating  to  him  in  the 
Institutes  of  Manu,  although  the  allusions  which  are  made  to  idolaters 
and  the  worship  of  inferior  gods  (book  iii.,  v.  152, 164)  might  possibly 
have  some  reference  to  him  also.  However,  we  might  be  led  to  expect 
that  more  notice  would  have  been  taken  of  him  by  Manu,  since  the 
two  heroic  poems,  the  Mahftbh&rata  and  the  RAm&yan'a,  which  are 
generally  behoved  to  belong  to  the  same  period  of  Hindu  literature  as 
the  Dharmma-S'&stra,  or  Institutes,  have  for  their  subjects  two  of  the 
latest  incarnations  of  this  god,  who  therein  assumes  the  attributes  of 
the  one  supreme  god.  He  is  stated  to  have  appeared  before  the  other 
celestials,  and  to  have  agreed,  at  their  humble  request,  to  become  man 
for  the  purpose  of  destroying  the  demon  RAvan'a  [Sanskrit  Language 
AND  Literature],  and  to  remain  incarnate  among  men  for  the  space 
of  eleven  thousand  years  in  order  to  protect  the  world  after  saving  it 
('  Rdm&yan'a,'  book  i.,  sect,  xiii,  s'L  23.)  The  Mah&bh&rata  relates 
the  exploits  of  Vishn'u  as  Krishna;  and  the  Hari-Vansa,  a  sort  of 
supplement  to  that  poem,  details  his  genealogy,  and  a  -wriety  of 
legends  exalting  his  power  and  recommending  his  worship.  From  the 
numerous  allusions  which  these  poems  make  to  the  other  Avatdras, 
descents  or  incarnations  of  Vishn'u  (' R&m&yan'a,'  L,  xxiv.  22 ;  xxvii.  2; 
IxviL  15,  &c.),  we  may  safely  conclude  that  at  the  time  of  their  compo- 
sition his  history  had  already  been  brought  into  a  system,  where  the 
miraculous  deeds  which  he  performs  seem  calculated  to  csil  forth  the 
special  adoration  of  the  Hindus. 

T*he  order  in  which  these  different  Avatdras  are  siipposed  to  have 
taken  place  is  by  no  means  fixed,  and  the  discrepancy  in  the  different 
authorities  with  regard  to  Vishn'u's  actions  on  earth  is  sometimes  very 
great.  The  '  Vishn'u  Purana,  a  System  of  Hindu  Mythology  and 
Tradition,*  translated  by  the  late  H.  H.  AVilson,  and  published  in  1840, 
contains  a  full  account  of  them.  The  last  Avatdr  is  yet  to  come. 
These  Avatdrs,  there  can  be  little  doubt,  represent  some  physical  force 
or  power.  Professor  Max  Miiller,  in  his  paper  on  *  Comparative 
Idyuiology,'  published  in  the  '  Oxford  Essays'  in  1856,  has  shown, 
from  plnlological  deductions,  that  much  of  the  early  mythology  of 
most  nations  has  been  formed  from  "the  absence  of  merely  auxiUary 
words ; "  and  that  "  there  are  many  mythes  in  Hesiod,  of  late  origin, 
where  we  have  only  to  replace  a  full  verb  by  an  auxiliary  in  order  to 
change  mythical  into  logical  language."  But,  he  observes,  the  Puranas 
offer  no  assistance  to  the  comparative  mythologist.  "  The  stories  of 
S'iva,  Vishn'u,  Mahddeva,  Pdrvati,  Kali,  Krishna,  &c.,  are  of  late 
growth,  indigenous  to  India,  and  full  of  wild  and  fanciful  conceptions." 
Still,  as  the  believers  in  Vishn'u  are  numerous  in  India,  it  may  be 
interesting  to  give  a  slight  sketch  of  the  various  sects.  First,  we  must 
state  that  Vishn'u's  heaven  is  called  Vaikun't'a ;  for  a  description  of 
which  we  refer  to  the  first  volume  of  Ward's  '  View  of  the  Religion, 
Literature,  &c.,  of  India.' 

His  names  are  as  numerous  as  those  of  S'iva,  and  may  be  found 
enumerated  in  the  Krlshn'a-ndmasahaaram,  or  "  the  thousand  names  of 
Krishn'a  ;"ithey  are  also  partly  given  in  the  Amarakosha  (i.  i.  1.),  and 
of  these  we  shall  adduce  those  which  occur  most  frequently,  and  are 
sometimes  the  cause  of  a  good  deal  of  confusion.  They  are  Kes'ava, 
D&modara,  Hrishikes'a,  M&dhava  and  Madhuripu,  Jandrddan'a,  Achyuta^ 
Govinda,  Padmandbhi,  Vdsudeva,  Trivikrama,  Purushottama,  &c. 

By  his  wife  Lakshml,  the  goddess  of  beauty,  he  had  K&ma  or 
Manmatha,  the  god  of  love.  The  Pur&n'as,  which  are  the  text-books 
for  the  Vaishn'avas,  are  the  Vishn'u,  Ndradiya,  Bhdgavata,  Gdrud'a, 
Pddma,  and  Var&ha,  which  are  called  S&twika,  or  pure  and  true. 

Sects  of  Vaishn^avcu. — The  first  authentic  records  we  have  of  the 
different  worshippers  of  Vishn'u  date  from  the  8  th  or  9th  century  of 
our  era.  At  that  time  the  two  great  divisions  of  Vaishn'avas  and 
S'aivas  were  in  a  flourishing  condition,  and  each  embraced  six  sub- 
divisions; those  which  belonged  to  the  Vaishn'ava  faith  are  the 
following : — 

1.  The  BhSktaSj  who  worshipped  Vishn'u  as  Vdsudeva,  and  wore  no 
sharacteristic  marks ;  their  worship  was  that  of  the  one  supreme  lord 
of  the  universe. 

2.  The  Bhdf/avatas,  who  thus  called  themselves  from  a  name  of 
Vishn'u,  and  impress^  upon  their  persons  the  Vaisltn^ava  insignia, 
representing  the  discus,  club,  conch,  &;c.,  of  their  divinity.  But  they 
had  an  admixture  of  superstition  in  their  religious  creed,  and 
reverenced  the  Ttdast  plant  and  the  Sdlai/rdma  stone,  of  which  more 
will  be  said  hereafter.  The  authorities  \>f  both  these  sects  were  the 
Upanishads  and  the  Bhagavad-Qltd. 

3.  The  Vaitknaraa  differed  only  from  the  preceding  sect  by  pro- 
mising themselves  a  sort  of  sensual  paradise  after  death  in  Vaikun't'a. 

4.  The  Panchardtrakaa,  who  worshipped  the  female  personifica- 
tions of  Vishn'u. 

Besides  these  there  were,  5,  the  VaMdnas'aSf  and,  6,  the  Karmma- 
htndSf  who  abstained  from  all  ritual  observances. 

These  six  sects,  of  which  some  have  disappeared,  have  given  rise  to 
about  twenty  different  schools,  which  for  the  greater  part  exist  to  this 
day.    Amongst  other  divisions  of  less  importance,  the  Vaishn'avas  are 


usually  distinguished  into  four  principal  Sampradftyos,  or  sects,  of 
which  the  most  ancient  and  respectable  is  the  S'ri  Sampraddya, 
founded  by  the  Vaishn'ava  reformer  Kdmdnuja  Achdrya,  who  lived 
about  the  middle  of  the  12th  century.  The  establishments  of  the 
Jtdmdnujtyda  are  still  numerous  in  the  Deccanr,  and  the  same  country 
comprehends  the  site  of  the  Gaddi,  or  the  pillow-seat  of  the  primi- 
tive teacher ;  his  spiritual  throne,  to  which  his  disciples  are  success- 
ively elevated;  and  this  circiunstance  gives  a  superiority  to  the 
Achdryas  of  the  south  over  those  of  the  north  of  India.  The  worship 
of  this  sect  is  addressed  to  Vishn'u  and  to  Lakshml,  and  their 
respective  incarnations,  either  singly  or  conjointly;  and  this  causes 
many  subdivisions  according  as  these  Vaishn'avas  adore  either  Ndrd- 
yan'a  or  Lakshml,  or  Lakshml  Nardydn'a,  or  Rdma  or  Sitd,  or  SitA- 
Rdma,  &C.  Images  of  metal  or  stone  are  usually  set  up  in  the  houses 
of  the  private  members  of  this  sect,  which  are  daily  worsliipped,  and 
the  temples  and  dwellings  are  all  decorated  with  the  Sdlagrdma  stone 
and  the  Tulasl  plant.  A  peculiarity  of  this  sect  is  that  they  always 
cook  for  themselves^  and  observe  the  most  scrupulous  privacy  m  eating 
their  meals. 

The  chief  ceremony  of  initiation  in  all  Hindu  sects  is  the  com- 
munication by  the  teacher  to  the  disciple  of  the  Mantra,  which 
generally  consists  of  the  name  of  some  deity,  or  a  short  address  to  him. 
It  is  communicated  in  a  whisper ;  that  of  the  Rdmdnuja  sect  is,  Om 
Rdmdya  namah,  that  is,  Om  Salutation  to  Rdma ! 

The  Hindu  sects  are  usually  discriminated  from  each  other  by 
various  streaks  (BhaktichchheeUi)  on  their  faces,  breasts,  and  arms ;  for 
this  purpose  all  the  Vaishn'avas  employ  a  white  earth  called  Oopt- 
chandana,  which  should  be  brought  from  Dwdrakd,  it  being  said  to  be 
the  soil  of  a  pool  at  that  place,  in  which  the  Gopis  drowned  them- 
selves when  they  heard  of  Krishn'a's  death.  (This  word  means  the 
**  sandal- wood  of  the  Gopis,"  and  is  nothing  but  a  kind  of  calcareous 
clay.)  The  followers  of  Rdmdnuja  have  for  their  authorities  the  S'H 
Bhdihya,  the  GUa-BhAthya^  the  Veddskt'a-Sanffraha,  and  the  eight 
Sdtwika  Purdn'as ;  besides  numerous  other  works  which  are  still  cur- 
rent in  various  parts  of  India.  The  doctrine  contained  in  these 
books  is  called  the  "  Vis'isht'ddwaita,"  or  doctriue  of  unity  with 
attributes;  for  although  the  Rdmdnujas  maintain  that  Vishn'u  and 
the  universe  are  one,  yet,  in  opposition  to  the  Veddnta  school  of 
philosophy,  they  deny  that  the  deity  is  void  of  form  or  quality,  and 
regard  him  as  endowed  with  all  good  qualities,  and  with  a  twofold 
form — the  supreme  spirit,  Paratndtmd,  or  cause,  and  the  gross  one,  the 
effect,  the  universe :  and  in  these  assertions  they  are  followed  by  most 
of  the  Vaishn'ava  sects. 

The  members  of  this  sect  are  in  the  north  of  India  called  S'ri- 
Vaishn'avas,  and  are  decidedly  hostile  to  the  S'aivas ;  nor  are  they  on 
friendly  terms  with  those  Vaishn'avas  who  worship  Krishn'a,  although 
they  acknowledge  that  deity  to  be  an  incarnation  of  Vishn'u. 

Towards  the  end  of  the  thirteenth  century  of  our  era,  Ramdnanda, 
originally  one  of  the  earliest  teachers  of  the  tenets  professed  by  the 
preceding  sect,  retired  from  the  society,  and  established  a  schism  of  his 
own  at  Benares.  The  principal  object  of  worship  of  Ramdnanda's 
followers  is  Vishn'u  as  Rdmachaudra  :  they  of  course  reverence  also 
the  other  Avatdras,  but  they  maintain  the  superiority  of  Rdma  in  the 
present  or  Kali  yuga ;  hence  they  are  collectively  known  as  Rdniavats, 
They  also  reverence  the  Sdlagrdma  stone  and  the  Tulasi  plant,  and 
their  forms  of  worship  correspond  with  those  of  the  Hindus  in  general ; 
but  some  mendicant  members  of  the  sect  consider  all  forms  of  adora- 
tion superfluous,  beyond  the  incessant  invocation  of  the  name  of 
Kridhn'a,  and  Rdma.  They  are  known  as  Vairdgit  or  Viraktas.  There 
are  many  subdivisions  of  this  school,  which  it  would  be  tedious  to 
enumerate. 

A  sect  of  great  influence,  to  which  the  most  opulent  part  of  the 
population  of  India  belong,  is  that  of  the  Rudra-Sampraddya,  or 
Vallabhdchdris.  They  attach  themselves  to  the  worship  of  Krishn'a 
and  his  mistresfi  Radhd,  one  of  the  Gopis  of  Vrmdavana,  either  singly 
or  conjointly.  There  is,  however,  another  form  which  is  more  popular 
still,  idthough  much  interwoven  with  the  other.  This  is  the  Bdla 
Gopdla,  or  the  Infant  Gopdla  (Cowherd — ^a  name  of  Krishn'a),  the 
worship  of  whom  is  very  widely  diffused  amongst  all  ranks  of  Hindu 
society,  and  which  originated  with  the  founder  of  the  Rudra  Sam- 
praddya, Vallabha  Achdrya.  The  worship  of  Krishn'a  as  one  with 
Vishn'u  dates  evidently  from  the  Mahd-Bhdrata,  and  his  juvenile 
forms  are  brought  pre-eminently  to  notice  in  the  account  of  his 
infancy  in  the  Vishn'u  and  other  Purdn'as ;  but  none  of  these  works 
discriminate  him  from  Vishn'u,  nor  do  they  recommend  his  infantine 
or  adolescent  state  to  peculiar  veneration.  Eight  times  a  day  ceremo- 
nial worship  is  paid,  and  the  procession  of  Juggandtha  is  (or  was)  held 
in  his  honour.  The  most  popular  festival  at  Benares  is  the  Janamash- 
tami,  the  nativity  of  Krishn'a,  on  the  eighth  day  of  Bhadra  (August). 
Another  is  the  Rdsa-ydtra,  or  annual  commemoration  of  the  dance  of 
the  frolicksome  deity  with  the  sixteen  Gopis.  This  last  is  a  very 
popular  festival,  and  is  celebrated  with  the  greatest  solemnity. 

The  Brahma  Sampraddya  is  a  sect  instituted  in  the  south  of  India 
by  Mddhava  Achdrya,  who  was  born  in  the  Saka  year  1121  (a^d.  1199). 
The  doctrine  of  the  members  of  this  sect  is  similar  to  that  of  the 
Rudra  Sampraddya,  with  the  exception  that  they  deny  the  Moksha, 
or  final  emancipation;  they  also  hold  the  Yoga  to  be  impracti- 
cable :  for  according  to  them  life  is  one  and  eternal,  dependent  upon 
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the  Supreme  (Vishn'u),  and  indissolubly  oonnected  with,  but  not  the 
flame  with  him;  they  quote  the  following  line  from  the  Mahopanishad : 
"  Ab  the  bird  and  the  string,  aa  juices  and  trees,  as  riyers  and  oceans,  as 
fresh  water  and  salt,  as  the  thief  and  his  booty,  as  man  and  objects  of 
sense — so  are  Gk>d  and  life  distinct,  and  both  are  ever  indefinable ; "  and 
this  one  from  the  Garud'a-Pur&n'a :  "  From  the  difference  between 
omniscience  and  partial  knowledge,  omnipotence  and  inferior  power, 
supremacy  and  subservience,  the  union  of  God  and  life  cannot  take 
place."  This  division  of  the  Vaishn'avas  is  however  confined  to  the 
peninsula,  and  is  altogether  imknown  in  Gangetic  Hindostan. 

Besides  these  sects,  which  are  the  most  conspicuous,  the  Yaishn'avas 
comprehend  the  Kh&kis,  Maluk  D&sis  Sonais^  Mira-Bais,  Nim&vats, 
Gharan'a-D&sis,  &c 

This  account  of  the  Vaishn'ava  sects  has  been  chiefly  derived  from 
Professor  Wilson's  valuable  paper  in  the  fifteenth  volume  of  the 
'Asiatic  Researches^'  to  which  we  refer  the  reader  for  fuller 
information. 

Most  of  these  religious  sects  are  divided  into  clerical  and  lay 
members,  as  it  were :  the  bulk  of  the  votaries,  though  not  always, 
belong  to  the  latter ;  while  the  rest,  or  clerical  class,  are  sometimes 
monastic  and  sometimes  secular.  Of  the  cocnobitic  members  of  the 
different  communities  most  pursue  a  wandering  and  mendicant  life ; 
indeed  all  of  them  at  some  period  have  led  such  a  life :  but  when  old 
and  infiim  they  sit  down  in  some  previously  existing  math,  or  monas- 
tery, or  establish  one  of  their  own. 

The  Maths,  Asthals,  or  Akdras,  the  residences  of  the  monastic  com- 
munities,  are  scattered  over  the  whole  coimtry;  they  generally  com- 
prehend a  set  of  huts  or  chambers  for  the  Mahanta,  or  superior,  and 
his  permanent  pupils ;  a  temple  sacred  to  the  deity  whom  they  wor- 
ship, or  the  Sam&dh,  or  shrine  of  the  founder  of  the  sect,  or  some  emi- 
nent teajher;  and  a  Dharma  S&1&,  one  or  more  sheds  or  buildings 
for  the  accommodation  of  the  mendicants  or  travellers,  who  are 
constantly  visiting  the  Math.  Ingress  and  egress  are  free  to  all: 
and  indeed  a  restraint  upon  personal  liberty  seems  never  to  have 
entered  into  the  conception  of  any  of  the  religious  legislators  of  the 
Hindus. 

Of  the  inanimate  objects  sacred  to  Vishn'u  the  Sdlagr&ma  stone  is 
the  principal ;  it  forms  a  profitable  object  of  traffic,  and  enjoys  the 
highest  veneration  of  most  of  the  Vaishn'avas.  The  Sftlagrftmas  are 
mostly  ammonites,  found  in  the  bed  of  the  Gandhakt  river,  of  the 
size  of  an  orange.  The  reasons  why  this  stone  is  worshipped  are  very 
contradictory  and  by  no  means  satisfactory.  We  refer  to  the  most 
plausible  ones  in  the  '  As.  Res.,'  vol.  xii. ;  W.  Hamilton, '  Description 
of  Hindostan/  vol.  L  ;  Forbes^ '  Oriental  Memoirs,'  voL  iii. ;  and  Ritter, 
'Erdkunde,'  vol.  iv. 
VISIER.    [Vizir.] 

VISION.    [Liqht;  also  Ete,  in  Nat.  Hist.  Dit.] 
VISITATION.    [Archdeacon;  Bishop.] 
VISITOR    [College  ;  Uses,  Charitable.] 
VISUAL  DISTANCE.    The  relative  position  m  which  objects  are 
seen  is  usually  expressed  by  the  relative  direction  of  lines  drawn  to 
them  from  the  eye ;  and  the  angle  contained  by  two  such  lines  is  the 
angular  or  visual  distance  between  the  objects.     [Distance.]     Visual 
magnitude  may  be  estimated  in  a  similar  way,  forming  what  is  called 
the  visual  antjle  or  apparent  magnitude  of  an  object. 

VITELLIN.     A  form  of  albumen  found  in  the  yelk  of  eggs. 
[Albumen.] 
VITREOUS  ELECTRICITY.    [Electbicitt,  Common.] 
VITRIFICATION.    [Glass.] 

VITRIFIED  FORTS  U  a  name  that  has  been  given  to  certain 
remarkable  stone  endosures  existing  in  parts  of  Scotland,  which 
appear  to  have  been  subjected  to  the  action  of  fire.  Attention  was 
first  called  to  the  subject  by  Mr.  John  Williams,  a  civil  engineer  of  the 
last  century,  who  had  examined  some  of  them  while  conducting  certain 
mining  operations  in  the  Highlands  under  the  orders  of  the  Board  of 
Annexed  (or  Forfeited)  Estates  in  1778,  and  who,  in  1777,  published  a 
disquisition  about  them,  under  the  title  of  '  An  Account  of  some  re- 
markable antient  Ruins  lately  discovered  in  the  Highlands  and 
Northern  Parts  of  Scotland :  in  a  Series  of  [18]  Letters  to  G.  C.  M., 
Esq.'  8vo.  Edinburah.  Williams  gave  these  piles  the  name  of  vitrified 
forts,  unhesitatingly  assuming  that  Uiey  were  artificieil  structures. 
Nevertheless  the  idea,  that  the  so-called  forts  were  of  volcanic  origin^ 
which  had  been  previously  held  by  Scottish  writers,  was  soon  after 
started  anew  by  Pennant,  who  had  seen  one  of  tiiem,  and  was  taken  up 
by  other  speculators ;  in  particular  it  was  attempted  to  be  established 
by  the  Hon.  Daines  Barrington,  in  a  paper  reaa  before  the  Society  of 
Antiquaries  in  1781,  and  published  in  the  sixth  volume  of  the  *  Arcli^- 
logia '  the  following  year.  But  this  notion  may  be  said  to  be  now  given 
up  on  all  hands.  The  subject  has  also  been  discussed  by  Dr.  James 
Anderson  and  other  writers  in  the '  Archaoologia,'  the  '  Memoirs  of  the 
Wernerian  Society,'  the '  Transactions  of  the  Royal  Society  of  Scot- 
land/ the  '  Statistical  Account  of  Scotland/  and  of  late  years  at  some 
length  by  Dr.  John  Macculloch  in  the  '  Transactions  of  the  Geological 
Society  of  London/  and  in  his  '  Highlands  and  Western  Isles  of  Scot- 
land;' by  Dr.  Hibbert,  as  the  result  of  a  series  of  inquiries  set  on  foot 
by  the  Society  of  Scottish  Antiquaries,  and  published  in  the  fourth 
volume  of  their  '  Transactions/  and  by  Mr.  D.  Wilson,  in  his '  Arch»o- 
logy  of  Sootland.' 


The  original  description  of  the  general  nature  of  the  vitrified  fort* 
given  by  WilUama  has  not  been  corrected  or  contradicted  in  sloj 
material  point  by  subsequent  observers.  And  his  views  were  supported 
at  the  time,  on  chemical  and  other  considerations,  by  Dr.  Black,  and 
also  by  James  Watt,  who  (apparently  before  the  subject  had  attract-ed 
the  attention  of  Williams)  had  personally  and  carefully  examined  the 
same  fort  (that  on  the  hill  of  Craig  Phaidrick,  or  Craig  Patrick,  near 
Inverness)  which  Pennant  had  hastily  inspected.  A  description  of  this 
fort  by  Watt  and  a  letter  from  Black  are  subjoined  to  Willianus's 
account. 

Every  vitrified  fort  Williams  had  seen  was  situated  on  the  top  of  a 
small  mil,  overlooking  and  commanding  a  surrounding  valley  or  plain, 
always  having  at  the  summit  a  level  area  of  greater  or  less  extent,  and 
for  the  moat  part  inaccessible  or  very  steep,  at  least  on  one  side. 
Indeed,  he  asserts  that  the  hills  are  always  difficult  of  access,  except  in 
one  place,  which  has  everywhere  been  strengthened  by  additional 
works,  of  which  he  gives  a  description.   What  Ib  called  the  fort  consists 
of  a  wall  enclosing  the  level  summit,  generally,  in  part  at  least,  rectili- 
neal and  rectangular,  but  sometimes  having  one  or  more  of  the  sides 
curved  to  suit  the  shape  of  the  area.    Exterior  to  this  is  sometimes  a 
second  circumvallation,  which  in  some  instances  approaches  ivithin  a 
few  yards  of  the  first,  in  others  is  removed  from  It  to  a  considerable 
distance  f  but  this  outer  enclosure  is  merelv  constructed  of  loose 
blocks  of  stone ;  it  is  the  inner  wall  only  which  is  entirely  or  partially 
vitrified.   Williams's  account  is,  that  the  materials  have  been  "  run  and 
compacted  together  by  the  force  of  fire ;  and  that  so  efiectually,  that 
most  of  the  stones  have  been  melted  down ;  and  any  part  of  the  stones 
not  quite  run  to  glass  has  been  entirely  enveloped  by  the  vitrified 
matter ;  and  in  some  places  the  vitrification  has  been  so  complete,  that 
the  ruins  appear  now  Uke  vast  masses  or  fragments  of  coarse  glass  or 
slags."    Generally,  however,  it  would  appear  that  the  vitrification  is 
not  so  complete  as  this  description  would  seem,  to  imply,  though  it 
may  be  sufficiently  applicable  to  the  more  perfect  specimens  :  in  many 
cases  the  fire  has  only  given  the  wall  a  coating  of  glass ;  in  some,  only 
one  side  of  the  wall  is  vitrified.    The  walls  appear  to  be,  in  almost  all 
the  forts  that  have  been  examined,  partially  thrown  down ;  in  some; 
"  the  vitrified  ruins,"  Williams  states,  "  are  nearly  all  grown  over  with 
heath  and  grass,  and  often  appear  at  first  sight  like  the  ruins  of  some 
earth  or  sod  buildings : "  from  the  instances  in  which  the  structure 
seems  to  be  the  most  entire,  it  may  be  conjectured  that  its  original 
height  was  commonly  about  twelve  feet 

Above  fifty  of  these  vitrified  forts  in  all  have  been  found,  dispersed 
over  the  shires  of  Inverness  (in  which  they  are  most  numerous),  Ross, 
Cromarty,  Banff,  Moray,  Argyle,  Aberdeen,  Perth,  Forfar,  Kincardine, 
and  Bute.  Two  or  three  have  also  been  discovered  in  the  southern 
counties  of  Wigton,  Kirkcudbright,  and  Berwick.  The  most  celebrated 
are  that  on  the  hill  of  Knockfarril,  or  Knockfarril  na  Phian,  that  is, 
the  Place  of  Fingal  on  E^nockfarril,  on  the  south  side  of  the  vallev  of 
Strathpeffer,  two  miles  to  the  west  of  Dingwall  in  Roes-shire ;  that, 
already  mentioned,  on  the  hill  of  Craig  Phaidrick,  two  miles  west  of 
Inverness ;  that  on  the  hill  of  Noth,  in  Aberdeenshire ;  that  on  Dun 
MacSniochain,  in  Ai^gyleshire ;  that  on  the  hill  of  Dunadeer,  in  Aber- 
deenshire;  that  near  Creich,  in  Sutherland;  that  near  the  church  of 
Amwoth,  in  Kirkcudbright;  that  on  the  hill  of  Dunskeig,  at  the 
entrance  of  Loch  Tarbert,  in  Argyleshire ;  that  on  the  castle  hill  of 
Finhaven,  four  miles  to  the  east  of  the  town  of  Forfar ;  that  on  the 
hill  of  Laws,  near  the  village  of  Drumsturdymuir,  a  few  miles  to  the 
north-east  of  Dundee ;  that  at  the  entrance  of  the  bay  of  Carradale,  in 
Cantyre ;  that  in  the  parish  of  Kingarth,  in  the  Isle  of  Bute ;  that 
(very  slightly  vitrified)  on  Barryhill,  in  the  parish  of  Meigle,  Perth- 
shire ;  those  on  Castle  Finlay  and  Dunevan,  in  Nairnshire ;  that  called 
Tordun  Castle,  about  three  miles  from  Fort  Augustus;  that  on  the 
west  side  of  Gleneves^  in  Lochaber^  about  three  mUes  south  from  Fort 
William. 

Setting  aside  the  theory  of  the  volcanic  or  otherwise  accidental 
origin  of  the  vitrified  forts,  which  appears  to  be  untenable,  seeing  that 
they  are  manifestly  artificial  structures,  we  have  still  two  suppositions 
between  which  to  choose  in  accounting  for  the  appearance  they  present. 
The  vitrification  may  have  been  part  of  the  process  of  their  erection, 
and  designed  as  a  substitute  for  the  ordinary  cement ;  or  it  may  have 
been  the  result  of  accident  afterwards.  The  latter  view  was  suggested 
by  Lord  Woodhouselee  so  early  as  1783,  and  has  since  been  supported 
by  Dr.  Hibbert  and  Sir  George  Mackenzie;  the  former,  which  was  that 
taken  by  Williams  and  other  early  investigators,  has  been  ably  defended 
in  recent  times  by  the  late  Dr.  «fohn  Macculloch.  It  is  impossible  for 
us  here  to  enter  at  length  into  the  considerations  which  have  been 
advanced  on  both  sides :  they  amount  for  the  most  part  to  but  slight 
and  unsatisfactory  probabilities.  Dr.  Hibbert's  notion  is  that  the  in- 
closures  were  intended  for  the  protection  of  beacon  fires ;  and  he  has 
endeavoured  to  show  that  the  elevations  on  which  they  are  erected 
are  so  chosen  as  that  one  of  these  signals  could  always  be  seen 
from  another.  His  views  are  adopted  by  Mr.  Wilson  in  his  valuable 
'  Archaeology  of  Scotland/  before  referred  to.  Dr.  Macculloch.  on  the 
other  hand,  maintains  that  this  is  not  the  fact.  Besides,  he  observes 
that  the  extent  of  most  of  the  enclosures  is  far  beyond  what  could 
have  been  required  for  any  beacon  fire  :  the  area  of  that  at  Amwoth, 
for  instance,  is  not  less  than  2700  square  vards.  How  also,  it  is  asked, 
should  it  have  happened,  as  is  generally  the  case,  that  the  waUs  should 
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be  vitrified  on  both  surfaces,  the  exterior  as  well  as  the  interior^  if  the 
effect  was  produced  merely  by  the  flame  of  a  beacon  lighted  up  within 
the  inclosure  ?  That  they  were  intended  for  defensive  military  poets. 
Dr.  Macculloch  further  contends,  is  manifest  from  the  whole  character 
of  the  works — ^both  the  vitrified  walls  and  the  surrounding  defences, 
all  of  which,  he  says,  "  vary  in  form  and  size  according  to  the  ground 
they  stand  on,  and  are  so  contrived,  just  as  a  military  work  would  be 
in  the  hands  of  a  modem  engineer,  that  they  may  command  all  the 
points  of  access,  and  prevent  the  enemy  from  advancing  anywhere 
under  cover."  Blicculloch  further  sought  to  show  that  the  material  of 
which  the  walls  are  built  has  evidently  been  selected  with  a  view  to 
its  capability  of  being  vitrified.  But,  as  Mr.  Wilson  observes,  his 
statements  "  only  con£'m  the  fact,  already  familiar  to  the  chemist  and 
geologist,  that  were  are  few  districts  in  Scotland  where  rocks  do  not 
occur  more  or  less  capable  of  being  vitrified."  The  materials  that 
have  been  commonly  used  are  granite  or  moorstone,  limestone,  sand- 
stone, and  what  is  called  pudding-stone,  all  of  which  have  the  quality 
of  being  more  or  less  easily  fusible  by  fire.  None  of  these  forts  are 
found  south  of  the  Tweed;  they  appear  indeed  to  be  peculiar  to 
Scotland. 

VITRIOL.  A  name  formerly  given  to  the  sulphates.  Thus  the 
terms  green,  blue,  and  white  vitriol  were  applied  to  sulphate  of  pro- 
toxide of  iron,  sulphate  of  copper,  and  sulphate  of  zinc  respectively. 
Sulphuric  acid  is  now  sometimes  termed  vitriol,  or  oil  of  vitrioL 

VITRIOL,  WHITE.    [Zinc] 

VIZIR,  or  VEZIR,  is  the  name  of  the  ministers  of  the  sultan  of 
the  Turkish  empire,  and  is  also  given  as  a  title' of  honour  to  several 
other  high  functionaries,  civil  as  well  as  military.  The  word  is  of 
Arabic  origin,  and  means  literally  "  the  bearer  of  a  burden,"  as  vezr 
designates  '*  the  action  of  bearing  or  carrying  a  burden."  Some  write 
waTir,  or  vatir ;  but  this  is  not  correct.  From  vizdr,  a  substantive 
which  expresses  the  action  of  supporting  a  prince  in  the  admimstration 
of  his  empire,  is  formed  vizdret,  the  dignity  or  function  of  a  vizir, 
which  we  generally  call  vizircU.  There  aro  two  plurals  of  vizir :  the 
Turkish  plural,  vizirUr,  which  is  the  common ;  and  the  Arabic  plural, 
vuzerd,  which  occurs  in  imperial  decrees,  as  for  instance,  in  "  vuzerdl 
'izdmi  zevi-1-ihtirdm,"  "the  illustrious  grand  vizirs."  The  post  of  a 
prime  minister,  who  directs  state  afibirs  when  the  sovereign  either  will 
not  or  is  prevented  from  doing  it,  is  a  very  ancient  institution  in  the 
East ;  and  the  lieutenant  of  a  king  was  called  vizir  by  the  Arabs  long 
beforo  this  tiUe  was  adopted  by  the  Turks-Osmanlis.  The  first  Turkish 
vizir  was  the  celebrated  'Al^ed-din,  the  son  of  Osman,  founder  of  the 
Turkish  empire,  who  was  appointed  to  the  post  of  prime  minister  by 
his  brother.  Sultan  Urkhan,  in  a.h.  726  (a.d.  1826).  Until  the  reign 
of  Mahmoud  II.  the  grand  vizir  was  almost  the  sole  minister ;  but  his 
power  was  then  much  ciroumscribed.  He  is  now  only  the  head  of 
the  ministry,  and  the  other  ministers  have  distinct  departments  and 
titles,  as  in  European  governments.  At  first  there  was  only  one  vizir. 
But  Timur-Tash  (Ironstone),  a  general  of  Miirad  I.,  having  gained  a 
great  victory  over  the  Turks-Seljuks  of  Caramania  in  A.H.  788 
(A.D.  1386),  his  master  gave  him  the  title  of  vizir,  and  the  then  vizir, 
'Ali  Pasha,  was  created  "vizir  'azim,'* — that  is,  the  great  or  illustrious 
vizir.  From  this  time  the  number  of  vizirs  was  gradually  augmented : 
Mohammed  II.  had  seven;  Miirad  III.,  six;  Miirad  IV.,  nine;  but 
from  the  time  of  Ahmed  III.  there  were  only  seven  vizirs  who  were 
real  ministers.  The  title  of  vizir  is  likewise  given  to  the  Begler-Beys, 
or  governors^  of  Rumelia,  Anatolia,  and  Damascus,  to  the  four  high 


judges,  the  grand  equerry,  the  sirdar,  or  field-marshal,  the  chief  master 
of  the  forests,  and  to  several  other  high  functionaries ;  and  in  former 
times  it  was  given  to  the  silihdar,  or  armbearer  of  the  sultan,  and  to 
the  agha  of  the  janissaries,  two  dignities  which  are  now  abolished. 
Sometimes,  also,  Uiis  title  is  canferred  upon  governors  of  Sanjaks,  as 
was  the  case  with  the  famous  'Ali  Pasha  of  Janina,  after  his  victories 
over  the  French  in  1798.  The  title  is  now  considered  as  rankmg  next 
below  that  of  Mushir,  or  field-marshal.  The  insignia  of  a  vizir  are  a 
splendid  dress  of  velvet  embroidered  with  gold,  pearls,  and  precious 
stones,  a  turban  with  an  ornament  of  diamonds,  and  a  standard,  to  the 
top  of  which  are  attached  three  horsetails,  and  which  is  carried  before 
them^  by  an  officer :  hence  the  title  of  pasha  of  three  tails,  which  is 
identical  with  vizir.  The  dress  of  the  grand  vizir  is  still  more  mag- 
nificent than  that  of  the  common  vizirs,  from  whom  he  is  distinguished 
by  several  privileges:  he  receives  the  solemn  visits  of  all  the  high 
functionaiies,  including  the  common  vizirs ;  he  commands  the  centre 
of  the  army  in  battle ;  and,  except  the  sultan,  he  is  the  only  person 
who  is  saluted  with  the  "  alkish,'*  a  kind  of  benediction  pronounced  by 
those  who  appear  in  the  presence  of  the  grand  vizir.  The  words  of  the 
"  alkish  "  are,  "  Allah  omerler  were  efendiimiize  I  '*  (God  give  a  long 
life  to  our  master  !) 

(Hammer,  Det  Osmani^chen  Reichti  Staatsverfassung,  &c. ;  Oesehichte 
dea  Osmanischen  Reicket;  Kiefier  et  Bianchi,  Dictionnaire  Tark-Franfais, 
sub.  voc.  *  Vizir '  and  '  Alkish.') 

VOICE.  The  voice  (from  the  Latin  vox)  is  an  audible  sound  pro- 
duced in  the  larynx.  The  design  of  the  present  article  is  to  treat  of 
the  sounds  of  the  human  voice  in  its  two  great  functions  of  Song  and 
Speech.  The  nomenclature  and  notation  of  music  [Music]  are  here 
adopted,  with  such  an  extension,  based  upon  the  same  principles,  as  is 
necessary  for  the  purpose. 

The  infinite  varieties  of  sounds  heard  in  the  human  voice  are 
all  embraced  under  the  general  terms  Pitch,  Loudness,  QuaUty,  and 
Duration. 

The  scale  of  the  human  voice,  from  the  lowest  note  of  the  bass  to 
the  highest  note  of  the  soprano,  within  which  limits  composers  write 


vocal  music,  is  four  octaves  in  extent,  namely,  from  mi,  e,  ^ 


in  the  bass  cliff  to  mi,  e*, 


in  the  treble  cliff.    There  have 


been  instances,  but  they  are  very  rtire,  of  voices  capable  of  descending 
lower,  and  others  of  ascending  higher  than  those  limits.  This  scale 
of  sounds  is  divided  into  voce  maicfuU  (male  voice),  which  extends 
from  mi  (e)  in  the  bass  to  do  (o^)  in  the  treble  cliff;  and  voce  feminile, 
or  voce  bianeha  (female  voice)  which  extends  from  fa  (f*)  to  mi  (e^)  in 
the  treble  cliff. 

The  lower  or  male  voice  part  of  the  scale  is  subdivided  into  Bass  and 
Tenor,  each  containing  two  octaves  :  the  bass  extends  from  mi  (e)  to 
fa  (F')  ;  and  the  tenor  extends  from  do  {o')  to  do  (c^). 

The  upper  or  female  voice  part  of  the  scale  is  subdivided  into  Con- 
tralto and  Soprano,  each  containing  two  octaves :  the  contralto  extends 
from  fa  (f')  to  fa  (f^)  ;  and  the  soprano  extends  from  do  (c^  to  mi 
(B^).  These  are  the  four  scales  within  which  musicmns  compose  vocal 
music  for  each  class  of  voice.  The  following  diagram  exhibits  the 
scale  of  the  human  voice  and  the  relation  of  its  subdivisions : — 
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N.B.  The  tcrzns  Alto,  Contralto,  and  ChtaUerUmor  are  the  same* 


Intermediate  between  the  bass  and  tenor  is  another  male  voice, 
extending  from  la  (a)  to  fa  (f^),  and  termed  the  Barytone.  And 
between  the  Contralto  and  the  Soprano  is  another  female  voice, 
extending  from  la  (a*)  to  la  (a'),  and  termed  the  Mezzo-Soprano.  The 
voices  of  eunuchs  and  boys  are  classed  with  female  voices. 

By  reference  to  the  diagram  it  will  be  seen  that  the  scales  of  the 
several  voices  overlap  each  other  in  the  great  compass  of  the  human 
voice ;  thus  the  bass  overlaps  the  tenor  eleven  notes,  so  that  the  tenor 
descends  to  within  five  notes  as  low  as  the  bass ;  while  the  bass  ascends 
to  within  four  notes  as  high  as  the  tenor.  Eleven  notes  are  common 
to  both  bass  and  tenor  sciUes,  and  any  music  whose  variations  of  pitch 
are  within  the  range  of  those  eleven  notes  can  be  sung  either  by  a  tenor 
or  a  bass  voice.  It  appears  also  by  the  diagram  that  a  tenor  voice 
reaches  to  within  three  notes  as  high  bm  tiie  contralto^  and  mid*way  up 


the  soprano  compass ;  giving  twelve  notes  common  to  the  tenor  and 
contralto,  and  eight  notes  common  to  the  tenor  and  soprano  scales, 
which  explains  the  wide  range  of  music  which  tenor  voices  can  sing. 

The  ordinary  compass  of  a  voice  is  about  twelve  notes.  Many 
singers'  voices  however  extend  to  two  octaves ;  some  even  beyond  two, 
and  some  have  reached  three  octaves.  Catalani's  compass  is  said  to 
have  been  three  and  a  half  octaves. 

The  compass  of  soprano  and  some  other  voices  is  divided  into 
registers,  of  which  there  are  two.  namely,  the  natural  and  the  ^Isetto. 
The  former  is  termed  in  the  Italian  school  voce  di  petto,  which  means 
chest  voice ;  and  the  latter  voce  di  tetta,  which  means  head  voice.  To 
these  the  Italians  add  another,  which  joins  the  two  registers,  and 
which  somewhat  partakes  of  the  character  of  both ;  it  is  named  the 
mezzo  falto,  or  middle  falsetto.    The  extreme  upper  notes  of  Uw 
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falsetto  are  by  some  termed  the  flauiino,  or  flute  register,  but  this 
appears  to  be  an  unnecessary  subdivision.  The  following  table  exhibits 
at  a  view  the  voices  and  their  registers : — 


Bnsfl  .         • 

Chest  : 

Barytone        •    . 

Chest 

Tenor         • 

Chest  • 

Mezzo-Falso   •     . 

Falsetto 

Contralto       .    . 

Chest 

. 

Mezzo-Falso         . 

Falsetto 

Mczzo-Soprano   . 

Chest  . 

. '  Mezzo-Falso   .    . 

Falsetto 

Soprano      . 

Chest 

Mezzo-Falso 

Falsetto 

Flantino. 

In  this  musical  distribution  of  the  registers  of  the  voices  there  is  no 
falsetto  given  to  the  basses.  The  bass  and  barytone  voices  however  are 
both  capable  of  extending  their  compass  by  running  up  into  a  falsetto, 
and  hence  they  must  each  have  a  mezzo-falso  register  also.  The 
falsetto  is  commonly  adopted  by  bass  singers  to  imitate  a  woman's 
voice  in  the  opera  buffa. 

There  is  also  a  feigned  lower  voice  by  which  voices  of  all  kinds  are 
able  to  descend  lower  in  pitch  than  in  the  natural  x-egister.  The  term 
basso-falsetto  has  been  proposed  to  designate  thia  voice^  but  the  term 
lower  falsetto  is  more  accurate. 

The  Quality  of  the  Voice. — Each  person's  voice  has  a  distinct  quality 
or  tone  (timbre  of  French  authors),  by  which  it  is  recognised,  even  when 
singing  in  unison  with  others.  The  terms  which  are  adopted  to 
describe  the  qualities  of  the  voice  are  vague :  they  are  descriptive, 
such  as  nasal,  guttural ;  descriptive  by  comparison  with  other  sounds, 
as  silvery,  flute-like,  musical ;  and  metaphorically  descriptive,  as  pure, 
clear,  deep,  brilliant,  flexible,  attractive,  mellow,  &c.  Attempts  have 
been  made  to  connect  certain  qualities  of  the  voice,  as  fulness  with  the 
bass,  brilliancy  with  the  soprano,  &c.,  but  without  success.  It  is 
however  quite  true  that  those  who  are  accustomed  to  hear  much 
singing  would  mostly  recognise  any  voice  to  be  a  bass,  tenor,  &c., 
although  singing  in  unison  with  contraltos  or  sopranos.  The  essential 
distinction  however  between  voices,  as  the  bass  and  tenor,  is  not  the 
quality,  as  stated  by  some  physiological  writers ;  for  a  voice  is  classed 
among  basses  or  contraltos,  as  the  case  may  be,  solely  in  consequence 
of  its  compass  lying  within  the  limits  of  the  bass  or  contralto  scales. 

Each  voice  has  its  natural  and  falsetto  qualities,  which  belong 
respectively  to  the  natural  and  falsetto  registers.  Besides  these  there 
is  in  song  an  improved  quality  named  pure  tone,  and  in  speech  a  cor- 
responding improved  quality  named  the  oratorical  tone. 

Song-voice. — The  song-note  is  a  musical  sound  of  some  fixed  pitch  in 
the  musical  scale.  When  a  clear  redonant  voice  produces  a  song-note, 
the  accompanying  harmonic  sound  may  be  heard  just  as  it  is  with  the 
sound  of  a  vibrating  string.  The  song-sounds  of  Uie  human  voice 
are  arranged  into  the  diatonic,  chromatic^  and  enharmonic  scales. 
[Music] 

Speech7U)te.'--The  speech-note  is  not  a  true  musical  sound,  because 
its  pitch  varies  throughout  its  duration.  These  notes  are  termed 
slides,  accents,  and  inflexions ;  and  they  may  be  imitated  on  the  violin 
by  sliding  a  finger  up  the  finger-board  while  the  bow  is  applied.  These 
notes  may  have  an  ascending  or  descending  course  in  pitch,  and  some- 
times they  have  both  on  a  syllable.  The  varying  pitch  of  a  speech- 
note  will  be  illustrated  if  the  reader,  with  an  intense  feeling  of  inquiry 
utter  aloud  Hamlet's  interrogatory  "  Pale,  or  red  ? "  The  speech-note 
on  the  word  "  pale  "  will  consist  of  an  upward  movement  of  the  voice ; 
while  that  on  "  red  "  will  be  a  downward  movement,  and  in  both  words 
the  voice  will  traverse  so  wide  an  interval  of  pitch  as  to  be  con- 
Bpicuous  to  ordinary  ears;  while  the  cultivated  perception  of  the 
musician  will  detect  the  voice  moving  through  a  less  interval  of  pitch 
while  he  is  uttering  the  word  "  or  "  of  the  same  sentence.  And  he 
who  can  record  in  musical  notation  the  sounds  which  he  hears  will 
perceive  the  musical  interval  traversed  in  these  vocal  movements,  and 
the  place  also  of  these  speech-notes  on  the  musical  staff. 

Speech-notes  are  of  two  kinds,  namely,  simple  and  compound.  The 
simple  consist  of  a  single  rising  or  falling  movement  of  the  voice. 
These  movements  may  be  of  any  extent  from  a  semitone  up  to  an 
octave.  These  differences  of  extent  give  eight  simple  rising  speech- 
notes,  namely,  semitone,  tone,  third,  fourth,  fifth,  sixth,  seventh, 
octave,  and  as  many  simple  falling  speech-notes,  naaking  a  total  of 
sixteen  distinct  simple  speech-notes.  Mr.  Steele  accurately  repre- 
sented these  notes  by  diagonal  lines  on  the  musical  staff.  The  length 
of  the  line  indicates  the  interval  or  dimension  of  the  note ;  and  its 
situation  on  the  staff  indicates  its  local  pitch,  as  in  the  annexed 
diagram,  Nos.  I  and  2,  where  the  eight  notes  ascending  and  descending 
are  in  accordanoe  with  Mr.  Steele's  notation. 


Mo.1. 


Ko.2. 


No.  8. 


m 
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In  these  notes  the  sliding  movement  of  the  voice  is  equable,  that  is> 
it  passes  through  equal  spaces  in  equal  times.  The  voice  however  in 
some  notes  is  retarded  in  some  part  of  its  course,  so  that  it  passes 
through  unequal  spaces  in  equal  times.  Mr.  Steele  noted  this  retar- 
dation of  the  voice  by  slightly  curving  the  diagonal  line  at  the  part,  as 
in  the  above  diagram,  No.  8.  Now  the  voice  may  be  retarded  at  the 
beginning,  at  the  middle,  or  at  the  end  of  a  speech-note.    And  the 


voice  may  be  accelerated  in  each  of  those  parts.  It  will  be  seen  that 
these  modifications  of  pitch  greatly  multiply  the  number  of  speech- 
notes.  And  Hub  number  can  be  again  greatly  increased  by  success- 
ively giving  to  each  note  all  the  various  forms  of  loudness  of  voice  of 
which  it  is  capable. 

The  compound  speech-notes  consist  of  both  the  simple  vocal  move- 
ments combined  in  a  variety  of  circumflexes.  They  were  first  not«d 
on  the  staff  by  Mr.  Steele,  from  whose  'Prosodia  Batlonalis'  the 
following  diagram  is  copied : — 


^'^/^/'^f^\\j\.\j^^' 


Numerous  as  are  the  varieties  of  circumflexes,  they  admit  of 
classification,  of  which  the  following,  pai-tly  taken  from  Dr.  Rush,  is 
adopted: — 

The  nwnber  of  eomtitiient  vocal  movementSm 

1.  Simple  circumflex  consists  of  two  movements. 

2.  Compound  circumflex  consists  of  three  movements. 

8.  Continuous  circumflex  consists  of  more  than  three  movementfli 

The  direction  of  the  firtt  vocal  movement. 

1.  Direct  circumflex  has  the  first  an  upward  movement. 

2.  Inverted  circumflex  has  the  first  a  downward  movements 

The  dimenMioM  of  the  vocal  movemenU. 

1.  Equal  circumflex,  each  movement  of  equal  dimension. 

2.  Unequal  circumflex,  each  movement  of  unequal  dimensioiL 

In  forming  a  circumflex  speech-note,  the  voice  may  be  retarded  or 
accelerated  in  parts,  as  well  as  move  equably  through  its  course.  The 
possible  varieties  of  circumflex  are  almost  infinite,  and  the  number  in 
ordinary  use  is  far  beyond  what  would  be  anticipated.  This  will 
account  for  the  immense  variety  of  sounds  which  are  heard  in  human 
utterance,  and  which  has  been  more  a  subject  of  declamation  than 
thoughtful  inquiry. 

The  Compost  of  the  Speech-voice.— Several  of  the  rhetoriciins  of 
antiquity  speak  of  the  changes  of  pitch  of  the  voice  seldom  exceeding 
a  fifth  on  any  one  syllable.  Observations  conducted  for  twenty  years 
on  the  leading  public  speakers  of  the  period  have  convinced  the  author 
of  this  article  of  the  accuracy  of  this  ancient  statement.  It  is  true 
that  higher  intervals  are  used,  even  up  to  the  octave,  but  very  spar- 
ingly, and  the  fifth  itself  is  of  less  common  occurrence  in  oratory  than 
the  third. 

Speech  melodies  seldom  exceed  the  limits  of  an  octave  and  s  half. 
Whatever  the  speaker's  key  note  may  be,  he  seldom  rises  more  than  & 
fifth  above  it,  or  descends  more  than  a  fifth  below  it  in  pitch.  A 
person's  key  note  is  generally  somewhat  below  the  middle  of  his 
compass,  which  circumstance  enables  most  speakers  to  ascend  an  octave 
if  required  for  the  purpose  of  expression.  The  following  notation  of 
Mr.  Steele's  speaking  compass,  taken  from  the '  Prosodia  Rationally' 
is  interesting : — 

neicbt  of  ImpMiionsd  tpecclu m 

tl:       r        j       f  EtiKht  of  comi 


Conkflnoii  IcTcl 


? 


Lowest  note  of  ipccch. 


The  voice  of  song  (that  is,  a  song-note)  has  been  described  as  con- 
tinuing throughout  its  duration  on  one  level  line  of  pitch.  This  de- 
scription was  necessary  at  the  outset  in  order  to  state  the  essential 
distinction  between  song  (musical)  sounds  and  speech  sounds. 

Close  observation  however  of  the  song-notes  of  singers,  especially  in 
dnonatio  music,  will  show  that  many  of  the  notes  are  not  of  uniform 
pitch,  but  that  the  voice  rapidly  slides  through  some  interval,  com- 
monly of  a  tone,  and  the  song-note  is  produced  at  its  summit.  Let 
the  slide  be  equal  to  a  semiquaver,  and  the  song-note  a  minim, 
or  rather  to  a  minim  minus  the  semiquaver  slide,  which  is  stolen 
from  the  quantitf  of  the  song-note  :  many  singers  reach  the  seve- 
ral degrees  of  the  scale  by  these  slides  according  to  the  subjoined 
notation : — 


m 


^j 


^^S 


^^^r^ 


U 


^ 
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In  taking  the  intervals  from  a  fundamental  note,  it  is  not  uncommon 
to  hear  a  rapid  slide  through  the  entire  interval,  producing  slide  thirds, 
foui-ths,  &c.>  and  the  song-note  at  the  summit  of  the  shde^  according 
to  the  subjoined  notation : — 


iiJ^^yf 


1^  •^■Cmmmm  mJt^^tm^  m^^^^m0 


eT- 


Similar  notes  often  occur  in  the  passionate  intonation  of  the  vridt 
intervals  of  operatic  music. 
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These  Bong-notes  closely  approximate  to  those  speech-notes  in  which 
the  movement  of  the  voice  is  retarded  at  the  upper  part  of  its  asceut ; 
and  the  approximation  is  the  nearer  in  proportion  to  the  greater 
retardation. 

Sometimes  the  song-note  is  preceded  by  a  rapidly  descending 
slide,  which  may  be  of  the  interyal  of  a  tone,  as  in  the  subjoined 
diagram : — 


"?  V  ^ 


"^  ^j  ^xj  g. 


The  slide  is  however  frequently  heard  of  greater  intervals,  especially 
in  the  musical  expression  of  high  excitement  of  feeling,  as  in  the  sul> 
joined  diag^ram :-— 


'r'^^'^i'^y--^jSl 


In  song  a  rapid  slide  if  occasionally  heard  after  the  song-note. 
The  slide  may  either  rise  or  fall  in  pitch,  and  it  may  be  of  a  tone  or 
of  a  higher  inter^.  The  subjoined  diagram  is  a  notation  of  such 
notes,  with  a  tone,  8rd,  5th,  and  8ve,  respectively,  ascending  and 
descending:—  , 


fa^i-yii^'i^r^ 


Ateending. 


Deseeodiog. 


The  after-note  of  song  (Nwheklag  of  the  Germans)  being  always  on 
the  weak  part  of  the  measure,  the  slur  from  its  principal  to  it  produces 
a  slide  as  above  noted.    These  however  are  rarely  heard. 

A  slur  in  song  binds  two  or  more  notes  into  one  continuous  sound 
by  a  rapid  slide  of  the  voice,  and  thus  approximates  to  a  speech-note. 
In  the  following  illustration  taken  from  Callcott's  '  Grammar  of  Music,' 
p.  83,  the  effect  of  the  first  slur  is  similar  to  a  curcumflex  speech-note, 
of  equal  intervals  and  inverted  flexure ;  and  the  second  slur  is  in  effect 
similar  to  an  unequal  inverted  circumflex : — 


P 


M  Our  limpid  ttretms.*' 


Joshua. 


^SE 


atut 


The  preceding  illustrations  are  given  with  a  view  of  indicating,  and 
not  of  exhausting,  the  subject. 

Of  Rtcitative, — ^The  notes  of  song,  of  speech,  and  the  mixed  notes 
above  described,  are  all  to  be  heard  in  recitative.  The  speech  and  the 
mixed  notes  predominate  over  the  pure  notes  of  song. 

Of  Chant. — In  chuit  also  are  to  be  heard  the  notes  of  song,  speech, 
and -the  mixed.  The  rapid  part  of  the  chant  consists  of  speedi-notes, 
and  the  concluding  syllables  of  the  dausular  divisions  are  sung  on  song 
and  mixed  notes. 


CftheJdndt  of  Mdody  in  Song,  Speech,  Recitative,  and  Chant, 

Song. — ^A  succession  of  singie  sounds  forms  a  melody  or  time. 
[Music]  A  melody  is  said  to  proceed  by  degrees  when  its  succeraive 
notes  are  in  proximate  degrees  of  the  scale ;  and  a  melody  proceeds  by 
skips  when  it  omits  or  leaps  over  one  or  more  degrees  of  the  scale.  In 
general,  degrees  and  skips  are  intermixed,  as  in  the  melody  of  the 
Easter  Hymn,  taken  from  Callcott's  '  Grammar :' —    ^ 


**  JesuB  Christ  is  risen  to-day. 


» 


fe 
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In  the  incantation  scene  of  the  opera  of  '  Der  Freischutz,'  \\''eber  has 
produced  an  effective  melody,  consisting  of  a  repetition  of  the  same 
Bounci  For  the  rhythmical  arrangement  of  the  sounds  in  song,  see 
Music,  Rhythm,  and  Prosody. 

Speech. — In  speech,  as  in  song,  a  succession  of  single  sounds  con- 
stitutes a  melody.  A  speech-melody  formed  of  speech-notes  may 
proceed  in  all  the  varieties  above  described  of  song.  [Elocutigx.] 
In  vocal  muirio  the  rhythmus  of  the  language  bends  to  that  of  the 
muaia  It  is  musical  rhythmus.  In  speech-melodies  however  the 
rhythmus  is  that  of  the  language. 

Recitative* — Recitative  melodies  also  proceed  in  all  the  varieties  of 
song.  In  accompanied  recitative,  although  the  musical  rhythmus  takes 
the  lead,.yet  the  singer  has  much  latitude,  and  in  a  great  degree  con- 
trols the  musical  rhythmus.    In  unaccompanied  recitative  the  musical 
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rhythmus  entirely  yields  to  the  singer's  ideas  of  what  is  appropriate  to 
the  required  expre&iion. 

Chant. — Chant  melodies  also  proceed  in  all  the  varieties  of  song. 
The  ordinary  melody  however  consists  of  a  rapid  iteration  of  the  same 
note  through  a  clause  to  the  concluding  four  or  five  syllables,  which 
are  set  in  an  appropriate  succession.  The  following  notation  from  the 
Litany,  as  arrauged  by  the  Rev.  P.  Penson,  of  Durham  Cathedral,  is 
quoted  from  the  Leeds  Church-Service,  edited  by  Mr.  Hill,  the  choir- 
master : — 

u 
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ItoiBcmber  not,  I^rd,  our  offenccB,  aor  the  1 
offence*  of  our  foreftthen,  ocUher  Uke  thoa  I 
vetiKeanee  of  our  ■int;  spare  u*.  sood  I<oid,  >  wikh 
■pckfe  ihf  people,  whom  thou  haat  redeemed  | 
with  I  hjr  most  precioue  blood,  and  be  not  anxir  J 


u.  for 


The  first  note,  sol,  g,  is  rapidlv  reiterated  on  each  syllable  to  the  last 
five.  The  rhythmus  is  left  to  the  taste  and  feeling  of  the  chanter.  In 
both  recitative  and  chant  the  words  are  more  distinctly  uttered  than 
in  song.  This  arises  from  the  structure  of  the  notes,  which  are  chiefly 
either  speech-notes  or  those  song-notes  which  approximate  to  them,  in 
both  of  which  distinct  utterance  ib  infinitely  easier  than  in  the  notes 
of  song. 

Of  the  Voice  as  a  Natural  Language  of  the  Emotions. — The  voice, 
whether  it  be  or  be  not  united  with  verbal  laDguage,  is  expressive  of 
the  feelings.  The  voice  is  the  language  of  the  feelings,  by  which  t^ey 
manifest  themselves  to  the  ear  without  previous  teaching ;  and  when 
heard,  are  recognised  and  felt  without  teaching.  The  scream  of  terror, 
the  shout  of  joy,  the  laugh  of  satisfaction,  the  laugh  of  sarcasm,  the 
laugh  of  ridicule,  are  made  by  man  and  understood  by  his  fellow-man, 
wherever  the  one  may  be  bom  and  whatever  may  be  the  speech  of  the 
other.  The  voice  is  a  natural,  a  universal  language.  Each  mental 
attribute  has  its  voice,  which  is  in  relation  to  that  attribute ;  and 
whether  that  attribute  form  part  of  the  mind  of  man  or  brute,  it 
instantly  recognises  the  voice.  The  piercing  cry  of  pain,  the  afiright- 
ing  scream  of  terror,  the  voice  of  joy,  are  common  to  all,  and  recog- 
nised by  all.  The  voices  of  the  feelings,  so  far  as  pitch,  duration,  and 
loudness  are  concerned,  are  capable  of  notation.  Br.  Colombat  haa 
attempted  the  notation  of  cries  arising  from  various  pains :  and  Dr. 
Bumey  has  noted  the  song  of  several  birds.  The  changes  of  pitch  pre- 
sent the  most  remarkable  changes  in  the  voice ;  and  on  these  mamly 
depend  the  voices  of  the  feelings.  The  mind  adopts  changes  of  pitch 
to  express  its  condition,  and  the  interval  of  music  is  but  a  means  of 
measuring,  and  thence  imitating,  that  expression.'  A  higher  intensity 
of  feeling  increases  the  interval.  Composers  know  this  fact,  and  avail 
themselves  of  it  in  dramatic  music.  The  pages  of  Handel,  Mozart, 
Beethoven,  Weber,  and  Rossini  are  full  of  illustrations  of  it.  The 
"  Messiah,"  the  greatest  of  all  musical  compositions,  abounds  vnth 
degrees  of  intensity  of  the  same  feeling. 

On  the  Improvement  and  Preservation  of  the  Voiec—ln  the  im- 
provement of  the  song- voice  the  great  objects  to  accomplish  are,  1.  To 
improve  its  quality  in  clearness  and  resonance.  2.  To  make  every  note 
in  its  compass  equally  pure.  3.  To  extend  its  compass  both  above  and 
below.  4.  To  obtain  power  to  produce  a  prolonged  note  on  each 
degree  of  its  compass.  The  accurate  intonation  of  the  scales  is  pre- 
supposed, for  without  that  all  training  is  musically  useless.  To  effect 
these  objects,  various  systems  of  discipline  are  proposed,  but  nono 
would  be  successful  without  the  governing  ear  and  voice  of  a  master. 
The  work,  however,  of  Signer  Crivelli  stands  in  the  foremost  rank. 

For  the  preservation  of  the  song- voice  the  two  great  principles  are, 
1.  To  be  temperate  in  all  things,  as  eating,  drinking,  &c. ;  and,  2.  Daily 
practice  in  the  scales  of  music. 

In  the  improvement  of  the  speech- voice,  the  first  great  requisite  is 
so  to  produce  voice  that  it  may  not  be  injurious  either  to  the  general 
health  or  to  the  throat  in  particular.  2.  To  improve  its  qu^ity  in 
clearness  and  resonance  throughout  its  compass.  3.  To  extend  its 
compass  both  above  and  below.  4.  To  produce  a  prolonged  s^^eech 
note  on  each  degree  of  its  compass.  Theschave  seldom  been  systema- 
tically attempted,  and  not  only  have  many  orators  been  limited  in 
their  success  by  the  defects  of  their  voices,  but  many  have  been 
obliged  to  discontinue  their  avocations,  especially  the  clergy,  either 
from  the  injury  to  the  throat  or  to  the  general  health  which  public 
speaking  produced.  The  primary  object  of  elocutionary  science,  like 
that  of  physical,  is  to  produce  the  greatest  possible  effect  with  the  least 
expenditure  of  power;  but,  as  in  song-training,  no  system  can  bo 
successful  without  the  governing  ear  and  voice  of  a  master.  The  work 
entitled '  Cull  on  Public  Reading '  contains  an  outline  of  speech-voice 
training  which  has  been  eminently  successfuL 

For  the  prenervation  of  the  speech-voice,  as  for  the  song-voice, 
temperance  in  all  things  is  required ;  also  daily  practice  in  the  several 
forms  of  speech-note.  By  this  means  public  speaking  may  become 
a  pleasurable  and  healthful  exercise. 

The  ancient  orators  were  accustomed  to  exercise  their  voices  daily 
in  preparatory  declamations,  and  to  ascend  and  descend  through  the 
compass  of  their  voices  by  repeating  about  500  lines  of  verse  from 
memory.  The  ancients  adopted  various  medicaments  and  diets  as 
benefici^d  to  the  voice,  and  certain  nostrums  are  recommended  at  the 
present  day ;  but  let  the  orator  depend  more  on  a  proper  exerciso  of 
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bis  organs,  as  the  unger  does  on  his,  and  he  will  be  rewarded  with 
cheerfulness  and  health. 

VOID.    [Vacuum.] 

VOLATILE  OILS.    [Oils.] 

VOLCAKO.  The  mtuations  on  the  globe  where  subterranean  fires 
have  made  or  found  channels  to  the  suHace  of  the  land  or  to  the  bed 
of  the  sea,  are  termed  volcanoes.  A  volcano  is  merely  the  channel  of 
upward  communication  from  the  subterranean  fires ;  the  mountain  in 
wnich  the  volcano  acts,  and  the  extensive  mounds  and  masses  of  ashes, 
lava,  &c  (substances  hereafter  described),  which  surround  it,  are  the 
effect  and  the  measure  of  the  expansive  mechanical  forces  which  are 
relieved  by  the  pouring  forth  of,  the  streams  of  melted  or  flowing  and 
plastic  rocks,  the  showers  of ^  ashes,  torrents  of  steam  mingled  with 
gases,  and  of  water,  which  constitute  the  eruptions.  By  considering 
the  nature  of  these  solid,  liquid,  and  gaseous  substances,  their  mutual 
relations  and  respective  functions  in  volcanic  phenomena,  and  the 
circumstances  of  their  ejection,  some  progress  may  be  made  towards  a 
chemical  theory  of  the  nature  and  origin  of  the  subterranean  fires ;  but 
to  gain  a  proper  notion  of  the  mecluknical  forces  set  in  action  during 
volcanic  excitement,  we  must  enter  upon  a  larger  inquiry : — the  con- 
nection of  earthquakes  and  volcanic  eruptions,  the  relations  of  one 
volcanic  district  with  another,  especially  as  U>  coincidence  or  reciprocity 
in  the  times  of  their  violent  activity  or  remarkable  repose ;  and  the 
history  not  only  of  volcanic  phenomena  which  are  now  in  progress  or 
bave  formerly  happened  in  particular  situations,  but  the  genend  his- 
tory of  the  effects  of  the  disturbance  of  the  internal  heat  during  all 
geological  periods  and  over  all  parts  of  the  globe.  Those  mechanical 
forces,  it  must  be  remembered,  are  simply  the  correlates  of  this  heat, 
andoome  into  action,  primarily,  in  consequence  of  the  antagonistic 
action  of  the  sun's  rays  upon  the  surface  of  the  earth,  and  its  more 
immediate  results  in  changing  the  position  of  the  matter  constituting 
that  surface. 

Has  this  extensive  inquiry  been  followed  out  so  completely  and 
methodically  as  to  justify  a  belief  that  the  true  theory  of  volcanoes  is 
reduced,  as  several  other  branches  of  the  great  theory  of  nature  have 
been,  to  a  plain  process  of  induction  ?  That  many  geologists  suppose 
BO  is  evident  from  the  decision  with  which  their  general  speculations 
are  advanced ;  but  the  student  who  desires  to  possess  clear  and 
Bvstematic  inferences  without  being  troubled  with  contending  hypo- 
tiieses  wiU  find  it  necessary  to  class  the  phenomena  as  if  the  inquiry 
were  very  far  from  completion.  The  following  views  may  aid  his 
researches  into  this  large  and  interesting  subject : — 

SuccestUm  of  Volcanic  Phenomena. — A  complete  history  of  any  one 
volcano,  by  showing  us  its  origin,  its  alternations  of  rest  and  activity, 
its  progress  to  decay,  and  its  final  extinction,  would  furnish  a  sufficient 
base  for  a  general  theory  of  volcanic  action ;  for  the  analogies  among 
all  burning  mountains,  as  to  form,  structure,  composition,  and  asso- 
ciated phenomena,  are  such  as  to  warrant  the  application  of  a  few 
general  laws  and  one  theory  to  them  all.  But  we  know  not  completely 
the  succession  of  phenomena  which  have  happened  in  any  one  volcano. 
We  have  indeed  examples  in  abundance  of  new  islands  and  new  moun- 
tains being  raised  in  our  own  days  and  giving  forth  fire ;  we  have 
the  history  of  Vesuvius  as  an  intermitting  volcano  for  nearly  eighteen 
hundred,  and  that  of  iEtna  for  above  two  thousand  three  hundred, 
years ;  and  we  may  contemplate  on  the  banks  of  the  Rhine,  in  Hun- 
gary, and  in  Auvergne,  the  aspect  of  a  country  from  which  the  subter- 
ranean fires  appear  to  have  withdrawn  their  forces  before  (though  in 
the  country  last  named  probably  not  long  before)  the  origin  of  history. 
The  birth,  continued  activity,  decay,  and  extinction  of  volcanoes  are 
phenomena  seen  in  separate  parts  of  the  earth's  surface,  and  acquire 
unity  and  consistence  only  by  being  rightly  combined  into  a  correct 
general  view  of  volcanic  action. 

^ar%iia^.— Previous  to  volcanic  eruptions  generally,  whether 
these  happen  in  old  craters  or  burst  up  in  new  situations,  earthquakes 
prevail,  sometimes  for  a  considerable  period,  in  the  vicinity  of  the 
volcano,  and  extend  their  terrors  to  considerable  distances  from  it. 
Near  to  the  centre  of  future  violence  springs  have  been  known  to  fail 
and  others  to  burst  forth,  and  unusual  noises  have  been  heard. 
Previous  to  the  year  1538  fiie  Neapolitan  shore  had  been  disturbed  by 
earthquakes  for  two  years;  and  these  symptoms  of  subterranean  dis- 
turbance  were  succeeded  bv  the  production  of  the  Monte  Nuovo  (on 
and  over  the  ancient  site  of  the  Lucrine  Lake)  in  the  space  of  forty-eight 
hours. 

Among  the  effects  of  great  earthquakes  are  fissures  in  the  crust  of 
the  earth,  both  in  volcanic  regions  and  in  distant  situations.  In  1811 
and  1812  the  movements  of  the  groimd  in  the  valley  of  the  Mississippi 
and  in  Caracas  caused  vast  depressions  and  elevations,  some  of  which 
remained,  so  as  permanently  to  affect  the  drainage  and  change  the  form 
of  the  surface.  Some  of  the  numerous  fissures  produced  in  Calabria 
by  the  earthquake  of  1783  assumed  a  radiating  form,  and  it  is  con- 
jectured by  Lyell  that  in  these  situations  the  ground  waa  perma- 
xwntly  raised.  In  1669  the  flanks  of  ^tna  were  fissured,  and  through 
the  opening  the  Monte  Rossi  was  raised,  by  ejection  of  ashes,  &c.,  to 
the  height  of  450  feet.  In  1 759  the  new  volcano  of  Jorullo  was  formed 
on  the  pUins  west  of  Mexico  by  the  accumulation  of  ejected  materials 
(as  18  now  known)  into  a  mountain  1695  feet  high. 

By  these  instances,  taken  from  situations  far  from  other  volcanoes 
(Jorullo),  at  points  in  the  vicinity  of  active  and  extinct  volcanoes  (the 


Monte  Kuovo),  and  on  the  slopes  of  a  frequenUj  burning  cone  (iJie 
Monte  Rossi),  it  appears  that  generally  the  earliest  observable  fact  in 
the  history  of  volcanic  phenomena  is  the  opening  of  the  ground, — 

a.  Along  a  line  of  fissure,  h.  In  a  system  of  intersecting  fissures. 
Such  openings,  when  happening  on  land,  constitute  subaerial  volcanoes; 
and  when  occurring  in  the  bed  of  the  sea  they  produce  Bubmariae 
volcanoes. 

The  preceding  statements  relative  to  the  connection  of  earthquakes 
and  volcanoes,  and  the  alleged  elevation  of  land  by  the  former,  are  in 
agreement  with  the  inferences  generally  drawn  from  both  clawrw  of 
phenomena  prior  to  the  publication  of  the  recent  indactive  researches 
on  earthquiues,  of  which,  and  of  thefr  results,  we  have  given  some 
account  in  the  articles  Earthqua-Ke  and  SEisMO]X>or.     Seismie  and 
volcanic  energy  are  evidently  the  same  in   origin,  manifested  in  the 
former  in  a  manner  purely  mechanical,  and  lA  the  latter  in  a  thermal 
(if  not  chemical)  and  also  medianical  manner.    But  we  must  now  admit 
that  these  phenomena  are  not  related  as  cause  and  efifect.    Earthquakes 
do  not  produce  or  commence  volcanoes,  or  initiate,  though  they  may 
be  simultaneous  with,  volcanic  eruptions;    nor   do   volcanoes  cause 
earthquakes,  though  there  is  a  common  cause,  or  chain  of  causes,  for 
both.    Mr.  R.  Mallet  has  shown  that  fissures  even  are  never  prodaced 
by  the  direct  passage  of  the  wave  of  shock  in  an  earUiquake,  but  are  a 
mere  secondary  effect,  conformed  to  and  determined  by  the  dip  or 
slope  of  the  subjacent  beds  of  rock,  and  are  no  more  than  incipient 
landslips.    The  movements  of  the  ground  in  Caracas  and  in  the  ^ey 
of  the  Mississippi,  mentioned  above,  were  in  all  probability  of  this 
description.     In  like  manner,  having  deduced  from  theory,  as  well  as 
inferred  from  observation,  that  earthquakes  cannot  produce  elevations 
(although  the  latter  have  been  known  to  have  taken  place  about  the 
same  time  as  earthquakes  and  in  the  same  region),  he  examined  with 
care  more  than   150  miles  of  sea-coast,  as  well  as  rJTer-oourses,  for 
evidence  of  any  permanent  elevation  of  land  having  taken  place  even 
concurrently  with  the  earthquake  of  the  16th  of  December,  1857,— the 
greatest  that  has  occurred  in  Italy  since  that  of  1783,  referred  to 
above, — but  found  none. 

The  production  of  elevations  and  true  fissures  appears  in  fact  to  be  a 
third  great  effect,  or  class  of  effects,  of  the  common  chain  of  causes  of 
earthquakes  and  volcanoes, — to  be  a  distinct  consequence  from  them  of 
''  the  tendency  of  the  globe  to  swell  into  froth  at  the  surface,"  to  use 
the  emphatic  and  comprehensive  expression  of  Sir  J.  F.  W.  HerscheL 
That  a  volcano  begins  by  the  production  of  a  fissure,  through  which 
the  ejections  constituting  an  eruption  are  subsequently  to  be  duchaiged 
by  the  continuance  of  the  force  originating  the  fissure,  is  most  probable; 
though  it  may  often  happen  that  the  elevation  of  such  matenals  from 
below  falls  short  of  an  eruption,  and  merely  fills  the  fissure  (afterwards 
to  be  observed  as  a  dyke),  or  that  the.  materials  elevated  are  of  a 
different  description,  and  are  not  otherwise  related  to  volcanic  pheno- 
mena than  as  being  effects  of  a  common  primary  cause — subtemnean 
heat.      We  shall  again   have  to  notice  the  light  thrown  upon  the 
philosophy  of  volcanoes  by  the  recent  investigations  of  earthquake- 
phenomena. 

Eruptions. — When  by  some  movement  of  the  ground  a  channel  is 
opened  ^m  the  interior  to  the  surface  of  the  earth,  a  paroxysm  of 
volcanic  excitement  follows,  and  ui  eruption  happens  through  the  new 
opening.    There  may  be  a  slow  outpouring  of  melted  rook,  pressed 
upwards  against  gravity  by  an  internal  force ;  or  a  violent  upburst  of 
clouds  of  scoria)  and  ashes,  mixed  with  larger  stones ;  or  a  torrent  oi 
the  same  materials  mixed  with  water,  and  constituting  mud;   or 
volumes  of  steam  and  gases  of  different  sorts ;  but  permanently  gaseous 
matter  appears  to  be  much  inferior  in  quantity  to  aqueous  vapour,  and 
frequently,  if  not  generally,  to  be  the  least  important  product  or  educt 
of.  an  eruption.    These  are  exactly  the  products,  singly  or  in  combina- 
tion, which  are  delivered  by  long-established  vents,  and,  as  far  as  we 
can  judge,  the  same  have  been  yields  by  volcanoes  which  probably 
became  extinct  before  the  historic  era  of  the  human  race ;  moreover, 
the  volcanoes  of  all  regions  agree  generally  in  this  respect.    Evidently, 
therefore,  the  condition  of  the  interior  parts  of  the  earth,  which  are 
under  the  influence  of  volcanic  excitement,  is  of   a   general  and 
continuous  nature,  and  must  be  supposed  capable  of  interpretation 
by  examination  of   the  products  and    the   circumstances  of   their 
extrication. 

The  enormous  fiaahes  of  lightning  which  accompany  volcanic  erup- 
tions, issuing  from  the  ascending  column  of  steam  and  solid  ejections, 
and  which  are  equally  characteristic  of  eruptions  originally  submarine, 
when  they  rise  into  the  atmosphere,  have  been  celebrated  from  the 
time  of  Puny ;  but  they  had  not  been  accounted  for  in  any  satisfactory 
manner,  having  only  been  vaguely  referred  to  an  evolution  of  electricity 
connected  with  the  intense  actions  of  various  kinds  taking  place  in  the 
eruption.  After  Mr.  (now  Sir  William  G.)  Armstrong  had  observed 
the  electricity  of  effluent  steam,  Mr.  Brayley  pointed  out  the  precise 
analogy  of  the  sparks  given  by  it,  to  this  volcanic  lightning.  ('  P^ 
Mag.,'  Series  3,  vol.  xviiL  p.  94.)  Dr.  Faraday  subsequently  asoertaiQed 
that  the  electricity  of  effluent  steam  is  produced,  in  reality,  by  the  friction 
of  the  globules  of  water,  resulting  from  its  partial  condensation,  and  of 
particles  of  foreign  matter,  both  merely  driven  onward  by  the  steam  sa 
a  mechanical  agent,  upon  the  substance  of  the  tube  from  which  it 
issues.  In  the  eruption  of  a  volcano  we  have  all  these  elements  in 
perfection,  and  on  an  immense  scale,  the  foreign  particles  being  supp^^ 
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by  the  volcanic  ashes,  and  we  may  therefore  oonclude,  that  the  enor- 
mous evolution  of  electricity  accompanying  it  arises  from  their  friction, 
as  in  the  hydro-electric  machine.  It  is  probably  the  greatest  example 
In  nature  of  the  production  of  frictional  electricity. 

McM  of  Volcanic  ProducU.— "Now  the  first  thing  which  arrests  the 
attention  in  regard  to  the  circumstances  which  accompany  the  products 
of  volcanic  eruptions,  is  the  enormous  mass  of  materials  ejected  at 
particular  points.  In  48  hours,  in  1538,  the  Monte  Nuovo,  440  feet 
high  and  8000  feet  in  circumference,  was  thrown  up  in  a  place  which 
may  be  regarded  as  a  new  vent  of  the  Neapolitan  volcanic  region.  In 
1759  a  new  vent  was  opened  west  of  Mexico,  a  new  volcanio'mountain 
(Jonillo)  was  thrown  up  to  the  height  of  1695  feet,  and  an  area  of 
three  or  four  miles  was  covered  with  its  lavas.  (See  ool.  670.)  Between 
July  and  August,  in  1831,  Graham's  Island  had  been  raised  from  the 
sea-bed,  100  fathoms  deep,  to  a  height  of  107  feet  above  the  sea,  with 
a  circumference  of  8240  feet ;  in  September  its  height  was  100  to  230 
feet,  and  its  circumference  2800.  In  the  winter  of  1831-2  the  whole 
vast  heap  of  ashes  had  been  dispersed  by  the  waves,  and  nothing 
remained  of  this  short-lived  volcano  but  a  dangerous  shoal.  Subse- 
quently this  has  been  low^^,  and  a  comparatively  slight  elevation 
above  the  average  level  of  the  neighbouring  sea-bed  is  now  under  deep 
water.  The  lava  currents  from  many  volcanoes  are  of  the  same  gigan- 
tic proportions.  In  1737  Vesuvius  poured  forth  33,587,058  cubic  feet ; 
in  1 794, 46,098,766  cubic  feet ;  and  i£tna»  in  1669,  gave  forth  93,838,950 
eubic  feet,  which  would  make  a  considerable  hill ;  for  it  would  cover  a 
space  of  ground  one-quarter  of  a  mile  across  with  a  conical  mound  180 
feet  high.  The  accumulated  eflfects  of  two  yean'  eruptions  of  Sk^ptaa 
Jokul,  in  Iceland,  appear  to  have  filled  valleys  and  lakes  and  broad 
plains  with  floods  of  melted  rock.  The  lava  is  said  to  have  flowed  in 
one  direction  50,  and  in  another  40,  miles,  with  breadths  of  15- and  7 
miles  respectively,  and  with  a  depth  averaging  about  100  feet,  but  in 
places  reaching  600  feet.  If  these  data  have  any  claim  to  be  regarded 
as  fair  approximations  (they  are  so  regarded  by  Lyell  and  other 
writers),  the  mass  of  lava  poured  out  in  two  yean  by  Uus  moc2en» 
volcano  exceeds  a  hundredfold  that  of  the  Plutonic  rocks  which  appear 
in  the  chain  of  the  Malvern  Hills.  It  would  cover  all  the  coal-fields  of 
the  British  Islands  with  a  plateau  of  basaltic  rock  20  feet  thick,  or  buiy 
London  under  a  mountain  rivalling  the  cone  of  Tenerifie.  In  the 
eruptions  of  Tomboro,  in  Sumbawa,  in  1815,  ashes  and  soorise  were 
thrown  out  sufficient  to  form  three  mountains  equal  to  Mont  Blano,  or 
to  cover  tiie  whole  of  Germany  two  feet  deep.  The  volume  of  muddy 
and  watery  eruptions  from  volcanoes  can  seldom  be  accurately  mea- 
sured. Humboldt  speaks  of  mud  eruptions,  called  "  Moya,"  as  frequent 
in  the  volcanic  system  of  the  Andes,  and  they  are  abundant  enough  to 
flU  valleys  and  stop  the  channels  of  rivers. 

From  such  data  as  can  be  collected  there  appean  no  sign  of  any 
general  decay  in  the  magnitude  of  the  volcanic  eruptions  taken  gene- 
rally, though  in  respect  to  any  particular  volcano  the  oontraiy  may  be 
infemd. 

Bruptive  Pcreei, — If  the  quantity  of  matter  ejected  by  volcanoes  be 
taken  as  a  measure  of  the  amount  of  unbalanced  pressure  which  required 
and  obtained  relief,  the  force  with  which  it  was  ejected  may  be  re^^trded 
as  a  measure  of  the  intentiity  of  this  pressure.  Accurate  observations 
on  this  point  are  needed.  If,  as  recorded  by  Sir  W.  Hamilton,  stones 
were  tlut>wn  so  high  above  Vesuvius  as  to  occupy  11  seconds  of  time 
in  falling  to  the  level  of  the  crater,  this  gives  an  upward  velocity  of 
850  feet  in  a  second  at  the  level  of  the  crater,  and  a  height  of  about 
2000  feet ;  but  the  mountain  being  above  3000  feet  high,  we  must 
estimate  the  pressure  at  the  level  of  the  sea  as  competent  to  sustain  a 
colunm  of  matter  of  the  ordinary  weight  of  lava  (say  twice  and  a  half 
that  of  water)  nearly  a  mile  in  height.  This  would  equal  the  pressure 
of  between  800  and  400  atmospheres. 

Lava  which  had  flowed  in  1798,  was  traced  by  Humboldt  to  the 
summit  of  the  Peak  of  Teneriffe,  and  must  therefore  have  been  sus- 
tained (unless  the  lava  were,  as  is  probable,  of  a  lighter  kind)  by  double 
the  pressure.  These  pressures  appear  great,  but  in  no  degree 
improbable  if  judged  by  the  well-known  effects  of  steam.  A  tempera- 
ture of  800^  Fahr.  would  give  the  steam  pressure  for  a  height  2000  feet 
above  the  cone  of  Vesuvius ;  and  so  rapidly  does  this  power  augment 
with  additional  heat,  that  less  than  1000*  Fahr.  may  be  sufficient  to 

f'lve  steam  a  force  equal  to  balance  the  whole  column  of  lava  in  the 
eak  of  Teneriffe.  Now  these  are  temperatures  which  appear  to  fall 
within  the  observed  heats  of  some  of  the  lava  currents,  for  these  have 
been  found  to  melt  silver  and  to  perform  heating  effects  greater  than 
those  of  red-hot  iron.  Steam-power,  generated  by  the  admission  of 
water  to  the  hot  interior  parts  of  the  earth,  appean  entirely  adequate 
to  the  "  eruptive  forces  "  actually  witnessed  in  volcanoes.  It  is  much 
in  favour  of  this  being  reidly  the  agency  employed,  that  we  find  in 
explosive  eruptions  such  considerable  bodies  of  aqueous  vapour 
erupted  during  most  parts  of  the  paroxysm;  that  some  eruptions  have 
yielded  little  else  than  steam,  and  othera  chiefly  hot  water.  Moreover, 
on  considering  attentively  the  distribution  of  volcanoes  over  the  globe, 
we  find  the  active  volcanoes  most  frequently  by  the  side  of  the  sea,  or 
by  other  considerable  bodies  of  water ;  and  the  extinct  volcanoes  in  the 
vicinity  of  ancient  lakes,  or  desiccated  branches  of  the  ancient  ocean. 
Why  they  should  be  in  the  immediate  proximity  of  the  ocean  or  of 
lakes,  will  appear  in  the  sequel.  But  while  such  proximity  undoubtedly 
facilitates  the  operation  of  water  in  volcaaic  phenomena,  that  operation 


appean  not  to  depend  upon  it ;  volcanoes  may  receive  water  on  account 
of  their  vicinity  to  it,  but  that  vicinity  Ls  not  occasioned  by  the 
necessary  agency  of  water  in  their  eruptions. 

The  general  type  of  a  volcanic  eruption  appean  to  be  as  follows  : — 
The  ground  is  rocked  by  frequent  earthquakes ;  special  movements  and 
noises  happen  in  and  about  the  volcanic  mountain ;  clouds  of  steam 
rise  from  the  crater,  followed  and  mixed  with  showen  of  ashes  and 
sooriffi  driven  up  by  the  exploding  and  expanding  vapour ;  the  tube  of 
the  crater  becomes  filled  by  melted,  or  at  least  flowing  matter,  which 
undulates  upward  and  downward  with  the  irregular  pressiuv  of  the 
vaporous  or  gaseous  matter ;  these  bunt  in  large  bubbles  through  it, 
scattering  it  into  granular  dust  and  ashes,  till  the  lava  overtops  or 
breaks  trough  the  loose  conical  walls  of  the  crater,  and  flows  abun- 
dantly, so  as  partially  or  wholly  to  relieve  for  a  time  the  unbalanced 
internal  pressure. 

Volcanic  Products, — The  substances  thrown  out  during  volcanic 
eruptions,  whether  stony,  liquid,  or  gaseous,  disclose  more  or  less  com- 
pletely the  nature  and  condition  of  the  interior  masses  of  the  globe, 
at  depths  greatly  exceeding  the  dimensions  of  the  greatest  volcano  or 
mountain  known,  but  still  very  small  in  comparison  to  the  earth's 
radius,  and  belonging  to  the  mere  outer  crust  of  the  globe.  The 
lava  or  melted  rock  is  generally  referrible  to  a  very  small  number  of 
aggregations,  in  which  felspar,  augite  (or  hornblende),  and  oxide  of 
iron  are  the  most  important  ingredients,  the  mass  being  modified  by 
additional  minerals,  as  leucite,  idocrase,  olivine,  garnet,  epidote, 
stilbite,  heulandite,  and  many  othera.  Combinations  of  sulphur,  and 
of  uranium,  copper,  lead,  arsenic,  and  manganese,  also  occur  in  various 
proportions;  but  these  metallic  bodies  do  not  play  an  important 
part  in  volcanic  phenomena.  The  so-called  ashes  and  scoriss  consist 
of  the  same  substances  as  the  lava,  the  most  prolific  repositories  of 
the  rarer  minerals  being  always  in  cavities  of  the  lava  or  scoriform 
aggregations.  [The  charactera  of  these  mineral  substances  have  been 
described  under  their  respective  names  in  Nat.  Hist.  Div.] 

In  these  particulan  modem  lava  will  bear  comparison  with  ancient 
Plutonic  rocks,  for  they  are  composed  of  similar  mineral  aggregates, 
modified  by  many  of  the  same  rarer  crystallisations,  which^  mostly 
occur  in  the  cavides  of  their  mass.  The  difference  of  most  importance 
between  Plutonic  rocks  (granite,  &c.)  and  volcanic  rocks  (trachyte,  &c.) 
is  in  the  degree  of  their  consolidation ;  and  this  difference  appean 
quite  intelligible  by  a  comparison  of  the  various  appearance  and 
character  of  lava  which  has  cooled  and  become  solid  under  diffennt 
circumstances.  Lava  cooled  in  air  under  slight  pressure  is  often 
cellular;  cooled  under  the  pressure  of  water  (as  in  the  case  of  the 
current  which  passed  through  Torre  del  Greco  into  the  sea),  it  is  more 
compact;  when  vitreous,  and  much  distended  by  steam,  it  becomes 
vesicular  pumice.  We  may  therefore  believe  that  lavas  which  remain 
and  grow  solid  under  great  pressure  about  the  internal  base  of  the 
volcano  are  of  a  more  dense  nature  than  those  which  come  to  the 
surfiice,  and  may  thus  closelv  resemble,  or  be  even  identical  with, 
some  of  the  older  Plutonic  rocks,  which  thus  regarded,  and  from  other 
evidence,  appear  to  be  in  fact  tmerupted  lavtu. 

The  foregoing  account  of  volcanic  rocks  applies,  principally,  to  one 
class  only  of  lavas,  the  stony  or  common  lavas,  the  most  abundant 
product  of  volcanoes ;  but  there  is  a  second,  the  vitreous  or  glassy  lavas, 
of  which  the  mineral  called  obsidian,  or  volcanic  glass,  is  the  type, 
and  of  which  pearlstone  and  pitchstone  and  a  few  other  minerals  are 
examples,  but  partly  in  a  different  condition.    While  the  lavas  of  the 
greater  number  of  volcanoes  belong  to  the  former  class  (though  mingled 
we  believe  in  those  of  every  one  with  some  glassy  lava),  those  of 
certain  volcanoes  are  exclusively  vitreous,  of  which  that  of  the  volcano 
in  the  Island  of  Bourbon  is  an  example.    In  the  flowing  state  the 
nature  of  these  two  classes  of  lavas  is  very  different.    The  vitreous 
lavas  are  then  essentially  in  a  state  of  dry  igneous  fusion,  comparable 
to  that  of  artificial  glass,  or  of  metals ;  but  the  stonv  lavas,  even  while 
fresh  erupted  and  flowing,  are  not  properly  in  a  melted  state,  being  in 
fact  as  truly  aggregates  of  distinct  mineral  substances  while  in  that 
state  as  they  are  when  they  have  ceased  to  flow,  acquired  the  character 
of  ordinary  solids,  and  become  cold.    They  are,  while  they  retain  the 
flowing  property,  as  Mr.  G.  Poulett  Scrope  flrst  observed  and  maintained 
(in  his  work  referred  to  below)  more  than  a  third  port  of  a  century  since, 
a  sort  of  mud,  consisting  of  the  crvstalline  grains  of  the  minerals  foimd 
to  constitute  them,  allowed  to  slip  or  glide  over  each  other  by  the 
intervention  of  water  or  of  aqueoiis  vapour  in  a  peculiar  condition  of 
condensation  and  adhesion  to  the  surfaces  of  the  solid  particles,  though 
at  a  red-  or  even  at  a  white-heat.    Mr.  Scrope's  views,  though  almost 
contemptuously  rejected  at  the  period  of  their  enunciation,  have 
received  great  support  from  the  subsequent  discovery  of  the  possible 
existence  of  water  in  a  liquid  state  at  high  temperatures  (as  they 
might  have  received  it  from  a  contemporary  one  of  its  convertibility 
into  vapour  of  its  own  volume),  and  from  the  now  admitted  necessity 
of  the  agency  of  water  in  the  production  of  all  the  crystalline  aggregate 
constituting  the  Plutonic  rocks,  including  granite  itself,  which  has  been 
referred  to  by  Mr.  Scrope  in  a  confirmatory  paper  communicated  to  the 
Geological  Society  in  1856.    A  remarkable  proof,  among  many  others, 
that  the  stony  lavas  are  not  really  in  a  fused  condition,  is  afforded  by 
the  fact  urged  by  Mr.  Scrope,  that  the  radiation  of  heat  by  them  is 
comparatively  so  slight,  evincing  that  thev  cannot  possess  that  intensely 
high  temperature  which  would  be  requisite  to  impart  to  their  mineral 
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and  chemical  elementa  a  truly  liquid  state,  independently  of  the  agency 
of  water. 

The  views  of  this  consummate  Tolcanic  geologist,  however,  are  now 
probably  to  be  regarded  as  forming  only  a  first  approximation  to  a 
true  theory  of  the  nature  of  lava.  The  researches  which  have  been 
Bubsequenuy  pursued  in  the  chemistry  of  geology,  and  in  the  artificial 
synthetic  production  of  minerals,  as  well  oa  in  the  geology  of  the 
metamorphic  rocks,  and  respecting  the  action  of  the  igneous  rocks 
upon  the  sedimentary  strata,  tend  to  modify  the  original  conclusions 
of  Mr.  Scrope,  but  still  only  in  the  manner  which  has  characterised 
the  progress  of  all  great  discoveries  in  science.  The  necessary  agency 
of  water,  together  with  intense  heat,  in  the  production  of  the  crystalline 
rocks,  has  been  urged  by  Scheerer  and  E.  de  Beaumont.  Its  operation 
through  a  great  range  of  temperatures,  both  in  producing  and  in  alter- 
ing rocks,  has  been  demonstrated  or  illustrated  by  Bunsen  and  Delesse, 
and  more  recently  by  a  remarkable  series  of  experiments  by  Professor 
Daubrde  of  Straaburg.  He  has  shown  "  that  the  molecular  state  of 
the  water  in  lavas,  *be  it  what  it  may/  has  had  a  great  effect  in  the 
formation  of  silicates,  even  when  anhydrous.  It  causes  them  to 
separate,  and  to  crystallise  at  a  temperature  much  below  their  point 
of  fusion;  it  enables  them  to  crystallise  in  an  order  of  succession 
different  from  that  of  their  fusibility ;  thus,  for  example,  leucite,  an 
infusible  silicate  of  alumina  and  potash,  occurs  in  lavas  in  well-formed 
crystals,  often  of  large  size.  To  this,  Ludwig,  in  his  Qerman  trans- 
lation of  Daubr^e's  essay,  adds  that  the  crystals  of  leucite  often  con- 
tain fragments  of  lava,  and  even  small  crystals  of  the  very  fusible 
mineral  augite."  *  These  results  are  most  apposite  to,  and  beautifully 
elucidatory  of,  tJie  true  nature  of  lava  as  originally  observed  by  Mr. 
Scrope.  His  views,  perhaps,  would  have  sooner  been  entertained  by 
other  geologists,  had  he  more  explicitly  distinguished  between  the 
vitreous  and  the  stony  lavas  when  flowing.  The  former  when  in  the 
purest  and  most  characteristic  condition  present  us  with  the  state  of 
igneoiis  fusion  in  its  most  perfect  form ;  solidifying  into  glass  when 
rapidly,  and  crystallising  when  Yerv  slowly,  cooled.  Taking  volcanic 
phenomena  as  a  whole,  there  doubtless  exists  every  gradation  between 
this  and  the  hydroplastic  condition  of  lava  such  as  that  of  Vesuvius 
and  Etna,  which,  however  rapidly  cooled,  does  not  solidify  into  glass, 
but  into  an  aggregate  rock  or  stone,  identical  with  that  resulting 
from  its  slow  cooling  in  nature.  It  is  important  to  observe  that  the 
glassy  lavas  are  converted  by  slow  cooling  not  into  stony  lava,  but 
merely  into  the  crystalline  state  of  the  combination  of  silicates  of 
which  they  consist.  The  stony  lavas,  however,  when  truly  fused, 
whether  naturally  or  artificially,  become  the  glassy  lavas  if  quickly 
cooled,  or  the  corresponding  vitrite  or  crystalline  substance  if  idlowed 
to  cool  slowly.  Such  also  is  evidently  the  origin  of  the  vitreous  lavas 
in  volcanoes,  their  observed  transitions  from  the  glassy  to  the  crystalline 
or  stony  form  depending  partly  on  their  mineral  constitution  and  their 
condition  when  in  the  flowing  state,  and  partly  on  the  circumstances 
atod  rate  of  their  refrigeration.  Of  all  this  we  now  possess  ample 
evidence,  both  geological  and  experimental.  For  some  of  the  former 
we  may  refer  to  the  facts  detailed  by  Mr.  Darwin  in  his '  Geological 
Observations  on  the  Volcanic  Islands,'  &c. ;  and  as  an  example  of  the 
latter,  to  the  results  of  fusing  basalt,  which  is  an  ancient  lava,  and 
when  melted  and  rapidly  cooled  becomes  a  glass  scarcely  distinguishable 
from  obsidian,  but  when  gradually  cooled  does  not  return  to  its  original 
condition  of  a  stony  lava,  an  aggregate  rock  consisting  of  several  mineral 
substances,  but  becomes  a  kind  of  pearlstone — the  peculiar  crystalline 
condition  of  the  glass.  The  importance  of  these  latter  facts  in  reference 
to  the  acceptance  and  right  understanding  of  Mr.  Scrope's  views  has 
already  been  urged  by  Mr.  Brayley  [Watt,  Qreqobt,  in  Bioo.  Dry.],  and 
been  frequently  adverted  to  by  him  in  lectures  on  igneous  geology. 

Water  undoubtedly  is  second  only  in  quantity  among  the  products 
or  educts  of  volcanic  action,  to  the  solid  earthy  matter,  oxides,  like  it, 
some  of  non-metallic  combustible,  some  of  metallic  bases.  Its  func- 
tions in  the  origination  of  Plutonic  and  volcanic  action  were  first  sug- 
gested, as  we  shall  find,  by  the  discoverer  of  the  chemical  nature  of 
that  earthy  matter.  Sir  H.  Davy.  Those  which  it  possesses  in  volcanic 
phenomena  themselves,  partly  in  the  condition  of  vapour,  and  partly 
it  is  probable  in  a  peculiar  intermediate  condition  not  yet  under- 
stood,  were  first  truly  discovered  by  Mr.  Scrope,  and  established  in 
his  '  Considerations  on  Volcanoes.'  The  liquid  products  of  volcanoes 
also  contain,  though  rarely,  the  sulphuric  and  muriatic  acids;  and 
among  the  substances  of  most  interest  in  aiding  to  complete  the  theory 
of  chemical  actions,  are  sublimations  of  common  salt,  and  muriate  of 
ammonia.  The  origin  of  these  where  the  volcanoes  are  situated  by 
the  sea-side  cannot  be  doubtfuL  Boracic  acid  is  another  product  of 
this  kind  occurring  in  the  crater  of  volcanoes  (Daubeny) ;  but  tiiis  we 
now  know  is  an  abundant  element  of  the  earth's  crust,  widely  dissemi- 
nated, though  but  rarely  in  great  quantities  in  a  single  locality.  Com- 
pounds of  boron,  however,  do  not  appear  to  play  an  important  part  in 
the  history  of  volcanoes. 

The  gaseous  products  of  volcanoes  are  important  in  the  investigation 
of  the  chemical  theory  of  the  igneous  action.  Besides  the  clouds  of 
vapour  of  water  (so  abundant  in  eruptions,  and  so  often  productive  of 
local  nins),  chlorine,  azote,  sulphuretted  hydrogen,  sulphurous  acid, 
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and  carbonic  acid,  are  the  most  common.  The  evolution  of  sulphu- 
retted hydrogen  (depositing  sidphur)  continues  under  various  circum- 
stances after  other  signs  of  activity  have  ceased  in  pao-ticular  volcanic 
regions ;  and  even  after  the  craters  have  fallen  in  and  beooxne  full  of 
water,  mineral  springs  and  springs  rich  in  carbonio  add  flow  with,  little 
variation  for  centuries  (many  such  have  been  flowing  from  before  the 
commencement  of  history  to  the  present  day),  while  azotised  waters, 
rising  to  the  surface  along  the  lines  of  fissures  more  ancient  than  any 
known  volcanic  systems,  concur  with  them  in  demonstrating  the  almost 
interminably  slow  process  by  which  subterranean  heat  rises  to  the 
surface  of  the  earth. 

Chemical  Ifypothuis  of  Volcanic  Aetion. — ^The  nature  of  them  various 
products,  and  tiie  order  in  which  they  successively  make  their  appear- 
ance, have  been  the  bases  for  speculations  as  to  the  ohemical  ivroceases 
going  on  in  the  interior  of  volcanic  regions.    Sir  H.  Davy's  discovery 
of  the  metallic  bases  of  the  earths  and  alkalies,  and  of  the  extraordinary 
appetency  for  oxygen  of  several  of  these  bases  (potassium,  sodium,  &c), 
suggested  to  that  great  chemical  philosopher  a  new  and   ingenious 
hypothesis  of  volcanic  action.    Water  admitted  to  some  of  the  metallic 
bodies  alluded  to  is  instantly  decomposed,  and  its  ozvgen  abeorbed, 
with  an  immediate  and  very  remarkable  evolution  of  neat  and  light, 
while  the  metals  become  earths  or  alkalies.    The  substances  most  abun- 
dant in  volcanic  products  contain  these  earths,  and  these  alkalies, — 
namely,  potash,  soda,  lime,  silica,  alumina,  &c., — ^in  various  combina- 
tions, evidently  the  result  of  suooessive  crystallisations  from  a  fluid 
mass.    In  this  hvpothesis  it  is  assumed  that  the  interior  portions  of 
the  earth  consist  m  part  of  the  metallic  bases  of  the  earths  and  aTka?  iiw ; 
tliat  water  is  from  time  to  time  admitted  to  these ;  that  violent  com- 
bustion and  great  heat  follow ;  that  the  oxides  generated  are  melted 
together,  constituting  lava,  while  the  hydrogen,  and  some  of  the  water 
undecomposed,  go  off  to  form  new  combinations  with  sulphur,  chlo- 
rine, carbonic  acid,  &c,  which  are  liberated  from  previous  states  by  the 
heat  and  the  various  chemical  agencies  set  in  activity.    The  power 
which  raises  the  lava,  and  throws  out  the  clouds  of  ashes  and  scorise,  is 
the  undecomposed  and  confined  steam. 

Whoever  looks  carefully  at  this  hypothesis  will  find  in  it  much  that 
is  admirable,  and  little  that  is  open  to  strong  objection,  if  it  be  regarded 
merely  as  a  theory  of  the  eruption  of  vdcamyea,  not  as  a  theory  of  the 
changes  in  the  condition  of  the  interior  parts  of  the  g^obe,  of  which 
volcanic  action  is  one  of  the  visible  exponents. 

It  is  some  recommendation  of  this  view  that  it  seems  to  luiite  itself 
with  a  general  and  not  improbable  speculation  regarding  the  origin  of 
the  more  ancient  Plutonic  rocks,  which  certainly  must  be  supposed  to 
have  passed  through  a  very  similar  series  of  changes  to  those  which 
lava  has  undergone.  Those  rocks  have  the  same  bases  as  lava ;  it  is  the 
natural  result  of  chemical  reasoning,  that  the  elements  which  are  now 
combined  in  them  existed  at  some  earlier  time  in  a  separate  state ;  the 
oxidated  and  melted  granite  crust  of  the  earth  is  formed  by  the  union 
of  these  elements,  and,  according  to  the  hypothesis  of  Davy,*  the  new 
rocks  which  volcanoes  yield  are  produced  by  a  somewhat  sinular  process 
of  oxidation  and  fusion. 

But  this  hyi)othesis  was  nevertheless  neglected  by  its  author  for 
reasons  which  do  not  appear  to  have  been  fully  stated  by  himself. 
It  was  taken  up  by  Dr.  Daubeny,  and  has  been  maintained  by  him 
with  much  perseverance  and  ingenuity  of  research  as  a  sufl&oient 
'  Chemical  Theory  of  Volcanoes.'  We  may  call  it  the  '  Hypothesis  of 
Subterranean  Oxidation,'  and  develop  it^  according  to  Dr.  Daubeny,  as 
follows : — 

Below  the  surface,  at  a  depth  of  a  few  miles,  the  interior  of  the 
earth  is  assumed  to  contain  the  earthy  and  alkaline  metalloids,  iron 
and  other  metals,  sulphur  and  sulphuretted  salts.  Slow  combustion 
happening  amongst  them,  even  under  the  continents,  by  sUght  additions 
of  moisture  and  air,  generates  particular  gases  (nitrogen,  carbonic  acid, 
Bulphmretted  hydrogen,  &c.);  these  rise  and  combine  with  springs 
which  issue  along  lines  of  natural  fissiu-es,  or  are  diaoovered  in  artificial 
wells,  often  giving  to  them  a  temperature  higher  than  that  of  the 
country  where  they  occur.  Under  the  sea  or  large  bodies  of  water, 
and  especially  along  lines  of  sea-coast  (where  fissures  may  be  supposed 
more  numerous  than  elsewhere),  water  may  be  admitted  to  the  interior 
more  easily  and  in  greater  quantity,  and  may  occasion  phenomena  of 
the  same  order,  accompanied  by  oUier  effects  more  powerful,  rapid,  and 
characteristic,  imtil  the  process  ceases  for  awhile  by  the  choking  of  the 
passages  whic^  admitted  the  water. 

The  water,  decomposed  by  contact  with  the  metalloids,  yields  its 
oxygen  to  them ;  the  hydrogen  is  liberated,  but  not  allowed  to  escape 
in  great  quantity  alone,  for  it  readily,  under  the  influence  of  heat» 
combines  with  sulphur  into  sulphuretted  hydrogen,  or,  with  the  oxygen 
of  atmospheric  air  (if  any  be  present),  reconstitutes  ¥rater.  Nitrogen 
is  thus  liberated,  and  may  be  conceived  to  pass  off  partly  free,  partly 
combined  with  hydrogen,  so  as  to  constitute  ammonia,  which  agaia 
unites  with  chlorine  (derived  from  the  sea- water),  and  constitutes  sal- 
ammoniac.  While  oxygen  (derived  from  atmospheric  air)  is  plentiful 
in  the  volcanic  channels,  the  hydrogen  will  not  unite  with  sulphur, 
which  accordingly  combines  with  oxygen  into  sulphim>us  acid.  When 
the  oxygen  is  consumed,  sulphuretted  hydrogen  is  formed  in  abundance^ 

*  <  Phil.  Trans.*  isas. 
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and  predominates  towards  the  close  of  the  eruption,  and  even,  by  the 
aid  of  the  residual  internal  heat  operating  on  sulphur^  is  evolved  for 
centuries  after  the  volcanic  violence  is  spent. 

The  evolution  of  chlorine  is  easily  traced  to  a  double  decomposition 
of  sea-salt ;  carbonic  acid  is  supposed  to  rise  from  calcined  limestone 
rocks ;  and  specular  iron-ore  (/er  ollgUte)  is  a  product  of  sublimation. 
ThuSj  in  the  opinion  of  Dr.  Daubeny,  all  the  main  phenomena  conco- 
mitant upon  volcanic  action  seem  to  admit  of  explanation  if  we  suppose, 
first,  sea- water,  and  afterwards  atmospheric  air,  admitted  to  consider- 
able masses  of  metals,  metalloids,  sulphur,  &e.,  the  basis  of  the  whole 
speculation  being  the  abundant  decomposition  of  water  at  a  moderate 
depth  below  the  surface  of  the  earth.  The  views  of  Dr.  Daubeny  have 
been  controverted  by  very  eminent  writers  (as  Dr.  Davy,  Prof.  Bischof , 
and  others)  on  particular  points ;  but  we  are  not  aware  of  any  attempt 
upon  other  aasimiptions  quite  so  satisfactory  as  this  of  Dr.  Daubeny,  to 
explain  generally  the  chemical  producU  of  volcanic  eruptions  in  the 
order  of  their  occurrence. 

Perhaps,  therefore,  we  may  concede  to  this  hvpothesis  the  proba- 
bility that  in  the  interior  of  the  earth  the  metalloids  exist  in  quantity 
sufficient  to  cause  an  abundant  decomposition  of  water,  and  thus 
originate  a  given  series  of  chemical  changes  such  as  are  witnessed  in 
volcanic  eruptions.  But  before  we  accept  it  as  a  general  explanation  of 
volcanic  disturbances,  other  classes  of  dat^  than  those  furnished  by 
chemical  analysis  must  be  brought  into  the  reasoning. 

An  important  circumstance  in  the  general  theory  of  volcanoes  is  the 
connection  and  reciprocal  activity  wMch  exists  underground  between 
volcanic  regions  entirely  separated  on  the  surface,  as  between  Sicily 
and  Naples ;  between  the  Mediterranean  volcanic  region,  taken  gene- 
rally, and  the  region  of  extinct  (or  long  suspended)  volcanic  action  in 
Asia.  To  this  we  must  add  another  and  lai^r  series  of  facts  regarding 
the  extent  and  distribution  of  volcanic  action  on  the  surface. 

Volcanic  Regiont  and  their  Connection, — Volcanic  regions,  if  estimated 
by  the  area  over  which  the  lava  and  ashes  have  been  dispersed,  con- 
stitute but  a  small  portion  (perhaps  less  than  ijj^th  part)  of  the  surface 
of  the  globe,  but  in  a  survey  of  these  regions  we  must  include  not  only 
the  active  vents  and  extinct  craters,  but  also  "  large  intermediate  spaces 
where  there  is  abundant  evidence  that  the  subterranean  fire  is  at  work 
continuously,  for  the  ground  is  convulsed  from  time  to  time  by  earth- 
quakes ;  gaseous  vapours,  especially  carbonic  acid  gas,  are  disengaged 
plentifully  from  the  soil ;  springs  often  issue  at  a  very  high  tempera- 
ture, and  their  waters  are  usually  impregnated  with  the  same  mineral 
matters  as  are  discharged  by  volcanoes  during  eruptions.  (Lyell,  *  Princ. 
of  Geology/  book  ii.,  ch.  ix.) 

To  describe  these  districts  would  be  entirely  foreign  to  the  purpose 
of  this  essay,  but  we  may  bv  a  simple  classification  show  how  much  of 
the  grandest  features  of  physical  geography  is  due  to  volcanic  dis- 
turbance. 

European  Volcanic  Dietricts. — The  Icelandic  volcanoes,  remarkable 
for  abundant  lava  streams;  the  Azores,  amongst  which  new  islands 
have  been  thrown  up ;  Sicily,  including  Mino,  and  the  vanished  Gra- 
ham's Island,  often  csdled  Sciacca,  which  is  properly  only  the  name  of 
the  opposite  point  of  Sicily ;  the  Lipari  Isles,  >vith  Stromboli  always 
burning;  the  Neapolitan  tract,  including  Vesuvius;  Ischia  and  the 
Ponza  Isles ;  Santorini  and  some  neighbouring  islets.  The  above  are 
all  considered  as  active  volcanic  centres,  and  have  been  subject  to 
eruptions  in  historical  times.  The  extinct  volcanic  systems  of  Europe 
are  the  trachytic  domes  in  the  centre  of  France  (Auvei^e,  [Auverone, 
in  Geoo.  Div.]  the  Vivarais,  &c.),  the  Eifel  country,  the  Seven  Moun- 
tains, and  other  trachytic  and  basaltic  parts  along  the  Rhine;  the 
Wester wald,  Vogelsgebirge,Rhongebirge;  together  with  the  Kaiserstuhl, 
and  many  other  scattered  basaltic  hills  in  the  middle  of  Germany; 
Hungary,  Transylvania,  both  remarkably  rich  in  trachytes  and  the 
vitreous  lavas  called  pearlstones;  the  Gleichenberg  in  Styria.  In 
Italy,  the  Euganean  hills  and  other  smaller  points  appear  in  the  north 
of  Italy;  while  between  Rome  and  Naples  large  ancient  craters  occur, 
and  connect  Mount  Albano  with  Vesuvius.    (Daubeny.) 

Asiatic  Vdcanic  Diatricta. — Mixed  active  and  extinct  volcanic  moun- 
tains occur  about  the  Persian  Gulf,  the  Red  Sea,  and  the  Dead  Sea,  in 
the  vicinity  of  Smyrna,  in  the  Caucasus  (especially  in  Moimt  Ararat), 
and  in  the  Elburz  Mountains,  including  Demavend.  These  are,  or 
appear,  detached  points  of  more  or  less  decayed,  though  once  powerful, 
action,  fed  by  inland  seas.  On  the  southern  and  eastern  shores  of 
Asia  the  subterranean  enezgies  are  still  unsubdued,  and  constitute  a 
long  chain  of  lofty  islands  and  promontories  from  Barren  Island,  in 
the  Bay  of  Bengal,  through  the  length  of  Sumatra  and  Java,  by  Bally, 
Sumbawa  (already  noticed),  Flores,  Celebes,  Sangir,  Mindanao,  Fugo, 
Lxi9on,  Formosa,  Loochoo,  Japan,  the  Kurilian  Isles,  the  magnificent 
mountains  of  Kamtchatka,  examined  by  Erman,  and  th&  line  of  the 
Aleutian  Isles,  to  Alaschka,  on  the  western  coast  of  North  America. 

African  Volcanic  Districts. —The  African  islands  are  nearly  all  volcanic, 
though,  as  in  St.  Helena,  the  action  has  long  been  extinct;  or,  as  in 
the  Canary  Isles,  the  localities  once  devastated  now  enjoy  immunity 
through  the  great  safety-valve  of  TenerifTe.  (Von  Buch.)  On  the 
continent,  traces  of  volcanic  action  apj^ear  in  the  chain  of  the  Atlas ; 
while  in  the  northern  as  well  as  in  the  equatorial  portions  of  the 
''Mountains  of  the  Moon,"  now  known  through  Dr.  Beke  to  bo  a 
meridional  range  parallel  to  the  coast,  and  extending  from  the  north- 


eastern to  th£  south-eastern  regions  of  the  continent,  are  many  active 
volcanoes.  An  account  of  an  eruption  of  one  of  these,  Jebel  Dubbeh, 
in  May  last  (1861),  by  Captain  R.  L.  Playfair,  R.N.,  was  recently  com- 
municated to  the  Geological  Society.  ^ 

The  late  M.  Daussy,  geographer  to  the  French  Board  of  Longitude, 
collected  observations  of  earthquake-shocks  received  by  vessels  at  sea 
at  various  periods,  but  all  within  a  given  limited  area,  which,  according 
to  Mr.  Mallet,  render  the  existence  almost  certain  of  a  vast  active 
volcanic  suboceanic  area  in  the  basin  of  the  Atlantic,  nearly  midway 
between  Cape  Palmas  on  the  west  coast  of  Africa,  and  Cape  St.  Roque 
on  the  east  coast  of  South  America,  or  in  the  narrowest  part  of  the 
ocean  between  these  continents.  This  vast  disturbed  and  perhaps 
partially  igneous  ocean-floor  can  be  no  less  than  nine  degrees,  or  above 
620  miles,  in  length  from  west  to  east,  and  from  three  to  four  degrees, 
or  between  200  and  800  miles,  in  breadth  from  north  to  south.  We 
have  thus  a  submarine  volcanic  tract  in  activity  beneath  the  Atlantic, 
as  large  in  area  as  Great  Britain,  and  where  the  bottom  of  the  ocean  is 
rendered  uneven  in  the  extreme,  immense  protrusions,  that  is,  eleva- 
tions of  land,  whether  persistent  or  temporary,  taking  place  in  deep 
water. 

American  Volcanic  Distiicts. — "Along  the  north-west  coast  of  the 
American  continent,"  Sir  John  Herschel  states, "  the  chain  of  newer 
igneous  formations  is  almost  continuous,  and  in  Oregon  attains  an 
immense  development;  nor  are  active  volcanoes  of  great  magnitude 
wanting,  but  only  those  parts  qf  the  volcanic  zone  which  Ue  upon  the  coast' 
line  contain  such,  namely.  Mount  Regnier  and  St.  Helen's,  at  the 
mouth  of  the  Columbia  river."  The  Rocky  Moimtains  show  many 
marks  of  ancient  volcanic  action,  and  serve  incompletely  to  connect  the 
long  Asiatic  line  just  described  with  another  enormous  volcanic  system 
running  through  California  and  Mexico,  interrupted  at  the  isthmus  of 
Darien,  but  continued  through  Pasto,  Popayan,  Quito,  Peru,  and  Chili^ 
to  Tierra  del  Fuego ;  in  the  last  locality,  however,  though  there  are  trap- 
rocks,  there  are  no  active  volcanoes.  This  mighty  range  of  mountains  ifl 
everywhere  parallel  to  the  sea,  being  only  crossed  by  the  line  of  Mexican 
volcanoes,  which  includes  the  new  mountain  of  Jorullo,  and  passes  perhaps 
from  the  West  Indies  to  the  Revillagigedo  Isles.  The  volcanic  vents  are 
unequally  distributed  along  the  great  Cordillera :  one  in  California, 
five  in  Mexico,  and  above  twenty  between  this  and  the  isthmus  of 
Darien.  South  of  this  point  the  volcanoes  are  few,  but  mostly  of 
prodigious  grandeur  and  frequent  activity,  the  fire  issuing  from  one  or 
other  of  the  mountains,  which,  according  to  Humboldt  and  Darwin, 
are  all  parts  of  one  grand  swollen-up  mass — supporting  Cotopaxi, 
Antisana,  Tunguragua,  and  other  huge  cones.  Only  one  active  volcano 
occurs  in  Peru,  but  nineteen  are  active  at  frequent  intervals  in  Chili, 
and  one  (Villarica)  bums  almost  uninterruptedly.  Here  also  is  the 
highest  volcano  in  the  world,  Aconcagua,  measuring  23,910  feet.  Most 
of  the  West  Indian  islands  are  volcanic,  or  partly  volcanic  and  partly 
calcareous,  the  limestone  being  mostly  due  to  the  growth  of  corals, 
perhaps  on  the  craters  or  round  the  slopes  of  volcanic  mounds.  A 
simihu*  view  appears  applicable  to  the  numerous  groups  of  islands  in 
the  Pacific  Ocean,  in  some  of  which,  as  the  Ladrone  I^es  and  Hawaii, 
are  lofty  and  active  volcanoes. 

In  general  the  Banda  Isles,  New  Guinea,  New  Britain,  Norfolk 
Island,  and  St.  Philip,  the  Society,  and  the  Sandwich  Islands,  are  princi- 
pally of  volcanic  origin.  The  low  lagoon  islands,  described  by  Mr. 
Stutchbury  ('  Journal  of  the  Bristol  Institution ')  as  deriving  this  form 
from  the  growth  of  coral,  have  been  thought  to  be  so  many  points  of 
volcanic  mounds ;  but  it  has  been  suggested  by  Darwin  {*  Trans.  Geol. 
Soc.')  that  they  are  points  of  subsided  land,  on  which  the  zoophyta 
attached  themselves.  Western  Australia  contains  basaltic  and  other 
volcanic  accumulations. 

"  The  east  coast  of  Australia  ofiPers  no  active  volcano,  but  is  marked 
along  its  whole  extent,  from  north  to  south,  with  evidences  of  former 
igneous  activity,  occurring  (in  striking  resemblance  with  what  prevails 
on  the  opposite  coast  in  South  America)  among  the  crystalline  and 
transition  [primary  and  pala)ozoic]  rocks  which  constitute  the  general 
seaboard.  But  the  subterranean  fires  would  seem  here  to  have  shifted 
their  ground,  and  taken  up  a  new  line  of  action  to  seaward,  at  an 
interval  of  from  1000  to  1200  geographical  miles  from  the  coast,  but 
still  conforming  to  its  curvature,  prolonging  the  series  through  the 
Solomon  Islands,  New  Hebrides,  and  Friendly  Islands,  to  New  Zealand. 
(Herschel,  *  Phys.  Geog.') 

On  comparing  this  synopsis  of  the  geographical  distribution  of 
volcanoes  with  a  good  map  of  the  world,  two  remarkable  features  of 
that  distribution  will  be  obvious :  these  are,  in  the  words  of  the  phi- 
losopher last  cited,  "Their  tendency  to  a  lineai*  arrangement  when 
insular,"  and  "  their  constant  association  with  coast  lines." 

In  reference  to  these  features,  and  to  the  phenomena  described  in  the 
preceding  review  of  volcanic  regions  and  their  connection.  Sir  J.  Herschel 
resumes :  *'  It  seems  impossible  to  disconnect  this  obviously  systematic 
arrangement  with  the  genend  evidence  we  have,  from  other  sources,  of 
the  tendency  to  continued  elevation  of  the  coast  line  of  the  Andes, 
and,  indeed,  of  the  whole  continent  of  South  America,  on  the  one  hand, 
and  of  the  depression  over  a  large  portion  of  the  bed  of  the  Pacific  on 
the  other — alternations  which  would  naturally  result  from  a  change  in 
the  incidence  of  pressure  on  the  ^neral  substratum  of  liquefied  matter 
which  supports  the  whole.  The  bed  of  an  ocean  supported  on  a  yield- 
ing substratum  may  be  depressed  wiUiout  a  corresponding  depression 
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of  its  Burfaoe,  by  the  simple  laying  on  of  material,  whether  abraded 
from  the  land,  or  chemically  abstracted  from  the  sea  itself.    That 
matter  is  in  process  of  abrasion  and  transportation  from  the  land  into 
the  ocean  at  every  instant,  and  along  every  coast  line,  we  know  as  a 
matter  of  fact.    We  know,  too,  that  all  existing  strata,  however  enor- 
mous their  thickness,  have  been  formed  at  the  bottom  of  the  sea,  and 
it  is,  therefore,  no  hypothesis,  but  a  perfectly  legitimate  assumption, 
that  the  same  process  is  still  in  progress,  no  matter  how  slowly,  from 
this  cause,  at  least  in  the  vicinity  of  coast  lines ;  and  when  we  look  at 
the  vast  amount  of  organised  ezuvisQ  which  constitute  so  large  a 
portion  of  many  of  the  secondary  and  tertiary  beds— the  secretions  of 
mollusca,  infusoria,  and  zoophytes— and  bearing  in  mind  the  large 
proportion  of  continental  substance  which  has  been  so  formed,  look  to 
the  evidence  afforded  by  deep-setf  soundings,  and  by  coral   forma- 
tions, that  the  same  process  is  going  forward  in   open  sea,  far  out 
of  the  reach  of  coast  washing  and  river  deposit  (the  material  being 
(ctken  up  chemicdUy  by  the  river  and  coast  waters,  and  chemically 
extracted  from  tkenif  when  diffused  by  currents,  by  the  processes  of 
oi^ganic  life),  we  shall  at  once  perceive  that  any  amount  of  pressure  on 
the  one  hand  and  relief  on  the  other,  which  the  geologist  can  possibly 
require  to  work  out  his  problem,  and  any  law  of  distribution  of  that 
^relief  and  that  pressure,  is  available  without  calling  in  the  aid  of 
^  unknown  causes.' 

In  apposition  with  these  views  of  the  physical  geographer,  taken,  as 
it  were,  from  an  eminence  based  on  all  science  (and  to  which  we  shall 
retium),  we  may  appropriately  place  the  most  recent  view  of  the  rela- 
tions of  earthquakes  and  volcanoes,  regarded  on  a  cosmical  scale ;  that 
taken  by  Mr.  Mallet  in  his  fourth  report,  the  following  portions  of 
which  embrace  the  principal  points  of  the  subject,  as  resulting  from  his 
own  seismological  researches  and  those  of  M.  Perrey. 

"  Should  it  ultimately  prove  a  fact,  as  rendered  probable  from  the 
beautiful  investigations  of  Darwin,  that  there  are  great  areas  of  gradual 
subsidence  now  in  motion  beneath  the  Pacific,  it  may  still  happen  (though 
it  is  not  probable)  that  seismic,  or  even  volcanic  bands  may  traverse 
such  areas  of  subsidence,  without  materially  affecting  their  general 
.downward  movement.  Although  many  portions  of  the  earth's  surface 
now  show  evidences  of  vertical  instability,  either  slowly  or  per  scUtiimf 
occasionally  rising  or  sinking,  these  effects  are  all  comparatively  insig- 
nificant in  extent.  The  great  formative  forces,  whatever  they  were, 
upon  which  the  elevated  land  of  the  great  continents  and  the  depres- 
sion of  the  ocean-beds  depended,  have  ceased  sensibly  to  act.  The 
function  of  the  volcano  and  the  earthquake  in  the  existing  cosmos  is 
not  creative,  but  simply  preservative ;  and  vast  as  they  appear  to  the 
eye  and  sense,  their  effects  are  very  small  in  relation  to  the  totality 
of  the  great  terrestrial  machine.  If,  however,  such  large  areas  of 
oceanic  subsidence  as  have  been  supposed  really  exist,  they  will  most 
probably  be  found  situated  almost  centrally  within  the  oceanic  sub- 
basins,  and  hence  surrounded,  but  not  traversed,  by  seismic  bands  [or 
lengthened  tracts  subject  to  earthquakes]. 

'*  There  is  one  fact,  which  is  shown  by  the  relative  positions  of  the 
greatest  volcanic  areas  upon  our  globe  (and  these  the  most  active)  and 
of  the  areas  of  probable  subsidence,  that  is  worthy  of  fixing  our 
attention. 

"  It  will  be  observed  that  the  bands  of  probable  subsidence  are 
tolerably  adjacent  to  the  greatest  seats  of  volcanic  activity,  and  that 
the  latter  generally  have  subsiding  areas  at  more  than  one  side.  Thus, 
in  the  Pacific,  the  band  of  subsidence  is  along  the  great  volcanic  girdle 
from  Celebes  to  New  Zealand,  and  thence  stretches  between  (and  at 
one  point  may  cut  through)  the  line  of  sub-oceanic  volcanic  girdles^ 
from  the  New  Hebrides  to  the  Marquesas. 

"  Again,  the  great  volcanic  horseshoe  girdle  of  Sumbawa  is  between 
the  subsiding  area  in  the  China  Sea,  north  of  Borneo,  and  the 
coral  bands  north  of  Australia,  which  whole  continent,  or  at  least  ita 
western  and  northern  parts,  may  probably  be  subsiding  also.  Lastly^ 
in  the  north  we  have  Iceland  and  its  volcanic  system^  between  the 
sinking  coasts  of  Greenland  and  those  of  the  Baltic. 

"  If  we  admit  then,  as  certain,  that  these  vast  tracts  are  subsiding^  we 
can  scarcely  withhold  our  belief  that  the  subsidences  are  due  to,  and 
are  the  equivalent  in  bulk  of,  the  solid  ejecta  and  exhalations  of  these 
yarious  great  volcanic  areas  respectively.  The  assumed  area  and  extent 
of  subsidence  of  those  supposed  subsiding  tracts  are,  however,  I 
apprehend,  greatly  overrated. 

"  The  seismic  intensity  in  any  part  of  the  world,  so  far  as  originating 
impulse  is  concerned,  does  not  seem  to  be  connected  with  the  super- 
ficial character,  to  the  greatest  known  depth,  of  the  geologic  forma- 
tions, beyond  what  connection  is  necessarily  inferential  from  the  seismic 
bands  (where  they  exist),  following,  on  the  whole,  the  lines  of  moun- 
tains and  ridges  that  separate  the  surface-basins  of  the  earth,  whether 
volcanic  or  not.  While,  therefore,  the  seismic  waves  diverge  from 
axial  lines  that  are  generally  of  the  older  rock  formations,  and  often 
of  crystalline  igneous  rocks,  or  actively  volcanic,  they  penetrate  thence 
formations  of  every  age  and  sort,  even  to  plains  of  the  most  recent 
post-pleistocene  clay,  sands,  and  gravels;  and  occasionally,  by  the 
secondary  efforts  of  great  shocks,  these  loose  materials  are  shaken  or 
caused  to  slip,  and  gather  up  mto  new  forms  (as  in  the  Ullah^Bund  at 
the  mouths  of  the  Indus,  &c.),  and  so  the  earthquake  has  come  to  be 
mistakenly  viewed  as  a  direct  agent  of  elevation.  Its  true  cosmical 
function  is  the  very  opposite :  it  is  part  of  tiie  dislocating^  dograding, 


and  levelling  machinery  of  the  surface  of  our  globe,  while  the  paxt  of 
the  volcano  is  restoration  and  renewal.  Both  are,  however^  not  creattire^ 
but  conservative  (strange  as  it  may  sound),  and  suited  to  the  pericKi  of 
man's  appearance  and  possession  of  the  earth."  . 

The  philosophic  investigator  of  the  volcanic  system  of  the  Canaries 
(Von  Buch)  has  arranged  the  groups  of  volcanoes,  which  hare  thna 
been  briefly  sketched,  into  two  systems.  L  Central  Volcanic  Syatenijaiy 
where  the  vents  are  grouped  round  some  principal  cone,  as  ^tpyt,  or 
arranged  in  an  expanded  area,  as  Iceland.  2.  Linear  Volcanic  Systems, 
as  the  grand  chain  of  Asiatic  Isles  and  the  lofty  range  of  the  Andes ; 
and  this  view  is  perhaps  of  the  more  importance,  because  it  is  applic- 
able to  the  ancient  Plutonic  rocks,  which,  from  other  conaiderationa^ 
we  have  inferred  to  be  of  the  nature  of  unerupted  lava  Thus  the 
Sienitic  line  of  the  Malvern  Hilla  may  be  contrasted  with  the  scattered 
groups  of  traps  about  Chamwood  Forest  and  the  country  north,  of  the 
Cheviot  Hills. 

In  the  one  case  the  crust  of  the  earth  has  yielded  to  pressure,  and 
has  been  broken  in  many  places  near  a  certain  point ;  in  the  other 
it  has  yielded  along  a  certain  line  of  weakness  in  the  rocks.     Von 
Buch  imagined  that  the  central  volcanic  systems,  like  those  of  the  Mont 
d'Or  and  the  Plorab  du  Cantal  in  France,  had  been  originally  formed 
by  an  uplifting  of  the  ground  in  a  rudely  dome-shaped  elevation 
{Erhebungs-cratere) ;  while  along  the  linear  volcanoes  a  great  fault  had 
occurred.     Exactly  similar  suppositions  have  been  employed  for  the 
more  ancient  examples  of  unerupted  Plutonic  rocks ;  but  in  each  case 
there  is  a  part  certain,  namely,  the  fracture  along  the  line,  and  a  part 
disputable,  namely,  the  upheaval  in  a  dome.   Sir  C.  Lyell  is  indisposed  to 
admit  in  any  case  the  origin  of  a  volcanic  vent  by  upheaval  in  a  dome- 
like figure ;  he  even  dissents  from  the  opinion  or  narration  of  Hum- 
boldt respecting  the  elevation  of  Jorullo  by  inflation,  and  from  the 
conclusions  of  De  Beaumont  and  Dufresnoy  regarding  the  Mont  d'Or  and 
the  Plomb  du  Cantal.    This  is  a  point  which  would  be  of  little  con- 
sequence, but  for  the  interest  justly  attached  to  any  inference  con- 
cerning the  origin  of  volcanic  phenomena.     That  there  have  be^i  some 
rudely  dome-shaped  elevations  in  the  older  strata,  in  coxmection  with 
disturbances  of  the  interior  of  the  globe,  is  evident  to  any  one  who  has 


Monte  NaoTo,  440  feet. 


Dykes. 


Dykes. 


YesuviUB. 


Ifoolhope  elevation. 

1,  Lkio  of  the  Aymestry  limestone;  2,  line  of  the  Wenlock  limestone;  9,  line 
of  the  Woolhope  limestone ;  4,  lino  of  the  Caradoc  sandstone  [now  termed 
the  Upper  Llandorerj  Kock.] 

studied  the  strata  in  the  vicinity  of  Woolhope,  described  by  Sir  B.  L 
Murchison,  of  which  ihe  subjoined  cut  gives  a  cross-section.  That  the 
structure  of  such  stratified  domes  of  elevation  is  entirely  different  from 
that  of  a  volcanic  cone  of  eruption  is  evident  by  contrasting  with  the 
former  figure  the  section  across  Vesuvius  and  the  profile  of  the  crateri- 
form  Monte  Nuovo.  Some  further  information  on  this  head  appears 
under  the  article  Stratification,  in  Nat.  Hist.  Div.,  and  upoo  the 
whole  it  is  certain  that  in  respect  of  a  volcanic  mountain  or  region, 
whose  internal  structure  is  sufficiently  exposed,  there  are  characteristic 
marks  by  which  the  existence  of  "  craters  of  elevation  "  can  be  affirnia* 
tively  proved^  if  any  such  craters  exist*    Von  Buoh,  De  Beaumont^ 
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Profefflor  James  D.  Forbes,  and  othere  agree  in  ascribing  this  origin 
to  some  of  the  mountains  in  central  France,  and  apparently  on  sufficient 
evidence.    It  is,  however,  not  a  phenomenon  adnaitting  of  frequent 

citation.  ,        ,      ,  ,. 

Now,  the  districts  thus  dassed  together  are  not  only  related  by 
geographical  proximity,  but  have  some  real  subterranean  aa  well  as 
apparent  superficial  connection.  Humboldt  and  Darwin  speak  con- 
Adently  of  the  great  volcanio  regions  of  the  Andes  as  one  grand  system 
of  subterranean  activity;  though  the  manifestations  of  this  at  the 
surface  offer  local  peculiarities,  both  as  to  time  and  circumstances. 
Mr.  Darwin  has  been  led,  by  the  investigation  of  the  volcanoes  and 
e&rthquakes  of  the  Cordilleras  of  the  Andes,  to  regard  them  all  as 
depending  prinuurily  on  the  disturbance  of  a  vast  internal  sea  of  melted 
rock,  spread  below  a  large  part  of  South  America.  ^ 

Other  conclusions,  equally  on  a  large  scale,  which  have  been  drawn 
by  H.  de  Beaumont  from  other  classes  of  phenomena,  have  a  direct 
bearing  on  this  subject  M.  de  Beaumont  has  inferred  that  the  principal 
niountain-ranges  throughout  the  world  have  their  several  geological 
dates  determinable  by  comparing  the  positions  of  the  disturbed  and 
the  undisturbed  strata  in  and  around  them :  that  to  each  great  period 
of  fractures  in  the  earth's  crust  belongs  a  certain  prevalent  direction  in 
which  those  fractures  happened ;  and  though  this  view  may  be  subject 
to  particular  objections  and  restrictions,  there  is  this  great  truth  in  it/ 
that  the  several  systematic  fractures  which  it  professes  to  refer  to  one 
certain  geological  date  have  each  an  assignable  date.  This  date  being 
assigned,  we  find  that  the  earth's  crust  has  in  ancient  geological  times 
been  broken  by  lines  of  fracture  or  bent  into  flexures,  10,  50, 100,  or 
several  hundred  miles  long,  and  this  often  (there  are  many  examples 
in  the  British  Isles)  with  no  unusual  exhibition  of  really  volcanic  rock 
on  the  Ihie,  and  even  with  little  appearance  of  unerupted  granite  or 
sienite.  These  great  fractures  traverse  nearly  all  regions,  with  no 
special  reference  to  active  or  extinct  volcanoes,  and  it  is  clear  that  they 
are  due  to  a  general  cause,  which  has  been  in  operation  throvigh  all 
past  geological  periods,  and  which  produced-effects  exactly  comparable 
in  kind,  if  greater  in  degree,  to  those  now  performed  by  modem  earth- 
quakes. But  if  we  consider  the  account  of  the  effects  of  the  great 
Liiibon  earthquake  in  1755,  which  extended  over  Europe,  changing 
momentarily  the  level  of  the  land,  raising  waves  60  feet  high  at  Cadiz, 
and  18  feet  at  Madeira,  and  causing  sensible  disturbance  in  the  West 
Indies  and  Loch  Fyne ;  or  the  narratives  of  the  Chilian  earthquakes  in 
1822  and  1835,  the  former  of  which  raised  the  sea-shore  for  100  miles, 
and  the  latter  rent  and  shattered  the  entire  provinces  of  Cauquenes  and 
Concepcion  in  every  direction — it  will  remain  very  doubtful  in  our 
minds  whether  the  internal  power  to  which  earthquakes  owe  their 
force  has  really  decreased,  or  the  violence  of  the  earthquake  been 
moderated  and  relieved  by  the  intermitting  action  of  volcanoes.  Mr. 
Darwin  speaks  confidently  of  earthquakes  and  volcanic  eruptions  in 
South  America  as  parts  of  the  same  phenomenon,  now  one  and  then 
the  other,  or  both  together,  but  at  different  points,  relieving  the 
pressure  on  the  "  internal  sea  of  molten  rock ; "  and  this  view,  which  is 
the  largest,  appears  at  the  same  time  the  simplest  and  beet  founded  of 
all  the  postulates  for  a  general  theory  of  volcanoes. 

This  able  writer  has  indeed  by  a  simple  inference  brought  us  at 
once  to  the  basis  of  this  theory.  He  has  inferred  that  the  primary 
shock  of  an  earthquake  is  caused  by  a  violent  rending  of  the  strata, 
which  on  the  coast  of  Chili  and  Peru  seems  generally  to  occur  at  the 
bottom  of  the  neighbouring  sea. 

Here  then  we  take  our  basis  of  a  general  theory  of  volcanic  actions. 
The  earth's  crust  is  subject  to  fractures,  and  has  always  been  subject 
to  fractures  on  a  great  scale :  below  the  surface  of  the  earth  is  now, 
and  was  in  ancient  geological  periods,  an  internal  sea  of  molten  rock ; 
this  sea  is  agitated  and  thrown  bodily  from  its  place  by  the  rending 
of  the  strata :  a  wave  of  trantlation  (not  an  ordinary  undulation)  is 
generated  in  the  liquid  mass  [Waves  akd  Tides],  which  passes 
rapidly  onwards  and  moves  the  land  on  its  crest,  in  a  given  direction : 
this  is  the  earthquake.  A  portion  of  the  melted  rock  is  forced  by  the 
general  pressure  into  cavities  of  the  rocks,  or  spread  out  in  irregular 
sheets  on  the  bed  of  the  sea;  these  are  the  dykes  and  interposed  beds 
of  Plutonic  rock :  to  some  part  of  the  internal  hot  fluid,  water  finds 
•  access,  and  the  steam  which  is  generated  and  confined  supports  local 
columns  of  melted  rock,  in  particular  fissures  of  the  earth's  crust,  till 
the  lava  finds  vent  and  flows  to  the  surface,  or  is  driven  up  in  dust  and 
scoriae  by  the  violent  extrication  of  the  vapour :  this  is  the  local 
volcanic  action.  As  to  the  composition  of  that  internal  sea  of  melted 
rock,  we  may  admit  it  to  contain  unoxidised  metalloids,  if  by  this 
means  we  can  better  explain  the  peculiar  chemical  nature  of  the  pro- 
ducts which- come  to  the  surface;  and  thus  we  find  at  last  only  one 
condition  remaining  to  be  satisfied,  namely,  the  condition  of  a  continual 
and  progressive  destruction  of  the  equiUbrium  of  the  internal  masses 
of  the  earth,  which  causes  tiie  violent  rending  of  the  strata  ante- 
cedent to  earthquakes  and  volcanoes.  0&  this  point  we  need  not 
enlarge.  The  general  progress  of  geological  and  physical  science  has 
rendered  it  very  probable  that  the  disturbance  of  the  equilibrium 
of  the  earth's  interned  masses,  which  has  at  so  many  geological 
epochs  been  exalted  to  an  intensity  equal  to  sink  and  raise  hun- 
dreds of  miles  square,  and  to  fold  into  complicated  contortions  the 
leemingly  solid  crust  of  the  globe,  is  due  siniply  to  a  slow  change  and 
gradual  diminution  of  the  earth's  intamal   heat.    Qreat   fractures^ 


Plutonic  rocks,  and  volcanic  accumulations,  are  of  all  geological  ages » 
but  as  our  existing  land  is,  in  respect  of  a  very  large  part  of  its  surface, 
of  very  recent  date,  and  volcanic  cones  of  loose  materials  cannot  with- 
stand the  wasting  action  of  the  sea,  it  is  no  wonder  that  the  antiquity 
of  volcanoes,  if  judged  only  by  the  relation  of  volcanic  products  visible 
on  the  land  to  the  stratified  crust  of  the  earth,  appears  much  inferior 
to  that  of  the  Plutonic  rocks,  which  were  formed  among  the  strata  of 
every  age,  under  circumstances  which  admitted  of  their  being  preserved. 
But  if  we  more  closely  study  this  matter,  and  compare  marme  volcanic 
sediments,  such  as  have  been  spread  by  the  ¥ravea  round  the  base  of 
Sciacca,  or  Sabrina,  with  the  ''trappean"  sandstones  described  by  Sir 
R.  I.  Murchison  interposed  amongst  Uie  Silurian  strata,  we  shall  perceive 
that  local  volcanic  excitement  consequent  on  general  changes  in  the 
internal  condition  of  the  earth  is  a  phenomenon  of  all  geological  periods. 

The  subject  of  the  production  of  volcanic  cones,  whether  by  eruption 
or  by  elevation,  or  partly  by  both,  has  been  adverted  to  in  the  pre- 
ceding considerations,  and  the  remarkable  example  of  JoruUo,  re- 
peatedly mentioned  in  the  descriptive  part  of  this  article,  cited  from 
Humboldt  as  one  of  elevation.  Since  their  original  publication,  much 
research,  in  which  have  been  observed  numerous  facts  explicatory  of 
the  subject,  and  much  reasoning  and  discussion  relating  to  it,  have 
been  instituted  and  made  public,  especially  by  Mr.  Scrope,  in  continua- 
tion, or  rather  resumption  of  his  arguments  in  support  of  the  reality 
of  ihe  production  of  volcanic  cones  exclusively  by  eruption,  by  Sir  C. 
Lyell,  and  by  M.  Abich,  all  on  the  same  side. 

The  most  recent  view  of  the  subject,  in  relation  to  these  researches 
and  discussions,  taken  by  Professor  John  Phillips,  F.R.S.  ('  Anniv. 
Address  to  QeoL  Soc.'  1859),  which  it  is  just  to  hun  to  quote  in  this 
place,  is  as  follows :  "  In  general,  it  appears  probable  that  cones  of 
elevation  are  at  least  of  rare  occurrence,  while  cones  of  eruption  ai« 
numerous;  but  as  vertical  movement  of  the  ground  is  an  essential 
condition  for  volcanic  excitement  at  the  outset,  we  must  be  prepared 
to  admit  the  possibility  of  its  occurrence  as  a  part  of  volcanic  history : 
and  the  only  questions  which  remain  for  calm  and  serious  study  in 
reference  to  a  given  volcano  are — How  much  ?  and  at  what  epoch  ? 
Questions  not  to  be  answered  hastily."  On  this  point,  however,  we 
submit  that,  however  theoretically  probable  it  may  be,  that  veztiod 
movement  of  the  ground  is  essential  to  the  beginning  of  volcanic 
excitement,  no  proof  that  it  is  so  has  yet  been  adduced,  beyond  that 
required  to  produce  fissures,  and  ceasing  witii  their  production ;  while 
induction  from  the  late  observations  of  earthquake-phenomena  already 
noticed,  is  opposed  to  it,  and  some  of  the  results  obtained  by  Mr.  W. 
Hopkins,  in  bis  researches  in  physical  geology,  appear  to  indicate  that 
the  theory  is  itself  defective,  if  not  erroneous. 

Mr.  Scrope's  recapitulation  on  this  question  ('Quart.  Joum.  of 
Geol.  Soc'  vol.  XV.  p.  546),  states  its  present  aspect  in  these  terms : 
"My  argument  then  is,  that  the  'elevation-crater'  or  'upheaval' 
theory,  as  applied  to  volcanic  action  by  MM.  de  Humboldt,  De  Buch, 
de  Beaumont,  and  Dufresnoy,  and  to  some  extent  by  Dr.  Daubeny  and 
Professor  James  Forbes,  as  well  as  in  several  popular  geological  com- 
pilations, is  an  assumption  irreconcilable  with  the  appearances  it 
professes  to  account  for,  and  wholly  hypothetical — such  a  process  never 
having  been  witnessed ;  while  there  is  nothing  in  the  form,  structure, 
or  composition  of  any  of  the  cones  or  craters  to  which  it  is  applied 
by  its  advocates  inconsistent  with  the  supposition  that  they  owe 
their  origin  to  the  simple,  ordinary,  normal,  and  perfectly  intelligible 
phenomena  of  volcanic  eruptions,  as  witnessed  repeatedly  by  competent 
observers  as  well  in  the  present  day  as  through  all  past  historical 
times." 

Subsequently  to  the  promulgation  of  these  arguments,  evidence  of 
the  most  precise  nature,  proving  that  the  volcano  of  JoruUo  is  truly  a 
cone  of  eruption,  as  contended  long  ago,  even  on  the  evidence  of 
Humboldt  himself,  by  Mr.  Scrope  and  Sir  C.  Lyell,  and  that  it  was 
formed  in  no  degree  by  upheaval— of  which  process  it  had  been 
brought  foi'ward  by  Humboldt  as  almost  a  crucial  instance — ^has  been 
given  by  M.  H.  de  Saussure,  a  geologist  of  (Geneva,  the  third  in 
descent,  we  presume,  of  a  name  dear  to  science.  He  communicated 
this  evidence  to  the  '  Socidt^  Vaudoise  des  Sciences  Naturelles,'  in  1859, 
exactly  a  century  after  the  surface  of  the  fertile  valley  of  J'orullo  had 
been  transformed  into  a  barren  sheet  of  lava,  by  a  catastrophe,  having 
"for  one  of  its  results  a  perfectly  characterised  volcanic  mountain, 
which  suddenly  sprung  up  on  the  surface  of  the  globe,  with  un- 
exampled rapidity  and  grandeur  of  proportions."  Described  about 
half  a  century  after  its  formation  by  the  great  traveller  under  the 
influence  of  an  imposing  hypothesis,  it  became  one  of  the  subjects,  for 
another  half-century,  of  a  controversy  among  the  most  eminent 
investigators  of  the  globe's  physical  structure.  This  controversy,  we 
think,  as  respects  JoruUo,  must  now  cease.  M.  de  Saussure  states  that 
the  sheets  of  lava  surrounding  the  mountain,  caUed  Malpais, — which 
Humboldt  regarded  to  be  the  result  of  a  softening  of  the  pre-existing 
surface  soil  by  gases,  and  its  inflation  by  them  from  beneath  like  a 
bladder, — are  nothing  else  than  vast  outflows  of  incandescent  matter, 
which  have  lined  the  whole  vaUey,  fllUng  its  cavities  and  forming  pro- 
montories, just  as  a  mass  of  molten  lead  would  spread  when  poured  on 
an  uneven  surface.  The  edges  of  the  Malpais  are  not  a  section  or 
broken  edge  of  an  elevated  tract,  but  only  the  lateral  or  terminal 
borders  of  currents  of  lava.    The  cone  which  forms  -the  moimtain  of 
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Jorullo  itself  is  the  dimple  result  of  the  heaping  np  of  cinders  and  scoriee 
ejected  by  gaseous  explosions  from  the  principal  orifice  of  eruption, 
after  the  outbursts  of  lava  had  ceased.  The  eruption  took  place 
originally  from  an  axial  fissure  running  north  and  south,  but  there  is 
no  trace  of  the  elevation  of  the  beds  along  this  axis.  The  volcanic  pres- 
sure from  beneath  had  only  forced  an  exit  through  this  fault  for  the 
escape  of  the  liquid  and  aeriform  matters  erupted.  In  short,  the 
phenomena  of  Jorullo  show  l^at  the  most  powerful  volcanic  outbursts 
can  take  place  without  the  slightest  derangement  of  the  superficial 
beds.  ('  Quart.  Joum.  of  GeoL  Soc'  vol.  xvil ;  '  Translations/  kc., 
p.  13, 14.) 

The  subject  of  subterranean  heat  and  its  consequences  is  so  vast,  and 
its  ramifications  in  science  are  so  unlimited,  that  the  preceding  view 
of  reasonable  explanations  of  Plutonic  and  volcanic  action  is  far  from 
having  exhausted  the  catalogue.  Not  merely  geologists,  mineralogists, 
and  chemists,  but  astronomers  and  mathematicians  have  attempted 
the  solution  of  the  problems  involved;  the  former  directing  their 
attention  chiefly  to  special  structures,  products,  or  phenomena,  the 
latter  to  such  probable  causes  as  point  to  hypotheses  of  wide  generality, 
embracing  the  entire  system  of  the  relations  between  the  earth  as  a 
planet  to  the  heat  of  its  interior  regions,  and  to  that  which  it  receives 
from  {he  solar  radiation. 

While  Dr.  Daubeny  was  engaged  in  perfecting  what  has  been  called 
the  chemical  theory  of  volcanoes,  originated  by  Davy,  other  inquirers 

Eive  their  attention  to  that  subject  under  different  aspects.  Sir  C. 
yell,  as  a  uniformitarian  in  geological  speculation,  and  the  advocate, 
not  only  of  the  suQiciency  of  existing  causes,  but  of  their  persistence 
without  the  trace  of  a  beginning,  or  the  prospect  of  an  end,  naturally 
sought  for  elements  of  chemical  causation,  by  which  a  perpetual 
circulation  of  cause  and  efiect  returning  through  effect  to  cause  might 
be  supposed  to  bo  maintained;  and  the  late  Professor  Daniell,  of 
King's  College,  London,  suggested  to  him  hydrogen,  with  ita  continual 
separation  £rom  water  by  means  of  oxidable  bodies  and  its  re-union 
with  oxygen  effected  by  high  temperature,  as  such  an  element. 

Two  mathematicians  concurred,  though  independently,  in  enun- 
ciating a  theory  of  Plutonic  and  volcanic  action,  dependent  on  that  of 
the  secular  variation  of  the  isothermal  surfaces  within  the  globe.  The 
foundation  of  this  was  the  observed  augmentation  of  temperature  as 
we  descend  from  the  surface  of  the  earth  towards  its  interior ;  of  which 
subject  weadopt  from  Mr.W.  Hopkins  the  following  condensedstatement. 
A  considerable  number  of  observations  have  been  made  to  ascertain 
the  temperature  of  the  earth  at  considerable  depths  beneath  its  surface, 
and  the  law  according  to  which  that  temperature  increases  in 
descending.  This  law,  in  a  considerable  number  of  localities,  may  be 
considered  as  approximately  determined  to  be— that  the  increase  of 
temperature  above  that  of  the  mean  temperature  at  the  surface  in  any 
proposed  locality,  is  proportional  to  the  depth  beneath  the  surface. 
The  results  of  observation  also  lead  to  the  conclusion  that  the  rate  of 
increase  of  temperature  in  descending  beneath  the  earth's  surface  is 
nearly  uniform  in  each  locality,  and  nearly  the  same  in  different 
localities,  being  equal  to  about  1*  Fahr.  for  60  feet  of  depth.  At  all 
depths,  therefore,  there  will  be,  mathematically  speaking,  spheroidal 
concentric  surfaces  of  the  same  temperature  throughout,  or  uolhermal 
gurfac€8. 

The  upward  migration  of  heat  from  the  interior  towards  the  sur&ce 
of  the  globe,  in  consequence  of  the  deposition  of  fresh  matter  upon  its 
surface,  hod  been  indicated  as  a  cause  of  geological  phenomena  by 
Mr.  Poulett  Scrope ;  but  the  theory  of  the  secular  variation  of  the 
isothermal  surfaces  of  the  interior  of  the  globe  considered  as  so  caused 
was  proposed  by  Mr.  Babbage,  in  a  paper  read  before  the  Geological 
Society,  in  1834,  and  by  Sir  J.  F.  W.  Herschel,  in  letters  commu- 
nicated to  that  Society  three  years  afterwards,  and  eventually 
printed  by  Mr.  Babbage,  together  with  his  own  paper,  in  the  appendix 
to  his  work  entitled  '  The  Ninth  Bridgewater  Treatise,'  published  also 
in  1837.  His  application  of  the  theory  to  volcanic  phenomena, 
properly  so  called,  had  been  announced,  however,  in  terms  of  extreme 
generality,  and  the  main  object  of  his  paper  was  to  explam 
by  its  means  the  pyrometric  expansion  of  rocks  as  the  cause  of 
elevation.  From  these  circumstances,  apparently,  it  happened  that  his 
views  remained  compaiatively  unregarded  until  the  subsequent 
promulgation  by  Sir  John  Herschel  of  views  identical  with  them  in 
their  leading  features,  but  more  explicitly  developed  in  their  appli- 
cation to  those  phenomena. 

Almost  every  article  in  this  Cyclopaedia  which  relates  to  any  subject 
of  geological  science  describes  facts,  whether  structural  or  dynamical, 
which  involve  the  truth,  that  solid  materials  derived  from  the  land  are 
perpetually  being  distributed  over  and  accumulated  upon  the  bed  of 
the  sea;  this  having  been  the  process  also  of  the  formation  of  the 
sedimentary  strata  of  which,  mainly,  the  present  land  consists.  We 
h&Ye  seen  that  it  is  also  true  that  the  temperature  of  the  globe  below 
the  surface,  and  to  the  greatest  depth  with  which  we  are  acquainted, 
increases  as  we  descend,  the  heat  communicated  to  the  surface  at  last 
escapmg  from  it  by  radiation  into  space.  By  the  continued  deposition, 
therefore,  of  the  new  sedimentary  strata,  which  are  necessarily  bad 
conductors  of  heat,  on  the  bed  of  the  ocean,  the  interior  heat,  instead  of 
being  permitted  to  escape,  will  be  accumulated,  and  the  original  surface 
will  acquire  the  temperature  before  possessed  by  some  isothermal 
surface  below,  at  a  depth  equal  to  the  thickness  of  the  matter  deposited 


upon  it,  the  amount  of  the  accumulation,  or  the  increase  of  tbe  tempe- 
rature, augmenting  with  the  increase  of  this  thickness;  and  conse- 
quently, by  the  necessary  extension  of  this  process,  the  temperaturw 
of  every  isothermal  surface  vertically  below  the  mass  of  accumulating 
matter,  to  an  indefinite  depth,  will  rise  in  the  same  proportion.  ^  If  the 
temperature  at  which  water  boUs  at  the  surface,  for  example,  originally 
existed  at  tiie  depth  of  two  miles,  the  deposition  of  strmta  of  that  thick- 
ness would  cause  the  temperature  of  the  original  sea-bed  to  riae  to  that 
amount ;  and  if  the  isothermal  surface  at  a  certain  other  depth,  of  six 
or  seven  miles,  perhaps,  had  the  temperature  of  ignition,  the  deposition 
of  a  thickness  of  sediment  equal  to  that  depth  would  cause  the  original 
sea-bed  to  become  red-hot,  and,  by  the  continuance  of  deposition,  it  would 
eventually  "  become  actually  mated/'  however  refractory  its  materially 
"  and  that  mthoiU  any  bodily  trarufer  of  matter  in  a  liquid  ttate  from 
below."    This  process,  to  use  a  ^miliar  illustoition  given  by  Sir  J. 
Herschel,  "  is  precisely  that  by  which  a  man's  skin  grows  vrarmer  in  a 
winter  day  by  putting  on  an  additional  great  coot :  the  flow  of  heat 
outwards  is  obstructed,  and  the  surface  of  congelation  carried  to  a 
distance  from  his  person,  by  the  accumulation  thereby  caoaed  beneath 
by  the  new  covering."    In  the  case  of  the  human  body,  however,  we 
cannot  carry  the  illustration  further :  a  succession  of  great  coats  would 
not  now  raise  the  temperature  of  the  skin,  because  the  heat  of  the  body 
is  limited ;  whereas  the  succession  of  external  coverings  of  the  earth 
will  indefinitely  exfdt  the  temperature  of  the  original  surface  of  depo- 
sition, and  successively  that  of  all  the  isothermal  surfsces   below, 
b^use  the  heat  of  the  interior,  by  the  theory,  is  conceived  to  be, 
and,  so  far  as  we  know,  is  actually,  unlimited. 

The  removal  of  matter  from  above  to  below  the  sea,  in  the  pro- 
duction of  sedimentary  strata,  produces  a  subversion  of  the  ec^uilibrium 
of  pressure,  and,  as  we  have  seen,  and  which  is  Uie  most  important 
effect,  a  subversion  of  the  equilibrium  of  temperature.    But  the  pro- 
cess, as  described,  by  which  thia  is  effected,  mutt  be  exeesnvelv  dow,  and 
it  will  depend,  "  Ist,  on  the  depth  of  matter  deposited  [as  already 
explained] ;  2ndly,  on  the  quantity  of  water  retained  by  it  under  the 
great  squeeze  it  has  got ;  Snlly,  on  the  tenacity  of  the  incumbent  mass, 
— whether  the  influx  of  caloric  from  below,  which  must  take  flack, 
acting  on  that  water,  shall  either  heave  up  the  whole  mass  as  a  conti- 
nent, or  shall  crack  it,  and  [the  results  of  the  action  of  the  heat  upon 
the  sedimentary  matter  and  the  water]  escape  as  a  submarine  volcano 
[or  a  linear  series  of  such  volcanoes,  afterwards  to  become  subaerisl 
and  insular],  or  shall  be  suppressed  until  the  mere  weight  of  the 
continually  accumulating  mass  breaks  its  lateral  supports  at  or  near  the 
coast-lines,  and  opens  there  a  chain  of  volcanoes."  For  a  further  account 
of  these  and  other  consequences  of  the  rise  of  the  isothermal  surfaces, 
the  reader  must  consult  the  original  papers  of  the  authors  of  the 
induction,  or  of  what,  for  the  sake  of  convenience,  we  have  termed  the 
"thermotic  theory  of  Plutonic  and  volcanic  action."     But  we  may 
now  refer  to  Sir  J.  Herschers  account  of  the  facts  of  the  local  dis- 
tribution and  systematic  arrangement  of  volcanoes,  cited  in  a  previous 
column  (666),  as  evincing  their  entire  agreement  with  his  theoretical 
views  here  given. 

Such  being  the  position  of  the  subject,  an  effort  was  now  made  to 
deduce  from  the  thermotio  theory,  in  the  most  general,  but  also  in  the 
most  explicit,  manner,  the  chemical  theory  of  Plutonic  and  volcanic 
action,  and  to  show  that  the  latter,  as  originated  by  Davy,  adopted  by 
Gay-Lussac,  and  explicitly  advocated  by  Daubeny  (though  Davy's 
speculation  had  been  rejected  bv  one  of  the  authors  of  the  thermotic 
theory),  was  in  reality  a  simple  and  necessary  consequence  of  the 
theory  of  the  secular  variation  of  the  isothermal  surfaces,  explained  by 
Babbage  and  Herschel,  and  applied  by  them  to  account  for  the  same 
phenomena.  This  was  done  by  Mr.  Bray  ley,  in  a  Friday  evening  dis- 
course at  the  Royal  Institution  (where,  thirty  years  before,  Sir  H,  Davy 
had  announced  his  theory),  deliverd  May  11th,  1838,  and  published  in 
the  *  Philosophical  Magaadne,'  series  3,  voL  xii.,  pp.  533-536. 

Viewing  the  subject  in  the  most  general  approximate  manner,  agree- 
ably to  the  amount  of  our  actual  knowledge  at  the  time,  and  unavoid- 
ably disregarding  a  multitude  of  modifying  considerations  which  must 
enter  into  the  discussion  of  the  problem,  in  order  to  obtain  an  exact 
solution  of  it,  Mr.  Brayle^  first  pointed  out,  on  the  one  hand,  how 
great  a  thickness  of  deposited  matter  would  be  required  for  the  original  * 
surface  to  attain  even  a  moderate  temperature  above  that  due  to  its 
geographical  position ;  but,  on  the  other  hand,  at  how  insignificant  a 
thickness  (or  depth),  compared  to  the  earth's  radius,  adequate  tem- 
peratures for  Plutonic  action  would  occur, — all  these  inferences  being 
founded  on  the  observed  law  of  the  increase  in  temperature  in  desceud- 
ing  of  one  degree  of  temperature  (1**  Fahr.)  for  every  fifty  (more 
accurately  sixty)  feet  of  depth.  The  depths  at  which  the  temperatures 
of  boiling  water  and  of  ignition  respectively  would  be  found,  are  stated 
above.  At  the  depth  of  26  miles,  less  than  y^th  part  of  the  earth's 
radius,  cast-iron  would  melt,  or  the  temperature  of  2786"  be  attained; 
at  50  miles  depth,  a  temperature  of  5000*" ;  and  at  100  miles,  only 
^th  of  the  earth's  radius,  one  of  nearly  11,000**;  either  of  whichj* 
from  all  analogy,  would  be  more  than  adequate  to  the  effects  required; 
for  it  cannot  be  doubted  that  at  such  temperatures  even  the  moat 
infusible  and  fixed  bodies  known  to  form  the  earth's  crust  would  be 
not  only  liquified  but  volatilised. 

Davy,  after  repeatedly  advocating  his  own  theory,  had  finally  relin- 
quished it,  for  reasons  which  it  is  remarkable  that  he  should  not  have 
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Been,  were  altogether  in  its  support,  when  the  theory  wm  duly  followed 
out — in  favour  of  that  of  an  ignited  nucleus  of  the  earth,  but  admitting 
at  the  same  time  that  it  was  adequate  to  the  explanation  of  all  the 
phenomena  it  sought  to  account  for. 

After  drawing  attention  to  these  points,  Mr.  Brayley  proceeded  to 
argue  tiiat  if  the  theory  of  volcanoes  dependent  on  that  of  the  secular 
variation  of  the  isothermal  surfaces  were  true,  then  tlie  chemical 
theory  must  also  be  true,  as  being  necessarily  involved  in  the  wider 
generalisation  of  the  former.  The  grounds  of  the  argument  were  the 
following,  which,  as  nearly  a  quarter  of  a  century  has  elapsed,  we 
now  state  in  the  words  of  Mr.  Brayley*s  original  enunciation  of  his 
deduction. 

"  The  new  deposits  formed  at  the  bottom  of  the  sea  by  detrital 
matter  must  inevitably  contain  much  carbonaceous  and  other  combus- 
tible materials  derived  from  oi:ganised  beings,  and  these  would  become 
distributed  sometimes  in  a  finely-divided  state,  intimately  mingled  with 
earthy  bodies, — that  is,  with  the  oxides  of  Uie  earthy,  alkaline,  and 
conunon  metals.  At  the  exalted  temperatures  implied  in  the  theory, 
many  of  these  oxides,  including  those  of  the  earthy  and  alkaline  bases, 
would  become  reduced  to  the  metallic  state ;  the  ignited  water  with 
which  the  whole  would  of  necessity  be  saturated,  would  be  decom- 
posed; its  oxygen  re-oxidising  the  bases,  and  its  hydrogen  being 
evolved  in  an  uncombined  state.  Now  one  of  the  most  abundant 
elements  in  all  the  detrital  matter  would  necessarily  be  oxide  of  iron, 
which  would  tiiua  be  presented,  in  a  state  of  minute  division,  to  incan- 
descent, but  enormously  compressed  free  hydrogen,  by  which,  agree- 
ably to  known  results  of  experiment,  it  would  be  reduced  to  the 
metallic  form,  water  being  re-composed.  A  new  affinity  would  now 
come  into  action  :  finely  divided  metallic  iron  being  in  intimate  contact 
with  the  earthy  and  alkaline  oxides,  they  would  be  reduced,  as  in  the 
ordinary  meUiod  of  obtaining  potassium  and  the  process  by  which  Davy 
and  BerzeUus  first  succeeded  in  deoxidising  the  combustible  bases  of 
silica  and  idumina,  and  would  eventuallv  react  upon  the  water  still 
present.  By  this  constant  circulation  ox  affinities,  exerted  simulta- 
neously in  different  portions  of  the  heated  mass,  according  to  their 
respective  temperatures  and  to  the  local  distribution  within  it  of  the 
various  substances  evolved  (dependent  on  their  respective  properties, 
as  modified  by  the  enormous  pressures  to  which  they  would  he  subject), 
chemical  equilibrium  would  alternately  be  established  and  subverted; 
and  all  the  phenomena  and  effects  of  plutonic  and  volcanic  action  would 
ensue." 

Mr.  Brayley  also  briefly  alluded  to  Mr.  Scrope*s  "  views  of  the  origin 
and  constitution  of  lava,  ftc.,** — ^then  and  recently  considered  so 
anomalous, — "as  other  prolttble  truths  involved  in  the  new  [that  is, 
the  thermotic]  theory,  from  which  indeed  they  were  considered  in 
this  discourse  to  be  as  necessarily  deducible,  as,  in  the  present  article, 
they  have  been  advocated  as  confirmable  by  known  facts. 

Unacquainted  with  Mr.  Brayle/s  views,  Professor  John  Phillips,  at 
about  we  same  time  (1838),  in  his  'Treatise  on  Qeology,'  in  the 
'Cabinet  Cydopeedia,'  remarked, — ^" There  is  not,  we  believe,  any 
attempt  on  record  to  deduce  all  the  chemical  phenomena  of  volcanoes 
from  the  hypoUiesis  of  general  heat  below  the  surface  of  the  earth ; 
we  must  therefore,  at  present,  suppose  this  is  difficult,  except  upon  the 
admission  of  that  powerful  absorption  of  oxygen  from  water,  which 
the  chemical  hypothesis  provides."  Proceeding  to  inquire  wheUier  the 
results  of  the  latter  **  involve  the  rejection  of  tiie  hypothesis  of  a  per- 
vading hig^  temnerature  below  the  surface  of  oiu*  planet/'  and  replying 
in  the  negative,  ne  continues :  "  It  appears  to  us  very  clear,  that  the 
union  of  the  two  speculations  here  brought  into  comparison  is  not  only 
practicable,  but  reasonable,  and  even  necessary."  We  have  seen,  how- 
ever, that  an  attempt  had  been  made  to  deduce  all  the  chemiad  phe- 
nomena of  volcanoes  from  the  hypothesis  of  subterranean  heat,  by  the 
intervention  of  the  thermotic  tiieory,  certain  chemical  oonsequenoes 
being  assigned  to  the  latter.  Several  yean  after,  Prol  Phillips  penned 
the  view  of  the  subject  taken  in  the  preceding  section  of  the  present 
article;  and  his  most  recent  ideas  respecting  it  are  stated  in  the 
following  terms  in  his  first  Presidential  Address  to  the  Qeological 
Society,  1859. 

"  That  the  earth  is  still  fluid  within,  under  the  regions  of  volcanic 
action,  and  ever  ready  to  pour  out  its  melted  constituents  under  the 
pressure  of  elastic  vapour,  is  evident  by  all  the  phenomena  of  volcanic 
excitement.  Is  this  fluidity  due  to  the  residual  heat  of  the  globe,  still 
efieotive  in  these  regions,  or  maintained  if  not  excited  here  by  the 
chemical  process  of  oxidation,  by  the  decomposition  of  water,  and  the 
reunion  ox  one  of  its  elements  with  the  imcombined  bases  of  the  earths, 
alkalies,  and  metals  f  The  answer,  if  taken  from  volcanic  phenomena 
alone,  appears  ambiguous.  The  chemical  products  of  volcanoes,  indeed, 
require  the  admission  of  water  to  the  roots  of  the  fiery  action,  and  the 
decomposition  of  it  there ;  but  this  seems  not  decisive  of  the  question, 
whether  the  bases  of  the  alkalies  and  earths  and  metals  exiit  uncom- 
bined witii  oxygen  in  these  situations,  chemists  of  eminence  taking 
diirerent  views  of  the  matter.** 

"  If  we  take  earthquakes  for  our  guide,  these  tremors  appear  to 
follow  laws  which  apply  to  elastic  solids,  not  undulating  fluids,  and  yet 
they  presuppose  a  shook  or  displacement  [see  col.  669],  such  as  a  fluid 
support  for  a  solid  crust  might  well  account  for." 

ML  the  preceding  inductions  and  speculations,  however,  will  be 
afiected  by  the  oondfusions  at  which  we  may  arrive  on  a  subject  of  a 
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oosmical  nature,  and  relating  to  the  structure  of  the  planet.  This  is 
the  probable  thickness  of  the  solid  crust  of  the  globe,  aumiming  it  to 
consist  of  a  fluid  nucleus  of  high  temperature  inclosed  in  asolic[  shelL 
The  phenomena  of  the  increase  of  temperature  with  the  depth,  and 
their  consequences  with  regard  to  the  heat  to  which  the  bodies  com- 
posing the  crust  must  be  subject  at  comparatively  small  depths,  bm 
briefly  noticed  above,  have  led  some  geologists  to  conclude  that  the 
crust,  or  external  solid  shell,  is  not  of  greater  thickness  tlum  sixty  or 
seventy  miles,  and  others  have  considered  it  even  less :  Mr.  Darwin, 
for  example,  from  hia  researches  on  the  South  American  volcanoes, 
infers  a  probable  thickness  of  twenty  miles  only.  Mr.  W.  Hopkins, 
and  Archdeacon  Pratt,  of  Cambridge,  Professors  Hennes^  and 
Haughton,  of  Dublin,  all  mathematicians  and  physicists,  and  aJl  having 
a  well-earned  right  to  independent  judgment  in  matters  of  physical 
geology,  have  severally  investigated  this  problem,  and  the  latter  two 
inquirers  differ  greatly  from  the  former,  if  not  in  some^degree  from 
eadi  other,  in  the  thickness  they  respectively  assign  to  the  crust.  But 
we  are  di4>osed  to  agree  with  Archdeacon  Pratt,  that  the  result  Mr. 
Hopkins  has  obtained  agrees  best  with  all  our  knowledge.  The  nume- 
ricid  result  of  his  refined  investigation  (1839-1841)  is,  that  the  least 
admissible  thickness  of  the  crust  must  be  about  one-fifth  of  the  earths 
radius ;  a  result  which  after  many  years'  devotion  to  physical  geology 
he  has  recently  (1869)  confirmed,  remarking  that,  "  without  assigning 
any  great  importance  to  an  exact  numerical  result,"  he  retained  full 
confidence  in  the  investigation,  "  as  showing  that  the  thickness  of  the 
crust  could  not  be  so  small  as  200  or  300  mOes,  and  consequently  that 
no  geological  theory  can  be  admitted  which  rests  on  the  hypothesis 
of  the  crust  being  nearly  as  thin  as  it  has  been  frequently  assumed 
to  be." 

This  conclusion  will  necessarily  affSsct  all  our*viewB  relative  to  the 
causation  of  plutonic  and  volcanic  phenomena,  on  whatever  foundation 
they  may  rest.  The  source  of  volcanoes  must  be  in  cavities  contained 
in  the  solid  crust  at  depths  probably  not  greater  than  those  at  which 
the  solidity  of  the  crust  had  been  supposed  to  terminate,  by  those 
geologists  who  reasoned  only  from  the  known  increase  of  heat  from 
the  surface  downwards.  Mr.  Hopkins,  himself,  proposes  to  explain 
their  phenomena  "  on  the  supposition  that  a  portion  of  matter  more 
fusible  than  the  general  mass  of  the  globe,  exists  in  a  state  of  fusion  in 
subterranean  reservoirs,  forming  so  many  subterranean  lakes  of  deter* 
minate  extent;  in  some  cases  originally  distinct;  in  others,  com- 
municating with  adjoining  lakes  by  more  or  less  obstructed  channels."  . 

The  view,  however,  of  plutonic  and  volcanic  action  at  which  we 
have  now  arrived,  combining  the  thermotic  with  the  chemical  theory, 
and  including  also  the  consideration  of  the  thickness  of  the  earth's 
crust,  will  itMlf  require  modification,  in  'consequence  of  Mr.  Grove's 
remarkable  observation  of  the  decomposition  of  water  by  heat  alone, 
independenUy  of  chemical  action.*    [Watbb.] 

From  this  it  would  appear  to  follow  irrenstibly,  first,  that  in  the 
very  interior  of  the  globe  the  elements  composing  water  miist  exist  in 
a  state  of  separation  from  each  other,  as  it  were  rigidly  separated  by 
heat ;  but  still,  from  the  immense  pressure  to  which  they  must  neces- 
sarily be  subject,  in  a  very  dense  state,  so  that,  upon  reduction  of 
temperature — lowering  of  the  heat — they  would  immediately  enter 
into  combination.  < 

Secondly,  that  even  in  the  superficial  lakes  of  molten  or  flowing 
matter,  to  whidi,  after  Mr.  Hopkins,  as  we  have  seen,  we  must  attri- 
bute volcanoes, — ^universally  distributed  below  the  mere  surface  of  the 
earUi, — as  shown  by  Mr.  Darwin, — the  result  of  the  deposition  on  the 
bed  of  the  ocean  of  new  depoeitis,  causing  the  rise  of  the  isothermal 
surfaces,  as  demonstrated  by  Babbage  and  Herschel — in  the  more 
heated  parts  of  those  lakes  water  will  exist,  not  as  steam  or  as 
incandescent  or  ignited  water,  but  as  mixed  but  uncombined  oxygen 
and  hydrogen  gases.  At  the  same  time  the  mere  effect  of  heat  will  be 
modified  by  pressure,  and  the  chemical  action  of  the  bodies  present,  so 
that  we  have  here  another  great  result  perfectly  in  harmony  with  the 
thermotic  theory  on  the  one  hand  and  the  chemical  theory  on  ^e 
other.  But  we  are  not  to  expect  any  evidence  of  the  existence  of  free 
oxygen  and  hydrogen  below  to  arrive  at  the  surface,  for  as  the  upper 
parts  of  the  molten  flood  will  be  of  inferior  tomperature,  in  them,  or 
in  their  ignited  solid  roof,  the  gases  will  reunite  into  water,  and 
eventually  ascend  to  the  surface,  as  steam,  or  mingled  with  the  mineral 
elements  of  lava,  in  some  stato  intermediato  between  those  of  liquid 
and  vaporous  water,  to  be  disengaged  as  steam  in  the  volcano,  and  from 
the  surface  of  currente  of  lava. 

Thus,  all  the  great  powers  and  forces  which  govern  the  materia] 
elements  of  ihe  globe  mutually  act  and  react  upon  each  other.  Pres- 
sure and  condensation  caused  by  gravity,  combination  resulting  from 
chemical  affinity  or  attraction,  heat,  producing  alternately  rarefaction 
or  condensation,  combination  or  sepoution,  accordingly  as  it  is  related 
to  the  other  forces ;  the  whole  bemg  so  held  in  equilibrium  between 
themselves  and  the  antagonistic  action  of  the  sun  upon  the  sur&ce  of 

«  It  has  been  doubted  whether  the  decomposition  of  water  in  llr.  OroTe't 
ocperiment  is  really  dae  to  the  action  of  heat ;  bat  there  is  no  room  for  doubt 
that  it  is  due  at  least  to  agencies  excited  by  the  temperature  obtained,  or 
inseparable  from  it,  ao  that  the  argument  in  the  text  will  remain  valid.  The 
deeompoaitfton  ia  effected  at  the  temperature,  whether  i9uned^tely  by  ita  means 
or  not.  and  will  not  take  plaoe  at  a|i  inferior  heat, 
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the  earth,  thai  the  migmtlide,  figure,  order,  and  beauty  of  our  planet 
lare  perpetually  maintained.* 

(The  reader  may  ooneult  Daubeny  On  Volcanoet;  Poulett  Scrope's 
OomdderatianMfm  Votcanoe8,hnd  Geology  amd  Voleamas  of  Central  Prance; 
Lyell,  PrincipUa  and  Manital  e/ Qeoligy,  and  On  ^Pna.m  Phil.  Trans., 
1858 ;  Darwin,  Tran$,  Oeol,  Soc.,  CM,  of  Volea^Ue  Idands,  Qecl.  of 
South  America;  De  la  Bedie,  Oeologieal  Manwd;  Calddeugh,  in 
PhUoiopkkal  TrantaeUons;  Humboldt^e  Ooemos,  Travels^  and  TreattM 
en  TMee  ;  Von  Buch,  On  tie  Canary  Idande  ;  Abieh,  H.,  Udfer  die 
Natur,  ^c,  der  VtdkanUchen  Bildungm  in  Italien,  and  Vue$  lUustra- 
iheB;  S.  von  Walterahausen,  Atlaa  de  VMna,taid  Ud>er  die  ViUkanieche 
Oeeteine,  ^. ;  De  Beaumont  and  Dufresnoy,  OnAuvergne;  Beudant, 
Hungary  ;  D'Aubuinon'fl  Get/hgy;  Biscfaof,  On  Mineral  Waters  ;  Rogers, 
'On  the  Apallachian  Chain,'  in  Reports  of  Brit.  Assoc,  \^i^\  Prof. 
JcAm  PfaillipB,  Treatise  on  Oeology  ;  Mitchell, '  On  Earthquakes/  Phil 
Trans.,  1760;  Ansted's  Oeohgieal  Gossip.) 
'  VOLTAIC  ELECTRICITY.    [Gai^vanism.] 

VOLTAIC  PILE.    [Qalvawio  Battery.] 

VOLTAMETER.    [ElBctro-Chemistry.J 

VOLUME.  TMb  word,  as  meaning  a  part  of  a  book,  is  derived  from 
the  old  fdrm  of  a  book,  a  roll  (of  parchment).  But  our  language  takes 
from  the  Frendh  a  sense  of  wluch  the  Latin  knows  nothing;  and 
votutne  means  bulk,  size,  or  solid  content.  Thus  the  volume  of  a  sphere 
ie  two-thirds  of  that  of  its  circumscribed  cylinder :  the  volume  of  a 
cone  is  one-thhd  of  that  of  a  cylinder  of  the  same  base  and  altitude, 
and  so  on. 

Under  the  various  words,  Pribm,  Ctunder,  Cone,  Sphere,  &c.,  will 
be  found  the  modes  of  ascertaining  their  volumes.  The  mode  of 
finding  the  volume  wlych  is  contained  under  a  given  surface  is  a  pro- 
cess  of  the  integral  calculus,  which  it  would  be  useless  to  attempt 
describing  with^  any  limits  we  could  afiK)rd. 

VOLIj^IETRIC  ANALYSIS.  VdutnOrieal  Analysis.  In  chemistry, 
ail^ysis  comprehends  that  series  of  operations  bv  which  a  compound 
body  ia  resolved  into  its  constituents.  Analysis  may  be  qualitative, 
and  bave  for  its  object  the  mere  ascertaining  of  the  number  and 
nature  of  t&e  constituents,  or  it  may  be  quantitative,  which  as 
well  includes  the  determination  of  the  amount  of  each  ingredient. 
Quantitative  analysis  is  based  upon  the  great  chemical  law  of 
definite  combining  proportions,  and  may  be  proceeded  with  either 
in  a  gravimetrical  or  in  a  volumetrical  manner;  that  is,  a  body 
may  be  isolated  and  weighed  alone  in  a  balance,  and  its  quantity 
ascertained ;  or  it  may  be  sepasiited  by,  and  weighed  in  combination 
witii,  anotiier  body,  whose  combining  proportion  u  Well  known  :  such 
is  the  gravimetric  method.  The  balance,  the  instrument  used  for 
measuring  the  gravitating  force  of  the  compound,  may,  however,  be  in 
part  or  wholly  discarded,  and  the  amount  of  a  constituent  of  a  com- 
pound be  ascertained  by  noting  the  volume  of  a  liquid  which  is 
nsqiiind  to  be  added  to  the  compound  before  a  given  el!fect  is  pro- 
duced :  such  is  volumetric  analysis.  Gravimetry  is  more  generally 
applicable,  but  reqiures  an  elceedingly  delicate  baJance,  with  perfectly 
accurate  weights,  great  skill  in  maniptdation,  and  the  expenditure  of  a 
oonnderable  amount  of  time.  Volumetric  analysis  is  only  applicable 
to  a  limited  extent;  and  the  liquids  referred  to,  or  stand^ml  solu- 
tions as  they  are  called,  sometimes  require  considerable  care  in  their 
preparation ;  but  no  elaborate  apparatus  is  necessary.  The  operation 
IS  simple,  and  easy  of  execution,  and  may  usually  be  performed  in 
one-ten^  or  one-twentieth  part  of  the  time  necessary  for  a  gravimetrical 
experiment. 

Volumetrical  anidysis  seems  to  have  first  sprune  from  Richter^s 
observations  on  neutral  saline  solutions,  a  research  which  much  aided 
the  discovery  of  the  laws  of  chemical  combination.  Quantitive  estima- 
tion by  the  balance,  or  restricted  gravimetrical  analysis,  existed  prior 
to  that  time,  and  waA  constantly  appealed  to  in  determining  the  truth 
of  these  laws,  because  the  balance  was  already  well  known,  and  its 
indications  could  be  relied  on.  Until  chemistry  b^^;an  to  be 
applied  in  the  arts  and  manufl&ctures,  there  was  httle  6t  no 
demand  for  expeditions  analytical  processes;  even  the  volumetrical 
processes  of  aUadimetry,  acidimetty,  and  dilorimetry,  introduced  by 
DeseroizilleB,  and  improved  by  Gay-Lussac,  Dalton,  and  Faraday,  for  a 
long  time  stood  alone ;  and  not  until  within  the  last  ten  or  fifteen 
years  did  the  operation  of  analysis  by  measure  attract  any  particular 
attention,  or  seem  likely  to  aid,  much  less  to  any  extent  supersede,  the 
old  method  of  gravimetry.  Since  that  time,  however,  the  tendency 
has  been  in  the  opposite  direction ;  and  now  many  of  the  elements,  as 
well  as  the  more  commonly  occurring  proximate  principles,  can  be 
estimated  bv  volumetric  metnoda.  Gases  nave  been  almoet  exclusively 
analysed  vmnmetrically,  but,  requiring  special  and  peculiar  treatment, 
their  examination  is  described  under  GASOKETRto  Analysis,  which  is 
generally  looked  upon  as  a  distinct  and  separate  branch  of  chemistry. 

An  enumeration  of  aU  the  processes  of  volumetric  analysis  would 
nsquirs  more  space  than  can  be  devoted  to  such  a  subject  in  this 
Cvdopeedia :  nor  would  such  a  list  be  of  value  for  any  length  of  time. 
The  mostarly  researdhee  of  Bunaen  aod  othen  have  already  s^^ma- 
tieed  aod  Attended  the  applications  of  many  of  these  procesMij  in  a 

*  This  view  of  the  sflbet  of  Mrw  Orove's  obnrratiea  on  the  ehe&ical  part  of 
platoBlo  sad  ToiMato  theory,  fotmed  part  of  a  leetuxe  Mivtted  by  ICr.  Bzajley 
at  the  EoMell  loatltation,  in  1847,  eherUy  altar  that  obsovatioa  had  been 
commnidcated  to  the  Bojal  Society. 


few  years,  therefore,  it  is  hoped  that  an  approach  to  classiflcation  may 
be  attained,  and  that  the  present  inconvenience  of  having  to  make, 
and  the  difficulty  of  keeping,  so  many  standard  solutions,  to  a  great 
extent  will  be  got  rid  of.  Moreover,  several  volumetric  methods 
have  already  been  treated  of  in  this  Cyclopaedia  [Alkalimetry  ; 
Acidimetby;  Assaying;  Chlorimistuy  ;  Copper;  Soap-Test; 
Tannin  ;  Urea],  so  that  the  subject  need  only  be  generally  treated 
of  here. 

The  manner  in  which  the  processes  involved  in  volumetric  analysis 
are  carried  out,  wUl  be  readily  seen  on  referring  to  any  of  the  articles 
above  mentioned,  or  in  considering  a  generally  applicable  process 
by  Bunsen,  presenUy  to  be  described.  The  only  apparatus  neces- 
sary are  some  pipettes  and  a  few  accurately  graduated  measuring- 
glasses  of  small  and  large  capacity.  One  of  the  latter  should  be  capable 
of  delivering  fluid  both  in  a  free  stream  and  slowly  in  small  drops.  A 
special  measuring-tube,  or  burette,  has  been  contrived  for  this  purpose 
by  Hohr,  and  is  now  generally  used  for  the  purpose.  Fig.  1  is  a 
diawing  of  the  instrument. 

Fig.  1. 
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It  consists  of  a  glass  tube^  a,  from  three-  to  five-eighths  of  an  inch 
wide,  contracted  at  the  lower  ejttremity,  6,  and  graduated.  To  the 
contracted  portion  is  fitted  a  small  piece  of  vulcanised  caoutchouc  tube, 
e,  iuto  the  other  extremity  of  which  a  small  spout,  d,  made  of  narrow 
glass  tube,  is  inserted.  A  wire  clamp,  e,  effectually  prevents  any  fluid 
m)m  passing  out  of  the  burette,  unless  the  knobs,  i,  6,  are  pressed  by 
the  finger  and  thumb  of  the  operator,  when  the  liquid  either  flows  or 
drops  as  may  be  wished.  The  accurate  reading  off  of  the  height  of 
the  solution  m  the  burette  is  a  matter  of  great  importance ;  Erdman 
recommends,  for  this  purpose,  the  use  of  a  float.  Jig.  2.  It  is  a  hollow 
glass  bulb,  and  is  used  as  indicated  in  Jig.  8,  which  represents  the  upper 
part  of  the  burette.  It  must  move  freely  within  the  burette,  and  its 
specific  gravity  be  so  adjusted,  by  enclosing  in  it  a  small  quantity  of 
mercury,  that  the  upper  edge  of  the  liquid  in  the  burette  may  cut  it 
uniformly  on  all  sides  at  a  line,  a,  marked  round  the  central  portion  of 
it.  La  order  also  that  the  line  on  the  float  may  be  parallel  with  the 
graduation  on  the  burette,  and  that  no  imdue  friction  may  exist  be- 
tween the  two  glass  surfaces,  the  axis  of  the  float  must  coincide  with 
that  of  the  tube.  In  cases  where  the  test-liquid  contains  anything 
that  may  act  upon  the  caoutchouc,  the  end  (6,  Jig.  1)  of  the  tube  may 
be  more  finely  drawn  out  and  fluid  expelled  by  gradually  compressing 
an  india-rubber  ball  attached  to  the  upper  extremity  of  the  burette. 
Burettes  may  be  specially  graduated  for  a  particular  class  of  operations, 
as  seen  under  Alkalimetry,  and  Aoidimetry  ;  the  degrees  may  indi- 
cate measures  of  ten  gnuns  each,  as  described  under  Soap-Test  ;  or,  as 
now  usually  adopted  in  chemical  laboratories,  the  division  may  be  into 
cubic  centimetres. 

By  classifying  the  reactions  by  which  reducing  or  oxidising  volu- 
metric determinations  are  effected,  Bimsen  has  succeeded  in  preparing 
three  test-solutions,  by  which  any  of  the  following  substances  can  bo 
quantitatively  estimated :  mixtures  and  compounds  of  iodine,  chlorine, 
bromine,   chlorites,  hypochlorites,  sulphide  of  hydrogen,  sulphites. 
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cbromates,  chlorates,  arsenites ;  the  peroxides  of  iron,  manganese,  leadi 
nickd,  kc.t  protoxide  of  iron,  &a  The  fact  on  which  the  method  is 
baaed  is  as  follows : — that  when  iodine  is  brought  into  contact  with 
an  aqueous  solution  of  sulphurous  acid,  containing  not  more  than  0'04 
or  0*05  per  cent,  by  weight  of  anhydrous  acid,  hydriodio  and  sulphuric 
acids  are  respectively  formed ; — 


I     +     HO     +     SO, 


HI      -f      so, 


Iodine.   Water.  SulphurooB  Bydriodie  Salphorio 

acid.  aold.  acid* 

The  standard  solution  of  iodine  is  made  by  dissolving  five  grammes 
of  perfectly  pure  iodine  in  a  concentrated  solution  of  pure  iodide  of 
potassium,  and  making  up  the  liquid  to  exactly  one  litre  with  pure 
distilled  water.  This  solution  (=1000  cub.  cent)  will  obviously  con- 
tain 0'005  gram,  of  iodine  m  every  cubic  centimetre.  The  sulphurous 
acid  liquid  is  made  by  adding  35  or  40  cub.  cent,  of  a  saturated  solu- 
tion of  sulphurous  acid  to  5000  cub.  cent,  of  water,  introducing  a  little 
Btarch  paste  into  some  of  the  solution,  and  then  pouring  in  the 
standard  solution  of  iodine  imtil  after  brisk  agitation  a  distinct  blue 
coloration  remains.  The  value  of  this  sulphurous  solution  having  been 
calculated  according  to  the  above  equation,  it  must  bo  diluted  till  it 
contains  0'03  gram,  of  sulphurous  acid  in  100  cub.  cent.  The  third 
test-liquid  necessary  is  one  containing  about  one  gramme  of  pure  iodide 
of  potassium  in  10  cub.  cent,  of  water.  In  using  these  standard 
solutions  for  estimating  an  unknown  quantity  of  free  iodine  in  any 
substance,  a  weighed  quantity  of  the  latter  is  taken,  the  iodide  of 
potassium  solution  added  to  dissolve  the  iodine,  (if  not  already  in 
solution)  and  the  sulphurous  acid  solution  then  added  until  the  brown 
colour  of  the  iodine  has  disappeared.  To  effect  this,  an  excess  of  the 
sulphurous  acid  is  necessary,  out  that  excess  is  determined  by  mixing 
a  small  quantity  of  starch  paste  with  the  liquid  and  then  adding  the 
standard  solution  of  iodine  imtil  the  blue  colour  appears  and  remains 
permanent.  The  quantity  of  iodine  equivalent  to  the  total  amount  of 
sulphurous  acid  used,  less  the  quantity  of  iodine  afterwards  added  to 
neutralise  excess  of  sulphurous  acid,  will  be  the  amount  of  iodine 
present  in  the  portion  of  substance  that  was  submitted  to  examination. 
The  great  value  of  this  volumetric  method  of  Bunsen  depends  upon  the 
circumstances  that  so  many  bodies  may  be  made  directly  or  indirectly 
to  liberate  iodine  from  iodide  of  potassium,  and  that  the  reactions 
which  occur  in  the  processes  are  constant,  accurately  defined,  and  well 
known.  Any  body  also  which  is  decomposed  by  iodine  in  a  known 
manner  can  be  thus  estimated.  For  example,*  an  unknown  quantity 
of  sulphuretted  hydrogen  in  any  fluid  is  at  pnce  determined  on  adding 
to  a  given  amount  of  the  fluid,  first  a  little  starcb  paste  and  then  the 
standard  iodine  solution  until  a  permanent  blue  (iodide  of  starch)  is 
produced^  as  the  equivalent  of  iodine  is  to  that  of  sulphuretted 
hydrogen^  so  is  the  amount  of  iodine  used  to  the  amount  of  sulphu- 
retted hydrogen  sought  for.  Hypochlorites  are  valued  according  to 
this  method,  by  mixing  a  solution  of  a  known  weight  of  the  salt  with 
the  test  solution  of  io£de  of  potassium ;  adding  hydrochloric  acid  tUl 
an  acid  reaction  ia  obtained,  and  then  determining  the  amouni  of 
liberated  iodine  in  the  manner  already  described.  Besid^  a  Urge 
number  of  substances  which  directly  liberate  chlorine, — and  indirectiy 
therefore,  iodine,— those  substances  which  are  readily  and  perfectly 
oxidised  by  chlorine  also  come  within  the  range  of  this  method :  such 
bodies  may  be  heated  with  a  known,  weight  of  bichromate  of  potash 
and  hydrochloric  acid ;  every  two  equivalents  of  the  cbromic  add  yield 
under  these  circumstances  three  equivalents  of  chlorine,  excess  of 
which  must  of  course  be  used,  and  that  excess  determined,  as  above 
indicated^  by  the  amount  of  iodine  it  will  liberate.  For  other  examples 
of  the  adaptation  of  Bunsen's  method,  see  the  English  translation  of 
Fresenius's '  Quantitative  Analysis,'  third  edition. 

Oay-Lussac's  volumetric  method  of  estimating  silver  by  a  standard 
solution  of  chloride  of  sodium,  has  already  been  described  under 
AssAYma.  The  converse  is  of  course  equally  easy,  namely,  the  deter- 
mination of  the  amount  of  chlorine  in  any  chloride  by  a  standard 
solution  of  nitrate  of  silver.  Hohr  has  sbown  that  this  method  admits 
of  very  general  application :  thus  ammonia  may  be  estimated  by  adding 
excess  of  hydrochloric  acid,  evaporating  to  dryness,  and  determining 
the  amount  of  chlorine  in  the  residue;  the  resulting  chloride  of 
ammonium  being  a  definite  salt,  it  is  only  necessary  to  know  the 
amount  of  chlorine  in  the  residue  and  then  a  simple  calculation  will 
give  the  quantity  of  ammonia  experimented  on.  Kitrogen  may  be 
determined  in  a  similar  manner  after  conversioainto  ammonia  by  soda 
lime.  Carbonic  acid  may  be  absorbed  in  a  mixture  of  chloride  of 
barium  and  ammonia,  the  carbonate  of  baryta  collected  on  a  filter, 
washed,  dissolved  in  hydrochloric  acid,  the  solution  evaporated  to 
dryness,  and  the  chlorine  estimated  as  before ;  the  weight  of  the  latter 
being,  of  course,  transformed  by  calculation  Into  an  equivalent  quantity 
of  carbonic  acid.  Carbonates  or  nitrates  are  converted  into  chlorides, 
the  chlorine  estimated,  and  the  equivalent  of  nitrate  or  carbonate 
calculated.  Salts  of  organic  acids  may  be  altered  to  carbonates  by 
ignition,  and  the  carbonates  treated  as  already  described.  Chlorates, 
iodates,  and  bromates  are  reduced  to  chlorides,  iodides,  and  bromides, 
and  also  acted  upon  in  the  way  indiciited. 

PermangaDate  of  potash  is  a  re-agent  of  considerable  value  in  the 
volumetric  analysis  of  substances  which  readily  absorb  definite  quan- 


tities of  oxygen.  Possessed  of  an  intense  purple  colour,  it«  soIuiioB 
freely  g^ves  up  its  oxygen  and  becpmes  almost  colourlesai  It  is  best 
Standansed  by  noting  the  quantity  necessary  to  be  added  to  a  known 
amount  of  a  definite  protosalt  of  iron,  such.  a9  the  ammonio-protosul* 
phate,  before  a  permanent  purple  tint  is  produced  :  this  of  course  only 
occurs  when  the  nrotoxide  of  iron  is  wholly  converted  into  peroxide. 
After  the  strengui  of  the  permanganate  of  potash  solution  naa  been 
thus  fixed,  it  cm  be  used  for  estimating  an  unknown  amount  of  pro# 
toxide  of  iron  in  a  weighed  quantity  of  a  mixture  of  the  two  salts  and 
for  other  sinular  operations. 

In  all  the  above  described  processes  of  volumetric  analysis,  as  well 
as  in  those  only  referred  to,  a  balance  and  weights  or  saturated  solu' 
Uons  of  definite  strength,  are  necessary  at  some  stage  of  the  operatlona 
Quantitative  determinations  can,  however,  be  made  without  the  use  oi 
weights,  with  volumetric  solutionfl  of  unknown  strength,  and  the 
sta^ngtb  of  wbicb  need  not  be  ascertained  or  regulated.  For  example^ 
let  it  be  required  to  know  the  amount  of  carbonate '  of  soda  in  a 


litmus,  then  add  dilute  acid  from  a  graduated  measure,  imtil  both,  are 
saturated;  suppose^  now,  that  twenty-two  volumes  o£  acid  were 
required  for  the  pure  soda  and  sixteen  for  the  impure,  then  as 
22  :  16  : :  100  :  x,  a  calculation  that  shows  the  crude  ash  to  contain 
72*7  per  cent,  of  pure  carbonate  of  soda.  Hany  other  determinaUons 
may  obviously  be  made  on  the  same  principle.  The  subetance  to  he 
determined  need  not  even  be  available  in  we  pure  state;  one  of  its 
compounds  must,  however,  be  attainable  in  that  condition,  and  botJb 
that  compound  and  the  impure  body  must  be  capable  of  being 
similarly  acted  upon  by  the  test-liquid  employed.  For  instance,  in  the 
example  above  worked  out,  pure  carbonate  of  Ume  may  be  su1>stituted 
for  carbonate  of  soda,  but  the  number  of  volumes  of  teet-liquid  used 
must  be  added  to  or  subtracted  from  according  as  the  equivalent  of 
the  substituting  body  is  higher  or  lower  tSan  that  of  the  body 
substituted. 

VOLUNTARY  SETTLEMENT.    [Settlemkni:.! 

yOLUTE,  a  rolling  or  spiral  curve,  a  name  particularly  given  to  the 
spirals  which  appear  in  architectural  columns  as  ornaments  of  the 
capitals.  The  Ionic  volute  (fi^nired  in  Column,  cd.  49.)  is  that  which 
is  of  most  interest.  There  has  oeen,  we  believe,  some  discussion  as  to 
what  the  form  of  this  curve  really  was.  Whether  ihe  archiiept  of  a 
Greek  temple  employed  anything  but  his  eye  to  give  an  agireeable  form, 
we  do  not  Know ;  but  a  mathematician  would  say  beforehand  that  it 
would  be  hardly  possible  to  draw  such  a  number  of  concentric  spiral 
not  interfering  with  each  other  as  are  seen  in  the  A'uk^n^  above  cited, 
unless  each  of  them  was  tolerably  near  to  a  logarithmic  splra],.in 
which  the  tangent  always  makes  the  same  ang|Le  with  the  radius.  We 
examined  with  particular  attention  a  cast  made  at  Ath^zis  by  Profesoor 
Donaldson,  and  found  the  following  result : — Taking  the  diagram  in 
Column  (ooL  52).  we  found  that  each  spiral,  as  far  aa  o,  or  there- 
abouts, was  remarkably  true  to  the  logarithmic  spiral :  but  that  from 
c  the  law^  of  the  curve  chaqged,  and  tiie  acute  angle  znade'  by  tt^ 
tangent  with  the  radius  vector  began  to  increase,  until  it  became  a 
right  angle  at  A. 

VOMICINE.    [Nux  Vomica,  Alkaloids  o? ; -BrtcftwA] 

VOBTEX.  The  theory  of  Descartes  on  th^  f  ormatioii  and  m^ohapicftl 
laws  of  the  universe  was  first  published  in  1637,  in  his  'Prinoij^ 
Philosophise.'  One  part  of  this  theoiy,  nam^ly^  the  hyppth^ia  of 
vortices,  is  almost  the  onlv  one  which  generally  passes  by  the  name  of 
Des  Cartes.  But  it  should  be  rememb^^  that  this  is  only  a  part,  and 
a  small  part,  of  the  system  which  rendered  thi^  Newtonian  view  of 
astronomy  for  a  long  time  unacceptable  to  the  continental  philosophers. 
The  metaphysics,  the  mechanics,  and  th?  astronongr,  of  th,e  once  cele- 
brated Cartesian  system,  combined  as  they  wore  by  one  writer,  and 
that  writer  a  most  skilful  and  elegant  proposer  of  hia  ow9  viewiSp  are  to 
be  looked  at  together  as  that  which  I^wton's  philosophy  had  to  meet. 
Perhaps  we  should  not  be  wrong  in  saying  that  the  imposaibili^  of  a 
vacuum,  maintained  by  Des  Cartes  as  self-evident,  was  a  greater  ob- 
stacle in  the  way  of  the  theoiy  of  gravitation,  wiiJx  which  it  seemed 
incompatible,  than  the  theory  of  voriices,  which  pes  Cartes  proposed 
as  an  hypothesis,  and  which  did  not  necessarily  contradict  Newton's 
deductions.  We  shall  here  present  a  brief  sketcn  of  the  systen^  so  far 
as  is  necessary,  from  the  third  book  of  th^  '  Principia  Philosophisd : ' 
this  sketch  is,  sa  far  as  It  goes,  only  a  table  of  contents  ol  the  work 
itself. 

The  human  imagination  must  not  either  limit  th^.  power  of  Ood  or 
unduly  exalt  its  own :  a^d  it  must  not  suppose  that  all  things  were 
made  for  man's  use  only.  In  enumerating  ph^omena  Descartes  pre- 
fers rather  to  deduce  them  from  causes  than  to  make  thepi  serve  in 
finding  causes.  He  then  describes  the  relative  distances  of  the  planets^ 
and  asserts  the  immensity  of  the  distances  of  the  fixed  stars.  After 
the  usual  statements  relative  to  the  light  of  the  sun,  planets,  and  fixed 
stars,  he  rejects  the  Ptolemaic  hypothesis,  and  observes  that  those  of 
Copernicus  and  Tjoho  Brahd  difier  very  little  as  hypotheses,  and  e^ 
plain  phenomena  in  the  same  manner.  He  says  also  that  l^oho, 
though  he  denies  the  motion  of  the  earth,  yet  in  reality  gives  it  more 
motion  than  the  former  (with  Descartes,  relative  motion  was  a  most 
absolute  idea) ;  whence,  dififering  from  both,  he  will,  with  more  truth 
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than  Tycho,  and  mow  care  than  CopernicuB,  take  away  the  motion  of 
the  earth.    To  this  end  he  propoeea  an  hypotheaU,  which  will  be  vwy 
fit  to  explain  phenomena ;  but  only  as  an  hypotheoB^  not  as  an  abso- 
lute truth.    The  fixed  stara  are  exceedingly  distant;  the  sun  connate 
of  a  fluid  and  mobile  matter,  which  would  cany  the  circumjacent  parts 
of  the  heavens  with  it,  but  which  does  not  change  its  place  in  the 
heavens :  the  solar  matter  does  not  need  aliment.    Each  one  of  the 
fixed  stars  has  an  immense  space  about  it,  in  which  there  is  no  other 
fixed  star.    The  heavens  are  filled  with  fiuid  matter,  as  astronomers 
commonly  suppose,  because  they  do  not  see  how  the  phenomena  of  the 
planets  can  be  otherwise  explained.    Each*  of  the  heavens  carries  with 
it  all  bodies  therein  contained.    The  earth  and  evei^  planet  is  at  rest 
in  its  heaven,  though  it  may  be  carried  with  that  heaven  :  the  earth 
therefore,  or  any  one  planet,  may  be  said  not  to  move,  but  all  the 
others  must  be  said  to  move.    The  whole  heaven  of  the  sun  is  moved 
rouxid  it  in  the  manner  of  a  whirlpool,  "  in  modum  cujusdam  vorticis," 
the  more  distant  pftrts  moving  more  slowly  than  the  nearer ;  and  the 
planets  are  carried  round  with  this  heaven.    And  as  in  the  lai^r 
whirlpool  are  sometimes  seen  smaller  ones,  which  are  carried  round  in 
the  larger ;  so  each  planet  is  the  centre  of  a  smaller  vortex,  in  which 
its  satellites  are  carried  round  their  primary.    The  sun  and  {danets  are 
carried  round  their  axes  by  the  motion  of  their  vortices  (the  inclina- 
tions of  the  planetary  orbits  to  the  ecliptic  have  an  obvious  expUna- 
tion :  the  inequalities  in  longitude  are  mentioned  without  explanation). 
It  can  hai^y  be  that  an  hypothesis  which  thus  explains  phenomena 
can  be  false  :  to  say  this  woidd  seem  to  be  an  imputation  upon  the 
Deity,  namelyi  the  supposition  that  He  made  us  so  imperfect,  that  a 
right  use  of  reason  might  lead  us  to  deceive  ourselves  (Descartes  is 
not  the  only  one  who  has  used  this  sort  of  argument).    Nevertheless, 
he  is  willing  that  it  diould  be  put  forward  only  as  an  hypothesis.   And 
thou£^  bow  religion  and  reason  teach  that  Ood  made  ue  world  com- 
plete, that  not  only  the  seeds  of  plants  were  formed,  but  plants  them- 
selves, &c.,  yet  the  nature  of  things  will  be  better  explained  if  it  can 
be  shown  how,  as  from  seed,  ike  solar  system  was  produced  (Descartes 
here  fears  the  imputation  which  was  afterwards  cast  upon  the  author 
of  the  nebular  hypo^etii  [Solar  Ststsm]  ).    All  matter  originally  con- 
sisted of  particles,  forming  numbers  of  fluid  heavens,  revolvina^  about 
their  several  axes.    These  particles  were  originally  equal  in  size  and 
motion ;  they  also  became  spherical,  when  the  comers  had  been  worn 
down  by  rubbing  against  each  oUier.    And  since  no  portion  of  space 
can  be  vacuousXYAOuric],  the  interstices  of  these  spheres  must  be 
filled  by  matter,  of  form  perpetually  changing,  derived  from  the  parts 
worn  o£f  the  angles :  this  last  kind  of  matter  moves  more  qidckly  than 
the  other.    Besides  this  there  is  a  third  sort  of  particles  of  matter, 
more  solid,  or  else  of  form  more  adapted  to  motion :  of  this  planets 
and  comets  are  composed.   There  are  three  classes  of  celestial  htttvens ; 
the  first,  that  of  our  sun  and  its  system;  the  second,  the  various 
heavens  of  the  fixed  stars  immediately  adjoining ;  the  th&d,  including 
all  which  are  beyond,  and  which  never  can  be  aeen  in  this  life.    The 
primary  particles,  as  those  are  called  which  are  obtained  by  attrition 
from  the  secondaiy  particles,  at  last  become  more  than  enough  to  fill 
the  intervening  spaces  (how  this  could  be  Descartes  does  not  say),  and 
the  residue,  as  fast  as  it  arises,  was  forced  to  the  centres  of  the  vortices, 
whsae  it  formed  certain  very  fluid  spherical  bodies :  these  are  the  sun 
and  fixed  stars.    The  secondary  paiticles  receded  from  the  centres  to 
make  room.    The  efflux  at  these  primary  particles  from  the  fluid  bodies 
just  described  is  light    The  centrifugal  force  of  particles  in  motion 
round  a  centre  is  then  dwelt  on,  and  the  circular  form  of  the  sun  and 
flxed  stars  is  attributed  to  it.    The  motion  of  the  vortices  must  be 
such  that  their  contiguous  parts  may  have  a  common  motion.    The 
primary  particles  flow  from  the  poles  of  each  vortex  towaids  tiie  centre, 
and  from  the  centre  towards  the  other  parts.    But  ike  same  must  not 
be  said  of  tiie  secondary  or  spherical  particles  (the  reasons  given  are 
fanciful  in  the  extreme,  consisting  entirely  in  different  motive  powers 
given  to  the  two  species  of  particles). 

The  preceding  may  give  a  sufficient  idea  of  the  sort  of  foundation 
which  Descartes  builds  upon,  and  his  manner  of  raising  the  structure. 
He  proceeds  through  wmtt  he  supposes  to  be  explanations  of  all  the 
phenomena  of  lights  of  the  formation  of  planets  and  comets,  and  of  all 
the  varieties  of  conformation  which  are  seen  in  the  solar  system. 
Why  comets  have  tails  and  planets  none;  how  the  primary  particles  of 
other  vortices  find  their  way  into  ours,  so  that  we  can  see  the  fixed 
stars;  how  the  planets  obtained  their  first  motions  of  projection: 
how  the  spots  on  the  sun  are  formed,  and  so  on,  are  all  explained  by 
the  powers  of  the  two  species  of  particles :  an  hypothesis  on  their 
nature  being  alwavs  ready  when  wanted.  A  reader  who  has  looked 
into  this  book  of  Desca^tee's  '  Principia'  begins  to  understand  two 
things  better  than  before :  first,  the  satire  on  philosophical  explana-^ 
tions  contained  at  the  end  of  Molly's '  Maladelmac^iudre/  written  a 
few  years  after  the  death  of  Descartes;  next,  the  declaration  of 
Newton,  Hypathnu  non  fingo. 

As  the  hypothesis  of  vortices  is  usually  represented,  it  has  a  certain 
reasonableness  of  appearance,  which  no  doubt  makes  many  wonder 
wh^  it  should  be  so  univernlly  contemned.  If  a  fiuid  mass  were 
whirled  round  the  sun,  it  would  carry  the  planets  with  it :  and  the 

*  The  matter  hi  the  space  about  a  planet,  or  star,  whloh  is  under  the  influence 
of  that  planet,  is  called  ito  Uaven, 


supposition  of  minor  vortices,  one  round  each  planet  which  baa    « 
satellite,  is  perfectly  consistent  with  the  laws  of  hydrostatics.    y^lMssi 
Newton  proposed  to  refute  the  system  of  Descartes,  he  was  oblig«i  *f 
have  recourse  to  numerical  considerations :  ho  could  not  but  aidiziit 
that  a  planet,  in  one  of  Descartes's  vortices,  would  have  an  orbit ;   but 
he  showed,  from  the  nature  of  fluid  motion,  that  it  could  not  bav^e  <fe 
orbit  which,  from  the  time  of  Kepler,  it  was  known  to  have.     Tbe 
quality  of  a  phenomenon  is  known  before  its  amount  ia  moaaux^d ; 
and  it  is  natural  to  expect,  in  the  history  of  philosophy,  that  ezplai»' 
tions  which  serve  to  aocoimt  for  the  nature  of  a  phenomenon,  but  are 
irreconcilable  with  its  amount,  should  precede  those  which  are  drawn 
from  consideration  of  both.    The  possibility  of  the  planetary  motions 
finding  their  proximate  cause  in  the  rotation  of  a  fiuid  maM  wbicb 
fills  the  solar  system,  is  a  thing  which  did  suggest  itself,  and  ought  to 
have  suggested  itself,  to  the  inquirers  of  the  time  which  elapsed  be- 
tween Copernicus  and  Newton.    Descartes  says  expressly,  •*  putandum 
est,  non  tantum  Solis  et  Fixarum»  sed  totius  etiam  cooli  matenam 
fluidam  esse :  qwd  jam  vtUgo  omnet  attrononU  eoneedunt,  quia  videot 
phenomena  planetarum  vix  aliter  posse  explicari."    No  mechanical 
difficulty  stood  in  the  way  in  their  time ;  and  those  who  had  aeen 
particles  of  dust  whirled  about  by  the  air  would  have  no  difficulty  in 
iiwftginmg  the  hypothesis  of  a  vortex.    Now  we  find  this  fault  with 
the  common  notion  of  Descartes's  system :  the  disparagement  which 
belongs  to  it  a«  a  whole— U>  the  primary  and  secondary  particles  whi<^ 
thou^  obtained  from  the  same  original  particles,  yet  have  diflfereot 
laws  of  motion,  and  to  the  gratuitous  deduction  of  everything  from 
this  fancy— is  conveyed  to  their  readers  by  writers  who  only  present 
the  most  rational  extract  which  could  be  made,  namely,  the  idea  of  a 
vortex.    This  is  the  sort  of  syllogism  on  which  such  writers  proceed  : 
"Descartes's  system  ia  ridiculous;  all  I  know  of  that  system  ia  its 
vortices ;  therefore  I  must  laugh  at  the  vortices."    Yet  not  only  waa 
Newton  obliged  to  have  recoune  to  his  most  powerful  weapons  to 
refute  these  vortices,  but  it  is  not  at  all  a  settled  point  that  his  refuta- 
tion is  sound  ;  that  is,  his  mathematical  refutation.    His  remark  thai 
comets  could  not  find  their  way  through  the  vortex  is  much  more  to 
the  purpose,  though  Descartes  has  his  way  out  of  tMs  difficulty,  as  out 
of  every  other. 

VORTICEa    [VoMKX.] 

VOUSSOIR,  one  of  the  stones  of  an  arch.    [Abob.] 

VOW  (from  the  Latin  "  votum,"  through  the  French),  a  promise  to 
perform  some  future  act,  or  to  pursue  some  future  line  of  conduct, 
confirmed  by  an  appeal  to  the  Supreme  Being,  or  at  least  to  some 
sui)ematural  power,  to  punish  or  be  propitious  to  the  maker  of  the 
promise  according  as  he  breaks  or  keeps  his  word.  Abraham  made 
his  steward  swear  that  he  would  faithfully  discharge  the  mission  to 
seek  out  a  wife  for  Isaac;  this  is  an  example  of  the  vow  which  is 
supposed  to  bind  a  man  to  perform  one  definite  act  or  incur  some 
supematuxal  punishment;  and  the  oath  taken  by  witnesses,  in  courts 
of  justice,  at  Uie  present  day,  to  speak  the  truth,  belongs  to  the  same 
class.  [Oath.]  Some  vows  again  are  understood  to  bind  those  who 
rtmytk  them  to  the  performance  of  certain  limited  duties  for  the  wh<de 
of  their  future  life— such  are  the  marriage  vow,  as  contemfdated  by  the 
Church  of  Rome  and  the  law  of  England,  and  the  coronation  oatha  of 
kings.  Some  vows  are  even  intended  to  give  a  particular  form  and 
direction  to  the  whole  of  a  man's  future  emotions,  thoughts,  and 
actions — such  are  the  priestly  and  monastic  vows.  The  view  enter- 
tahied  of  the  character  and  operation  of  a  vow  has  diflered  mat«ially 
at  difibrent  periods.  The  vow  originated  in  a  religious  conception,  in 
the  recognition  of  some  unseen  power  superior  to  and  exercisuig  a 
control  over  visible  nature  and  man's  destinies.  But  as  the  moral 
faculties  of  society  expanded,  the  vow  came  to  be  regarded  aa  a  solemn 
form  of  miJring  a  promise,  in  which  the  appeal  to  the  Divinity  was 
meant  to  remind  the  utterer  of  the  oatii  of  what  men  are  too  apt  to 
forget,  that  the  e^ e  of  God  was  upon  him,  and  that  His  universal  and 
iinfidlmg  law  punishes  crime  and  falsehood.  The  operation  of  a  vow 
is  different  upon  two  different  classes  of  minds.  To  the  ignorant  and 
superstitious  it  affords  a  motive  (their  fears)  for  adhering  to  a  course 
of  action  that  their  fickleness  or  dishonesty  might  have  tempted  them 
to  swerve  from.  In  the  more  enlightened  it  awakens  a  stronger  sense 
of  the  importance  of  the  act  they  are  about  to  undertake,  renders 
them  more  cautious  to  pledge  themselves  beforehand,  more  resolute  in 
performing  a  promise  once  made. 

The  instances  in  which,  in  a  rude  state  of  society,  advantages  are 
derived  from  vows  or  promissory  oaths,  are  perhaps  not  few  in 
number,  but  they  are  sml  exceptional.  The  bad  ixifluence  of  the 
superstitious  view  of  the  nature  of  a  vow  is  permanent :  it  perverts 
men's  moral  opinions  by  leading  them  to  regard  actions  as  vicious  and 
virtuous,  not  because  of  their  own  inherent  character,  but  because  of 
their  being  comnstent  or  inconsistent  with  a  promise  made  beforehand. 
Men  have  thus  been  led  to  see  criminality  in  the  non-performance  of  a 
crime  they  had  pledged  themselves  to  commit.  The  danger  with 
regard  to  vows,  understood  in  the  more  rational  sense,  consists  in  their 
too  frequent  use,  or  in  their  employment  upon  trivial  occasions.  The 
public  promise  of  a  king  ascending  the  throne  to  govern  with  equity — 
the  pledge  of  man  and  wife  to  know  one  imdivided  interest  tiu  death 
— the  promise  to  give  true  and  &ithful  evidence  where  the  property, 
life,  or  honour  of  a  feUow-being  are  at  stake — are  worthily  and  usefully 
accompanied  by  an  appeal  to  ike  Divinity,  that  reminds  the  makers  of 
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t;1:ic%3o  promises  of  the  importance  of  the  engagement  they  have  taken 
xipon  them,  and  brings  the  religious  sentiment  to  strengthen  and 
confirm  the  dictates  of  expediency.    But  custom-house  oaths,  masonic 
^O'ws,  and  such  trivialities  and  munmieries,  degrade  the  vow  to  the 
level  of  a  mere  theatrical  show,  or  of  the  thoughtless  habit  of  inter- 
jectlonal  swearing  in  common  discourse.    The  addition  of  a  vow  does 
not  render  a  promise  more  binding,  or  alter  the  reason  why  it  is 
l>ix]di]Qg.    A  promise  affords  a  ground  of  belief  that  a  xnan  will  act  in  a 
certain  pre-determined  manner,  instead  of  being  carried  away  by  the 
^whim  of  the  moment.    It  is  of  advantage  to  the  individual  who  makes 
promises  that  he  should,  except  in  extreme  cases,  contract  the  habit  of 
adhering  to  them,  because  it  imparts  consistency  and  power  to  his 
character;  and  it  is  of  advantsge  to  all  with  whom  he  may  have 
dealings  that  he  should  contract  this  habit,  for  it  renders  their  trans- 
actions with  him  safe.     Hence  the  universal  feeling  that,  except  in 
very  extreme  cases,  promises  ought  to  be  kept,  even  to  the  maker's 
cUaadvantaga    Vows  are  exactly  on  the  same  footing :  the  superadded 
appeal  to  the  Divinity  by  its  solemnity  renders  men  more  cautious 
in  binding  themselves,  and   more  earnest  and  unwavering  in  the 
performance  of  their  pomise.    The  danger  of  making  vows  frequently 
and  on  trivial  occasions  has  been  inferred  from  the  nature  of  the 
religious  sentiment  cidled  into  play:  a  further  restriction  of  their 
admissibility  may  be  deduced  from  he  nature  of  the  simple  promise. 
It  limits  man's  freedom  of  action,  and  so  far  is  a  disadvantage.    It 
ought  to  be  c(mfined  to  actions :  for  a  man  to  pledge  himself  to  feel 
and  think  only  in  a  certain  manner  is  to  undertake  an  impossibility. 
It  pledges  him  to  an  unhealthy  struggle  against  the  order  of  nature. 
The  promise  ought  moreover  to  be  restricted  to  actions  meritorious  in 
themselves,  and  of  some  consequence.    If  to  commit  a  crime  is  bad,  to 
promise  to  commit  one,  and  deliberately  to  keep  the  promise  when 
aware  of  the  criminality  of  the  act,  is  worse.    To  tie  a  man's  self  up 
by  a  promise  from  the  commission  of  an  action  indifferent  in  itself  is  a 
wilful  waste  of  the  power  of  self-denial,  of  which  man  at  the  best  has 
no  more  than  barely  serves  lus  necessities :  the  mind  worn  out  with 
struggling  against  harmless  propensities  falls  an  easy  prey  to  temptation 
in  more  important  matters.    The  whole  history  of  the  monastic  orders, 
a  history  attractive  from  the  grandeur  of  its  irre^^ular  and  imaginative 
strugig^es,  is  an  illustration  of  these  views.    With  regard  to  simple 
promises,  the  rule  of  action  is  to  make  as  few  as  possible,  and  exert 
every  effort  to  keep  them  unless  convinced  that  to  do  so  would  be 
a  dime.    With  re^Etfd  to  vows,  the  same  rule  holds  if  possible  with 
more  force,  because  fickleness  in  regard  to  them  implies  a  pro&ne 
trifling  wiUi  the  most  sublime  emotions  of  our  nature. 
VOWEL.    [Alphabet.] 
VOYAGE.    FShips;  Bottohbt.] 
VULCAN.    fflKPaMTUB.] 

VULCANISED  INDIA  RUBBER.  [CAonTCHonoMANUFACTUBE.] 
VULQATE.  The  Vulgate  {Vulgata  vfnio),  or  common  version, 
is  the  name  sometimes  given  by  St.  Jerome  to  what  he  elsewhere  calls 
the  Vetus,  or  ancient  version,  and  what  St  Augustine  calls  the  Vetus 
Itala,  or  Old  Italian  Version,  being  the  most  goierallv  received  of 
those  early  Latin  translations  of  the  Scriptures  distinguished  b^  bibli- 
cal critics  as  Uie  ante-Hieronvmiaa,  all  which  are  now  lost,  with  the 
exception  of  some  parts  of  this  Veiut  Itala,  and  such  fragments  of  the 
others  as  are  quoted  in  the  writings  of  tiie  Fathers.  Jerome's  first 
labours  as  a  translator  of  the  Scriptures  consiBted  in  a  revision  and 
correction  of  this  ori^^l  Vulgate,  which  he  completed  about  a.d.  890. 
Before  this  date,  however,  he  had  commenced  an  entirely  new  transla- 


tion from  the  original  Greek  and  Hebrew ;  and  it  is  this  to  which  the 
name  of  the  Vulgate  is  now  given.  The  earlier  Vulgate,  as  revised  by 
Jerome,  has  all  perished,  except  only  the  Book  of  Psalms  and  the  Book 
of  Job,  and  the  apocryphal  Bcmks  of  Maccabees,  Baruch,  Ecclesiasticus, 
and  Wisdom.  The  use  of  Jerome's  new  version  appears  to  have  been 
gradually  introduced ;  but  ever  since  the  7th  century,  when  it  was  sanc- 
tioned by  Pope  Gregory  I.,  it  has  been  exdusively  adopted  by  the  Romish 
Church.  The  Council  of  Trent,  in  the  16th  century,  even  conferred 
upon  it  an  authority  superior  to  that  of  the  original  text,  by  ordaining 
that "  the  Vulgate  alone  should  be  esteemed  authentic  in  the  public 
reading  of  the  Scriptures,  in  disputations,  in  preaching,  and  in  expound- 
ing, and  that  no  one  should  dare  to  reject  it  under  any  pretext  what- 
ever." Accordingly,  all  the  Romish  translations  of  the  Bible  into  the 
modem  languages  profess  to  have  been  made  not  from  the  Greek  and 
Hebrew,  but  from  the  Vulgate. 

The  true  text  of  Jerome's  version,  however,  has  been  at  all  times 
matter  of  doubt  and  controversy.  It  very  early  got  mixed  with  that 
of  the  Vetua  Itala;  and  the  restoration  of  its  purity  employed  the 
labours  of  Alcuin,  by  direction  of  Charlemagne,  towards  the  close  of 
the  8th  centuTf,  of  Lanfranc,  archbishop  of  Canterbury,  in  the  11th, 
of  Cardinal  Nicholas  and  others  in  the  12th  and  18tL  After  the 
invention  of  printing,  the  Latin  Bible  was  the  first  considerable  work 
that  was  sent  to  the  press ;  but  the  earliest  editions  exhibited  a  very 
CQrrupt  text  The  fint  critical  editions  were  those  produced  at  Paris 
by  Robert  Stephens  (Etienne),  in  1528,  1532,  1584,  1540, 1545,  and 
1546.  Of  these  the  edition  of  1540  is  accounted  the  best  Other 
corrected  editions  are  those  of  John  Hentenius,  a  divine  of  Louvain, 
first  printed  at  Louvain,  in  folio,  in  1547,  reprinted  by  the  Plantins,  at 
Antwerp,  in  5  vols.  8vo,  1565  and  1574 ;  and  that  of  Lucas  Brugensis, 
and  other  divines  of  Louvain,  printed  at  Louvain,  in  8  vols,  bvo,  in 
1573 ;  and  again,  both  in  8vo  and  4to,  in  1586. 

•The  first  revised  edition  of  the  Vulgate  promulgated  by  authority 
in  the  Romish  Church  was  issued  at  Rome  from  the  press  of  the  Vati- 
can, in  three  volumes,  folio,  in  1590,  under  the  titie  of  '  Biblia  Sacra 
Latina,  Vulgatie  editionis,  jussu  Sixti  V.  reoognita  et  edita.'  This 
edition,  the  preparation  of  which  had  been  begun  under  Pius  IV.,  was 
declared  by  Pope  Sixtus  to  be  the  authentic  text,  and  Ib  known  as  the 
Sixtine  Vulgate,  or  the  Bible  of  Sixtus  V.  Tet  it  had  been  no  sooner 
pubUshed  than  it  was  discovered  to  be  full  of  misprints  and  other 
errors,  which  were  very  insufficiently  corrected  by  the  necessary 
emendations,  printed  u|)on  separate  strips  of  paper,  being  here  and 
there  stuck  over  the  original  word  where  the  passage  had  been  most 
grossly  disfigured.  Gregory  XIV.,  who  succeeded  Sixtus  V.,  ordered 
it  to  be  suppressed,  and  the  true  Sixtine  Vulgate  is  now  of  excessive 
rarity.  A  new  edition  of  it,  in  the  same  form,  was  brought  out  in 
1592,  under  the  authority  of  Gregory's  successor,  Clement  VIII.,  and 
this  is  called  the  Clementine  Vu^te,  or  more  frequently  by  Roman 
Catholic  writers  the  corrected  Bible  of  Sixtus  V.  It  is  now  the 
authorised  edition  in  the  Romish  Church ;  the  Vulgate  as  since  printed 
being  commonly  entitled '  Biblia  Sacra  Latini^  VulgatsB  editionis  Sixti  V. 
et  Clementis  VIIL'  Protestant  controversialists  have,  naturally  enough, 
made  the  most  of  the  variations  to  be  found  between  the  Sixtine  and 
Clementine  Vulgates,  each  published  and  declared  to  be  the  only  true 
edition  by  an  authori^  professing  to  be  infallible. 

VULPE'CULA  ET  ANSER  (the  Fox  a&d  the  Goose),  a  constella- 
tion of  Hevehus,  situated  immediately  above  Aquila  and  Sagitta.  It 
does  not  contain  any  stars  of  conspicuous  magnitude. 

VULPINIC  ACID.    [LiOBBNS,  Colourinq  Mattbbs  of.] 
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Wis  a  letter  which  performs  the  double  officd  of  a  consonant  and  a 
vowel,  the  natural  order  of  the  vowels  being  »,  e,  a,  o,  u.  The ' 
^sounds  then  of  i,  that  is  ee,  and  u,  that  is  oo,  are  the  most  remote,  and 
the  attempt  to  pass  with  rapidity  from  either  of  these  to  the  others, 
more  particularly  to  the  other  extreme,  gives  an  initial  breathing 
which  has  the  character  of  a  consonant,  namely,  in  the  one  case  ee-oo, 
or  yen  ;  in  the  other  oo-ee,  or  we.  Hence  it  is  that  the  letters  y  and  w 
appear  as  the  representatives,  sometimes  of  a  consonant,  sometimes  of 
a  vowel.  The  English  character  w  is  formed  by  the  repetition  of  a  v, 
which  itself  is  only  a  variety  of  the  symbol  ft,  and  that  again  has  in  all 
probabiUly  grown  out  of  the  letter  o.  [Alfhabst.]^  The  Anglo-Saxon 
alphabet  employs  the  symbol  p.  In  Latin  the  v  or  u  comonam  had 
probably  the  power  of  a  w,  a  supposition  which  at  once  accounts  for 
the  use  of  a  common  character  for  the  vowel  and  consonant.  The 
Greek  and  Hebrew  alphabets  had  also  a  single  symbol  for  this  con- 
sonant, which  occupied  the  sixth  place,  and  is  called  digamma  in  the 
former,  vatt  or  waf  in  the  latter.  But  in  the  Greek  alphabet  the  letter 
went  out  of  use,  and  is,  therefore,  commonly  omitt^  in  our  gram- 
mars of  that  language,  although  the  gap  at  this  point  in  the  iJpha- 
betical  designation  of  numben  still  bears  evidence  to  the  original 
position  of  the  letter.  [Dioaioca.]  Most  of  the  modem  languages  of 
Europe  are  deficient  in  a  symbol  for  this  letter.    The  French  employ 


what  is  a  sufficient  though  a  clumsy  equivalent,  the  diphthong  ou 
prefixed  to  a  vowel,  as  in  the  common  particle  oui;  the  Spaniards 
prefer  hu,  as  In  huevo,  hueao.  In  this  way  the  map  of  the  New  World 
often  gives  testimony  as  to  the  race  of  Europeans  who  originally 
settled  in  the  country.  Thus  the  Indian  tribe  which  has  furnished  a 
name  to  the  territory  belonging  to  the  United  States  now  called 
Wisconsin,  in  the  old  maps  is  written  Ouisconsin,  that  country  having 
been  first  visited  by  the  French.  So  again  in  Mexico,  the  town 
Chihuahua  (pronounced  Chiwiiwa)  tells  us  that  its  name  was  first 
written  by  Spaniards ;  and  the  same  may  be  said  in  the  map  of  Peru 
of  the  river  Hualla^;  and  the  numerous  towns  commencing  with 
the  same  syllable,  as  HuancaveUca,  Huancayo,  Huanuco,  Huancabamba, 
&C.  At  other  times  the  Spaniards  have  employed  the  letten  gu,  as 
may  be  seen  in  the  different  riven  of  Spain  Proper,  which  have  pre- 
fixed the  Arabic  word  guad,  denoting  water ;  and  this  mode  too  of 
representing  a  w  is  to  be  traced  in  Spanish  America  in  Guamanga, 
Guanca,  Guancarama,  Guatemala,  &c.  The  ancient  Greeks  again  often 
prefixed  a  simple  o  to  represent  a  w,  as  in  mZa,  &c.  [Digamma.]  We 
have  hitherto  spoken  of  the  consonantal  power  of  the  letter ;  its  use  as 
a  vowel,  so  far  as  our  own  language  is  concerned,  is  confined  to  the  end 
of  syllables ;  and  there  is  alwavs  another  vowel  prefixed  to  it,  as  in 
new,  law,  ehow;  but  in  the  Welsh  language  it  is  employed  by  itself,  and 
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in  the  middle  of  Byllables  with  the  i)ower  of  a  vowel.  The  map  of 
Wales  will  f unufih  abtmdant  examples,  as  Pwlheli,  Cwmtydr,  Bettws, 
Llwchwr,  often  written  Loughor,  £c. 

Many  nations  have  a  difficulty  in  pronouncing  the  consonantal  w. 
This  is  more  particularly  the  case  in  some  parts  of  Oermany,  where 
the  people  are  unable  to  appreciate  the  difiference  between  a  w  and  a  v, 
almost  always  substituting  the  latter  sound,  or  what  nearly  approaches 
to  it.  Hence  it  Ib  important  for  the  philologist  to  distrust  the  evidence 
and  criticiBm  of  a  German  scholar  when  these  sounds  are  in  question ; 
and  this  caution  may  be  more  particularly  given  in  reference  to 
German  writings  upon  the  Sanskrit  language.  London  too  is  remark- 
able  for  the  confusion  of  the  sounds,  though  this  oonf ueion  does  not 
seem  to  arise  from  any  inability  to  pronounce  either  a  w  or  a  v,  each 
being  substituted  for  the  other  with  a  moat  amusing  perversity. 

The  other  interchanges  of  this  letter  have  been  already  given  under 
the  preceding  letters.  See  C,  §  4  and  7;  G,  §6;  H,  §  7;  M,  §5;  0, 
§11;  R,§8;  S,§11;  andDiOAMMA. 

WAFER,  a  small  roimd  piece  of  dried  paste,  which  is  used  to  fasten 
letters.  The  host,  as  given  to  laymen  at  the  sacrament  in  the  Romish 
Church,  and  the  piece  of  consecrated  cake  given  in  extreme  unc- 
tion, is  also  called  a  wafer,  and  it  is  recommended  to  be  swallowed 
whole  if  possible.  Thin  cake  formed  into  a  roll,  and  called  wafers,  is 
still  sold  by  pastiycooks.  In  fact  the  word  was  used  in  England  to 
signify  a  thin  cake  long  before  wafers  for  sealing  letters  were  invented, 
W^ffd  is  the  name  given  by  the  Germans  to  a  thin  cake  made  with 
flour,  eggs,  sugar,  &c. ;  the  Dutch  call  such  a  cake  teafel,  and  the  Danes 
vaffel.  The  French  call  it  gaufre.  The  French  name  for  a  wafer  is 
pain  d  cachttet'j  and  wafers  are  pama  d  cacheUr,  The  Anglo-Saxons 
also  had  the  name  vxiffd. 

To  make  common  wafers,  a  liquid  paste  is  made  with  flour  and  cold 
water,  very  smooth ;  and  colouring  matter  is  then  mixed  with  it.  The 
baking  is  done  with  an  instrument  similar  to  that  which  is  used.to 
make  gaufra  and  waffeln.  It  consists  of  two  thin  plates  of  iron ;  the 
upper  plate  doses  upon  the  lower,  which  is  made  vriik  a  ledge,  and 
thus  forms  a  mould  for  the  paste.  Both  plates  having  been  warmed 
and  greased  to  prevent  adhesion,  some  of  the  liquid  paste  is  poured 
into  the  lower  plate,  and  the  upper  plate  is  then  ^ut  down,  which 
forces  out  any  superfluous  paste  and  forms  the  rest  into  a  thin  and 
even  layer.  The  instrument  which  is  held  by  a  handle  like  that  of  a 
frying-pan,  is  placed  for  a  few  moments  over  a  fire,  and  the  sheet  of 
baked  paste  is  then  taken  out  and  dried  in  the  air,  when  it  becomes 
firm  and  brittle,  and  is  cut  with  a  suitable  instrument  into  wafers. 

Qdatine  or  irantparent  toafera  are  thus  made.  Good  gelatine  or 
glue  is  dissolved  in  warm  water.  The  mixture,  while  stUl  warm,  ia 
poured  on  a  warm  and  slightly  oiled  glaas  plate,  having  a  bordering 
formed  of  slips  of  cardboard ;  another  warm  plate  is  laid  on  it,  and 
pressed.  When  cold,  the  gelatine  is  removed  in  a  very  thin,  semi- 
transparent  sheet,  and  is  cut  into  small  pieces  of  the  proper  shape  by 
means  of  a  punch.    Sometimes  a  little  sugar  is  added  to  the  gelatine. 

Medallion  waftsn  have  a  device  in  cameo  or  relief.  The  device  is 
first  engraved  in  intaglio  on  a  metal  plate.  A  paste  is  then  made  of 
any  convenient  powder  mixed  with  gum-water  or  size ;  a  background 
is  formed  of  melted  coloured  gelatine ;  and  the  two  are  so  applied  to 
the  engraving  as  to  lead  to  the  production  of  a  sheet  of  medallion 
wafers,  which  are  separated  by  cutting  or  punching. 

WAGER.  In  a  wager  or  bet,  two  parties  stake  money  against  each 
other  on  the  happe^iing  or  failure  of  a  certain  event :  A  is  to  pay  a 
certain  sum  to  B  if  the  event  happen  one  way ;  and  B  is  to  pay  a 
certain  sum  to  A  if  the  event  happen  the  other  way.  Thus,  if  John 
bet  Thomas  three  to  one  (in  pounds)  that  he  will  win  the  game,  and  it 
turn  out  that  he  does  win  the  game,  he  (John)  is  to  receive  one  pound 
from  Thomas;  but  if  John  should  not  win  the  game,  Thomas  is  to 
receive  three  pounds  from  John. 

The  principle  of  a  wager  exists  in  a  great  multitude  of  transactions 
which  do  not  bear  the  name  :  in  fact,  every  commercial  afiair  in  which 
money  is  risked  upon  a  possibility  of  receiving  more  than  legal  Interest 
in  consideration  of  that  risk,  is  a  wager.  Thus,  if  Johai  lend  Thomas 
100/.  to  engage  in  an  adventure,  knowing  that  he  can  receive  nothing 
if  it  fell,  and  in  consideration  of  160/.  if  it  succeed,  it  is  a  wager  of  the 
following  kind.  If  the  money  be  out  a  year,  and  John  could  safely 
make  five  per  cent,  of  it,  he  risks  105/.  in  case  of  loss,  and  is  to  receive 
46/.  in  that  of  gain ;  so  that  in  fact  it  is  as  if  John  bet  Thomas  105  to 
45,  that  the  speculation  would  succeed.  For  if  we  were  to  suppose 
that  John  lends  Thomas  100/.  for  a  year  at  five  per  cent.,  on  good 
security,  and  makes  the  above  wager  besides,  they  will  be  found  to  bo 
in  exactly  the  position  originally  described. 

A  fire  insurance  is  a  simple  wager  between  the  office  and  the  party ; 
and  a  Ufe  assurance  is  a  collection  of  wagers.  There  is  something  of 
the  principle  of  a  wager  in  every  transaction  in  which  the  results  of  a 
future  event  are  to  bring  gain  or  loss.  And  in  eveiy  game  of  chance, 
we  have  a  wager  or  a  collection  of  wagers,  whenever  money  is  staked. 

Much  has  been  written  and  said  upon  the  morality  of  wagers,  in 
which  the  word  is  understood  in  its  common  acceptation,  namely,  that 
there  is  nothing  but  a  stake  of  money,  made  in  a  manner  which  has  no 
reference  to  commercial  advantage,  and  no  tendency  to  promote  the 
physical  well-being  of  the  community.  It  is  however  exceedingly 
difficult  to  draw  the  line  between  the  pure  wager,  which  is  nothing 
else,  and  the  conmierdal  wager.    The  loan  of  John  to  Thomas,  above 
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described,  may  be  a  useful  transaction :  it  may  give  the  ooontiy 
mine  or  a  new  market    But  it  does  not  follow  that  the  pure  waj 
a  case  which  is  generally  so  considered,  may  not  be  also  uAef  uL 
were  to  be  wished  that,  in  considering  this  matter,  the  right  azid 
of  the  transaction  itself  diould  be  always  ca^f uUy  sepanted  froiEL 
tendency  of  the  collateral  ciroumatanoes  connected  with  it»    (^e 
two  instances  will  explain  our  meaning* 

A  horse-racer  and  a  crtock-jobber  are  two  of  the  characters  which 
set  down  in  public  opinion  as  mere  gamblers,  and  so  are  a  biUiaTii- 
player  and  a  hasard-player.    All  four  are  consid^ed  to  belong  to  Mk» 
same  class.    Now  it  is  true  that  the  occupations  of  all  but  the  seesoad 
are  generally  connected  with  much  that  is  objectionable,  and  wisieb, 
though  not  necessarily  attached  to  their  mode  ol  life,  are  so  Irequso&tJj 
consequent  upon  it^  that  the  strength  of  the  tendency  is  siifficienfe  xa 
justify  the  warning  which  writers  upon  morals  give  against  thd  piirssit 
of  gambling.    And  among  all  the  four  descriptions  of  characters  aie  i4> 
be  found  the  full  proportion  of  those  whose  society  is  not  cov^ed  bj^  a 
very  respectable  minority  of  the  natipi^    Bat  t»l0^gh  many  a  naao 
bom  to  better  things  hss  been  ruined  by  each  of  the  £o«r  puTBuite.  ia 
would  be  unjust  to  say  that  there  is  no  distinction  between  them,   ^"e 
doubt  whether  billiards  or  hazard  ever  were  the  cause  of  any  bene&t 
to  society ;  the  wager  which  ends  in  a  wager  seems  to  be  the  proper 
description  of  both.    But  horse-iracing  has  at  least  improved  the  breed 
of  horses ;  and,  as  business  is  now  transacted,  it  is  due  to  the  stock- 
jobber that  funded  property  can  be  turned  into  money,  or  vice  veni,  a£ 
any  moment  of  the  year.    We  do  not  mean  to  say  that  the  mone^ 
which  changes  hands  on  the  course  might  not  be  much  more  efiEsctiveW 
employed  in  the  improvement  of  horses,  or  that  it  might  not  be  prac- 
ticable to  effect  modes  of  rapidly  realiung  or  investing  without  the 
concomitant  of  gambling.    All  we  wish  to  illustrate  is  the  fact,  that 
innumerable  classes  of  wagers  are  mixed  up  with  the  tranaaotiaDs  ol 
society,  from  those  which  are  essential  to  its  exiatenoe,  through  those 
which  are  of  mixed  harm  and  good,  up  to  those  which  are  but  dubioos 
in  their  very  best  cases. 

A  wager  is  fairly  laid  when  the  odds  are  proportional  to  the  probar 
bilities  of  the  event  happening  or  failing.  Thus  if  it  be  four  to  one 
against  the  happening  of  an  event,  the  better  who  bets  that  it  will  not 
Iwppen  should  ofier  four  to  one.  In  the  long  run  such  an  event  will 
fail  four  times  where  it  happens  once,  and  the  better  will  receive  a 
pound  four  times  for  every  occasion  on  which  he  pays  four  pounds 
once.  But  suppose  a  person  should  continwdly  offer  only  three  to  one 
upon  a  contingency  on  which  it  is  four  to  one  he  vrins.  In  the  long 
run  he  will,  upon  every  five  bets,  receive  one  pound  four  times^  and 
pay  three  pounds  once  :  he  will  therefore  win  one  pound  on  every  five 
bets.  Algebraically  thus  : — ^let  the  odds  for  his  winning  be  a  to  &, 
while  these  which  he  offers  are  m  to  n ;  in  a-h  6  trials,  one  set  with 
another,  he  will  win  n  pounds  a  times,  or  Him,,  while  he  will  lose  » 
pounds  h  times,  or  £m6.  If  na  equals  wJb^  the  wager  is  fair  on  both 
sides ;  if  na  be  greater  than  mb^  it  is  unduly  favourable  to  the  better ; 
if  na  be  less  than  m&,  it  is  unduly  against  him. 

There  are  many  cases  in  which  doubt  may  arise  as  to  whether  a 
wager  is  fair,  and  also  as  to  how  it  is  to  be  interpreted.  With  respect 
to  the  latter  it  is  or  ought  to  be  clear,  that  if  both  parties  understood 
the  wager  in  one  sense,  that  one  sense  is  the  fair  interpretation :  but 
that  if  either  of  the  parties  understood  the  wager  in  one  certain  seoBa, 
and  the  other  party  knew  that  he  understood  it  in  that  sense,  no  sub- 
sequent attempt  a^  a  different  interpretation  should  be  adoutted  on 
the  part  of  that  other  party.  We  are  told  Uiat  this  rule  is  widely 
departed  from ;  and  that  under  cover  of  adherence  to  literal  significa- 
tion of  words,  interpretations  are  permitted  which  offer  inducements 
to  what  we  must  call  attempts  at  fraud.  Thus,  it  is  said,  that  when 
the  better  xmdertook  to  'run  across  a  bridge  in  an  incredibly  small 
time,  and  had  his  bet  accepted,  he  was  permitted  to  win  by  running 
from  one  parapet  to  the  other,  which  was  held  to  be  crossing  tiie 
bridge,  in  the  same  manner  as  going  from  one  footpath  to  the  other  is 
held  to  be  crossing  a  street.  Here  it  is  clear  that  the  party  accepting 
the  bet  understood  that  the  other  was  to  cross  the  water  upon  the 
bridge,  which  is  the  true  meaning  of  going  across  a  bridge ;  and  it  la 
also  clear  that  the  better  knew  he  was  taken  in  that  sense.  An 
adherence  to  the  literal  meaning  of  a  wager  is,  of  course,  necessary  m 
all  cases  of  doubtful  meaning,  but  there  is  no  language  in  which  the 
literal  meaning  of  a  sentence  is  always  made  up  of  those  of  the  wozxis 
put  together. 

A  wager  is  not  fair  unless  the  point  in  doubt  be  clearly  the  same  to 
both  parties,  and  unless  there  be  no  concealed  knowledge  in  the  poe- 
session  of  either.  The  latter  is  included  in  the  former,  as  an  instuice 
will  show.  John  bets  Thomas  that  the  ship  Hope  is  arrived  in  dock 
from  Jamaica  before  the  time  at  which  the  bet  is  laid ;  his  manner 
implies  that  he  has  formed  the  conclusion  from  his  knowledge  of  the 
time  at  which  the  Hope  was  to  sail,  of  the  properties  of  the  vessel,  of 
the  prevailing  weather,  &c. :  if  his  manner  tell  truth,  the  wager  is  fidr 
Or  his  manner  implies  that  he  may  be  in  possession  of  particular  in- 
formation, that  he  may  have  seen  the  captain,  &c. ;  it  says,  **  Mind,  I 
do  not  tell  you  what  my  reasons  are,  aU  I  teU  vou  is  the  nict :  *'  still 
the  wager  is  fair.  If  Thomas  dispute,  he  knows  m  either  case  what  he 
disputes,  be  it  the  question  of  the  Hope's  rate  6f  sailing,  or  the  good> 
ness  of  John's  inference  from  his  particular  Imowledge.  But  if  John, 
I  actually  knowing  of  the  Hope's  arrival,  should  lead  Thomas  into  a 
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vrager  on  the  probabilities  ol  the  ship  having  arrived,  -when  he  knows 
tliat  it  stctxially  has  arrived,  the  wager  is  unfair.  In  all  matters  of 
Bkill^  indeed,  the  mere  offer  of  the  wager  is  an  assertion  of  skill,  and 
tlie  acceptance  of  the  wager  is  the  denial  of  this  assertion :  this  is 
understood,  so  that  there  is  no  occasion  for  the  party  who  offers  the 
'Wager  to  make  any  declaration  of  skill,  other  than  is  implied  in  the 
wager  itself. 

Tliere  is  one  case,  and  that  a  common  one,  in  which  the  immorality 
of  tlie  wager  is  not  easy  to  expose,  though  it  is,  we  think,  sufficiently 
certain  ;  it  is  where  a  person,  by  offering  different  wagers  to  different 
people,  secures  himself  a  certainty  of  gain,  let  the  event  happen  which 
w^ay  it  'will.    Thus  one  of  three  things  must  happen,  A,  B,  C ;  a  person 
bets  4  to  4  against  A,  5  to  4  against  B,  6  to  4  against  C,  with  three 
different  persons ;  he  must  win  8,  for  two  of  his  opponents  must  lose  : 
lie  cannot  pay  more  than  6,  for  one  only  can  win ;  he  is  therefore,  on 
tlie  most  unfavourable  supposition,  a  gainer  of  2.    As  against  each  of 
bis  opponents  the  wager  may  be  fair :  these  may  not  be  known  to  each 
otlier,  and  each  one  may  consider  that  he  has  the  best  of  the  wager. 
'"Wlioni  then  does  he  injure  ?    If  it  be  admitted  that  a  man  has  a  right 
to  lay  any  bet  which  he  can  get  taken  provided  the  event  betted  on 
be  perfectly  understood,  he  can  then  injure  no  one,  and  no  exception 
can  be  taken  to  the  proceeding.    But  if  it  be  not  allowed  that  a  man 
baa  a  right  to  lay  any  odds,  except  those  which,  to  the  best  of  his 
kno'wledge  and  belief,  represent  the  state  of  the  chances,  he  must  then 
offer  a  bet  which  he  believes  to  be  unfair,  to  some  one  or  other  of  the 
preceding  persons.    By  betting  4  to  4  against  A,  he  declares  his  belief 
that  the  chance  of  A's  arrival  is  4 :  similarly  by  betting  6  to  4  against 
Is,  be  declares  his  belief  that  the  chance  of  B's  arrival  is  {.    Conse- 
quently he  implies  a  declaration  that  his  belief  of  the  chance  of  C's 
arrival  is — 
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Consequently  he  ought  to  1^  17  to  1  against  the  arrival  of  C,  whereas 
be  bys  3to2,  or6to4.  l^is  then  telling  contradictory  stories  to 
different  people,  and  is  saved  from  conviction  only  by  the  fact  of  each 
party  not  knowing  what  he  has  stated  to  others.  If  there  were  a 
possible  mode  of  fighting  in  which  the  weapon  of  eadi  opponent  should 
be  armour  against  those  of  the  rest,  we  imagine  it  would  not  be  con- 
mdered  either  brave  or  honest  that  a  man  should  provoke  the  combat 
'with  several  enemies,  in  such  a  manner  that  he  should  be  sure  to  kill, 
and  sure  not  to  be  killed ;  and  we  suppose  that  if  wagering  be  per- 
mitted at  all  among  men  of  honour,  it  is  under  the  idea  that  he  who 
makes  another  risk  his  money  also  risks  his  own. 

This  possibility  of  securing  certain  gain  by  betlang  against  belief 
(for  against  belief  it  must  be)  seems  to  us  to  be  enough,  were  there 
no  other  reason,  to  show  that  a  wager  is  not  right,  unless  the  odds 
really  represent  the  opinion  of  the  better  :  for  to  maintain  that  such  a 
wager  is  a  fair  one,  is  also  to  maintain  that  it  is  fair  to  make  others 
meet  risk  without  sharing  it. 

It  may  indeed  be  asserted  that  each  better  has  his  own  book,  which 
he  endeavours  to  make  up  in  such  a  way  as  to  win  in  every  event;  so 
that  the  whole  is  an  admitted  trial  of  skill.  But  this  excuse  breaks 
down  when  it  is  remembered  that  it  is  impossible  a  society  of  gamblers 
can  make  a  set  of  books  which  will  give  a  balance  of  gain  to  all,  with- 
out taking  in  a  number  of  persons  who  do  not  belong  to  the  society : 
and  the  question  is  whether  the  words  in  italics  have  not  two  real 
meanings. 
WAGER  (in  Law.)  [Gamino.] 
WAGER  OF  BATTLE.  [Appeal  ;  Trial.] 
WAGER  OF  LAW  was  a  mode  of  trial  where  the  defendant  was 
permitted,  as  it  was  said,  "  to  make  his  law,"  that  was, "  to  take  an 
oath  (for  example)  that  he  oweth  not  the  debt  demanded  of  him  upon 
a  simple  contract,  nor  any  penny  thereof;"  "but  he  ought  to  bring 
with  him  eleven  persons  of  his  neighbours  that  will  avow  upon  their 
oath  that  in  their  consciences  he  saiw  truth ;  so  that  he  himself  must 
be  Bwotn  de  fideliicUe,  and  the  eleven  de  ereduHlcUe"  This  form  of 
trial  was  not  adlowed  save  when  the  debt  arose  by  word  only,  and 
might  have  been  satisfied  in  secret  without  witnesses.  It  was  not  per- 
mitted as  to  any  debt  arising  on  specialty,  or  where  a  contempt,  tres- 
pass, deceit,  or  injiuy  was  supposed  in  the  defendant;  but  only  in 
Borne  cases,  in  debt,  detinue,  or  account ;  and  also  in  a  real  action  where 
the  tenant  i^eged  that  he  was  not  legally  summoned.  Neither  was  it 
permitted  to  an  infant,  nor  to  a  person  outlawed  or  infamous,  nor  in  a 
Buit  on  behalf  of  or  for  the  benefit  of  the  crown,  nor  to  executors  or 
administrators  in  matters  relating  to  the  debts  of  tiieir  testator.  Where 
admitted,  however,  it  was  conclusive,  and  berred  the  party  for  ever. 
This  mode  of  trial  seems  to  have  eidsted  at  a  very  early  period  in  the 
history  of  nations.  It  was  part  of  the  law  of  Moses,  that "  If  a  man 
deliver  unto  his  neighbour  an  ass,  or  an  ox,  or  a  sheep,  or  any  beast  to 
keep,  and  it  die,  or  be  hurt,  or  driven  away,  no  .man  seeing  it;  then 
shall  an  oath  of  the  Lord  be  between  them  both,  that  he  hath  not  put 
his  hand  tinto  his  neighbour's  goods,  and  the  owner  of  it  shall  accept 
thereof,  and  he  shall  not  make  it  good."  (Exod.,  xx.  10.)  The  prac- 
tice of  trying  by  the  oaths  of  the  parties  to  a  suit  prevailed  in  the  civil 
law,  where  either  of  the  parties  might  refer  the  matter  to  the  oath  of 
his  adversary ;  and  if  he  did  not  accept  it,  or  justify  his  refusal  of  it, 
the  judge  decided  against  him.    The  whole  proceeding  is  prescribed  at 


length  in  '  Cod.  Justin.,*  iv.  1, 12.  The  clergy,  also,  in  the  earlier  ages 
were  generally  admitted  to  this  mode  of  defence.  It  was  also  one  of 
the  customs  of  London  in  the  sheriffd'  court.  But  in  this  country  it 
ultimately  gave  dissatisfaction.  "Men's  consciences,"  as  Lord  Coke 
says, "  grew  so  large,*'  that  the  presumption  of  law  that  no  man  would 
forswear  himself  ceased  to  be  much  relied  on.  Other  forms  of  actions 
were  brought,  such  as  assimipsit  and  trover,  in  which  the  wager  of  law 
could  not  be  had ;  and  eventually,  by  8  &;  4  Wm.  IV.,  c.  42,  s.  83,  the 
whole  proceeding  was  abolished. 

WAGER-POLICY  is  a  name  given  to  a  policy  of  insurance  made  by 
persons  having  no  interest  in  the  event  about  which  they  insure.  Such 
insurances,  formerly  common,  were  found  to  be  "  productive  of  many 
pernicious  practices,"  and  therefore  the  statute  19  Geo.  II.,  c.  87,  was 
passed,  by  which  it  was  enacted  that  no  assurances  should  be  made  on 
any  ship  belonging  to  his  Majesty  or  any  of  his  subjects,  or  on  any 
goods,  &c.,  laden  on  board,  "  interest  or  no  interest,  or  without  further 
proc  fof  interest  than  the  policy,  or  by  way  of  gaming  or  wagering,  or 
without  benefit  of  salvage  to  the  assurer;  and  that  every  such  assur- 
ance shall  be  null  and  void  to  all  intents  and  purposes." 

WAGES  are  the  price  paid  for  labour.  The  labour  of  man,  being  an 
object  of  purchase  and  sale,  has,  like  other  commodities,  a  natural  or 
cost  price,  and  a  market  price.  Its  natural  price  is  that  which  suffices 
to  maintain  the  labourer  and  his  family,  and  to  perpetuate  the  race  of 
labourers.  The  rate  of  wages  cannot  oe  permanently  below  this  natu- 
ral price,  for  if  in  any  country  labourers  could  not  be  maintained,  they 
must  cease  to  exist:  they  must  be  exterminated  by  famine,  or  be 
removed  to  some  other  country.  If  the  price  paid  were  only  sufficient 
to  maintain  the  labourer  himself,  without  any  family,  he  would  be 
unable  to  marry,  or  Ms  diildren  would  die  of  want.  By  these  dis- 
tressing causes  the  supply  of  labour  would  be  reduced  until  the  com- 
petition of  employers  had  raised  the  price  of  labour  to  its  natural  leveL 
But  although  the  natural  price  would  thus  appear  to  be  that  which 
only  wards  off  starvation,  there  is,  happily  for  mankind,  a  principle 
which  tends  to  raise  it  to  a  much  higher  standard.  Every  man  desires 
to  improve  his  condition,  to  enjoy  more  of  the  comforts  and  luxuries 
of  life  than  have  fallen  to  his  lot,  and  to  raise  himself  in  the  estimation 
of  others.  If  he  has  accomplished  this,  he  acquires  habits  of  living 
which  it  is  painful  for  him  to  forego.  He  endeavours  to  bring  up  his 
children  with  the  same  views  and  habits  as  his  own,  and  feels  it  a 
degradation  if  they  fall  below  the  standard  which  he  has  himself 
attained.  The  necessary  consequence  of  this  tendency  to  social 
improvement  is  to  cause  prudence  and  forethought  in  marrying,  and 
undertaking  the  support  and  settlement  of  a  &mily.  A  labourer  ca^pot 
well  have  too  many  wants.  He  should  desire  good  food,  good  dothing, 
a  cleanly  and  comfortable  home,  and  education  for  his  children.  If 
the  standard  of  wants  could  be  universally  raised,  the  natmnal  price  of 
labour  would  rise  in  proportion ;  for  if  each  labourer  were  determined 
not  to  render  himself  imable  to  gratify  these  wants,  all  could  command 
the  wages  that  would  supply  them.  The  degree  in  which  this  prin- 
ciple operates  determines  the  natural  rate  of  wages  and  the  condition 
of  the  working  classes.  Where  it  has  no  influence,  as  in  many  parts  of 
Asia,  the  wages  are  only  sufficient  to  support  life  upon  the  commonest 
food,  and  to  provide  the  most  squalid  clothing  and  habitations.  In  more 
civilised  countries,  the  wants  and  prudence  of  the  middle  classes  extend 
lower  in  the  scale  of  society,  and  the  labourers  want  more  and  enjoy 
more  of  the  comforts  and  decencies  of  life. 

The  general  market-rate  of  wages  depends  upon  the  ratio  which 
the  capital  applied  to  the  employment  of  labour  bears  to  the  number 
of  labourers.  If  that  ratio  be  .great,  the  competition  of  capitalists 
must  raise  wages ;  if  small,  the  competition  of  laboiurers  amongst  each 
other,  for  employment,  must  reduce  them.  Whenever  the  accumula- 
tion of  cc^itfd  is  proceeding  more  rapidly  than  the  increase  of  popula- 
tion, wages  will  be  on  the  increase,  and  tiie  condition  of  the  working 
classes  will  be  continually  improving,  until  some  check  has  been  given 
to  the  increase  of  capital,  or  until  &e  growth  of  population  (whidi  is 
naturally  encouraged  by  high  wages)  has  altered  the  relative  proportion 
of  capital  to  labourers,  and  reduced  the  market-rate  of  wages  to  the 
natural  rate.  While  the  general  rate  of  wages  is  regulated  by  these 
causes,  there  are  various  circumstances  which,  by  increasing  or  de- ' 
creasing  competition  for  employment,  tend  to  raise  or  depress  the 
wages  paid  to  persons  engaged  in  particular  occupations.  Some  of  the 
principEd  of  these  are — 

1.  The  agreeableness  or  disagreeableneas  of  the  employments. 

2.  The  easiness  or  cheapness,  or  the  difficulty  and  expense,  of  learning 
them. 

3.  Their  constancy  or  inconstant. 

4.  The  small  or  great  trust  that  must  be  reposed  in  those  who  cany 
them  on. 

5.  The  probability  or  improbability  of  succeeding  in  them. 

It  is  not  imcommon  to  hear  these  circumstances  stated  as  the  direct 
and  immediate  causes  of  high  or  low  wages  in  particular  employments ; 
as  if  in  some  cases  employers  voluntarily  gave  high  wages,  or  the 
labourer  could  command  them  merely  on  account  of  the  nature  of  the 
employment.  But  the  relation  of  supply  to  demand  will  influence 
wages  in  particular  employments,  as  it  does  the  price  of  labour  gene- 
rally, and  of  other  commodities ;  and  the  circumstances  stated  above 
will  obviously  tend  to  increase  or  diminish  the  number  of  competitors 
for  particular  employments.    More  wiU  naturally  seek  an  agreeable 
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trade^  easily  learned^  than  one  of  a  disagreeable  character  and  difficult 
to  learn.  All  deacriptions  of  skilled  labour  bear  a  higher  price  than 
urakilied  labour.  The  expense  of  acquiring  the  knowledge  of  any  art 
or  trade  would  not  be  incurred  at  all,  unless  the  person  who  had 
incurred  it  were  better  remunerated  than  others  who  have  nothing  to 
offer  except  their  natural  strength  and  intelligence,  which  is  common 
to  all  men ;  but  many  cannot  incur  the  expense  of  learning  a  trade  if 
they  would ;  others  are  too  indolent,  too  careless,  or  too  awkward ;  and 
thus  skilled  workmen  are  not  open  to  the  same  unlimited  competition 
as  other  classes  of  labourers,  and  are  in  a  condition  to  command  higher 
wages.  Wherever  uncommon  skill,  talent,  or  other  advantages  are 
required,  the  number  of  persons  actuaUy  practisiDg  and  living  by  an 
employment  must  be  comparatively  Umited.  Most  persons  are  deterred 
from  attempting  to  learn  it  by  the  fear  of  failure,  and  many  who 
attempt  it  do  not  succeed  in  gaining  their  livelihood  by  it.  The  few 
who  are  really  successful  can  then  command  an  extraordinary  reward 
for  the  exercise  of  their  peculiar  talents  or  acquirements.  The  world 
will  enjoy  the  advantage  of  them  at  any  price,  not  being  satisfied  with 
any  leas  degree  of  excellence.  Even  if  an  unusual  influx  of  skilled 
labourers  into  any  employment  should  lower  the  rate  of  wages,  this 
lower  rate  is  not  lucely  to  continue  veiy  long,  as  the  superfluous  num« 
ber  would  seek  other  employments  which  offered  a  higher  reward. 
This  result  is  facilitated  by  the  fact,  that  the  ordinarily  hagh  price  of 
bkilled  labour  causes  a  much  more  expensive  mode  of  living,  and  thus 
raises  the  natural  rate  of  wages  of  skilled  labourers;  or,  in  oUier 
•words,  induces  them  to  regard  as  necessaries  a  variety  of  comforts 
^vhich  are  beyond  the  reach  of  common  workmen. 
'  Wages  are  usually  calculated  in  money,  and  are  called  high  or  low 
iaccording  to  the  money  price  actually  paid ;  but  the  condition  of  the 
labourer  is  obviously  tweeted  by  the  price  of  commodities  as  well  as  by 
the  amount  of  his  wages.  If  the  necessaries  of  life  be  cheap,  low 
Imoney  wages  will  maintain  him  in  comfort ;  if  thev  become  dearer, 
(higher  wages  will  not  improve  his  condition,  but  wiU  leave  him  as  he 
Kvas.  Hence  it  becomes  a  most  important  object  to  inquire  whether 
Ithe  price  of  provisions  affects  the  rate  of  wages.  The  disputes  which 
liave  arisen  upon  this  question  would  seem  to  be 'chiefly  caused  by 
attempts  to  apply  a  universal  law  to  countries  and  employments  imder 
totally  different  circumstances.  Some  contend  that  as  wages  are  regu- 
lated by  supply  and  demand, the  price  of  provisions  cannot  idSfect  them; 
while  others  maintain  that  the  average  prices  of  labour  and  of  food 
must  always,  for  long  periods  of  years,  conform  one  with  the  other. 
It  is  evident,  at  the  outsist^  that  the  former  are  speaking  of  the  market 
rate  of  wages,  and  the  latter  of  the  natural  rate ;  and  if  this  distinction 
be  borne  in  mind,  the  two  propositions  may  easily  be  reconciled.  If 
the  market  rate  of  wages  be  high,  it  is  because  the  demand  for  labour 
is  greater  than  the  immediate  supply.  A  fall  in  the  price  of  provisions 
could  not  then  lower  the  rate  of  wages,  because  the  supply  of  labour 
would  still  be  the  same ;  but  if  the  &11  were  permanent,  the  condition 
of  the  labourer  would  become  so  easy,  that  population  would  increase, 
and  the  supply  of  labour  woxild  be  more  abundant  The  market  rate 
would  thus  be  brought  down  to  Uie  natural  rate,  unless  capital  should 
be  increuing  in  the  same  proportion  as  the  supply  of  labour ;  and  any 
increase  in  the  price  of  food  must  then  check  the  growth  ofpopulation, 
limit  the  supply  of  labour,  and  ultimately  raise  wages.  There  is  th« 
same  tendency  in  the  market  price  of  labour  to  conform  to  the  natural 
price  as  there  is  in  the  market  price  of  commodities  to  conform  to 
their  real  value.  Both  labour  and  conmiodities  are  equally  capable  of 
increase  and  diminution,  and  the  varjring  causes  which  encourage  or 
check  production  adjust  the  proportion  between  the  natural  or  cost 
price  and  the  market  price.  But  in  some  countries  the  market  rate  of 
wages  may  be  very  much  above  the  natural  rate,  and  in  others  nearly 
the  same.  In  one  country  capital  may  be  increasing  more  rapidly  than 
population,  and  in  another  not  so  fsaL  It  is  clear  that  a  rise  or  &11  in 
the  price  of  food  cannot  influence  the  rate  of  wages  alike  ip  all  these 
countries.  Where  the  wages  are  high,  and  capital  is  rapidly  accumu- 
lated,  any  reduction  in  the  price  of  food  and  other  commodities  is  a 
clear  gain  to  the  labourer,  and  can  have  only  a  very  remote,  if  any, 
effect  in  lowering  wages ;  but  where  wages  are  already  reduced  to  the 
•  natural  rate,  and  capital  is  not  increasing  faster  tiian  population,  wages 
will  undoubtedly  rise  and  faH  with  any  permanent  increase  or  diminution 
in  the  cost  of  subsistence. 

The  question  is  further  affected  by  the  differences  which  exist  in 
the  natural  rate  of  wages  in  various  countries.  Where  the  natural  rate 
is  so  low  as  only  to  afford  the  bare  means  of  existence,  the  least  rise  in 
the  price  of  food  must  be  fatal  to  numbers  of  the  labouring  population, 
and,  by  thus  limiting  the  supply  of  labour,  must  raise  its  price;  but 
where  the  natural  rate  is  high,  the  labourers  suffer  indeed  from  a  rise 
in  the  price  of  food,  but  their  existence  is  not  endangered,  the  supply 
of  labour  is  not  diminished,  and  their  wages  consequently  do  not  rue. 
From  these  circumstances,  it  is  evident  that  the  precise  condition  of  a 
country  in  respect  to  capital,  population,  and  wages  must  be  ascertained 
before  it  can  be  determined  whether  the  price  of  food  will  affect  the 
money  rate  of  wages.  It  may,  however,  be  generally  affirmed,  that  in 
proportion  as  the  market  rate  approaches  to  the  natural  rate,  and  the 
latter  to  the  mere  cost  of  the  commonest  subsistence,  will  the  price  of 
the  necessaries  of  life  affect  the  rate  of  wages. 

When  the  causes  which  regulate  the  price  of  labour  are  understood, 
the  folly  and  injustice  of  any  legislation  to  fix  the  rata  of  wages  are 
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obvious.  The  seller  of  an  article  will  always  endeaTOurto 
high  price  for  it,  which  the  purchaser  will  only  give  if  ha  be  i 
obtain  it  for  less.  Labour  is  the  most  importemt  object  that 
to  buy  or  to  seU.  Each  will  make  the  best  bargain  he  can^  anil. 
no  law  oiight  to  restrain  him.  Laws  may  purpose  to  affect 
either  diractly  or  indirectly.  Direct  interference  with  the 
wages  has  been  frequently  resorted  to.  By  several  acts  of  paa 
a  legal  rate  of  vrages  in  particular  employments  was  ordered 
settled,  from  which  any  deviations  either  on  the  part  of  the  eoc  _ 
or  labourer  were  pumshable.  (See  25  Edw.  III.,  stat.  1 ;  Si  Ed-^w-.  HL 
c  11 ;  13  Rich.  II.,  c.  8;  11  Hen.  VII.,  c.  22;  6  Elia,  c.  4  ;  1  Jazn^si  L. 
c.  6.)  Unless  all  the  causes  of  high  or  low  wages  already  expJaixiied  be 
visionary,  it  is  plain  that  no  law  can  overrule  tnem  and  establish  ^  l^g%^ 
rate  different  from  that  which  natural  causes  would  hare  pro^oeetl 
It  may  embarrass  the  operations  of  trade,  and  nuachieyoa^y  ^»torb 
the  freedom  of  the  labour  market ;  but  it  cannot  attain  ita  imm^&qte 
end— a  compulsory  rate  of  wages.    The  experience  of  thia  facfc^ia? 
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long  since  put  an  end  to  any  such  legislation  in  this  ooontry. 
most  pernicious  interference  with  wages  ever  effected  by  the  ix 
operation  of  a  law  resulted  from  the  mode  of  administering  the  la 
for  tiie  relief  of  the  poor.  Before  these  laws  were  altered  in  1S3^  it 
was  the  practice  in  most  parishes,  especially  in  the  south  of  Kngiaaa^ 
to  give  x^ef  from  the  poor-rate  to  labourers  in  proportion  to  the  zioaT- 
ber  of  their  duldien.  The  natural  rate  of  virages  waa  oontipizaliy 
imdergoiog  depression,  because,  marriages  being  encouraged  witlic^it 
reference  to  the  sufficiency  of  wages  to  support  a  family,  popuL^ics? 
was  extraordinarily  promoted.  At  the  same  time,  the  prop^rt  j  des4^i»ed 
to  support  it  was  suffering  diminution,  by  being  taxed  heavilj  for  th« 
payment  of  comparatively  tmproductive  labour. 

The  only  sound  mode  of  raising  wages  and  improving  the  cwtklitioa 
of  a  people  is  to  promote  and  encourage  the  increase  of  the  general 
wealtii  of  a  country  [Wealth],  by  every  means  which  legisbttiTr 
science  points  out  as  best  suited  to  that  end,  and  at  the  same  tiniie  to 
remove  obstructions,  and  give  facilities  to  the  moral  and  intellectoal 
improvement  of  the  worki^  classes.  By  these  means  capital  will  \» 
increasing  with  the  natural  growth  of  population ;  while  the  laboiirecB, 
with  better  habits,  will  be  less  prone  to  reckless  improTidenoe,  azMl 
consequently  not  so  likely  to  outrun  the  increase  of  c^taL 

It  is  not  imusual  for  persons  in  particular  employments  to  desire 
higher  wages,  and  to  enter  into  combinations  against  their  masters  in 
Older  to  obtain  them.    Such  combinations  were  formerly  prohibited 
both  by  the  common  and  statute  law  of  this  country ;  bat  aince  the 
5th  Geo.  IV.,  c.  95,  if  unattended  with  violence  or  intimidation,  they 
are  not  unlawful    Unless  he  has  boimd  himself  by  a  contract,  every 
m&n  has  a  right  to  give  or  withhold  his  own  labour  as  he  pleases ;  but 
he  has  no  right  to  prevent  others  from  disposing  of  their  labour.    Bat 
the  only  mode  of  rendering  a  combination  effectual  is  to  exdade  fresh 
workmen,  whidi  frequently  can  only  be  done  by  molestation  and 
threats,  which  are  subversive  of  the  freedom  and  peace  of  society. 
Strikes,  temperately  conducted,  cannot  in  principle  be  condemned, 
b«ng  often  a  necessary  protection  to  the  workmg  daases.      When 
masters  are  not  deiding  fairly  with  their  workmen,  the  fear  of  a  strike 
may  often  control  them,  especially  as,  when  acting  unjustly,  they 
would  find  a  difficulty  in  obtaining  new  hands.    But  where  the  caose 
of  a  strike  or  combination  is  not  an  occasional  dispute  cooceming 
wages,  but  an  attempt  to  limit  the  number  of  workmen  by  compulaoiy 
regulations  and  bye-laws,  and  to  dictate  to  their  employers,  it  is 
injurious  to  trade,  and  ultimately  to  the  parties  Uiemselves.     To  tiie 
labouring  classes  at  lai*ge  such  combinations  cannot  be  beneficiaL 
Whenever  they  are  successful  it  is  by  excluding  many  oompetiton, 
who  are,  of  course,  injured  by  the  exclusion.     The  labour  market 
must  become  clogged  by  a  mass  of  exclusive  trades,  which  render  it 
difficult  to  find  employment.    The  injury  suffered  by  trade  in  conse- 
quence of  the  aridficial  limits  to  the  supply  of  labour  and  the  unnatu- 
rally high  vrages  must  also  have  the  effect  of  diminishing  capital,  and 
consequently  the  means  of  employing  labour. 

(Adam  Smith's  WeaWi  of  NaJUom  ;  Ricardo's  PoUHcdl  Bamom^  mtd 
Taxatum  ;  Malthus,  Esaay  en  PopulaHon  ;  Mill,  J.,  SlemenU  of  PoUiieal 
Eeoifwmy  ;  Hill,  J.  S.,  Principle  of  PoUiieal  Economy.) 

WAHHABIS  or  WAHABEES,  is  the  name  of  the  adherents  of  a 
Mohammedan  sect  in  Arabia.  The  origin  of  this  sect  is  intimatdy 
connected  with  the  following  circumstances.  When  Sultan  Sellm.  L 
had  conquered  Egypt  and  deposed  the  last  khalif  of  Cairo,  Al-muta- 
wakkel  in  A.H.  922  ^a.d.  1517),  he  was  acknowledged  as  successor  of 
the  khalifs  by  Berekiat,  the  grand  sherif  of  Mecca,  who  presented  him 
with  the  keys  of  the  KalMih.  From  this  time  the  sultans  of  the 
Osmanlis  were  the  protectors  of  the  Mohammedan  faith,  thon|^  only 
recognised  as  sudi  by  the  Sunnites ;  they  were  the  guardians  of  the 
holy  cities,  Mecca  and  Medina ;  and  they  had  the  privilege  and  the 
duty  of  protecting  the  numerous  caravans  of  h^jis,  or  pilgrmis,  which 
annually  travel  to  Mecca.  A  Turkish  pasha  resided  at  Jidda,  and 
sometimes  also  at  Mocha,  and  while  the  fertile  provinces  of  Hejaz  and 
Yemen  in  Western  Arabia  seemed  to  obey  the  Sultan,  the  pashsa  of 
BaghdiSd  and  Basrah  made  frequent  attempts  to  establish  the  Tiirkiah 
auUiority  in  the  province  of  El-Hassa  in  Eastern  Arabia.  The  Moham- 
medan religion  had  generally  departed  frt>m  its  primitive  purity,  and 
was  particularly  corrupted  among  the  Turks.  The  Mohammedans  had 
intr<xluoed  noyelties  into  their  religion,  which  were  rather  calculated 
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to  please  the  Benaes.  and  which  found  favour  among  people  who  have 
always  loved  to  follow  the  bent  of  their  imaginaUons.  Mohammed 
gradually  received  honours  like  God  himself ;  virtuous  men  became 
eaints,  and  the  miracles  they  were  said  to  have  performed  were 
eagerly  believed  by  the  people;  many  austere  rules  of  the  Kortbi 
were  forgotten  or  left  to  the  extravagances  "of  a  few  derwishes 
and  fakirs; "  and  the  places  of  worship  were  adorned  by  the  princes 
and  the  rich  with  the  arts  and  luxuries  of  the  East,  while  the 
poorer  Mohammedans  indulged  their  passion  for  religious  buildiogs  by 
erecting  a  rude  tomb  to  some  unknown  saint,  surmounted  by  a  cupola 
of  painted  brickwork.  To  this  we  must  add  that  the  Kor^  ceased 
to  be  the  sole  source  of  religious  knowledge,  and  that  traditions  con- 
cerning Mohammed  were  considered  by  bis  disciples  as  pure  and 
trustworthy  as  the  Kordn  itself.  Although  the  Arabs  had  deviated 
from  the  rule  of  the  Kordn,  there  was  a  striking  difference  between 
them  and  the  Turks.  The  Turks  used  opium  and  wine ;  not  satisfied 
with  polygamy,  they  had  intercourse  with  prostitutes ;  they  were 
addicted  to  practices  against  nature,  which  are  strictly  prohibited  by 
the  Kordn,  and  more  than  once  holy  hdjis  of  the  Turkish  caravans 
had  polluted  the  sacred  cities  with  their  scandalous  conduct.  The 
caravans  especially,  those  congregations  of  pious  men  assembled  for 
the  purpose  of  performing  one  of  the  most  sacred  duties  of  their 
faith,  presented  a  revolting  aspect  to  the  simple  and  uncorrupted 
believers  among  the  Beduins  of  the  desert  Their  leaders  gave  full 
licence  to  debauchery,  and  although  it  was  generally  their  riches  which 
tompted  the  Beduins,  and  excited  them  to  predatory  attacks,  it  often 
happened  that  the  Son  of  the  Desert  unsheathed  his  sword  indignant 
at  the  pride  and  vices  of  men  who,  from  the  moment  they  reached 
Mecca,  proudly  assumed  the  holy  title  of  hdji. 

Such  was  tiie  stato  of  the  Isldm,  when,  in  the  beginning  of  the 
last  century,  a  Mohammedui  sheikh  conceived  the  project  of  reform* 
ing  the  religion  of  Mohammed,  and  restoring  it  to  its  primitive 
purity. 

This  sheikh  was  'Abdu-1- Wahhdb  ("  the  servant  of  Him  who  gives 
(us)  every  thing"),  who  was  bom  at  El-Hauta,  a  village  five  or  six 
days'  journey  south  of  Der*aiyeh,  the  capital  of  the  province  of  Kejd, 
on  the  road  from  this  town  to  the  district  called  Wddi  Dowdsir,  or  as 
some  say  at  'Al-Aynah,  in  Nejd,  or  Aivineh,  which  seems  to  be  £1- 
Ayeyneh,  near  Der'aiyeh.  'Abdu-1-Wahhdb  was  bom  at  the  begin- 
ning of  the  12th  century  of  the  Hijira,  which  corresponds  to  the  end 
of  Uie  17th  century  of  our  sera.  His  lather  was  the  sheikh,  or  chief, 
of  the  Beni  Wahhdb,  a  branch  of  the  great  tribe  of  Temim,  which 
occupies  a  considerable  part  of  Kejd.  'Abdu-1- Wahhdb  received  his 
education  in  the  schools  of  Basrah,  where  he  studied  divinity.  He 
made  the  usual  pilgrimages  to  Mecca  and  Medina,  and  lived  several 
years  at  Damascus,  where  he  had  frequent  disputations  with  the 
divines  on  religion,  but  displaying  great  seal  in  the  abolition  of 
abuses,  his  doctrine  was  considered  as  schismatio^  and  being  exposed 
to  persecutions,  he  fled  to  MosuL  After  some  time  he  returned  to 
Arabia,  but  the  doctrines  which  he  preached  to, the  natives,  and  his 
violent  attacks  on  Turkish  tyranny  and  vice,  became  so  many  causes 
for  new  persecutions,  and  he  led  a  wandering  life  till  he  settled  at 
Der'aiyeh,  the  re^enoe  of  the  sheikh  Mohammed  Ibn  Sa'tid.  This 
intelligent  chief  listened  to  Uie  words  of  the  reformer.  He  became 
his  disciple;  he  married  his  daughter;  and  soon  drew  his  sword  to 
propagate  the  new  doctrine  among  the  tribes  of  Arabia.  Mohammed 
Ibn  Sa'tid  thus  laid  the  foundations  of  a  powerful  empire  on  theo- 
eratical  principles,  of  which  his  descendants  remained  masters  for 
nearlv  a  century. 

When  Sa'&d,  the  grandson  of  Mohammed  Ibn  Sa'tid,  conquered 
Mecca,  he  ordered  a  kind  of  c<mfesBion  of  faith  to  be  published^  the 
substance  of  which  is  as  follows : — 

'Abdu-1-Wahhdb's  doctrine  teaches  the  salvation  of  mankind.  It  is 
divided  into  three  parte :  I.,  the  knowledge  of  Ood ;  II.,  the  knowledge 
of  religion;  III., the  knowledge  of  the  prophet  In  the  first  part, 
Qod,  it  is  said,  is  one  Almighty,  and  we  acquire  the  knowledge  of  him 
by  adoring  him.  The  second  part,  knowledge  of  religion,  is  Uireefold, 
and  contains — 1.  The  Isldm,  or  resignation  to  the  will  of  Qod;  2. 
Faith ;  8.  Qood  works.  The  Isldm  contains  five  things :  1.  The  belief 
that  there  is  only  one  Qod,  and  that  Mohammed  is  his  prophet;  2. 
The  five  daily  prayers;  8.  Alms,  one-fifth  of  the  annual  mcome; 
4.  Faste  during  the  month  of  Bamazan;  5.  The  pilgrimage  to  Mecca. 
The  Faith  contains  six  things,  namely :  1.  The  belief  in  Qod ;  2.  In 
his  angels;  8.  In  his  Holy  Scriptures;  4.  In  his  propheto;  5.  In  lus 
diyine  and  perfect  qualities ;  6.  In  the  day  of  judgment  Qood  Works 
are  only  the  consequence  of  the  rule  that  we  should  adore  Qod  as  if 
he  were  present  to  our  ^es ;  and  ^ough  we  cannot  see  him,  we  must 
know  that  he  sees  us.  The  knowledge  of  the  prophet,  which  is  the 
most  important  part  of  Wahhdbism,  is  based  on  very  positive  principles. 
Mohammed,  the  prophet,  was  a  mortal  like  all  other  men,  and  he 
preached  for  all  Uie  nations  of  the  world,  and  not  for  one  only,  the 
Arabs ;  no  religion  is  perfect  and  true  in  all  ite  parte  except  his,  and 
after  him  no  otiier  prophet  will  come ;  Moses  and  Jesus  were  virtuous 
men,  though  inferior  to  Mohunmed,  notwithstanding  he  was  not  of 
divine  nature.  Those  who  do  not  fulfil  their  religious  duties  are  to 
be  seyerely  punished.  The  reformed  religion  shall  he  propagated  with 
the  sword,  iad  all  thoee  who  refuse  to  adopt  it  are  to  be  exterminated. 
'Abdu-1-Wahhdb  not  only  forbade  the  adoration  of  Mohammed  and  of 
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sainte,  but  he  also  ordered  their  splendid  tombs  to  be  destroyed,  ftnd 
he  declared  tradition  to  be  an  impure  source.  He  made  several  other 
prohibitions  concerning  social  and  religious  abuses,  such  as  the  habit 
of  using  wine,  opium,  and  tobacco,  the  use  of  the  rosary  for  prayers 
and  he  preached  strongly  against  tiiose  mmatural  practices  which  were 
and  are  still  so  frequent  among  the  Turks. 

The  doctrine  of  'Abdu-1- Wahhdb  was  no  new  religion  :  it  was 
MohammedaniBm  reduced  to  a  pure  deism,  and  so  little  did  it  deviate 
from  the  Kordn,  that  even  to  the  present  day  many  theologians  of 
Syria  and  Egypt  do  not  Tenture  to  say  that  it  is  schismatia  Yet  this 
reformer  maintained  that  there  had  never  been  any  man  directly  in- 
spired by  Qod,  and  that  there  was  no  scripture  or  book  whateoever 
which  was  entitled  to  be  called  divine.  Hence  it  foUows  that  accord- 
ing to  'Abdu-1- Wahhdb  there  is  no  revealed  religion ;  and  if  he  caUs 
the  Mohammedan  a  divine  religion,  it  is  not  because  he  believed  that 
it  had  been  transmitted  directly  from  Qod  to  man,  but  merely  on  the 
ground  of  ite  perfection. 

The  reformed  Mohammedanism  made  rapid  progress,  especially 
among  the  nomadic  Arabs,  or  Beduins,  who  had  never  adored 
Mohammed  as  a  divine  person,  nor  viewed  the  Kor£[n  as  a  divine 
book,  although  they  considered  themselves  to  be  as  orthodox  Moham- 
medans as  any  of  the  other  nations  which  have  adopted  the  Isldm. 

The  inhabitante  of  the  towns  were  less  inclined  to  adopt  Wahhdbism, 
but  Mohammed  Ibn  Sa'tid  nevertheless  succeeded  in  conquering  the 
greater  put  of  Nejd,  of  which  he  was  the  temporal  chief,  while 
'Abdu-1- Wahhdb  was  the  spiritual  chiet  The  system  of  government 
esteblished  by  these  two  men  was  strictly  conformable  to  the  political 
prescriptions  of  the  Kordn,  and  very  like  thi^  of  the  first  khalifs. 
The  chief  authority  lay  in  the  hands  of  the  temporal  chief,  but  this 
authority  was  confined  to  the  direction  of  important  affairs;  the 
governors  of  the  provinces  and  the  tmder^goyemors  were  kept  in  strict 
obedience  to  the  orders  of  the  prince,  but  their  authoigty  over  the 
Arabs  was  not  very  great  The  ulema  of  the  capital,  Der'aiyeh,  who 
generally  belonged  to  the  dan  or  family  of  Sa'tid,  formed  a  council  or 
ministry  for  rehgious  and  legislative  affiiirs,  and  in  time  of  war  the 
governors  used  to  assemble  in  Der^aiyeh  for  the  purpose  of  concerting 
the  plan  of  the  campaign.  Trade  and  agriculture  were  well  protected. 
The  revenues  of  the  Wahhdbl  empire  were  composed  of  :-l.  One- 
fifth  of  the  booty  taken  from  heretics ;  the  four  remaining  fifths  were 
for  the  soldiers.  2.  The  tribute,  called  "  alms  "  in  the  Kordn  :  it  was 
a  certain  part  of  the  property,  which  varied  according  to  the  nature 
of  the  property :  for  fields  watered  by  rain  or  riven  it  was  one-tenth 
of  the  yearly  produce;  for  fields  watered  artificially,  one-twentieth 
onlv  ;  merchante  paid  one  and  a  half  per  cent  of  their  capital  The 
Beduins,  who  had  always  been  tax-free,  disliked  these  **  alms  "  very 
much,  but  they  were  indemnified  by  the  frequent  occasions  of  plunder. 
8.  Revenue  from  the  chiefs  or  prince's  own  estates,  and  from  the 
plunder  of  rebellious  towns.  The  punishment  for  a  fint  rebellion  was 
a  general  plunder,  one-filth  of  which  belonged  to  the  fiscus  ;  in  case 
of  a  second  rebellion,  all  the  grounds  belonging  to  the  town  were 
confiscated,  and  became  the  property  of  the  reigning  chief ;  and  as  such 
rebellions  were  very  frequent,  the  chief  acquired  immense  estetes. 
The  greater  part  of  them  were  afterwards  ooi^scated  by  Mehemet  'All, 
the  pasha  of  Egypt.  Except  a  few  htmdred  men  who  formed  the 
prince's  life-guard  at  Der'aiyeh,  the  Wahhdbis  had  no  standing  army, 
but  assembled  when  the  prince  designed  some  expedition.  Two  or 
three  great  expeditions  were  made  every  year. 

The  name  of  the  Wahhdbis  soon  became  Imown  in  the  Turkish  pro- 
vinces adjacent  to  Arabia.  The  Turkish  government  was  not  aware 
that  this  sect  had  as  much  warlike  and  rcSiigious  energy  as  the  Arabs 
under  the  first  khalifii,  and  employed  little  activity  in  their  efforto  to 
coerce  themu    The  Wahhdbis  were  successful  in  their  resistance.    They 

Ced  several  battles,  and  even  possessed  themselves  of  Mecca.  At 
^th  their  subjugation  was  entrusted  to  Mehemet  'All.  [Mehemet 
*Ali,  in  Bioa.  Div.]  He  commenced  his  preparations  in  1809,  but 
active  hostilities  onlv  began  in  1811,  and  continued  for  several  years. 
By  1818,  however,  their  power  was  completdy  broken,  and  'AbdulkJi, 
the  successor  of  Sa'ikd,  was  captured,  sent  to  Constantinople,  and  there 
beheaded.  The  sect,  however,  though  subdued,  was  not  exterminated. 
They  have  more  than  once  risen  again  in  arms,  but  have  been  repressed ; 
but  still  their  tenete  are  imderstood  to  have  numerous  adherente 
throughout  Arabia. 

(Burckhardt,  Nota  an  the  Bedouim  and  Wdhabys  ;  Mengin,  ffisUnre 
aommaire  de  VEgypte  wmu  It  (hwDtmemmt  de  Mohammed  A  ly  ;  Corances, 
HuUnrt  dea  Wimabia,) 

WAHLENBERQIA,  a  genus  of  plante  belonging  to  the  natural  order 
Oampanvlaeea,  of  which  the  botanical  characters  are  given  in  the 
Nat.  Hist.  Dnr.  To  this  genus  belongs  the  Wall  Pellitorv  of  Qreat 
Britain ;  and  some  of  the  numerous  foreign  species  are  cultivated  on 
accotmt  of  their  blue  and  red  flowers.  For  this  purpose  the  seeds 
of  those  which  are  annual  should  be  sown  on  the  hot-bed,  and  when 
the  plante  are  of  sufficient  size  they  may  be  placed  out  in  the  open 
border  in  a  warm  sheltered  situation  in  the  month  of  May.  The  hardy 
perennial  species  may  be  grown  in  pote  in  a  mixture  of  peat  and  loam, 
and  should  be  kept  rather  moist  They  are  easily  increased  by 
division. 

WAIF.  If  the  goods  of  any  person  were  stolen,  and  the  fdon, 
thinking  that  pursuit  was  made  alter  him.  fled,  and  during  his  flight 
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waived  or  abandoned  Uie  goods,  they  became  waif,  and  were  forfeited 
to  the  crown,  or  to  the  loxS  of  the  manor,  if  he  were  entitled  to  waif. 
No  goods  could  become  waif  which  were  not  in  possession  of  the  felon 
at  the  time  of  Us  flight  Therefore,  if  he  concealed  the  goods,  or 
placed  them  in  a  house,  or,  for  instance,  left  a  horse  at  an  inn  in 
pledge  for  his  meat,  and  afterwards  fled,  the  goods  did  not  become 
waif. 

It  was  necessary,  in  order  to  complete  the  title  of  the  crown  or  lord 
of  the  manor  to  waif,  that  it  should  be  taken  possession  of  by  some 
one  on  his  behalf ;  otherwise  the  original  owner  was  not  barred  from 
recovering  his  goods  at  any  period  of  time,  and  if  he  seized  them  first, 
they  remained  his  property.  The  forfeiture  of  goods  waived  was 
instituted  for  the  purpose  of  stimulating  the  person  robbed  to  make 
fresh  pursuit  after  the  felon,  and  so,  if  possible,  catch  him  with  the 
goods  upon  him.  And  in  further  encouragement  of  such  pursuit,  it 
was  part  of  the  law,  that  if  the  owner  succeeded,  within  a  year  and  a 
day,  in  attainting  the  thief,  he  was  entitled  again  to  recover  his  goods 
from  the  crown  or  the  lord  of  the  manor,  even  though  they  had  been 
reduced  into  possession.  The  restriction  of  the  character  of  waif  to 
goods  waived  during  the  flight  was  because  goods  which  had  been  con- 
cealed by  the  felon  would  afford  no  track  of  his  course,  and  might 
very  possibly  escape  the  search  of  the  owner,  even  though  he  did 
make  fresh  pursuit  It  is  said  also  that  the  goods  of  foreign 
merchants  ooi:dd  not  become  t&e  subject  of  waif,  because  a  foreigner, 
ignorant  of  our  language  and  usages,  could  not  be  expected  to  act  with 
the  same  despatch  and  effect  as  a  native.  Lord  Coke  distinguishes 
between  waif  which  was  stolen  property,  and  the  goods  which  were 
the  property  of  a  person  who  fled  for  a  felony.  These  latter  were 
always  forfeited  on  proof  and  finding  by  a  jury  of  that  &et,  even 
though  the  party  were  acquitted  of  the  felony.  Part  of  the  inquiry, 
therefore,  on  the  trial  of  a  prisoner  for  felony,  was  whether  or  not  he 
fled  for  it  Jii  the  jury  found  that  he  did,  his  goods  were  forfeited, 
whatever  mig^t  be  the  verdict  as  to  his  guilt  This  was  either  because 
of  the  presumption  which  his  flight  raised,  that  he  really  had  com- 
mitted the  offence,  though  it  oould  not  be  legally  proved  against 
him;  or,  according  to  Mr.  Justice  Foster,  because  his  flight 
tended  to  stop  or  embarraas  the  course  of  justice  against  the  real 
offender.  If  he  was  killed  during  his  flight,  the  coroner's  jury 
inquired  as  to  his  flight  as  well  as  respecting  the  cause  of  his  death. 
By  7  &  8  Gtoo.  IV.,  c.  29,  s.  57,  the  court  before  whom  a  prisoner  is 
convicted  has  power  in  all  cases,  without  restriction  as  to  time,  to 
order  restitution  of  stolen  property  to  the  owner,  except  as  to  negoti- 
able instruments  in  the  hiwds  of  parties  who,  without  notice,  have 
given  value  for  them :  and  by  7  &  8  Qeo.  IV.,  c,  28,  s.  5,  the  jury  are 
no  longer  to  he  charged  to  inquire  whether  a  prisoner  fled  for  treason 
or  felony.  The  consequence  is  that  no  forfeiture  can  now  be  incurred 
by  such  flight 

(6  Co.  109  ;  Com.  IHg.  tit « Waife.') 

WAIN,  CHARLES'S.    [Ursa  Major,] 

WAITS  is  a  name  now  applied  only  to  those  itinerant  musicians 
who,  in  most  of  the  laige  towns  of  England,  especially  London,  go 
round  the  principal  streets  at  night  for  some  time  before  Christmas, 
play  two  or  three  tunes,  caU  the  hour,  then  remove  to  a  suitable  dis- 
tance, where  they  go  through  the  same  ceremony,  and  so  on  till  four  or 
five  o'clock  in  the  morning. 

The  word,  which  was  formerly  spelled  wayghte  or  waighte,  is  com- 
mon to  all  the  Teutonic  languages  (Qerman,  viacht ;  Dutch,  toagt; 
Danish,  vaght ;  Swedish,  vitakt  i)  and  the  root  is  the  same  as  the  Anglo- 
Saxon  weccan,  to  wake,  and  i^adan  (pronounced  wakian),to  watch,  and 
the  English  wake  and  tscUck. 

The  wayghte,  or  wayte,  was  oxiginally  a  minstrel  watchman,  and  the 
kings  of  England,  as  well  as  the  mayors  of  large  corporate  cities  and 
towns,  seem  to  have  employed  them  in  preference  to  common  watch- 
men. By  a  document  in  Kymer's  *  Foedera,'  vol.  is., "  De  Minstriellis 
propter  Solatium  Regis  providendis,"  it  appears  thai  in  the  reign  of 
Edward  IV.,  "a  wayte  that  nightelye  from  Mychelmas  to  Shreve 
Thorsday  pipethe  the  watche  within  this  courte  f  ower  tymes,  in  the 
somcre  nyghtes  three  times,  and  make  the  bon  gayte  at  every  chambere 
doare,  and  office,  as  well  as  for  f eare  of  pyckeres  and  pillers ;  he  eateth 
in  the  halle  with  the  mynstrielles;"  it  then  goes  on  to  state  lus  allow- 
ance of  bread,  ale,  coals,  and  so  forth,  for  each  night 

The  waits  seem  to  have  been  always  distinct  irom  the  common 
watch,  which  was  called  the  marching  watch,  and  never,  we  believe, 
the  waits.  At  a  later  period,  the  term  waits  seems  to  have  been 
restricted  to  the  band  of  minstrels  kept  by  the  city  of  London  and 
other  large  cities  and  towns.  We  read  of  the  City  waits  frequently, 
from  their  attendance  on  the  City  pageants,  and  of  the  waits  of  South- 
wark  and  other  places.  In  'The  Tatler,'  No.  222,  a  writer  from 
Nottingham  complains  that  the  young  men  of  fai^ion  there  "make 
love  with  the  town  music,"  and  that  "the  waits  often  help  him 
through  his  courtship."  The  waits,  or  stipendiary  town-musicians, 
have  for  many  years,  we  believe,  ceased  to  exist  in  every  coiporate  city 
and  town  in  England,  though  there  are  yet  town-bands,  who,  at  least 
in  some  cases,  are  stipendiary  musicians. 

(Brand's  Popular  Antiquitiea,  by  Ellis ;  Strutt's  SporU  and  PatHmes, 
by  Hone.) 

WAIWODE.    [Waywodb.] 

WAKES,  holiday  festivals  which  are  kept  once  a  yeu*  in  some  of 


the  rural  districts  of  England.  They  are  the  remains  of  certain 
religious  wakes,  wakings,  or  vi*ils,  followed  by  a  festival,  which  were 
once  held  in  all  the  country  parishes.  Previous  to  the  Reformation  in 
England,  every  church,  when  it  was  consecrated,  was  dedicated  to 
some  particular  saint  or  martyr,  and  every  rural  parish  had  its  wake 
every  year,  and  most  of  them  had  two  wakes,  one  on  the  daj  of 
dedication,  the  <iie«  dedicatiotUs' ^d  another  on  the  birth-day  of  the 
saint,  the  propria  festmUu  sancti.  These  church  festivals  seem  to 
have  been  established  by  the  early  popes  and  bishops  soon  after  the 
introduction  of  Christianity  into  Enghmd,  in  the  place  of  the  heathen 
festivals  to  which  the  people  had  been  accustomed. 

In  the  Saxon  times  the  church  method  of  reckoning  the  day  was 
from  sunset  to  sunset,  so  that  the  Sunday  and  festival  and  fast  days 
began  about  six  o'clock  on  the  evening  preceding  the  day  itself,  aod 
the  eve  was  in  fact  the  commencement  of  the  sacred  day,  when  the 
people  were  accustomed  to  repair  to  the  church  and  to  join  in  the 
religious  exercises.  These  night  devotions  were  called  in  Anglo-Saxon 
wceccah,  wakes,  and  the  night  itself  was  called  the  eve  (the  Anglo- 
Saxon  (ffyn,  or  ccven),  which  explains  why  Christmas-eve  and  other 
eves  of  sacred  days  precede  the  day  itsell  On  these  occasions  the 
floor  of  the  church  was  strewed  with  rushes  and  sweet-smelling  herbs 
[RusH-BEARiNo],  the  altar  and  pulpit  were  adorned  with  green  boughs 
and  flowers,  and  tents  were  erected  in  the  churchyard,  which  iKrere 
supplied  with  provisions  and  ale.  The  eve  was  dedicated  to  devotion ; 
the  following  day  to  festivity.  These  festivals  gradually  devia.ted  in 
most  parishes  from  the  original  purposes  for  which  they  were  instituted. 
The  mhabitants  of  neighbouring  parishes  attended  each  other's 
festivals,  and  others  came  from  a  distance,  especially  if  the  saint  was  of 
high  reputation;  hawkers  and  pedlars  frequented  them  with  their 
wares,  and  the  religious  wakes  were  convei*ted  into  fairs  and  scenes  of 
dissolute  indulgence.  The  wakes  continued  to  be  kept  in  this  way  tUl 
1586,  when  Henry  V III.,  by  an  act  of  convocation,  ordered  the  festival 
of  the  saint's  day  to  be  abolished,  and  that  of  the  dedication  of  the 
chureh  to  be  kept  on  the  first  Sunday  in  October  in  all  the  parishes. 
But  the  saint's  day  was  the  favourite  festival  of  the  people ;  they 
gx^ually  ceased  to  attend  the  festival  of  the  dedication,  and  It  has  long 
been  entirely  discontinued,  while  the  sunt's  day  festiin^  still  sabaists 
in  the  altered  form  of  a  country  wake. 

(Strutt's  SporU  and  PatHmes,  by  Hone;  Brand's  PopvJUxr  Antiqttkia, 
by  Ellis.) 

WALES,  PRINCE  OF,  is  the  title  usually  borne  by  the  eldest  son, 
or  heir  apparent,  of  the  British  king  or  queen.  This  title  originally 
distinguished  the  native  princes  of  Wales ;  but  after  the  entire  ocm- 
quest  of  Wales  and  its  union  with  England,  the  title  was  transferred 
to  the  sons  of  the  kings  of  England.  Henry  III.,  in  the  S9th  year  of 
lus  reign,  gave  to  his  son  Edward  (afterwards  Edward  L)  the  prin- 
cipality of  Wales  and  earldom  of  Chester,  but  rather  as  an  office  of 
trust  and  government  than  as  a  special  tiUe  for  the  heir  apparent  to 
his  crown.  There  is  a  tradition  that  Edward,  when  he  became  king, 
to  satisfy  the  national  feelings  of  the  Welsh  people,  promised  to  give 
them  a  prince  without  blemish  on  his  honour,  a  Welshman  by  buth, 
and  one  who  could  not  speak  a  word  of  English.  In  order  to  fulfil  his 
promise  liten^y,  he  had  sent  his  queen,  Eleanor,  to  be  confined 
at  Carnarvon  Castle,  and  he  invested  with  the  principality  her  son, 
Edward  of  Carnarvon,  then  an  infant,  and  caused  the  barons  and  great 
men  to  do  him  homage.  Edward  was  not  at  that  time  the  king^a 
eldest  son,  but  on  the  death  of  his  brother  Alphonso  he  became  heir 
apparent,  and  from  that  time  the  title  of  Prince  of  Wales  has  ever  been 
borne  by  the  eldest  son  of  the  king.  The  title,  however,  is  not  in- 
herited, but  is  conferred  by  special  creation  and  investiture;  and  has 
not  always  been  given  inmiediately  after  the  birth  of  the  heir  apparent 
Edward  II.  did  not  create  his  son  Prince  of  Wales  till  he  was  ten  years 
old,  and  Edward  the  Black  Prince  was  not  created  untU  he  was  about 
thirteen. 

The  eldest  son  of  the  king  is  by  inheritance  Duke  of  ComwalL 
Edward  the  Black  Prince  was  first  created  duke  of  Cornwall  on  the 
death  of  John  of  Eltham,  his  uncle,  who  was  the  last  earl  of  Cornwall ; 
and  by  the  grant  under  which  the  title  was  then  conferred,  in  the 
11th  Edward  IIL,  the  dukedom  is  inherited  by  the  eldest  living  son 
and  heir  apparent  If  the  duke  succeed  to  the  crown,  the  duchy  vests 
in  his  eldest  son  and  heir  apparent ;  but  if  there  be  no  eldest  son  the 
dukedom  remains  with  the  long,  the  heir  presumptive  being  in  no 
case  entitled  to  it  The  Black  Prince  was  also  cr^ited  by  his  father 
earl  of  Chester  and  Flint  By  the  statute  21  Richard  II.,  c.  9,  the 
earldom  of  Chester  was  erected  into  a  principality,  and  it  was  at  the 
same  time  enacted  that  it  should  be  given  only  to  the  king's  eldest  son. 
Although  that  statute,  with  all  the  others  in  tiiat  parliament  was 
repealed  by  the  Ist  Henry  IV.,  c.  8,  the  earldom  has  ever  since  been 
given  together  with  the  principality  of  Wales. 

The  antiquity  of  the  title  of  Prince  of  Wales  and  its  regular  succes- 
sion are,  as  it  were,  a  confirmation  of  the  parent's  present  right  and  of 
the  prince's  own  nearness  in  succession  to  the  crown.  Thus  on  the 
death  of  Edward  the  Black  Prince,  Edward  III.  immediately  made  his 
grandson  Prince  of  Wales.  Richard  III.,  as  soon  as  he  came  to  the 
throne,  created  his  son  Prince  of  Wales,  in  order  to  strengthen  his 
usurpation.  Henry  VII.,  again,  on  the  death  of  his  son  Arthur, 
created  his  next  son,  Henry,  Prince  of  Wales.  Henry  YIII,  having  no 
son,  created  his  daughter  Mary,  Princess  of  Wales;  and  after  her 
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illegitimation,  his  next  daughter,  Elizabeth.  Each  of  them  in  suc- 
cession had  only  been  heiress  presumptive,  jet  they  bore  the  title, 
being  then  nest  in  succession  to  the  crown. 

The  titles  now  borne  by  the  eldest  son  of  the  sovereign  as  heir  of  the 
cro¥ms  of  England  and  Scotland,  are  **  Prince  of  Wales  and  Earl  of 
Chester,  Duke  of  Cornwall  and  Rothsay,  Earl  of  Carrick,  Baron  of 
llenfrew.  Lord  of  the  Isles,  Great  Steward  of  Scotland." 

(Selden's  Titles  of  Honour,  part  iL  c.  5;  Connack's  Account  Of  the 
Princes  of  Wales,  8vo.  1761.) 

WALKINO-WHEEL.  A  mechanical  contrivance  by  means  of 
which  the  dead  weight  of  men,  or  animals,  acting  upon  one  side  of  a 
wheel  by  walking  upwards,  is  made  to  act  as  the  motive  power  of  the 
machine  to  which  it  is  applied.  It  is  frequently  used  in  quarrying 
operations,  or  in  agricultural  districts,  where  labour  is  cheap ;  but  in 
large  towns  it  is  rarely  the  case  that  the  wheel-cranes  can  be  advan- 
tageously employed,  because  in  those  localities  artificial  sources  of 
power,  or  the  more  complicated  adaptations  of  machinery,  are  found  to 
be  more  economical  than  the  employment  of  the  dead  weight  of  human 
beings.  The  walking-wheels  were,  however,  much  used  in  engineering 
and  architecture  in  the  last  century,  and  they  are  retained  at  the 
present  day  in  the  quarries  around  Paris ;  but  the  tendency  of  modem 
practice  is  unquestionably  to  lead  to  their  abandonment  in  favour  of 
more  perfect  mechanical  contrivances. 

The  walking-wheel  used  by  Pe^Tonnet  at  the  bridge  of  Orleans  is  a 
good  illustration  of  this  class  of  engine^.  It  consisted  of  an  upright 
post,  or  pivot,  supported  by  a  strong  framework  of  timber,  bearing, 
upon  a  metal  pivot  at  its  head,  an  inclined  beam,  projecting  on  one 
side  to  form  the  arm  of  the  pulley,  and  on  the  other  to  support  the 
windlass  and  the  walking-wheel.  The  weights  upon  either  side  of 
the  pivot  were  arranged  in  such  wise  that  they  balanced  one  another 
as  nearly  as  possible  when  the  machine  was  in  work ;  and  the  motion 
was  given  by  the  movement  of  the  men  walking  in  the  interior  of  the 
whed.  The  power  exercised,  therefore,  in  these  engines  depends  upon 
the  ratio  of  the  radius  of  the  men's  path  to  the  radius  of  the  axle,  and 
upon  the  weight  of  the  men  employed;  and  as  in  quarrying  operations 
it  is  possible  to  increase  the  diameter  of  the  walking-wheels  to  almost 
any  dimension  which  may  be  desired,  they  are  usually  made  of  great 
size.  Peyronnet  made  his  wheels  about  12  feet  9  iacnes  in  diameter ; 
near  Paris  they  are  sometimes  made  of  from  16  feet  to  18  feet  in 
diameter.  Generally  speaking  the  men  walk  on  the  inside  of  the 
wheel ;  but  occasionally  they  tread  upon,  and  hold  by,  rounds  placed 
upon  the  periphery  of  tne  wheel ;  in  either  case  it  is  essential  to  provide 
means  by  wluch  the  motion  should  be  regulated  and  the  men  may  be 
prevented  from  making  false  steps.  If  tne  load  at  the  extremity  of 
the  arm  should  at  any  time,  for  instance,  exceed  the  weight  of  the 
counterbalancing  macmnery,  there  would  be  a  danger  of  its  over- 
powering the  men  and  of  causing  the  wheel  to  run  backwards ;  the 
consequences  of  such  an  accident  would  be,  in  all  probability,  fatal  to 
the  men  employed ;  and  it  is  therefore  essential  to  bear  In  mind  that 
the  useful  range  of  the  use  of  walking-cranes  must  be  limited  to  the 
narrow  bounds  of  the  weights  on  the  respective  sides  of  the  machinery. 
Walking-wheels  are  seldom  used,  even  in  rude  districts,  when  the 
weight  to  be  raised  exceeds  four  tons. 

Ammal  power  Ib  Occasionally  applied  to  walking-wheels  by  making 
horses,  donkeys,  and  even  dogs,  move  in  them ;  but  all  these  animals 
exercise  so  much  greater  power  when  pulling  against  a  collar  in  a 
horizontal  direction,  that  wey  are  more  commonly  and  more  advan- 
tageously employed  in  horizontal  mills  than  in  the  vertical  walking- 
wheels.  The  old-fashioned  turnspit  wheels  formerly  in  use  in  medieval 
kitchens  afford  familiar  illustrations  of  this  class  of  machinery. 

The  tread-wheels  used  for  the  punishment  of  offenders  are,  in  fact, 
walking- wheels ;  but  in  them  the  wheels  are  designedly  so  balanced 
that  the  mere  weight  of  the  prisoners  placed  upon  the  boards  causes 
the  wheels  to  revolve,  and  thus  to  bring  in  succession  the  various 
boards  under  the  feet  of  the  men,  who  are  compelled  to  tread  upon 
each  of  these  boards,  unless  they  prefer  receiving  very  heavy  and 
painful  blows.  No  use  is  made  of  the  power  thus  exerted,  and  it 
seems  to  be  one  of  the  most  painful  considerations  connected  with  this 
mode  of  punishment,  that  the  men  feel  and  know  that  they  are 
working  in  vain. 

(Peyronnet,  Nowvel  Architecture  ffydraulique  ;  Borgnis,  Traiii  complet 
de  Mecanique\ 

WALNUT,  ECONOMICAL  USES  OF.  The  walnut  tree,  though  not 
so  valuable  as  many  other  trees  growing  in  this  country,  subserves  a 
great  number  of  useful  purposes.  The  majority  of  timber  trees  do  not 
yield  fruit  palatable  tb  man ;  the  majority  of  fruit  trees  do  not  yield 
timber  of  any  considerable  size ;  but  the  walnut  yields  both. 

Walnut-wood  is  ^hite  in  young  trees ;  but  in  the  older  varieties,  the 
wood  is  solid,  compact,  veined,  and  of  a  brownish  colour,  slightly 
shaded  with  lighter  brown  and  black.  It  was  the  wood  most  hignly 
valued  for  the  best  kinds  of  furniture  before  the  introduction  of 
mahogany;  and  many  old  mansions  contain  JBne  specimens  of  the  work 
thus  produced,  exhibiting  great  beauty  of  grain,  polish,  and  pattern. 
Walnut-wood  is  found  very  useful  for  press  screws,  wooden  shoes, 
clogs,  musical  instruments,  gun-stocks,  turnery  ware,  coach-making, 
whe^-making.  It  ia  preferred  to  all  other  lands  of  wood  for  the 
stocks  of  muskets  and  rifles :  in  1806  no  less  than  12,000  walnut  trees 
were  required  for  musket-stocks  for  the  British  army;  tMs  led  to  a 


great  rise  in  price,  which  in  its  turn  led  to  a  great  increase  in  the 
planting  of  walnut  trees  in  England. 

Of  the  use  of  the  fruit  of  the  walnut  as  food,  little  need  be  said 
here.  In  some  countries  the  nuts  are  regarded  as  a  food,  in  others  as 
a  luxury.  In  a  young  and  green  state  Uie  whole  fruit  is  pickled,  the 
pulpy  husk  as  well  as  the  undeveloped  nut  or  kernel.  Besides  the 
pickling,  the  French  adopt  a  mode  of  preserving  the  green  fruit; 
they  also  make  a  prepared  dish  from  the  very  young  kernels,  and  a 
conserve  hriUie  of  kernels  in  a  dried  state.  Large  quantities  of  walnut 
oil  are  obtained  from  the  fruit.  The  fruit  is  gathered,  the  husk  re- 
moved, and  the  kernels  are  kept  dry  throughout  the  winter.  The 
mucilage  has  by  that  time  been  converted  into  oil.  The  nuts  are 
cracked  with  a  small  mallet ;  the  fragments  of  hard  shell  are  carefully 
removed,  and  the  soft  kernels  are  crushed  under  a  millstone  into  a 
kind  of  oily  paste.  This  paste  is  put  into  strong  linen  bogs  and  pressed ; 
the  best  walnut  oil  is  obtained  from  it.  The  residue  is  taken  from  the 
bags,  moistened  with  warm  water,  heated  in  a  copper,  replaced  in  the 
b;^  and  pressed  a  second  time;  oil  of  an  inferior  quality  is  thus 
obtained.  Walnut  oil,  lai^gely  made  in  Fiance  and  Italy,  is  used  as  a 
substitute  for  olive  oil  at  the  table,  for  almond  oil  in  medicine,  and 
for  whale  oU  in  lamps.  Artists  employ  it  in  the  preparation  of  white 
and  delicate  colours,  on  account  of  its  limpidity  and  quick  dr^g.  It 
is  used  in  France  as  an  ingredient  in  copper-plate  printing  ink ;  and 
some  authorities  state  that  the  backs  of  prints  for  which  l^is  kind  of 
ink  has  been  employed  do  npt  turn  yellow  so  quickly  as  under  the 
influence  of  the  ordinary  EngCsh  ink.  The  fMxre,  or  €iil-<»ke,  remaining 
from  the  oil-pressure,  is  used  in  some  country  districts  as  a  material 
for  candles,  and  in  more  as  a  fattening  diet  for  sheep,  swine,  and 
poultry.  The  husks  of  the  ufLripe  fruit  readily  yield  a  dark  dye — a 
fact  rendered  evident  by  the  state  of  the  hands  of  walnut-peeleFB. 
Sometimes  the  flooring  of  rooms  is  dyed  to  a  dark  colour,  by  boiling 
walnut  husks  to  a  paste,  strewing  this  paste  in  a  layer  on  tiiie  floor,  and 
allowing  it  so  to  remain  till  dry. 

The  walnut  tree  in  spring  will  yield,  by  incision  of  the  trunk,  a  sap, 
which  in  some  parts  of  Asia  is  evaporated  into  a  cheap  substitute  for 
sugar ;  and  a  kind  of  wine  may  also  be  distilled  from  it.  A  liquor, 
obtained  by  boiling  the  roots  of  the  tree  before  the  rising  of  the  sap,  is 
used  as  a  brown  dye  for  the  face  by  gypsies  and  theatrical  performers. 
The  leaves,  and  the  bark  of  the  young  shoots,  may  in  like  manner  be 
made  to  yield  a  brown  dye. 

Considered  in  reference  to  fuel,  walnut-wood  ranks  almost  on  a  level 
with  sycamore ;  it  bums  with  a  violet  flame.  It  does  not  ti^  a  high 
rank  as  a  material  for  charcoal  Potash  may  be  obtained  by  burning 
the  leaves.  Nearly  all  parts  of  the  tree—the  fruit,  the  bark,  the  root, 
the  wood,  the  sap — ^have  been  brought  into  requisition  for  medicinal 
purposes. 

WALTZ  (  from  Walzen,  Gkrm.  to  rollj,  a  gay  dance,  in  triple  time, 
and  executed  by  two  persons,  who  almost  embracing,  rapidly  turn 
round  on  an  axis  of  their  own,  while  moving  quickly  in  a  circle  whose 
radius  is  from  ten  to  twelve  feet,  according  to  the  dimensions  of  the 
room. 

WAPENTAKE  (from  the  Saxon  toaepen,  arms,,  and  toe,  touch,  or 
betach,  yield)  is  a  term  which  prevails  in  Yorkshire,  and  indicates  a 
territoxial  division  like  the  htmdred  of  other  counties,  f  Shibe.]  The 
word  is  derived  from  the  habit  which  our  Saxon  ancestors  had  of 
attending  with  their  weapons  the  meetings  of  their  tribes,  whether 
convened  for  the  administration  of  justice  or  to  decide  on  peace  or  war. 
This  circumstance,  inseparable  from  the  assembly;  gave  a  name  to  the 
meeting  and  to  the  district  whose  inhabitants  were  convened.  Various 
explanations,  all  however  connected  with  this  habit,  are  given  to  the 
last  syllable.  By  some  it  is  supposed  to  mean  the  touch  or  rustling  of 
their  arms,  by  which  the  assembly  was  wont  to  signify  its  opinion  of 
the  matters  submitted  to  it ;  by  others  the  acceptance  by  the  lord  of 
his  tenants'  arms  in  token  of  their  submission  to  him.  These  are  the 
two  solutions  quoted  by  Spelman.  Others,  however,  say  that  the  word 
denotes  the  custom  which  the  vassals  had  of  touching  the  spear  of  the 
lord  as  a  mark  of  homage;  and  this  seems  to  be  the  explanation 
most  usually  adopted.  (Spelman,  Wapentachium  et  Wcepenf/ctachium  ; 
Cowell.) 

WAR,  SCIENCE  OF.  The  science  of  war  has  been  divided  by 
military  writers  into  Strategy  and  Tactics,  and  sometimes  into  (3rand 
and  Elementary  Tactics.  Under  Stbatbqy  and  TAoncd  we  have 
defined  what  are  the  limits  of  those  divisions,  and  given  the  general 
principles  which  govern  strategic  operations;  as  also  some  of  the  prin- 
cipal definitions,  such  as  Base  of  Operations,  Lines  of  Operations, 
Interior  Lines,  fto.  It  is,  therefore,  unnecessary  to  recur  to  these 
further  than  to  recapitulate  the  main  principles  which  are  or  should 
be  the  basis  of  all  military  operations,  and  which,  though  often  neg- 
lected when  stated,  appear  self-evident  truisms.  These  general  prin- 
ciples are :  to  bring  the  mass  of  the  forces  successively  into  collision 
with  portions  of  the  enemy ;  to  operate  as  much  as  possible  on  lus 
communications  without  exposing  your  own ;  and,  thirdly,  with  a  view 
of  being  superior  at  the  point  of  collision,  to  act  on  inierior  lines. 
[Strateqt.]  These  principles  must  be  borne  in  mind  in  making  all 
militaiy  combinations,  whether  for  a  campugn  or  on  the  di^  of  battle; 
and  such  combinations  will  be  more  or  less  good  as  these  principles 
are  more  or  less  carried  out. 

In  Europe,  an  army  while  in  the  field  can  draw  much  of  its  support 
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from  the  country  in  which  it  is  acting,  and  therefore  it  does  not 
wholly  depend  upon  its  magazines  for  its  means  of  subsistenoe ;  yet 
even  in  tins  part  of  the  world  the  supplies  of  pronsion  and  forage 
which  can  be  obtained  in  an  enemy's  countiy  are  often  precarious,  and 
an  army  without  regular  communication  with  its  depdts  is  in  danger  of 
being  reduced  to  the  necessity  of  surrendering  in  order  to  avoid  being 
starved.  Such  a  disaster  is  still  more  likely  to  overtake  an  army  in 
the  East,  if  unprovided  with  the  means  of  support  in  itself,  since  there 
the  military  force  of  the  enemy  consists  largely  in  swarms  of  light 
cavalry,  who,  avoiding  regular  engagements,  himg  continually  upon  the 
flanks  and  rear  of  the  army,  both  p^venting  supplies  from  arriving  and 
cutting  off  all  parties  who  may  be  beyond  the  protection  of  the  main 
body.  In  fact,  an  army  is  in  all  cases  dependent  on  its  conmiuni- 
cations  with  its  dep6ts  and  base  of  operations  for  receiving  its  supplies, 
not  only  of  provisions,  but  also  of  ammunition  and  reinforcements,  and 
also  in  getting  rid  of  its  sick  and  wounded.  And,  further,  such  is  the 
moral  or  psychical  effect  on  an  armyof  its  communications  being  inter- 
rupted,  that  it  has  always  been  held  by  the  greatest  generals,  not  only 
of  our  own  time,  but  of  antiquity,  that  such  an  event  is  the  sure  pre- 
lude  to  disorganisation  and  defeat.  Now  a  base  of  operations  may  be 
a  single  fortress  or  sea-port  town ;  but,  as  a  general  rule,  it  is  a  long 
strip  of  country,  and  in  this  latter  case  a  slight  consideration  of  its 
object  and  of  the  general  principles  which  should  guide  all  military 
combinations  indicate  what  is  the  best  form  for  a  base  of  operations, 
namely,  that  it  should  form  two  sides  of  ^  angle  approaching  more  or 
less  to  a  right  angle,  so  situated  with  respect  to  the  theatre  of  war  that 
one  side  is  parallel  and  the  other  perpendicular  to  the  enemy's  base  of 
operations.  For  it  is  evident  that,  supposing  the  enemy  to  have 
advanced' into  the  theatre  of  war,  a  gfeat  power  of  acting  on  his  com- 
munications is  afforded  by  employing  the  end  of  the  most  advanced 
portion  of  the  rectangular  base  for  entering  the  theatre  of  war ;  for  it 
places  the  army  on  the  enemy's  commumcations  in  his  rear  without 
at  the  same  time  exposing  its  own.  It  is  not  necessary  that  the  base 
should  be  right-angled  to  give  this  advantage ;  for,  in  fact,  a  base  of 
any  other  form  is  good  when,  by  projecting  into  the  theatre  of  war,  it 
gives  the  power  more  or  less  of  actmg  from  an  advanced  point  on  the 
communications  of  the  enemy.  Napoleon's  theatre  of  war  at  the  com- 
mencement of  the  Austerlitz  campaign  was  bounded  on  the  north  by 
the  Mayn  and  northern  boundary  of  the  Austrian  dominions,  on  the 
west  by  the  Rhine  and  western  boimdary  of  Piedmont,  on  the  south 
by  the  Qulf  of  Qenoa,  Romania,  and  the  Adriatic  and  Ulyria.  The 
base  formed  by  the  Rhine  and  the  Mayn,  supposing  the  country  north 
of  the  Mavn  to  be  in  possession  of  the  French,  is  a  base  of  the  best 
kind.  The  Rhine  is  parallel  and  the  Mayn  at  right  angles  to  the 
Austrian  base.  Supposing,  then,  an  Austrian  army  to  advance  into 
the  theatre  of  war  west  of  Bamberg,  the  French,  advancing  from  Bam- 
berg and  Bareith,  would  cut  off  their  communications,  that  is,  their 
supplies  of  all  descriptions,  and  in  case  of  defeat,  which  is  therefore 
probable,  their  lines  of  retreat,  and,  driving  them  into  tixe  angle 
between  the  Mayn  and  Rhine,  utterly  destroy  them,  while  at  the  same 
time  the  communications  of  the  French  would  be  secure,  and  they 
could  receive  supplies  and  reinforcements,  and,  if  defeated, — which, 
with  these  advantages  in  their  favour,  would  not  be  probable, — they 
might  with  ease  retreat  into  some  fortified  portion  of  their  base  of 
operations. 

A^n,  the  campaign  of  Moreau,  in  1800,  is  a  good  example  of  a  base 
of  this  kind,  the  base  being  formed  by  the  High  Rhine  and  the  Lake  of 
Constance  and  the  line  of  the  Lower  Rhine,  the  fVen<di  being  in 
possession  of  Switzerland.  Napoleon  wished  Moreau  to  pass  the  Rhine 
at  Schauffhausen  with  his  whole  army,  and  thus  to  cut  Krav  off  As 
he  had  a  tiU-de^iU  at  BAle,  however,  he  was  content  ^rith  making 
certain  of  a  lesser  success,  and,  ordering  Lecourbe  to  rasa  at  Schaufi- 
hauBen,  he  himself,  with  half  the  army,  crossed  at  B&le,  effected  a 
junction  at  Enghen,  and  occupied  Stockhack,  which  was  a  very 
important  point  on  the  Austrian  line  of  retreat.  Kray,  finding  himself 
cut  off  in  the  angle  of  the  high  and  low  Rhine,  with  60,000  men, 
endeavoured  to  retreat,  but  was  met  by  Moreau  and  defeated  at 
Enghen. 

If  we  consider  Spain  roughly  as  a  rectangle,  three  of  the  sides  of 
which  are  formed  by  the  sea  and  in  possession  of  the  English,  whilst 
the  fourth  is  in  possession  of  the  French,  it  will  be  seen  what  immense 
advantage  the  maritime  base  of  Torres  Yedras,  at  the  extremity  of  one 
of  the  sides,  conferred. 

Lines  of  operations,  as  has  been  before  stated,  should  at  all  times  be 
interior  [Strateot],  so  that  the  portions  of  an  army  moving  on  them 
may  at  any  time  be  massed  in  superior  numbers  to  the  enemy  at  any 
point  where  a  collision  may  occur ;  but  at  the  same  time  a  single  road 
or  strategic  line,  or  indeed  a  single  line  of  operations,  may  often  be 
imfavourable,  as  it  does  not  give  so  great  security  against  the  enter- 
prises of  the  enemv,  and  in  the  presence  of  the  enemy  is  extremely  bad, 
as  it  necessitates  the  colunm  being  of  great  length  on  the  line  of  mareh, 
rendering  it  unwieldy  and  liable  to  be  overwhelmed  by  an  attack  in 
front)  or  cut  in  half  at  the  same  time.  Lines  at  a  distance  from  one 
another  are  objectionable,  in  so  far  as  they  may  become  exterior,  and 
the  troops  on  them  be  attacked  in  detail  and  overwhelmed  before  they 
can  support  each  other.  "When  it  is  said  that  a  commander  should 
always  endeavour  to  operate  on  interior,  and  make  the  enemy  operate 
on  exterior,  lines  of  operations,  it  must  be  understood  that  mere  dis- 


tance apart  on  the  map  is  not  the  only  criterion  of  lines  hemg 
or  interior.  Lines  which  appear  exterior  from  their  distance  apart 
the  map  may  be  really  interior  from  their  advantage  of  cross  roaMls,&e^» 
and  more  especially  from  the  superiority  in  the  rate  of  marching  of  the 
army  moving  on  them.  There  is  always  an  immense  advmntage  in 
maintaining  as  large  a  strat^cal  front  as  possible,  for  by  so  doing  Uie 
enemy  is  kept  in  doubt  and  suspense  as  to  the  point  on  which  it  is 
intended  to  strike  a  decisive  blow ;  but  the  length  of  this  steat^cal 
point  must  of  course  be  limited  by  the  necessity  of  maintaining 
interior  lines.  Superiority  in  the  rate  of  marching  is  then  of  immeose 
importance.  The  divisions  of  an  army  which  can  march  twice  as  &Bt 
as  another  are  on  interior  lines,  when  80  or  90  miles  i^art,  to  their 
enemy,  when  his  divisions  are  50  miles  apart. 

Napoleon  said  that  if  two  armies  are  equal  in  all  things  except  num- 
bers and  the  rate  of  marching,  the  relative  values  of  the  two^  armies 
will  not  be  found  by  comparing  their  numbers,  but  by  comparing  the 
products  of  their  numbers  and  rates.  « 

These  considerations  will  show  the  immense  superiority  some  rapid 
means  of  transit  along  the  strategic  front  may  ^ve ;  for  instance,  a  rail- 
way. It  was  by  avamng  himself  of  a  railway  m  this  manner,  that  the 
Emperor  Louis  Napoleon  made  that  splendid  movement  at  the  com- 
mencement of  the  late  Italian  war,  when,  by  suddenly  concentrating 
his  forces,  which  had  been  extended  along  tiie  whole  line  of  the  Ticino, 
on  his  extreme  left,  he  crossed,  and  attacking  the  Austrian  army  before 
it  could  concentrate,  won  the  battle  of  Magenta. 

With  respect  to  converging  and  diverging  lines  of  operations.  Di- 
verging, or,  as  they  are  sometimes  called,  excentric  lines,  proceeding 
from  any  one  point  or  more  in  a  base,  may  perhaps  occasionally  be 
found  advantageous  for  (tensive  operations,  since  by  them  ^  bodies  of 
troops  may  be  rapidly  moved  up  at  once  to  different  points  in  an 
enemy's  line,  and,  if  compelled  to  retreat  from  such  points,  they  will 
gradually  approach  each  other,  and  be  able  to  unite  at  some  point  in 
their  rear;  but  they  are  only  admissible  when  the  marches  have  been 
so  ordered  that  interior  strat!^cal  lines  are  observed,  so  that  the  divi- 
sions, by  falling  back  or  repassing  the  central  point,  may  be  in  sup«ior 
f oroe  at  the  point  of  collision.  It  is  evident,  therefore,  that  such  lines 
should  not  have  a  great  degree  of  divergence,  especially  when  there  are 
few  or  no  cross  roads  of  communication,  since  then  the  columns  in 
their  advance  may  become  so  far  separated  as  to  be  in  danger  of  being 
cut  off  in  detail 

Diverging  or  excentric  lines  of  retreat  are  eminently  wrong.  As 
an  instance  may  be  given  Wurmser's  retreat  before  Bonaparte.  Bona- 
parte having  directed  his  whole  force  on  one  division,  overthrew 
it  at  Trent ;  then  getting  in  rear,  and  on  the  communications  of  the 
other  division,  destroyed  it  at  Bassano  and  Mantua;  he,  Bortaparte 
himself,  having  by  a  concentric  retreat  just  previously  been  enabled  to 
beat  Wurmser. 

The  retreat  of  the  Russian  armies  in  1812,  under  Barclay  de  Toll! 
and  Prince  Bagratioii,  before  Napoleon,  is  an  example  of  the  grea 
advantages  of  concentric  retreats.  Though  Napoleon  made  repeated 
attempts  to  intercept  them,  he  was  unable  to  prevent  their  retirmg  on, 
and  joining  at,  Smolensko,  whence  they  retired  on  Moscow;  and 
though  they  were  beaten  at  Mo^wa,  the  battle  was  not  very  decisive ; 
and  their  armies,  by  keeping  together,  were  enabled  to  menace  Napo> 
Icon's  communications.  Tms,  according  to  Jomini,  was  the  commence- 
ment of  Napoleon's  disasters. 

Concentric  lines  of  retreat  require  care  in  using  them,  that  the  divi- 
sions joining  do  not  get  iatermingled,  which  may  lead  to  inextiicable 
confusion  and  disaster,  as  was  the  case  with  tiie  Prussians  after  Joia, 
by  which  they  suffered  a  severe  augmentation  of  their  disasters. 
Lastly,  when  an  army  employs  converging  or  concentric  lines  of  opera- 
tions, it  is  necessary  to  organise  the  marehes  so  that  the  divisions  may 
ai-rive  at  their  place  of  assemblement  before  the  enemy  can  reach  it,  so 
as  to  intercept  and  defeat  the  divisions  separately. 

In  the  campaign  of  1809,  the  British  and  Spanish  armies  were  com- 
pelled to  act  on  what  are  called  double  excentric  lines  of  operations ; 
for  Lord  Wellington  was  on  the  line  of  the  Tagus,  having  Lisbon  for  a 
base,  while  Venegas  with  a  Spanish  army  was  employed  in  La  Mancha ; 
and  there  were  besides  the  foixses  in  Gallicia  and  Leon.  The  armies, 
being  thus  separated  from  each  other,  were  quite  unable  to  co-operate 
for  one  object,  even  had  the  Spanish  generals  and  armies  been  capable 
of  executing  any  combined  operations. 

Having  tiius  far  slightly  considered  the  m^  principles  of  strategy, 
which  space  only  permits  us  to  touch  on,  we  must  for  a  further  eluci- 
dation ef  them  refer  our  readers  to  the  various  works,  such  as  Jomini's, 
on  this  subject;  and  we  caimot  recommend  a  better  work  than  the 
'  Elementary  Treatise  on  Strategy,'  by  Edward  Tates,  B.  A.,  as  an  intro- 
duction to  the  works  mentioned  at  the  end  of  the  article,  and  to  general 
military  history,  by  the  dose  study  of  which  alone  can  a  dear  know- 
ledge of  the  prindplesof  war  be  obtained  in  the  cabinet,  the  full 
knowledge  and  power  of  applying  which  must  be  obtained  by  expe- 
rience in  the  field*  Yates's ' Elementary  Treatise  on  Tactics'  cannot 
be  too  strongly  recommended  as  an  introductory  work  to  the  study  of 
the  other  branch  of  the  sdenoe  of  war. 

The  manner  of  recormoitring  ground  and  performing  the  details  oi 
military  manoeuvres,  has  been  described  under  Reoowasbahcb,  and 
EvoLUTiOKS,  MiUTART.  We  will  now  proceed  to  a  consideration  of 
military  positions  and  the  prindples  of  tactics  with  rdation  to  the 
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znarchee  of  armies,  and  the  general  movements  on  a  field  of  battle  and 
in  a  retreat. 

Militaiy  positions  are  the  sites  occupied  by  armies  either  for  the 
purpose  of  covering  and  defending  certain  tracts  of  country,  or  pre- 
paratory  to  the  commencement  of  offensive  operations  against  an 
enemy. 

A  position  is  considered  as  advantageously  chosen  when  it  is  o% 
elevated  ground ;  when  it  is  not  commanded  by  eminences  within  the 
range  of  artillery ;  and  when,  from  the  existence  of  natural  obstacles, 
as  rivers  or  mitfshes,  on  the  wings,  it  is  incapable  of  being  turned,  that 
is,  the  enemy  cannot,  without  making  an  extensive  movement,  get  to 
'the  rear  of  the  army  by  which  the  position  is  occupied.  In  the  event 
of  such  points  of  support  being  wanting,  the  position,  whether  it  be  a 
plain  or  an  eminence,  should  have  its  flanks  protected  by  villages,  or 
by  redoubts  raised  for  the  purpose ;  for  the  flanks  being  the  weakest 
points  of  the  line,  since  the  troops  there  are  only  defended  by  their 
own  fire,  they  particularly  require  to  be  strengthened  by  the  impedi- 
ments of  the  ground,  or  by  fortifications,  in  order  tl^t  tiie  enemy,  in 
any  attempt  to  turn  the  position,  may  be  retarded  tul  reinforcements 
<»n  be  brought  up  to  oppose  him. 

The  advantages  possessed  by  an  army  on  commanding  gi-ound  consist 
in  the  troops  being  able  to  see  the  manoeuvres  of  the  enemy  while  their 
own  are  concealed ;  the  fire,  also,  being  directed  downwards,  is  more 
effective  than  that  of  the  enemy,  which  is  made  upwards  from  a  lower 
level  The  existence  of  woods  or  hoUow  ways  in  front  of  a  position  is 
considered  as  an  unfavourable  circumstance,  since  an  enemy  might 
there  place  divisions  or  parties  for  the  purpose  of  attacking  the  line  by 
surprise ;  but,  on  the  other  hand,  a  wood  in  the  rear,  if  it  should  not 
be  such  as  to  create  an  impediment  to  the  passage  of  the  troops 
through  it,  might  become  advantageous  in  the  event  of  a  retreat,  as  it 
would  afford  a  temporary  cover  for  the  retiring  columns.  A  village  or 
even  a  single  building  on  the  ground  occupied  bv  the  army  may  become 
the  key  of  the  position ;  and,  as  frequentiy  on  the  preservation  of  this 
point  depends  the  possession  of  the  field  of  battie,  such  point  should 
be  well  supported  by  troops  and  artillery.  At  the  battie  of  Corunna,  in 
1809,  the  village  of  Elvina  was  twice  contested  by  the  opposing  armies ; 
and  on  the  field  of  Waterloo,  the  Ch&teau  d'  Hougoumont  was  the  object 
about  which  the  action  raged  with  the  greatest  violence.  The  highest 
•  point  of  groimd,  particularly  if  near  the  lines  of  operation  (the  roads 
leading  to  the  magazines),  may  also  constitute  the  key,  and  it  is  usually 
strengthened  by  one  or  more  redoubts.  It  would  evidently  be  advan- 
tageous if  such  key  were  near  the  centre  of  the  line,  because,  on  any 
change  in  the  disposition  of  the  latter,  the  key  might  still  be  retained, 
and  S.  the  wings  are  separated  from  each  other,  it  might  prevent  either 
of  them  from  being  cut  off  by  the  enemy ;  whereas,  if  situated  at  one 
extremity,  it  might,  on  a  wheel  of  the  army  taking  place,  become  so 
remote  as  to  be  incapable  of  being  supported. 

The  elevated  ground  which  constitutes  the  position  should  be  able 
to  contain  all  the  troops  who  are  to  occupy  it ;  but  it  should  not  much 
exceed  the  extent  necessary  for  this  purpose,  lest,  not  being  able  to 
defend  the  whole,  the  army  should  be  deprived  of  the  advantages 
arising  from  a  superiority  of  command,  in  consequence  of  the  enemy 
gaining  some  part  of  the  height. 

However  favourable  a  position  may  be  with  respect  to  the  elevation 
of  the  ground,  that  drcumstanoe  wm  be  of  small  value  if  the  troops 
and  artillery  cannot  be  convenientiy  placed  on  it.  It  is  indispensable 
that  the  groimd  afford  ample  room  for  the  manceuvres  of  that  species 
of  troops  in  which  the  strength  of  the  army  chiefly  lies;  and  at  the 
same  time  it  may  be  observed  that,  in  making  choice  of  a  position,  the 
ground  in  front  should  be  as  much  as  possible  disadvantageous  in  that 
respect  for  the  enemy.  The  Spanish  general,  Cuesta,  ia  blamed  for 
having,  previously  to  the  battie  of  Rio  SSeco,  in  1808,  placed  his  army 
in  Buch  a  situation  that  the  ground  before  it  was  in  the  highest  degree 
favourable  for  the  action  of  the  French  cavalry,  which  was  particubrly 
numerous.  Artillery  should  always  be  placed  where  it  can  act  with 
most  effect ;  and  when  the  ground  occupied  by  an  army  presents  alter- 
nately salient  and  retired  points  along  the  front  of  the  line,  the  bat- 
teries should  be  placed  at  all  such  points.  At  the  former,  in  order 
that  the  lines  of  fire  may  effectually  command  the  approaches  by  which 
the  enemy's  columns  may  advance ;  and  at  the  latter,  that  they  may 
defend  the  descending  ground  immediately  in  front  of  the  others. 
Infantry  may  occupy  any  kind  of  ground,  but  i^ould,  if  possible, 
always  form  a  dose  Ime.  It  is  usually  placed  between  the  batteries ; 
and,  if  exposed  to  a  distant  cannonade,  the  troops  may  be  drawn  up  in 
a  trench,  the  earth  from  which  will  serve  to  cover  them,  without  pre- 
venting them  from  marching  out  in  line  to  meet  the  enemy.  Cavalry 
must  be  posted  on  a  level  plain,  over  which  it  may  advance  with  regu- 
larity when  a  charge  is  to  be  made ;  if  compelled  to  act  on  broken 
gi'ound,  it  is  formed  in  small  detachments  behind  the  infantry,  through 
whose  intervals  it  may  pass  at  proper  opportunities.  It  may  be  observed, 
tliat  every  disposition  of  an  army  for  defence  should  correspond  to  that 
of  the  works  which  constitute  a  fortified  place.  The  batteries  at  the 
advanced  points  of  the  line  serve  a  purpose  similar  to  that  of  the  guns 
in  the  flanks  of  bastions ;  and  the  intermediate  line  of  tix>ops  forms  a 
sort  of  curtain. 

In  the  choice  of  positions  for  offensive  operations,  such  should  be 
taken  as  have  no  rivers  or  broken  ground  in  front  since  these  would 
impede  the  contemplated   movements   towards  the  enemy :    small 


inequalities,  behind  which  infantry  or  cavalry  may  be  concealed,  are, 
however,  advantageous,  as  they  afford  the  means  of  occasionally  making 
attacks  by  surprise.  On  the  other  hand,  when  an  army  is  on  the 
defensive,  the  front  as  well  as  the  wings  should  be  protected  by  every 
obstacle  to  the  progress  of  the  enemy  which  nature  may  present  or  art 
can  devise ;  among  those  afforded  by  the  latter  may  be  mentioned  the 
blocking  up  of  roads  by  abatis  or  traverses ;  preparing  countermines 
by  which,  on  the  enemy's  advance,  the  roads  may  be  destroyed; 
rendering  fords  impassable  and  even  forming  inundations  by  construct- 
ing dams  across  the  streams.  It  should  hd  observed,  however,  that 
when  a  defensive  position  is  covered  by  a  river,  the  line  of  troops 
should  be  at  800  or  1000  yards  in  rear  of  the  latter,  in  order  that 
sufficient  space  may  be  afforded  for  the  troops  to  act  against  the  enemy 
in  the  event  of  his  forcing  a  passage  across ;  and,  in  all  cases,  every 
obstacle  in  the  way  of  a  free  communication  within  the  position  ought 
to  be  removed,  that  the  troops  may  easily  succour  eaai  other  when 
attacked.  Whatever  be  the  nature  of  tiie  obstacles  opposed  to  the 
enemy,  they  should  be  within  the  range  of  the  artillery  of  tiie  line ; 
and  then  the  position  may  be  considered  as  impregnable,  since  an 
enemy  would  find  it  scarcely  possible  either  to  form  or  deploy  his 
columns  of  attack  on  broken  ground  and  under  a  destructive  cannonade. 
Good  roads,  on  the  other  hand,  should  exist,  or  should  be  formed,  in 
the  rear,  both  to  facilitate  the  arrival  of  supplies  from  the  magasineB 
or  depdts,  and  to  favour  a  retreat,  should  the  latter  step  become  neces- 
sary. An  army  always  retires  in  disorder  under  the  fire  of  the  enemy, 
and  its  danger  is  greatiy  increased  when  the  retrograde  movement  is 
embarrassed  by  walls,  ravines,  streams,  or  other  impediments;  the 
divisions  then  oeoome  separated  from  cAch  oilier,  and  some  of  them 
are  generally  cut  off  by  the  enemy  before  they  can  be  supported.  It 
woiUd  be  advantageous  that  the  ground  in  rear  should  command  that 
of  the  position  itself ;  for  then  the  army,  in  retreating,  would  obtain 
a  superiority  of  elevation  over  the  pursuing  enemy ;  and  it  might  even 
have  an  opportunity  of  renewing  the  action  with  a  prospect  of  success. 

A  knowledge  of  the  art  of  choosuog  military  positions  is  an  import- 
ant qualification  in  the  staff-officers  of  an  army;  and  these  officers 
should  continually  exercise  themselves  in  forming  correct  judgments 
concerning  the  fitness  of  ground  for  such  positions.  They  should  be 
able  to  ascertain  at  once,  by  the  eye,  its  extent  and  the  stations  it 
may  afibrd  for  troops  of  the  different  arms,  so  that  tibose  of  all  kinds 
may  act  with  the  greatest  effect  and  duly  support  each  other;  and, 
oonsequentiy,  they  should  be  able  to  determine  the  order  of  battle 
which  is  the  most  advantageous  for  the  ground  to  be  occupied.  They 
are  also  to  judge  of  the  facilities  which  the  roads  may  present  for  an 
advance  or  a  retreat,  or  for  the  conveyance  of  supplies  from  the 
magazines ;  and,  finally,  of  the  obstacles  which  the  ground  in  front 
may  oppose  to  ib»  movements  of  the  enemy.  The  power  of  readily 
appreciating  the  character  of  ground  in  all  these  respects  is  what  is 
called,  by  foreign  writers,  the  military  coup-d'oeil ;  and  this  can  only 
be  acquired  by  a  profound  knowledge  of  the  tactics  of  war,  joined  to 
much  en>erienoe  in  the  practice  of  executing  military  surveys,  and  of 
contemiuating  the  i^pearance  of  ground  from  all  possible  points  of 
view.  These  points  being  the  supposed  stations  of  the  enemy,  the 
staff-officer  should  accustom  himself  to  observe  from  thence  how  the 
latter  might  make  his  attack ;  for  then  only  can  he  judge  in  what 
manner  an  attack  ought  to  be  opposed ;  that  is,  what  disposition  of 
troops  and  artillery  would  be  the  most  favourable  for  resisting  it 
when  made. 

The  main  principles  which  have  been  laid  down  at  the  commence- 
ment of  this  article  as  the  guides  to  the  conduct  of  strategical  opera- 
tions, are  equally  the  principles  in  tactical  combinations ;  the  following 
obsexratioDs,  then,  are  simply  with  a  view  of  showing  how  these  may 
be  carried  out. 

Marches  comprehend  all  the  movements  by  which  an  army  trans- 
ports itself  from  one  place  to  another :  when  they  are  made  at  the 
opening  of  a  campaign,  and  at  a  considerable  distance  from  the  enemy, 
they  are  called  roiUes  ;  and  on  such  an  occasion  the  object  generally  is 
to  invade  a  country,  to  seek  subsistence,  to  surprise  the  enemy  or  force 
him  to  make  counter-movements,  in  executing  which  he  may  be  advan- 
tageously attacked.  During  a  campaign,  and  in  the  enemy's  sight, 
marches  are  made  in  order  to  attack  some  important  position  which  he 
may  occupy,  or  succour  some  post  which  he  may  threaten,  or  in  order 
to  fall  back  on  the  magazines  of  the  army.  At  the  end  of  a  campaign 
an  army  marches  to  the  quarters  which  it  is  to  take  up  for  the  winter. 

When  an  army  already  encamped  in  order  of  buttle  is  to  advance 
towards  the  ground  directiy  before  it,  the  march  is  said  to  be  to  the 
front;  and  if  it  is  to  proceed  to  ground  on  the  right  or  left  of  the 
line,  the  movement  is  called  a  flank  march.  In  the  former  case  it 
would  be  advantageous  if  there  were  several  roads  nearly  parallel  to 
one  another,  and  all  tending  to  the  position  which  is  to  be  occupied ; 
and  it  would  even  be  proper,  should  there  not  already  exist  a  suffi- 
cient number,  to  make  such,  by  cutting  through  woods  or  walls,  form- 
ing causeways  over  marshes,  or  bridges  over  streams.  The  army 
might  then  be  divided  into  several  short  columns,  so  as  to  be  able  with 
facility,  if  suddenly  attacked,  to  deploy  into  line  at  any  moment  either 
during  the  march  or  on  arriving  in  the  new  positiun :  the  intervals 
between  the  lines  of  route  should  therefore  be,  as  nearly  as  possible, 
equal  to  the  extent  which  the  columns  moving  in  those  lines  would 
occupy  when  formed  in  order  of  battie.    The  advanced  guard,  con- 
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sisfciiig  both  of  infantry  and  cavalry,  may  march  before  the  head  of  the 
centre  column  at  the  diBtance  of  about  a  mile ;  and  these  troops  should 
be  accompanied  by  the  pontoons  and  the  sappers  who  are  to  remove 
the  obstacles,  or  form  the  bridges.  When  the  French  army  advanced 
Into  Russia  in  1812,  it  marched  in  three  great  colimms  nearly  abreast 
of  each  other :  the  centre  column  proceeded  along  the  main  road ;  and 
the  oountry  being  one  vast  plain,  Uie  others  with  their  artillery  moved 
over  the  ground  on  both  sides. 

On  a  flank  march  along  nearlv  parallel  roads,  since  the  heads  and 
rears  of  the  columns  are  where  tne  extremities  of  t^e  wings  of  the 
army  would  be  if  in  order  of  battle^  the-  several  lines  of  route  should 
be  as  near  together  as  possible,  that  the  troops  may  readilv  move  into 
their  proper  places  in  re-forming  the  line ;  and  it  is  obvious  that,  in 
such  marches,  the  divisions  in  each  column  should  be  well  closed 
together;  for  should  they  become  sepjarated  by  rivers,  marshes,  or  any 
other  obstacles,  the  enemy  might  seize  the  opportunity  to  attack  a 
division  before  it  could  be  supported  by  the  others. 

The  difficulty  of  returning  rapidly  to  the  order  of  battle  when 
attacked,  is  the  reason  that  flank  marches  in  tiie  presence  of  an 
enemy  are  dangerous,  particularly  when  the  ground  offers  no  imiiedi- 
ment  to  his  approach :  they  however  become  necessary  when  a  posi- 
tion is  to  be  taken  up  on  either  extremity  of  an  enemy's  line ;  and 
in  order  that  they  may  be  executed  with  safety,  the  columns  should 
be  protected  in  flank  by  a  corps  appointed  for  the  purpose.  In 
general  an  effort  is  made,  by  false  demonstrations,  to  deceive  the 
enemy,  for  a  time  at  least,  respecting  such  movements  :  these  consist 
in  opening  roads  in  different  directions  through  woods  or  enclosures, 
in  laying  bridges  over  streams,  in  sending  provisions  and  stores,  and 
even  bodies  of  troops,  to  various  points ;  and,  while  the  enemy  is  in 
a  state  of  uncertainty  concerning  the  object  of  the  demonstrations, 
the  columns  secretly  commence  their  march :  care  however  is  to  be 
taken  that  detachments,  when  sent  out  as  feints,  do  not  proceed  so  far 
from  the  army  as  to  be  cut  off,  or  compelled  to  retire  with  great  loss. 

In  the  usual  order  of  march  the  artillery  should  be  formed  in 
divisions  corresponding  to  those  of  the  troops,  in  order  that  each 
column  may  have  a  portion  attached  to  it,  and  ready  to  act  with  it  in 
the  event  of  being  obliged  suddenly  to  come  to  action  independently 
of  the  rest  of  the  army.  A  few  pieces  of  artillery  generally  acoom- 
pany  the  advanced-guiuxi  in  order  to  protect  the  deployment  and 
commence  the  action ;  and  a  division  composed  of  the  heaviest  pieces 
may  move  with  the  cavalry  for  its  support  During  the  maixm,  the 
place  of  the  artillery  is  in  rear  of  the  column  to  which  it  belongs,  that 
it  may  not  impede  uie  movement  of  the  troops ;  that  of  the  reserve 
artillery  being  behind  the  centre  column,  in  order  that  it  may  readily 
move  up  to  the  position  in  which  it  is  to  be  employed.  If  some  point 
of  attack  has  been  previously  decided  on — if,  for  example,  it  is  intended 
to  commence  an  engagement  by  assailing  a  village  or  an  intrenchment 
— a  considerable  division  of  the  artillery  must  accompany  the  columns 
destined  for  that  purpose ;  and  if  iJie  army  while  making  a  flank-maroh 
islikelvto  be  attacked  on  the  road,  some  artillery  proceeds  at  the 
head  of  each  division  of  the  troops.  Should  an  attack  in  such  cir- 
cumstances take  place,  the  troops  must  form  as  quickly  as  possible,  and 
the  artillery  must  be  placed  where  it  may  serve  to  repel  the  assailants 
by  its  fire. 

If  an  extensive  movement  is  to  be  made  in  order  to  arrive  at  the 
position  of  the  enemy,  it  is  necessary  to  be  careful  that  the  latter  may 
not,  by  short  routes,  attack  the  army  on  the  inarch.  This  manoeuvre 
was  successfully  performed  by  the  Prussians  at  Liegnitz  in  1760 :  the 
king,  being  surrounded  by  the  Austrians  and  Russians,  and  in  danger 
of  being  Overwhelmed,  on  learning  that  the  corps  of  General  Loudon 
was  moving  to  turn  his  left  and  fall  on  his  rear,  while  other  troops 
were  to  attack  him  in  front,  suddenly  decamped,  leaving  troops  and 
artillery  to  occupy  the  attention  of  Mft"yhft1  Daun  in  front,  and 
defeated  Loudon  on  his  maroh  :  by  this  action  he  opened  a  communi- 
cation with  Breslau,  and  caused  the  siege  of  Schweidnitz  to  be  raised. 

In  all  marohes  the  breadth  of  a  colunm  must  depend  upon  that  of 
the  road,  and  space  should  be  afforded  for  the  officers  and  orderlies  to 
pass  by  the  side  of  the  troops  without  inconvenience  :  care  should  be 
taken  when  any  change  is  made  in  the  breadth  of  a  column  previously 
to  entering  a  defile,  that  the  formations  be  made  without  allowing  the 
troops  to  fall  into  confusion. 

To  f oroe  a  defile  which  is  occupied  by  an  enemy  possessing  artillery, 
and  covered  by  epaulem«nts,  is  an  undertaking  which  is  likely  to  be 
attended  with  some  loss  :  but  if  it  is  necessary  to  attempt  it,  the  troops 
which  guard  its  entrance  should  be  dispersed  by  a  fire  of  artilleiy ;  and 
then  the  infantry  of  the  army  may  enter  the  defile  protected  by  light 
troops  and  artilleir  placed  on  the  slopes  or  summits  of  the  heights,  in 
situations  where  their  fire  may  act  with  effect  against  the  enemy's  posi- 
tion, or  against  the  posts  which  he  may  occupy.  These  detachments 
must  be  followed  by  reserve  troops,  by  whom  they  may  be  strengthened, 
or  on  whom  they  may  retire  if  repelled.  The  enemy  is  thus,  if  pos- 
sible, to  be  driven  from  every  post  by  which  the  defile,  with  its  parallel 
or  transverse  passes,  if  such  there  be,  is  fluiked ;  when  the  main  body 
of  the  army  may  dispose  itself  in  the  position  which  shall  appear  most 
favourable  for  maintaining  possession  of  the  ground  while  the  enemy 
remains  in  the  neighbourhood :  strong  detachments  must  also  be  placed 
in  situations  which  may  command  every  approach  to  the  flanks  of  the 
defile. 


In  the  event  of  having  penetrated  into  the  enemy's  oountiy, 
strong  posts  should  be  secured,  in  order  that  they  may  serve  to  protect 
the  succeeding  operations.  Fortified  places  are  usually  on  rivers,  or  in 
situations  from  whence  cross  roads  diverge  into  the  country ;  and  the 
possession  of  even  one  such  place  would  be  advantageous^  as  a  depot 
for  artillery  and  stores,  while  the  rivers  or  roads  would  facilitate  the 
conveyance  of  supplies  to  the  army. 

On  the  other  hand,  in  order  to  defend  or  cover  a  country,  an  anny 
should  be  posted  so  that  by  short  movements  it  may  reach  the  enemy ; 
and  it  must  be  understood  that,  in  acting  on  the  defensive,  the  corps 
of  troops  should  not  be  stationed  at  great  distances  from  each  other,  is 
the  expectation  of  being  able  to  defend  every  point  which  may  be 
menaced  by  the  enemy.  This  error  was  committed  at  the  opening  of 
the  campaign  in  1809,  on  the  advance  of  the  Austrians  in  great  force 
towards  the  frontiers  of  France;  when  Qeneral  Berthier  so  separated 
the  divisions  of  the  French  army,  tiiat  all  of  them  might  have  been 
separately  defeated,  had  the  movements  of  the  Archduke  Charles  been 
more  r^id  than  they  were. 

When  two  armies  are  in  the  neighbourhood  of  each  other,  an  engage- 
ment, either  general  or  partial,  may  take  place :  the  latter  usually  con- 
sists in  an  attack  on  one  wing,  or  on  some  advanoed  part  of  the  enemy's 
Une,  in  order,  by  driving  it  back,  to  obtain  a  more  advantageous  posi- 
tion, or  to  secure  some  line  of  communication.  A  general  action  may 
become  necessary  when  an  invasion  of  a  country  is  to  be  prevented, 
when  a  besieged  fortress  is  to  be  relieved,  when  the  position  occupied 
is  to  be  dofemled,  or  when  that  which  is  occupied  by  the  enemy  eo  far 
obstructs  the  communications  as  to  deprive  the  army  of  the  means  of 
subsistence.  A  battle  may  also  be  hasarded  if  the  position  of  the 
enemy  be  disadvantageous,  if  the  divisions  of  his  army  are  ill  supported, 
or  if  his  force  is  weskened,  either  from  some  part  being  badly  covered, 
or  from  considerable  detachments  having  been  made.^ 

An  army  drawn  up  for  parade  is  usualhr  disposed  in  two  lines,  with 
the  infantry  in  the  centre  of  each,  and  the  cavalry  on  the  wings ;  but 
this  is  far  from  being  thu  case  on  service,  since  the  nature  of  the 
ground  will  frequently  render  a  contrary  disposition  necessary :  ia 
some  parts  of  the  field  the  troops  may  be  in  a  single  line,  in  other 
parts  in  two,  or  even  in  three  lines. 

The  order  of  battle  immediately  previous  to  an  engagement  depends 
so  much  on  the  facility  which  the  ground  may  afford  for  disposing  and 
moving  the  troops,  that  it  is  scaroely  possible  to  assign  any  rule  for 
the  formation ;  yet  it  is  usual  among  military  writers  to  daas  all  the 
different  dispositions  of  an  army  under  two  kinds,  which  are  desig- 
nated the  paralld  and  the  obUgue  order.  The  first  comprehends  ah. 
dispositions  in  which  the  troops  of  both  armies  may  be  engaged  at 
once  along  the  whole  of  their  fronts :  it  was  very  generally  employed 
by  the  Greeks  and  Romans,  and  during  the  middle  ages  :  but  it  is  now 
seldom  adopted,  since  the  weaker  army  is  in. danger  of  being  out- 
flanked; and  should  any  part  of  it  be  driven  back,  the  rest  of  the 
troops  would  either  be  turned  and  thus  cut  off,  or  be  also  compelled 
to  retire.  The  battle  would  therefore  be  lost;  and,  being  cloeelv 
pursued,  the  defeated  army  incurs  the  risk  of  being  entirely  ruined. 
At  the  battle  of  Talavera,  July,  1809,  the  two  armies  were  drawn  up 
in  parallel  order,  and  the  attack  was  made  by  the  French  at  the  same 
time  on  the  centre  and  on  both  wiogs  of  the  allies. 

The  oblique  order  of  battle  may  be  said  to  have  been  employed  by 
the  ancients  when  it  was  intended  to  break  the  enemy's  line :  on  such 
occasions  the  phalanx  was  drawn  up  in  the  form  of  a  wedge,  and  it 
advanced  with  an  angle  in  front  against  the  centre  of  the  line.  At  the 
battle  of  Arbela,  the  army  of  Alexander  attacked  only  the  right  wing 
of  the  Persians;  and  at  the  battle  of  Cynoscephalse,  the  consul  Flomi- 
nius,  ordering  one  of  his  wings  to  remain  on  the  ground  which  it  then 
occupied,  advanced  with  the  other  against  the  army  of  Philip.  (Pulyb., 
ex.  3,  lib.  17.)  But  this  order  of  little  was  first  employed  on  sound 
military  principles  by  Frederick  III.  of  Prussia. 

It  does  not  always  consist  in  drawing  up  an  army  in  a  straight  line, 
which,  if  produced,  would  meet  the  line  of  the  enemy ;  for  this,  on 
account  of  the  inequalities  and  accidents  of  the  ground,  is  seldom 
possible :  nor  are  the  two  wings  of  an  army  always  placed  at  unequal 
distances  from  those  of  the  enemy,  though  this  is  frequently  the  case. 
The  principle  of  the  oblique  order  consists  in  such  a  dupoidtion  of  the 
troops  as  may  enable  a  portion  of  the  army  to  engage  at  some  one  point 
in  tne  enemy's  line,  while  the  rest,  protected  by  the  obstacles  of  the 
ground,  is  stationed  so  as  to  be  able  to  support  the  troops  engaged,  or 
prevent  the  enemy  at  other  points  of  his  line  from  attaclung 
those  troops  in  flanx ;  and  a  great  commander  will  always  manoeuvre 
so  tiiat  his  army,  even  thou^  inferior  on  the  whole  to  that  of  the 
enemy,  may  be  superior  in  sUength  at  the  point  of  attack. 

The  attack  is  generally  directed  against  one  of  the  enemy's  wings  in 
the  hope  of  being  able  to  turn  it,  that  is,  to  get  beyond  its  extremity, 
or  in  its  rear,  and  thus  to  cut  off  its  retreat  or  intercept  its  supplies ; 
but  if  the  wings  are  well  protected  by  the  ground,  or  by  intrench- 
ments,  or  by  strong  reserves  being  posted  there,  and  if  at  the  sime 
time  the  centre  has  been  weakened  by  troops  having  been  drawn  away, 
or  by  those  which  form  it  being  widely  disseminated,  the  attack  mxy 
be  advantageously  made  against  that  pait  of  the  line.  At  the  battle  of 
Corunna,  January,  1808,  the  British  and  French  armies  were  in 
oblique  order,  the  right  of  the  former  being  near  the  left  of  the  latter ; 
while  the  opposite  extremities  were,  by  title  nature  of  the  ground,  kept 
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at  a  oonaiderable  distance  from  each  other.  The  French  made  a 
charge  with  two  strong  columns,  one  of  which  advanced  towards  the 
British  centre,  and  the  other  attempted  to  turn  its  right :  in  order  to 
take  this  last  column  in  flank,  a  part  of  the  British  army  was  placed 
obliquely  to  the  line ;  and  its  fire,  together  with  that  of  the  reserve, 
which  was  moved  up  to  the  support  of  the  right  wing,  prevented  the 
success  of  the  manoauvre.  At  the  battle  of  E(£miihl  (1809),  Napoleon 
with  his  right  wing  attacked  and  defeated  the  left  of  the  Austrians :  by 
this  success  he  cut  tiiem  off  from  Vienna,  and  compelled  them  to  retire 
towards  Bohemia.  Again,  at  the  battle  of  Borodino,  in  1812,  the 
French  attacked  the  Russian  army  at  its  centre  and  on  its  ri^ht  wing, 
and  succeeded  in  gaining  the  heights  in  that  part  of  the  position,  after 
having  suffered  immense  loss  in  storming  a  redoubt  which  protected 
them,  and  which  was  gallantly  defended  by  the  iUie  of  the  Russian 
nfantry. 

Whatever  be  the  order  of  battle,  a  strong  reserve  of  troops  is 
necessary,  in  order  that  any  part  of  the  army  may  be  succoured  by  it 
when  weakened  by  losses,  or  when  in  danger  of  being  overpowered  by 
numbers.  At  the  battle  of  Albuera,  the  timely  bringing  up  of  the 
reserve,  when  the  first  line  was  destroyed,  was  the  means  of  the  victory 
being  gained;  and  at  the  battle  near  Bayonne,  December,  1813,  two 
British  r^ments  having  been  improperly  withdrawn  from  an  import* 
ant  position,  that  position  was  in  danger  of  being  loet,  when  General 
Hill  brought  up  the  reserve  and  maintained  the  action.  Strong  re- 
serves are  particularly  necessary  when  armies  engage  on  a  plain,  as 
then  the  whole  line  may  be  forced  into  action,  and  in  the  event  of 
being  defeated,  its  rtiin  would  be  inevitable  without  the  support  of  a 
numerous  body  of  troops. 

When  cavalry  commence  an  action,  its  charge  should  be  preceded  by 
a  fire  of  horse-artillery  placed  on  one  of  its  wings.  The  fire  of  that 
artillery  should  at  first  be  directed  against  some  part  of  the  enemy's 
line  which  is  at  a  distance  from  the  point  to  be  attacked ;  and  if  the 
latter  point  should  be  weakened  by  troops  being  withdrawn  from  it  to 
strengthen  that  point  against  which  the  fire  is  dirscted,  the  artillery 
and  cavalry  immediately  move  rapidly  forward :  the  former,  having 
discharged  some  rounds  of  grape-shot,  retires,  and  the  cavalxy  is  left  to 
execute  its  chai^ge.  Should  the  artillery  become  mixed  with  the  com- 
batants,  it  would  be  in  danger  of  being  taken  by  the  enemy,  whereas, 
being  kept  in  reserve,  it  may  after  the  charge  either  join  in  the  pursuit 
or  protect  the  retreat. 

Infantry  generally  commences  an  attack  by  a  fire  of  light  troops ; 
and  these  are  accompanied  by  a  part  of  the  artUlery,  which  joins  in  the 
firing,  the  rest  remaining  in  reserve.  If  the  skirmlidiers  retire  in  order 
to  allow  the  first  line  of  the  army  to  engage  the  enemy,  the  reserve 
artillery  is  brought  up  with  that  line,  and  it  disposes  itself  by  the  side 
of  that  which  had  previously  been  in  action,  or  it  goes  to  one  of  the 
wings.  Should  the  enemy's  Ihie  become  disordered,  the  horse-artillery 
gallops  up  to  within  range  of  grape-shot  and  completes  the  victory. 

The  stations  of  artillery  in  position  should,  if  possible,  be  such  that 
the  fire  of  the  guns  may  converge  towards  some  battery  of  the  enemy, 
in  which  case  the  fire  of  such  batteiy  against  those  guns  is  necessarily 
divergent.  In  general,  when  an  army  acts  on  the  oflenstve,  the  lines  of 
fire  from  batteries  in  position  should  form  nearly  right  angles  with  the 
front  of  the  position,  in  order  that  the  attacking  columns  may  have 
room  to  form  in  the  intervals  between  those  lines  of  fire ;  but  if  the 
enemy  be  the  assailant,  the  lines  of  fire  may  form  acute  angles  with 
the  position,  in  order  that  he  may  be  thereby  annoyed  when  nearly  in 
contact  wiUi  the  troops ;  the  fire  of  the  artillery  being  directed  against 
the  points  where  the  enemy's  troops  are  in  masses,  as  against  the  heads 
and  flanks  of  the  columns  of  atta<^  The  guns  should  not,  however, 
be  placed  iif  position  till  they  are  wanted,  in  order  that  they  may  be  as 
little  as  possible  exposed  to  the  fire  of  the  enemy ;  and  if  any  battery 
is  subject  to  a  heaVy  cannonade,  another  should  be  immediately  placed 
in  a  situation  where  its  fire  may  cross  that  of  the  first  battery  on  the 
ground  occupied  by  the  enemy's  guns.  When  placed  on  elevated 
ground,  the  guns  in  a  battery  should  be  able  to  defend  all  the  slope  of 
the  height  up  to  them ;  and  when  that  is  not  possible  without  bringing 
them  so  near  the  brow  as  to  be  exposed  to  the  view  of  the  enemy, 
other  guns  should  be  placed  where  their  fire  may  flank  the  ascending 
ground. 

ArtilleiT  consisting  of  9-pounder  guns  is  found  most  convenient  for 
the  battenes  which  are  placed  with  the  troops :  such  guns  are  capable 
of  serving  to  defend  the  position,  and  they  may  be  employed  to 
destroy  walls,  displace  abatis,  or  ruin  field  intrenchments.  Howitzers 
are  also  used  in  the  field  for  the  purpose  of  throwing  shells  into 
redoubts  or  villages,  or  among  troops  protected  by  hedges,  hollow 
ways,  &C.,  where  the  shot  from  gun-batteries  could  not  take  effect  To 
these  must  now  be  added  rifled  guns.  [Obdnance,  Rifled.]  Horse- 
artillery  should  be  kept  with  the  reserve,  and  be  ready  to  advance 
wherever  it  may  be  required,  either  to  support  a  part  of  the  line  which 
is  likely  to  be  forced,  or  to  gain  the  flanks  or  rear  of  the  enemy ;  and 
when  it  is  required  to  get  possession  of  a  position  before  the  enemy 
can  arrive  at  it,  the  horse-artillery,  on  account  of  the  rapidity  of  its 
motion,  may  be  employed  for  the  puipose. 

The  batteries  hj  which  an  army  is  protected  in  its  position  consti- 
tute a  sort  of  bastions,  being  usually  placed  a  little  in  advance  of  the 
mfaatrT"  of  the  line.  If  the  aimy  receives  the  attack  of  the  enemy, 
the  artillery  commences  the  action  by  a  cannonade  while  the  enemy  is 


at  a  distance ;  and  if  the  army  acts  on  the  offensive,  the  artillery  sup- 
ports the  columns  of  attack.  It  is  usual,  when  guns  are  fired  in 
position,  to  direct  them  so  that  the  shot  may  strike  the  ground  in 
front  of  the  enemy's  line,  and  afterwards,  by  rebounding,  make  a 
series  of  grazes  among  his  troops.  When  the  ground  is  hard  and  even, 
these  ricochets  are  very  destructive ;  but  if  soft,  or  much  broken  by 
inequalities,  the  shot  plunges  in  the  ground  and  does  comparatively  but 
little  execution.  It  is  doubtful  if  ricochet  fire  is  practicable  or  likely 
to  be  efficacious  with  rifled  ordnance. 

The  best  proportions  for  the  quantity  of  artillery  in  an  army  is  one 
gun  for  every  600  men  (infantry),  and  one  gun  of  the  horse-artiUeiyfor 
every  250  men  (cavalry) ;  but  this  will  vary  much  with  the  country  in 
which  it  is  to  be  used,  hilly  country  requiring  much  less  artillery  than 
level  country. 

Annies,  whether  on  the  offensive  or  defensive,  are  generally  kept  in 
colunms  till  the  proper  moment  for  deploying  has  arrived ;  for  by  this 
disposition  both  parties  are  enabled  to  conceal  their  projects  from  each 
other  till  one  of  them  has  determined  to  commence  the  action,  and 
each  is  in  a  condition  to  make  such  movements  as  may  be  necessary  in 
order  to  give  him  an  advantage  over  his  opponent.  The  Spanish 
general,  Cuesta,  is  blamed  for  having,  at  the  battle  of  Medellin  (1809), 
in  which  he  was  defeated,  advanced  towards  the  French  army  in  one 
weak  line  three  miles  long,  when,  by  keeping  the  troops  in  columns,  he 
might  have  moved  them  between  the  enemy's  divisions,  and  thus,  by 
separatum;  them  from  each  other,  have  destroyed  them  in  detail.  If  a 
position  is  such  that  the  army  occupying  it  is  exposed  at  several  points 
to  be  attacked,  those  points  should  be  occupied  by  small  bodies  of 
troops,  the  bulk  of  the  army  being  kept  behind  in  columns  ready  to 
march  to  any  point  where  their  services  may  be  required.  Thus  the 
enemy  will  be  embarrassed  from  the  impossibility  of  determining  the 
force  of  the  army  at  any  one  point,  and  his  only  chance  of  success  will 
lie  in  the  quickness  of  his  movements.  The  circumstances  which  may 
determine  a  general  to  attack  a  position  at  any  particular  point  are,  the 
appearance  of  that  point  being  weak  on  account  of  troops  or  artiilery 
being  withdrawn,  from  the  , ground  being  there  more  easy  of  access 
than  elsewhere,  or  from  its  capabilities  of  affording  cover  to  troops  in 
their  advance. 

If  an  army,  as  a  b,  in  position  on  level  ground,  is  to  be  attacked  on 
its  left  wing,  B,  the  army  acting  against  it  is  usually  placed  en  echdon, 
as  at  M,  N,  F,  Q,  each  division  consisting  of  a  battalion  or  a  bri^e ; 
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and  this  formation  may  be  accomplished  by  moving  up  the  different 
columns,  as  at  m',  n',  p*,  q',  to  the  places  which,  when  deployed,  they 
are  to  occupy  during  the  engagement.  It  would  be  advantageous, 
however,  that  the  heads  of  the  columns  should  remain  till  the  moment 
of  deployment  in  a  line  parallel  to  that  of  the  enemy,  in  order  to  keep 
the  lattOT  as  long  as  possible  in  suspense  respecting  the  real  point  of 
attack.  A  favourable  moment  is  then  chosen  for  bringing  ^e  greatest 
mass,  as  ic',  to  the  wing  at  b,  which  is  supposed  to  be  the  weakest  part 
of  the  line ;  but  it  should  be  observed  that  this  intention  will  succeed 
only  when  the  different  columns  can  be  moved  to  their  stations  with 
great  rapidity,  for  if  the  enemy  has  time  to  perceive  the  manoeuvre  he 
will  not  fail  to  take  measures  to  counteract  it.  The  Echelons  must 
always  be  so  near  one  another  as  to  allow  them  to  be  mutually  sup- 
ported, yet  not  so  near  to  the  enemy  as  to  be  in  danger  of  being  forced 
into  action.  In  order  to  explain  the  process  of  turning  an  enemy's 
position,  let  it  be  supposed  that  the  left  wing  (b)  of  his  line  is  in  a 
plain,  and  not  well  protected  by  works,  and,  consequently,  Uiat  it  may 
be  turned,  while  the  right  wing  (a)  is  covered  by  woods.  Strong 
columns  are  formed  at  h  in  order  to  perform  the  manoeuvre  of  turning 
the  flank  b.  The  divisions  at  n  and  p  constitute  the  centre,  and  may 
be  supposed  to  be  on  elevated  ground,  so  as  to  be  refused  to  the 
enemy ;  while  Q  may  consist  of  a  small  division  extended  along  the 
skirts  of  the  wood  merely  to  keep  the  enemy  in  check. 

Should  the  enemy  reinforce  his  left,  B,  by  drawing  troops  from  hia 
right,  A,  and  should  this  circumstance  become  known  after  the  troops 
M  have  set  out  on  their  march  towards  B,  the  infantry  of  the  column 
M  may  then  change  their  route  and  proceed  towards  v  and  r,  conceal- 
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ing  their  strength  as  much  as  possible  by  passing  through  woods  and 
hollow  ways,  if  such  there  be,  while  the  cavalry,  supported  by  some 
infantry  in  a  village,  as  at  i,  move  towards  H  as  before,  in  order  to 
deceive  the  enemy.  The  central  columns  p  and  n  then  move  towards 
their  left,  and  imite  wiUi  the  trooops  Q  to  attack  the  wing  a.  Thus 
the  disposition  of  the  army  is  completely  changed :  and  if  the  change 
is  effected  with  rapidity,  the  enemy  might  not  have  time  to  reinforce 
the  wing  a  before  it  would  be  turned.  If  the  troops  in  the  wing  B 
were  to  advance  to  attack  the  central  colunms  at  p  and  n,  and  these 
were  to  retire,  those  troops  would  be  unable  to  produce  any  effect,  as  it 
would  be  necessary  to  recall  them  in  a  short  time  on  account  of  the 
danger  then  threatening  the  right  wing. 

This  is  nearly  what  took  place  at  the  battle  of  Leuthen  (1757),  when 
the  king  of  Prussia  advancing  against  the  Austrian  army,  made  demon- 
strations as  if  he  would  attack  their  right  wing.  Marshal  Daun,  though 
for  a  time  he  suspected  the  feint,  was  at  length  deceived,  and  sent  all 
his  reserves  to  strengthen  that  wing :  the  king  observing  this,  pro- 
ceeded immediately  to  execute  an  oblique  attack ;  for  which  purpose  his 
columns  moved  rapidly  to  Uie  right  and  deployed  on  the  left  wing  of 
the  Austrians ;  this  wing  gave  way,  and  the  right  wing  wheeling  up  to 
attack  tiie  Prussians'  left,  the  two  armies  were  brought  into  parallel 
positions.  These  movements  produced  in  the  Austrian  line  disorder, 
and  openings  by  which  the  Prussian  cavalry  penetrated  and  took  pos- 
session of  the  village  of  Leuthen :  the  Austrians  rallied  twice  after- 
wards, but  they  were  finally  obliged  to  retreat.  At  the  battle  of 
Albuera  (1811)  the  French  general  at  first  moved  his  oolunms  as  if  he 
intended  to  attack  the  left  of  the  allies,  but  soon  causing  them  to 
change  the  direction  of  their  march,  he  rapidly  placed  nearly  two- 
thirds  of  his  army  in  order  of  battle  perpendicular  to  the  right  of  the 
British  line.  By  this  movement  the  idlies  were  obliged  to  change 
their  front,  and,  as  this  was  done  under  a  heavy  fire,  the  enemy  was 
upon  them  before  they  had  time  to  complete  the  new  formation. 

When  an  army,  in  the  position  a  b,  is  attacked  on  one  wing,  as  b,  by 
the  corps  ic,  and  is  in  danger  of  being  turned,  it  may  endeavour  to 
prevent  the  success  of  the  manoeuvre  by  throwing  back  that  wing  in  a 
direction  B  c,  parallel  to  that  of  the  attacking  corps,  M  :  this  is  called 
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forming  the  army  en  potenee;  the  angle  b  is,  however,  weak,  for  the 
troops  m  B  0  by  faUing  back  may  become  crowded  and  disordered ;  a  b 
may  become  exposed  to  a  raking  fire  from  h,  and  bo  to  a  like  fire  from 
troops  at  N.  It  is  evident,  however,  that  M  cannot  now  turn  the  flank 
B  0  without  making  a  circuitous  movement,  by  which  it  may  become 
separated  from  the  rest  of  its  line :  and  if  the  army  a  B  is  strong 
enough,  it  may  form  a  line  parallel  to  the  direction  of  o  b.  By  sudi  a 
movement  the  parallel  order  would  be  restored,  and  the  wing  a  might 
even  be  made  to  turn  the  left^  Q,  of  its  opponent :  this  should  of  course 
be  attempted,  as  the  return  to  a  parallel  order  of  battle  leads  to  no 
useful  result  In  order  to  effect  it,  the  division  bo  should  retire 
gradually,  while  the  brigades  in  ab  wheel  back,  in  order  to  keep  in 
connection  with  it;  at  the  same  time  the  brigades  at  a  wheel  to  their 
front  so  as  to  form  the  new  line  aV,  in  a  diiraction  oblique  to  that  of 
Q,  Pf  w. 

An  attack  on  an  enemy's  line  is  often  made  by  a  strong  division 
drawn  up  in  one  column  for  the  purpose  of  forcing  its  way  through  the 
line  at  some  point  where  it  appears  to  be  weak,  and  thus  compel- 
ling the  different  corps  to  retire  that  they  may  not  be  separately  over- 
whelmed. This  is  the  mode  of  attack  which  was  practised  with  so 
much  success  by  Napoleon  against  the  Continental  armies,  but  which 
failed  when  attempted  against  the  British  troops,  both  in  Spain  and  at 
Waterloo. 

It  is  adopted  when  an  attack  is  to  be  made  on  an  enemy  behind 
retrenchments,  in  which  case  the  troops  move  as  much  as  possible 
towards  the  salient  angles  of  the  work  in  order  to  avoid  the  direct 
fire;  it  is  also  necessaiy  when  the  ground  only  permits  the  troops 
to  advance  on  a  narrow  front,  as  in  defiling  through  a  ravine;  in 
fact)  if  an  enemy's  position  have  obstructions  in  its  front,  it  must 
necessarily  be  attacked  in  columns  if  at  all.  The  columns  should  be 
connected  with  each  other  by  bodies  of  ligjbt  troops,  and  the  attack 
should  be  made  with  a  view  of  separating  a  wing  of  the  enemy  from 
his  main  body. 

Hie  attack  in  column  possesses  some  advantages  over  one  made  by 
troops  deployed  in  line  while  the  men  remain  steady  in  the  colunm ;  for 
the  enemy  is  intunidated  by  the  sight  of  a  vast  body  coming  agamst 
him,  while  the  assailants  feel  confidence  from  their  union.  A  rapid 
Buecesnon  of  efforts  directed  against  troops  in  a  slender  line  will  auo. 


in  general,  succeed  in  breaking  their  order;  but  there  are 
cumstances  which  more  than  counterbalance  these  advantages : 
the  advance  over  uneven  ground  the  men  lose  their  ranka  and  t^- 
into  confusion ;  the  flanking  fire  of  the  enemy's  artilleiy  makes  gre^: 
havoc  among  the  crowded  masses,  and  the  columns  can  only  opf*>^ 
this  fire  by  an  irregular  fire  from  its  sides ;  disorder  then  ensues,  ths 
commands  of  the  officers  are  no  longer  regarded,  and  an  attempt  Uf 
deploy  for  the  purpose  of  making  an  attack  in  line  only  complete*  iLt 
disoi^ganisation.  An  attack  in  column  can  indeed,  scarcely  sacce»=-i 
unless  it  were  preceded  by  a  heavy  fire  of  artillery :  this  will  pat  the 
enemy's  line  in  disorder ;  and  in  tiie  event  of  forcing  ity  the  or>lnni"; 
Tos^  then  be  deployed  in  order  to  secure  its  advantages. 

if  a  line,  nearly  equal  in  strength  to  that  of  the  opponent,  on 
attacked  in  column,  were  to  stand  firmly,  it  is  probable  that  the 
would  faU ;  and  even  if  the  line  were  penetrated,  the  troops,  by  form- 
ing themselves  in  hollow  squares,  disposed  chequer-wise,  bo  that  their 
fixiBS  may  cross  on  the  ground  in  their  front,  have  invariably  been 
found  capable  of  resisting  the  efforts  of  the  assailants.    This  last  ma- 
noeuvre was  recommend^  by  Oeneral  Jomini,  and  was  for  the  first 
time  employed  at  the  battle  of  Aspem,  in  1809.    In  that  action  Kap-w 
leon,  perceiving  the  Austrian  line  to  be  weakened  in  the  centre,  o^ieT>^i 
it  to  be  attacked  by  the  whole  corps  of  Marshal  Lannes,  which  for  thi^ 
purpose  was  drawn  up  in  one  great  column.    The  column,  preceded  by 
artillery,  advanced  rapidly,  and  succeeded  in  penetratiii^  the  line. 
The  troops  in  that  part  gave  ground,  but  forming  themselves  in  squares, 
they  resisted  all  the  efforts  of  the  French  cavalry  to  disperse  them, 
while  the  wings  of  the  army  closing  upon  the  flanks  of  the  colunm. 
poured  into  it  a  destructive  fire  of  artillery,  which  at  length  f oroeti  ic 
to  retire  in  confusion  between  the  two  fortified  villages  which  supported 
its  wings.    The  attack  of  the  French  at  the  batUe  of  Wagram  had» 
however,  complete  success :  the  Austrians,  being  doubtful  of  the  pr^ 
cise  spot  at  which  Napoleon  would  cross  the  Danube,  had  very  widely 
dispersed  their  troops;  the  centre  of  their  line  was  particularly  weak, 
and  against  this  part  the  French  emperor  determined  to  direct  a  denae 
column.  This  was  composed  of  the  reserve  of  the  army,  and  the  chai^ge 
was  preceded  by  a  heavy  cannonade,  which  still  further  di^iersed  the 
Austrian  troops.    The  armv,  being  thus  broken,  was  compelled  to 
retreat    At  the  battle  of  Talavera  (1800),  the  French  in  strong  columns 
attacked,  at  the  same  time,  the  centre  and  both  wings  of  the  British 
line.    The  latter  was  drawn  up  three  deep,  and  its  fire  of  musketiy 
and  artillery,  directed  against  the  heads  and  flanks  of  the  oolunms, 
aided  by  charges  of  cavury,  drove  the  enemy  back  with  great  slaughter. 
An  inducreet  pursuit  made  by  the  Guards  was  the  cause  of  much  dis- 
order in  Uie  centre ;  and  the  enemy  returning  to  the  chaise,  that  part 
of  the  line  was  completely  broken ;  but  fresh  troops  being  ordered  up 
to  tiie  spot,  their  fire  kept  the  enemy  in  check  till  the  disordered 
troops  rallied,  and  the  artillery  continuing  to  play  on  the  flanks  of  the 
enemy's  columns,  the  latter  at  length  gave  way. 

The  success  of  an  action  in  often  promoted  by  sending  out  a  detadi- 
ment  with  directions  to  fall  on  the  flanks  or  rear  of  the  enemy  during 
the  engagement.  The  sudden  appearance  of  a  body  of  troops  in  such  a 
situation  cannot  faU  to  produce  embarrassment  in  the  army  which  is 
attacked,  and  to  diminish  the  eneigy  of  its  operations  towards  the 
front.  On  the  other  hand,  there  is  some  danger  in  sending  out  large 
detadiments  from  an  armv,  as  it  is  seldom  possible  to  sfford  them  due 
support ;  and  therefore  they  may  be  cut  off  by  the  enemy.  The  dis- 
tance which  the  detachment  has  to  march,  together  with  the  state  of 
the  roads  on  which  it  must  move,  should  be  ascertained  with  precision, 
in  order  that  it  may  be  at  the  appointed  post  at  a  seasonable  moment ; 
and  such  determinations  are  very  imcertain,  particularly  if  the  corps 
has  to  make  a  great  drcuit  It  almost  always  happens  that  the  de- 
tachment arrives  too  late  for  the  accomplishment  of  the  object ;  and 
this  was  the  case  with  a  detachment  sent  by  the  king  of  Prussia  during 
the  action  at  Torgau  (1760),  with  a  view  of  turning  the  left  of  the 
Austrians,  and  cutting  off  their  retreat 

Detachments  are  however  constantly  sent  out  to  protect  the  parties 
reconnoitring  a  country,  to  guard  a  convoy,  or  to  support  a  foraging 
party.  In  these  cases  its  object  is  less  to  fight  than  to  cover  a  retreat ; 
therefore  the  troops  advance  with  circumspection,  and  retire  when  the 
enemy  appears  in  superior  force.  During  the  war  in  Spain  (1^13), 
Colonel  (Sir  fVederiok)  Adam  having  been  detached  to  occupy  a  post 
at  Ordal,  ten  mUes  in  advance  of  the  army  under  Lord  William  Ben- 
tinck,  in  Catalonia,  was  suddenly  attacked  by  the  French  army,  and 
his  troops  dispersed.  This  misfortime  is  ascribed  to  neglect  in  not 
having  placed  outposts,  by  which  warning  might  be  obtained  of  the 
enemy's  approach. 

An  army  which  gains  an  advantage  over  its  adversary  is  always  more 
or  less  deranged  by  the  action,  and  it  is  necessary  that  it  should  endea- 
vour to  recover  its  order  preparatory  to  receiving  the  second  line  of 
the  enemy,  should  the  latter  advance  to  renew  the  combat  On  the 
enemy  retiring,  the  first  line  of  the  victorious  army  advances,  and  then 
the  second  line  follows  it  in  order  to  support  it,  sending,  if  necessary, 
battalions  or  squadrons  to  replace  such  as  have  been  most  disordered 
during  the  action.  In  the  event  of  the  second  line,  or  reserve,  of  the 
enemy  being  defeated,  since  then  there  is  no  apprehension  that  the 
action  will  be  continued,  companies  of  troops  may  be  detached  in  pur- 
suit of  the  retreating  army ;  but  every  precaution  should  be  taken  to 
keep  them  wiUiiii  the  support  of  the  main  body,  and  particularly  to 
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prevenfc  the  troops  from  dlspendDg  for  the  purpose  of  plundering  the 
country.  The  advance  of  the  whole  army  in  pursuit  leiiould  continue 
BO  long  only  as  it  can  be  conducted  with  order^  and  in  maflses  strong 
enou^  to  oppose  the  enemy  if  his  troops  should  rally  in  a  good 
position.  If  disorder  should  take  place  among  the  pursuers,  the  latter 
should  be  made  to  fall  back  on  the  reserves:  the  pursuit  of  a 
retreating  army  can,  indeed,  be  seldom  continued  beyond  the  first  ele- 
vated ground  at  which  the  latter  may  arrive;  since,  however  little 
discipline  it  may  preserve,  it  may  there  rally  and  return  to  the  order  of 
battlo.  The  consequ^ces  of  the  actions  at  Jena  and  Waterloo  are 
exceptions  to  this  rule,  because  the  vanquished  armies  were  at  those 
places  too  completely  disorganised  to  allow  them  to  make  any  attempt 
to  rally. 

When  the  success  of  an  action  begins  to  be  doubtful,  and  it  is  appre- 
hended that  the  army  must  retreat,  some  of  the  heaviest  artillery 
should  be  drawn  off  to  a  good  position  on  heights,  or  behind  streams  or 
hollow  ways,  while  the  lighter  artillery  remains  engaged.  The  first 
line  of  the  defeated  troops  is  then  made  to  pass  through  the  intervals 
of  the  second,  or  of  the  reserve,  while  the  latter  continues  the  action. 
The  first  line  should  remiun  in  order  of  battle  in  rear  of  the  second, 
till  the  latter  is  enabled  to  retire ;  and  this  alternate  retreat  of  the 
lines  should  be  continued  till  the  army  can  be  thrown  into  columns  of 
march,  when  the  retreat  may  be  protected  by  detachments  of  light 
troops.  In  general  the  retreat  should  be  made  in  one  body,  as  thus  it 
can  more  easily  protect  itself  against  the  enemy  in  pursuit.  If,  how- 
ever, the  centre  is  broken,  the  army  may  be  obliged  to  retire  by  differ- 
ent and  even  by  diverging  routes ;  and,  provided  there  are  in  the  rear 
strong  posts  by  which  it  may  be  protected,  the  risk  of  being  cut  off 
during  such  a  retreat  is  small. 

When  there  are  narrow  defiles  in  rear  of  the  field  of  battle,  the 
retreat  through  them  becomes  extremely  dangerous,  for  the  army  may 
be  overtaken  before  it  can  get  through ;  and  if  they  are  already  occu- 
pied by  the  enemy's  detachments,  the  retiring  army  may  be  anniiii- 
lated  or  compelled  to  surrender.  It  has  been  observed  that  the  situation 
of  the  British  army  at  Waterloo  would  have  been  very  critical  if  it  had 
been  compelled  to  retreat ;  this  criticism,  however,  is  hardly  just. 
The  Britidi  army  had  good  roads  to  retire  bv,  and  the  open  forest  in 
rear  would  have  been  an  admirable  position  for  defending  the  rear  of 
the  retreating  columns.  In  order  to  pass  a  defile  in  safety,  it  ought  to 
be  previously  occupied  by  troops :  artillery  and  a  reserve  corps  should 
also  be  stationed  so  as  to  defend  the  approaches  on  the  xulvance  of  the 
enemy  towards  them. 

If,  when  not  in  action,  an  army  is  to  retreat  from  a  position  which 
it  occupies,  the  movement  is  usuallv  concealed  from  the  knowledge  of 
the  enemy,  and,  for  this  purpose,  it  frequently  takes  place  at  night. 
On  puch  occasions  the  outposts  remain  at  their  stations  as  long  as 
possible ;  and  fires  are  left  burning  on  the  ground,  as  if  the  army  were 
still  in  the  position :  after  it  is  du-k  the  main  body  moves  off,  and  the 
rest  of  the  troops  follow  by  degrees. 

The  approach  of  winter,  and  the  necessity  of  taking  repose  after  the 
fatigues  of  a  campaign,  render  it  necessary  for  armies,  whether  on  the 
defensive  or  otherwise,  to  take  up  positions  where  they  mayremain  during 
the  season  of  inaction.  These  positions,  called  winter-quarters,  should 
be  chosen  by  the  commander  of  the  army  on  the  offensive,  so  that  he 
may  be  able  to  preserve  the  gro\md  which  he  has  gained ;  and  by  him 
who  is  on  the  defensive,  so  as  to  be  secure  against  the  attacks  of  the 
enemy.  The  principles  by  which  a  choice  of  quarters  is  determined 
are  the  same  as  those  which  I'egulate  the  occupation  of  ground  for  a 
field  of  battle.  The  quarters  should  be  covered  in  front  and  on  the 
flanks  by  rivers  or  other  natural  impediments  to  the  approach  of  an 
enemy,  or  by  forts  constructed  for  defence. 

A  great  extent  of  ground  in  front  is  therefore  a  disadvantage,  as 
some  part  may  be  ill-guarded,  and  liable  to  be  surprised,  and  the  troops 
will  be  too  much  disseminated.  If  it  is  traversed  by  great  roads  per- 
pendicular to  its  front,  it  ia  also  disadvantageous,  as  the  enemy  may 
then  easily  march  into  the  quartern 

Several  battalions  of  infantry  and  squadrons  of  cavaliy  are  quartered 
in  villages  along  the  front  of  the  position ;  the  whole  or  a  division  of  a 
company  or  of  a  squadron  at  each  place :  these  posts  may  be  strength- 
ened by  redoubts,  palisades,  or  abatis;  retrenchments  also  should  be 
executed,  to  defend  roads  by  which  the  enemy  may  approach,  and 
bridges  over  the  streams  should  be  destroyed.  The  troops  in  each 
of  these  stations  furnish  the  men  necessary  to  constitute  the  advanced 
posts  of  the  chain.  A  stronger  force  should  occupy  villages  and  towns 
within  the  first  chain,  and  from  these  are  sent  such  bodies  of  troops  as 
may  be  requisite  to  support  those  in  their  fronts  The  great  body  of 
the  troops  ought  to  be  near  a  central  point  of  the  position,  in  order 
that  succours  sent  from  that  body  may  easily  reach  any  part  that  may 
be  threatened. 

When  an  army  is  in  quarters,  there  are  established  alarm-poets,  at 
which  the  troops  should  be  appointed  to  assemble.  These  are 
frequently  in  l^e  vicinity  of  a  fortress,  that  the  corps  may  be  protected 
by  the  latter  tiU  all  have  assembled;  but  they  should  be  in  command- 
ing situations,  that,  in  the  event  of  the  enemy  attempting  a  surprise, 
his  movements  ma^  be  easily  seen.  Each  division,  or  corps  of  the 
army,  should  have  its  own  alarm-posts,  and  there  should  be,  besides, 
the  general  place  of  rendezvous  for  the  whole  army :  the  latter  place 
should  be  so  situated  that  all  the  divisions  may  be  drawn  up  there  I 
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before  the  enemy  could  arrive  at  it,  and  it  should  bo  protected  by  a 
fortress  which  may  contam  the  provisions  for  the  support  of  the 
troops. 

A  system  of  signals,  for  day  or  night,  is  determined  on,  by  which 
intelligence  may  be  conveyed  to  all  the  different  posts,  of  the  approach 
of  the  enemy*  Should  an  alarm  be  given  by  any  outpost  of  the  chain, 
the  bodies  of  troops  which  are  appointed  to  support  tiiat  post  take 
arms,  attach  the  horses  to  the  artillery,  uid  prepare  to  march  imme- 
diately to  the  point  of  danger ;  but  the  judgment  of  the  commander, 
and  the  information  which  he  may  receive  from  spies  or  deserters, 
must  enable  him  to  form  an  opinion  whether  a  demonstration  made  by 
the  enemy  is  true  or  false. 

(Bulow,  Esprit  du  SytU^tM  de  Ouerre  Modems,  1801;  Ghubert, 
(Euvrti  MUUairet,  1803;  Jomini,  PrieU  de  VAH  de  la  Ouerre  ou 
NouxeoM  TaibUau  AruUytique  ;  Rogniat^  Connd^atums  tw  VArt  de  la 
Ouerref  1817;  Lallemand,  TraiU  dee  OpSraHone  Sec&ndaires  de  la 
Chterre,  1825;  Tates,  Elementary  TreaUeei  <m  Taetiee  and  Strategy) 

WARD,  WARDEN,  that  is,  "guard"  and  "guardian.-  Ward  is 
the  name  used  in  the  counties  of  Durham,  Westmoreland,  and  Cum- 
berland, instead  of  the  hundred  of  the  midland  oounties  or  the  wapen- 
take of  Yorkshire,  to  denote  a  subdivision  of  those  shires.  The 
neighbourhood  of  those  border  counties  to  the  Scots  rendered  it 
essential  that  the  military  preparation  of  the  izdiabitanta  should  be 
constant ;  and  hence  the  subdivision  of  the  county  took  the  warlike 
appellation  of  ward,  rather  than  the  more  peaceful  one  of  hundred. 
The  great  ofiBoers  whose  duty  it  was  to  defend  the  northern  borders 
from  the  Soots,  and  the  north-western  from  the  Welsh,  were  called 
lord-wardens  of  the  marches  [Marohbs]  ;  and  we  still  have  the  lord- 
warden  of  the  Cinque  Ports,  the  lord-weoden  of  the  Stannaries.  To 
descend  to  a  lower  class  of  functionaries,  a  castle  or  tower  was  hereto- 
fore often  called  a  ward ;  and  it  served  as  a  place  not  only  of  defence, 
but  also  for  the  safe  keeping  of  malefactors :  hence  the  keepers  of  some 
jails  are  called  wardens ;  for  example,  the  keeper  of  the  Fleet  prison, 
until  it  was  abolished,  was  called  warden.. 

Forests  were  divided  into  wards.  By  the  Municipal  Reform  Act 
(5  &  6  Will  ly.,  c.  76,)  cities  and  boroughs  are  divided  into  wards, 
each  of  which  has  the  right  of  electing  an  alderman  and  a  certain 
number  of  council-men.    [Municipal  Cobfobations.] 

WARDS,  COURT  OF.  The  Court  of  Wards  and  Liveries  was 
established  by  the  statute  82  Henry  YIIL,  a  46,  to  superintend  the 
inquests  whidi  were  held  after  the  death  of  any  of  the  king's  tenants 
by  knight's  service,  for  the  purpose  of  ascertaining  what  lands  the 
tenant  died  seised  fA,  who  was  his  heir,  whether  the  heir  was  an  infant ; 
and  thus  what  rights  accrued  to  the  khig  in  the  shape  of  relief,  primer 
seisin,  wardship,  or  marriage. 

By  .the  famous  statute  passed  in  the  first  Parliament  of  Charles  II. 
(12  Charles  II.,  c.  24),  the  Court  of  Wards  was  abolished,  together 
with  the  feudal  rights  out  of  which  that  court  arose.  The  preamble  of 
the  statute  states  that  it  had  been  intermitted  since  Feb.  24, 1645. 

[GUABDIAN.] 

WAREHOUSING  SYSTEM  is  a  customs'  regulation,  by  which 
articles  of  import  may  be  lodged  in  public  warehouses  at  a  moderate 
rent,  not  being  chai^geable  with  duty  imtil  they  are  taken  out  for  home 
consumption,  and  being  exempt  from  duty  if  re-exported.  It  affords 
valuable  facilities  to  trade,  is  beneficial  to  the  consumer,  and  ultimately 
to  the  public  revenue.  Where  no  such  system  exists,  the  merchant 
must  either  pay  the  duty  on  every  article  immediately  it  is  landed,  or 
must  enter  into  a  bond  with  surenes  for  payment  at  a  future  time.  li 
he  pays  at  once,  he  is  obliged  to  advance  a  large  capital,  on  which 
interest  must  be  chai^ged  to  the  consumer  until  the  goods  be  sold ;  or 
he  must  effect  an  immediate  sale,  perhaps  at  an  inadequate  profit,  or 
even  at  a  loss,  in  order  to  raise  the  funds  necessary  to  pay  tne  duty. 
If  he  wishes  to  defer  the  payment  until  the  market  shall  offer  an 
advantageous  sale,  he  may  find  it  difficult  to  induce  persons  to  become 
his  sureties,  and,  when  he  has  succeeded,  he  mav  involve  them  in  ruin. 
The  natural  result  of  these  difficulties  is,  that  none  but  wealthy 
capitalists  can  import  articles  on  which  heavy  duties  are  chained,  and  a 
monopoly  is  thus  established,  to  the  great  injury  of  the  consumer. 
The  immediate  payment  of  customs'  duties  also  obstructs  the  carrying 
tiade  of  a  country,  by  making  the  re-exportaftion  of  articles  more 
troublesome  as  weU  as  expensive. 

The  first  British  statesman  who  proposed  a  remedy  for  these  evils 
was  Sir  Robert  Walpole,  in  his  celebrated  Excise  scheme,  in  1733. 
His  object  was  to  umte  the  Excise  laws  with  those  of  the  customs  as 
regarded  .wines  and  tobacco,  and  to  charge  a  small  duty  immediately 
on  importation,  and  the  remainder  on  being  removed  from  the  Excise 
warehouses  for  home  consumption.  Speaking  of  tobacco,  he  thus 
explained  his  proposal :— "  If  the  merchant's  market  be  for  exportation, 
he  may  applv  to  his  warehouse-keeper,  and  take  out  as  much  for  that 
purpose  as  ne  has  occasion  for,  which,  when  weighed  at  the  custom- 
house, shall  be  discharged  of  the  three  farthings  per  pound  with  which 
it  was  charged  upon  importation ;  so  that  uie  merchant  may  then 
export  it  wiUiout  any  further  trouble.  But  if  his  market  be  for  home 
consumption,  that  he  shall  then  pay  the  three' farthings  chai^ged  upon  it 
at  the  custom-house  upon  importation ;  and  that  uien,  upon  calling 
his  warehouse-keeper,  he  may  deliver  it  to  the  buyer,  on  paying  an 
inland  duty  of  4^.  per  pound  to  the  proper  officer  appointed  to  receive 
the  same."    WiUpole  clearly  foresaw  the  advantages  of  his  scheme  to 
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the  canying  trade.  "  I  am  oertam,**  he  said,  "  that  it  will  be  of  great 
benefit  to  the  revenue^  and  will  tend  to  make  London  a  free  port,  and, 
by  consequence,  the  market  of  the  world«"  This  wise  plui,  unfor^ 
tunately  for  English  oommerce,  was  not  permitted  to  be  carried  into 
effect. 

The  advantages  of  the  warehousing  system  were  most  f  oroibly  pointed 
out  by  Dean  Tucker  in  1748,  in  ms  '  Essay  on  Uie  Advantages  and 
Disadvantages  which  respectively  attend  Great  Britain  and  France  with 
respect  to  trade/  and  afterwards  by  Adam  Smith,  in  his  '  Wealth  of 
Nations ; '  but  it  was  not  established  before  1808  (43  Geo.  III.,  c  182). 
The  acts  by  which  warehousing  is  now  regulated  are  the  8  and  4  WilL 
IV.,  c.  57  ;  4  and  6  WilL  IV.,c.  89 ;  and  6  and  7  Will.  IV.,  c  60. 

The  main  objection  to  Sir  Robert  Walpole's  scheme  was  that  the 
warehousing  was  compulsory,  but,  under  tne  existing  law,  it  is  at  the 
option  of  the  importer.  Amongst  other  privileges  enjoyed  by  tiie 
merchant,  he  may  remove  an^  merchandise  from  one  port  to  another, 
either  by  sea  or  inland  carnage,  to  be  warehoused  again.  A  com^ 
mittee  of  the  House  of  Conmions  reported, in  1840,  "that  the  privilege 
of  having  bonding  warehouses  may  be  conceded  to  inland  towns,  under 
due  restricUons  and  regulations,  with  advantage  to  trade  and  safety  to 
the  revenue.  An  Act  (7  &  8  Vict,  c.  81)  confeind  ^is  privilege 
upon  Manchester.  Since  then  the  power  of  appointing  warehousing 
ports  has  been  conferred  on  the  Treasury  hv  the  Customs  Consolidation 
Act  of  1883 ;  and  a  similar  power  as  to  mland  towns  by  the  28  &  24 
Vict,  c.  86. 

The  advantages  of  warehousing  have  been  undemtood  in  various 
foreign  countries  as  well  as  in  England.  So  long  since  as  1664,  M. 
Tui^t  established  it  in  France;  but  it  was  discontinued  in  1668, 
except  for  merchandise  imported  from  the  East  and  West  Indies  and 
Guinea,  or  exported  thereto.  In  1805  the  system  was  re-established  in 
a  more  extensive  manner,  but  was  confined  to  certain  sea-ports,  until 
1832,  when  it  was  extended  to  several  of  the  principal  cities  in  the 
interior.  Warehousing  both  at  the  ports  and  at  certain  inland  towns 
IS  permitted  in  Holland.  In  Belgium,  Denmark,  and  most  other 
commercial  countries  the  system  has  also  been  adopted. 

WARMING  AND  VENTILATION.  References  having  been 
made  from  Smoke,  Stove,  and  Ventilation  to  the  present  article,  it 
will  be  desirable  here  to  glance  rapidly  at  the  principal  modes  em- 
ployed for  warming  and  ventilating  buildings  generally. 

Open  Jlre-placa.~-A.  **  cheerful  English  fire "  is  associated  with  so 
many  ideas  of  comfort  and  social  enjoyment  that  we  are  apt  to  forget 
how  dearly  we  pay  for  it  Dr.  Franklin  and  Count  Rumf ord  did  some- 
thing to  call  attention  to  the  subject,  but  Dr.  Amott  has  done  more. 
In  order  to  understand  this  matter,  it  will  be  necessary  to  bear  in  mind 
that,  while  some  fire-places  or  stoves  give  out  heat  by  condMcium  ehiefly, 
others  do  so  mainl  v  by  radiation.  Open  fire-places  are  of  the  latter 
kind,  and  a  serious  loss  of  heating-power  results  from  the  arrangement 
The  burning  coals  radiate  heat  into  the  room,  and  another  portion  of 
heat  is  reflected  from  the  metallic  portions  of  the  grate;  but  the 
heated  air,  which  ought  to  contribute  to  the  desired  efibot,  is  mainly 
allowed  to  escape  up  the  chimney  with  the  smoke  and  other  results  of 
combustion. 

Dr.  Amott  enumerates  about  a  dozen  evils  which  are  more  or  less 
inseparable  from  the  familiar  open  fires  of  our  apartments.  Among 
these  are :  Wattt  of  /W.— There  is,  first,  the  heat  which  escapes  with 
the  smoke ;  then  the  current  of  warmed  air  from  tiie  room,  which 
ascends  the  chimney ;  and,  lastly,  the  valuable  fuel  contained  in  the 
smoke  itself.  From  all  these  causes  Dr.  Amott  estimates  a  loss  of 
seven-eighths  of  the  whole  heating-power,  while  Rumford  estimated  it 
as  high  as  fourteen-fifteenths— «ach  basing  his  conclusions  on  the  kind 
of  open  fire-place  chiefly  in  use  in  his  own  day.  Unequal  heating.^Jn 
a  cold  wintry  day,  when  seated  near  a  laxge  fire,  we  may  frequently 
hear  persons  complain  of  being  scorched  on  one  side  and  frozen 
on  the  other.  This  arises  from  the  ciroumstance  that,  as  most  of  the 
heat  received  from  an  open  fire  is  radiated  from  the  burning  fuel, 
instead  of  bemg  conducted  by  the  air,  this  heat,  rlimm^.y»-«g  in  inten- 
Bity  as  the  square  of  the  distance  increases,  is  very  unequal,  bemg  too 
great  at  a  small  distance,  and  too  weak  at  a  greater;  while  the 
draught,  or  current  of  cold  air  which  feeds  the  firo  with  oxygen,  acts 
like  a  chilling  blast  sffamst  the  side  of  each  person  or  object  which  is 
turned  away  from  the  fire.  Strata  of  air  umajuaUy  heated,— Beadn 
the  inequalitv  just  alluded  to,  there  u  another,  arising  from  this  dr- 
cumstance— that  the  entering  current,  being  colder  and  specifically 
heavier  than  the  air  previously  in  the  room,  occupies  the  lowest 
stratum,  and  subjects  the  ieet  to  a  cold  bath,  whi<i  is  frequently 
attended  with  bad  consequences.  Other  objections  are— the  imoke 
and  di«<  arising  from  the  use  of  open  fires;  ihelouof  Iiiim  attendant 
on  the  care  which  they  demand;  the  dai^ger  to  property  and  to  perwn 
which  accrues  from  them;  the  neceitUy  (untU  lately  supposed  to  be 
in^spensable)  ofemphffing  climbing  hojf$  ;  and  many  others. 

Many  contrivances  have  from  time  to  time  been  brought  f orwaid  to 
obviate  one  or  other  of  these  inconveniences.  Count  Rumford  sug- 
gested the  register-stove,  the  peculiarity  of  which  consists  in  wa- 
rowmg  the  entrance  or  throat  of  the  chimney  by  a  plate  which  can  be 
moved  to  vaiy  the  size  of  the  aperture;  by  this  means,  particularly  if 
the  openmg  be  near  the  fire,  the  very  hot  air  directly  from  the  fire 
enters  before  it  can  mix  with  much  colder  air  from  the  room,  and  thus 
the  draught  is  increased  so  as  to  lessen  the  chance  of  smolong.    But 


the  very  droumstanoe  which  constitutes  the  excellence  of  this  store, 
namely,  the  rapid  ascent  of  heated  air  up  the  chimninr,  illustrates  the 
waste  of  the  method  generally  by  showing  how  maoh  of  the  basting 
agent  is  lost  The  almost  interminable  varie^  of  open  fire-plaoes»  both 
in  the  form  of  the  giate  itself  and  in  that  of  the  opening  in  which  it  is 
placed,  have  been  mtroduoed  either  for  an  ornamental  purpose  or  lor 
the  prevention  of  smoking;  the  other  evils  enumerated  are  almost 
inseparable  from  the  system. 

Dr.  Amott,  in  1855,  published  a  volume  "  On  the  Smokelsss  fire< 
place,  Chimney-valves,  and  other  means,  old  and  new,  of  obtsliui^ 
healthful  Warmth  and  Ventilation."  His  diief  object  was  to  describe 
a  kind  of  open  stove  which  he  had  invented,  as  the  result  of  oombiiui^ 
many  principles  long  known,  but  only  in  part  acted  on.  In  this,  as  ia 
other  cases,  he  oenerously  threw  all  patent  privileges  aside,  and  soutght 
how  best  he  might  serve  the  public  generally.  The  chief  faults  of  opea 
fire-places  being  the  production  of  smoke,  waste  of  fuel,  unequal  hesHng, 
and  troublesome  management,  he  devised  a  plan  for  lessening,  if  nut 
proventing,  all  these  evils.  One  day's  cha^  of  fuel  is  suppJiad  at 
once,  in  a  box  beneath  the  grate.  The  ooal  is  borne  upwards,  whea 
wanted,  hv  a  moveable  false  bottom  in  the  box,  which  is  raised  caoly 
by  the  poker  as  a  lever,  with  notches  and  ratchets  to  retsin  the  false 
bottom  at  any  height  The  box  is  from  8  to  18  inches  deep,  and  con- 
tains from  201bs.  to  SOlbs.  of  fuel  In  warm  weather,  the  fire  is  kefft 
dull  by  not  raising  the  bottom  so  high  or  so  often  as  in  cold  weather. 
To  light  the  fire,  paper  and  wood  are  laid  on  the  coal ;  and  on  this 
three  or  four  inches  of  cinder  or  partially  coked  coaL  The^  wood  soon 
kindles  the  dnder,  and  the  pitcny  vapour  from  the  ooal  rises  throu^ 
the  wood-flame  and  dnder-flame,  ignites,  and  adds  to  the  beat,  without 
produdng  smoke.  It  is  important  that  no  air  should  pass  up  through 
the  coal-box ;  to  insuro  this,  the  false  bottom  moves  up  tightly.  The 
coal  only  bums  at  the  top,  but  it  keeps  a-light  with  great  tenscitj. 
Even  if  no  fuel  were  left  in  the  grate,  the  coal  in  tiie  box  would  buni 
gently  down^rards,  and  endure  through  a  whole  night  The  grate  is 
accompanied  by  an  improved  form  of  chimney-valve,  ftc.  Any  kind 
of  ooal,  culm,  or  coke  will  do.  A  room  may  be  kept  warm  all  night, 
by  leaving  the  valve  and  throat  of  the  chimney  only  a  little  open,  and 
thereby  drawing  away  only  a  little  of  the  warmed  air.  I>t,  Amott, 
having  tried  his  new  open  smokeless  fire-plaoe  in  many  wim,  has 
found  that  it  eaves  one-third  of  the  fuel,  cures  a  smoky  or  ill-rawing 
chimney,  ventilates  the  room  through  the  valve,  dijBfuses  the  heat  about 
the  room,  requires  no  tending  for  twelve  hours  together,  rendets 
chimney-sweeping  unnecessary,  and  calls  for  very  little  personal  attend- 
ance. We  may  add  that  Dr.  Amott  combats  an  opinion,  now  reiy 
prevalent,  that  a  modem  law  grate  wamu  the  floor  of  a  room  better 
than  one  of  greater  height  In  the  usual  position  of  a  hearth-rug, 
more  heat  comes  down  upon  it  if  the  grate  be  moderately  high.  If 
the  grate  be  low,  hardly  any  heat  ffrilet  it ;  it  merely  passes  horinm- 
tally  over  it,  while  cold  air  roshes  along  the  floor  in  the  opposite 
direction,  on  its  mtj  to  feed  the  fire. 

CUm  Stovei, — ^The  common  Dutch  stove  is  one  of  the  simplest 
examples  of  a  close  stove.  It  generally  consists  of  a  cylindrical  case  of 
sheet  iron,  within  and  near  the  bottom  of  which  is  a  grating  for  con- 
taining the  fuel  There  is  an  ash-pit  beneath  the  grating,  and  three 
openings  to  the  interior — one  to  the  ash-pit,  one  for  introducing  the 
fuel  above,  and  one  leading  to  a  flue  or  chimn^.  When  the  fuel-door 
is  closed  and  the  ash-door  open,  tiiere  is  then  one  aperture  by  whidi 
cold  air  can  enter  to  feed  the  combustion,  and  another  by  wmeh  the 
smoke  can  escape.  In  this  form  of  stove  the  heated  iron  case  warms 
the  air  of  the  room  by  eonduetion  rather  than  radiation,  and  all  this  air 
becomes  much  more  nearly  equalised  in  temperature  than  by  a  common 
fire.  There  is  also  great  economy  of  fuel,  and  an  absence  of  smoke  and 
dust  On  the  other  hand,  inconvenienoe  arises  from  the  highly  heated 
iron,  the  temperature  of  which  ib  so  great  as  to  decompose  many  of  the 
heterogeneous  partides  iJways  floating  in  the  air.  Tne  air  acquires  a 
burnt  and  sulimureous  odour ;  it  exerolses  a  dxy  and  shrivdliog  effect 
on  objects  in  the  room ;  and  it  often  gives  headache  and  giddiness  to 
those  who  are  exposed  to  it  In  Germany  the  stoves  are  made  on  this 
principle,  but  are  often  more  ornamental  in  their  eharaoter. 

The  Russians  contrive  their  dose  stoves  on  a  different  prindple. 
Earthenware  and  brickwoilc  are  laxgdy  used,  instead  of  metal,  as  a 
means  of  making  the  heat  less  intense  near  the  stove,  and  of  keeping 
up  a  reservoir  of  heat  after  the  flre  is  extinguished.  The  stove  is 
built  in  a  massive  style,  and  consists  of  a  series  of  diambers,  of  which 
the  lowest  serves  as  Uie  fire-plaoe,  and  the  upper  ones  as  flues ;  and 
being  composed  almost  entirely  of  brick  and  porcelain,  the  outer  surface 
remains  at  a  moderate  temperature  for  a  very  long  period. 

Within  the  last  thirty  years  many  forms  of  stove  have  been  devised, 
with  the  view  of  obviating  some  of  the  objections  urged  against  those 
used  on  the  Continent  Where,  as  in  a  common  Qerman  or  Dutch 
stove,  the  burning  f ud  comes  in  contact  with  the  metal  of  which  the 
stove  Ib  formed,  this  metal  becomes  so  highly  heated  as  to  produce 
upon  the  surrounding  air  the  ddetwious  efifects  before  alluded  ta  I>r. 
Amott  has  the  merit  of  having  drawn  attention  in  a  particular  manner 
to  this  subject  The  problem  which  Dr.  Amott  sought  to  solve  was, 
to  obtain  a  considerable  extent  of  surface  heated  not  much  above  200^, 
as  a  means  of  warming  apartments.  He  first  caused  a  kind  of  water- 
stove  or  tank  to  be  constructed,  having  a  fire-box  in  its  centre ;  and  by 
certlkin  arrangements  for  the  admiwon  of  air  and  the  emission  of 
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smoke,  he  kept  the  water  always  nearly  at  the  boiling  temperature. 
This  apparatus  being  howeyer  both  expensive  and  difficult  to  manage, 
he  dispensed  with  the  water,  and  surrounded  the  fire  merely  with  a 
body  of  air.     In  the  new  form  of  stoye,  the  fuel  is  put  into  a  small 
fire-box,  enclosed  within  a  larger  case  of  sheet-iron ;  the  only  openings 
in  the  outer  case  being  a  door  at  which  the  fuel  is  introduced,  an  air- 
hole beneath  the  grate,  and  a  chimney  for  the  exit  of  smoke,  which 
chimney,  being  merely  a  metallic  tube  three  or  four  inches  in  diameter, 
can  be  easily  arranged  in  position.    The  interior  of  the  outer  case  is 
nearly  divided  into  two  parts  by  a  partition  so  adjusted  as  to  cause  a 
continued  circulation  of  the  heated  air  within,  and  hence  an  equable 
heating  of  the  outer  case.    The  air- vent  leading  to  the  fire  is  provided 
with  a  valve,  by  which  the  admission  of  air  is  rendered  more  or  less 
abimdant  according  as  the  fire  within  is  less  or  more  intense.    It  was 
one  point  in  Dr.  Aniott's  system  to  make  the  stove  a  "  self-regulating  " 
one,  by  providing  apparatus  whereby  the  valve  would  open  and  shut 
at  the  proper  times  to  maintain  any  required  temperature ;  and  he 
suggests  six  or  eight  different  modes  of  arrangement,  from  which  the 
maker  of  the  stove  may  select  one.     Dr.  Amott  states  : — "  Duriog 
the  winter,  1886-7,  which  was  very  long  and  severe,  my  library 
was  warmed  by  the  thermometer-stove  alone.     The  fire  was  never 
extingmshedf  except  for   experiment,  or  to  allow  the  removal  of 
pieces  of  stone  which  had  been  in  the  coal ;  and  tins  might  have  been 
prevented  by  making  the  grate  with  a  moveable  or  shiftmg  bar.    The 
temperature  was  uniformly  from  60"  to  63^    I  might  have  made  it  as 
mudi  lower  or  higher  as  I  liked.    The  quantity  of  coal  used  (Welsh 
stone-coal)  was,  for  several  of  the  colder  months,  six  pounds  a  day ; 
less  than  a  ponnyworth,  or  at  the  rate  of  half  a  ton  in  the  six  winter 
months."    This  kmd  of  stove  possesses  many  advantages ;  but  it  is  not 
free  from  defects.    It  is  liable  to  the  objection  already  stated  with 
regard  to  the  unpleasant  feeling  consequent  on  the  use  of  all  stoves 
of  the  kind,  and  indeed  with  it  more  than  others ;  for  owing  to  the 
very  slight  expenditure  of  fucd,  there  is  little  or  no  change  in  the 
atmosphere. 

Numerous  varieties  of  the  close  stove,  bearing  more  or  lees  on  the 
above  construction,  have  been  brought  forward  suice  the  publication  of 
Dr.  Amott's  first  book  on  tlus  subject  in  1888.  Each  ^professes  to 
X>o8sess  some  peculiar  merit ;  but  all  present  these  features  m  common : 
that  Uie  air-hole,  by  which  the  combustion  is  fed,  is  veiy  small,  and 
capable  of  adjustment;  that  there  is  a  body  of  air  to  be  warmed, 
external  to  the  grate  or  fire-box  itself,  but  confined  within  an  outer 
case;  that  the  consumption  of  fuel  is  much  smaller  than  in  any 
variety  of  open  fire-places;  and  that  the  flue  for  carrying  off  the  smoke 
and  gases  is  small  iu  diameter,  and  capable  of  being  carried  in  any 
direction.  In  one  variety,  called  the  Vesta  stove,  there  is  a  very 
ingenious  arrangement  whereby  the  ashes  can  be  raked  from  the  grate 
into  an  ash-receiver,  and  new  fuel  thrown  into  the  grate,  without  any 
dust  rising  into  the  room,  or  any  air  entering  the  stove  except  through 
the  customary  air-vent.  In  the  different  forms  of  kitchen-ranges  the 
open  fire-plaoe  is  combined  with  what  may  be  deemed  a  dose  stove ; 
for  the  oven  and  hot-closet  are  representatives  of  the  heated  space 
within  the  outer  case  of  a  close  stove.  The  stoves  often  employed  in 
shops,  halls,  &c,  are  adjusted  not  so  much  for  the  economising  of  fuel 
as  for  ^e  consumption  of  their  own  smoke. 

Goi'Stovcs. — In  addition  to  the  use  of  gas  for  lighting,  described  in 
its  proper  place,  gas  is  now  extensively  employed  for  heating,  by  means 
of  stoves  of  various  kinds.  The  stoves  are  mostly  cylindrical  in  form, 
with  openings  at  the  top  and  bottom.  At  the  lower  end,  a  few  iuches 
above  the  floor,  is  a  ring-burner  pierced  with  numerous  minute  jet- 
holesL  The  top  has  frequently  a  sliding  valve  or  damper  to  regulate 
the  heat  The  details  vary  greatly  in  different  kinds.  Edwards  s  gas- 
stove  has  bulbous-shaped  burners  of  fire-resLsting  clay,  pierced  with 
numerous  smaU  holes.  Air  enters  through  a  lower  row  of  holes  and 
mixes  with  the  gas.  The  bulb  becomes  gradually  covered  with  a  thin 
yellow  flame.  Several  such  bulbs  are  combined  in  various  ways,  and 
arranged  to  form  cooking  and  heating  stoves.  One  form  of  this  stove, 
the  so-called  Atmopyre,  consists  maimy  of  small  cylinders  of  pipe-clay. 
Each  cylinder  is  from  two  to  four  inches  long,  and  perforated  with 
holes  jl^th  of  an  inch  in  diameter.  One  end  of  the  cylinder  is  flxed 
upon  a  gas-burner;  the  gas,  being  turned  on,  mixes  with  the  atmo- 
spheric air  in  the  cylinder ;  the  little  jets  which  penetrate  the  minute 
holes  are  ignited,  the  cylinder  becomes  red-hot,  and  presents  the 
appearance  of  a  solid  red  flame.  By  placing  many  such  cylinders 
within  another  of  larger  size  a  very  intense  neat  may  be  produced, 
applicable  to  manufacturing  purposes. 

Whatever  form  a  gas-stove  may  present,  its  assumed  advantages  are : 
a  comparative  freedom  from  dust  and  dirt;  a  saving  of  time  and  labour; 
facility  for  adjustingthe  temperature  of  a  room ;  and  economy  in  cost 
and  maintenance.  The  disadvantages  are  alleged  to  be :  a  division  of 
aqueous  vapour,  nitrogen,  and  carbonic  acid  gas;  these  ought  to  be 
carried  off  by  a  chimney  or  flue,  which  however  is  seldom  provided  for 
gas-stoves.  Moreover,  all  the  bad  gases  are  given  off  near  the  floor  (in 
gas-stoves,  thou^^  not  in  gas-lights),  so  as  to  mix  with  the  whole  of 
tbe  air  in  the  room ;  and  any  defect  in  the  burning  of  any  one  o£  the 
numerous  small  jets  leads  to  the  production  of  an  offensive  odour.  To 
lessen  these  evils,  it  has  been  recommended  that  the  stove  should  have 
two  or  three  concentric  cylinders;  that  the  heated  air  should  be 
allowed  to  circulate  between  them ;  that  there  shoidd  be  no  opening  at 


the  top ;  that  a  flue  of  two  inches  diameter  should  be  placed  at  about 
mid-height,  to  carry  off  vapour,  dust,  and  deleterious  gases ;  that  there 
should  be  an  increased  amount  of  metallic  and  reflecting  surfaces  to 
receive  the  heat;  that  only  the  radiative,  not  the  cucetuive,  heat  should 
be  allowed  to  combine  with  the  air  of  the  room ;  that  the  size  of  the 
stove  ought  to  bear  some  well-ascertained  proportion  to  the  size  of  the 
room ;  that  care  should  be  taken  not  to  overheat  the  stove,  for  fear  of 
producing  an  empyreumatic  odour ;  and  that  the  gas-jets  should  never 
exceed  three-quarters  of  an  inch  in  height.  If  the  flue  be  long  enough 
to  allow  the  stove  to  stand  near  the  middle  of  the  room,  nearly  all  the 
heat  will  be^  rendered  practically  available.  In  a  well-arranged  gas- 
stove  seven-eighths  of  all  the  heat  may  be  economised.  A  more  equable 
heat  can  be  maintained  by  such  a  stove  than  by  any  mode  of  using  coal 
or  coke,  on  account  of  the  jet-holes  remaining  constantly  of  the  same 
size.  So  far  as  regards  safety,  the  flue  of  a  gas-stove  is  not  so  likely  to 
be  highly  heated  as  that  of  other  stoves.  Whether  such  a  flue  could 
be  made  conformable  to  the  decorations  or  furniture  of  a  room,  instead 
of  being  an  eyesore,  is  a  question  worthy  the  attention  of  architects 
and  upholsterers.  In  relation  to  economical  use,  it  has  been  calciUated 
that  a  gas-stove  will  boil  one  gallon  of  water  by  the  expenditure  of  gas 
to  the  value  of  one  farthing;  while  a  pennyworth  of  gas  will  bake  three 
quartern  loaves  or  six  pounds  of  meat.  On  this  subject,  the  application 
of  gas  to  cooking,  see  CooKiNa  Apparatus. 

Warminff  hy  Healed  Air, — In  all  the  arrangements  yet  described,  the 
stove  or  flre-place  \b  in  the  room  which  is  to  be  warmed,  and  its  heating 
effects  are  CEdculated  with  respect  to  that  room  alone.  A  notable 
advance,  carried  to  a  great  extent  in  the  present  day,  is  to  have  the  fire 
in  an  outer  or  lower  apartment,  and  to  cany  the  heated  air  from  thence 
in  a  pipe  to  the  apartment  to  be  heated.  The  Chinese  have  been 
beforehand  with  us  in  tlus  matter.  In  the  better  class  of  Chinese 
houses  there  are  hollow  flues  extending  beneath  the  floors,  and  con- 
nected with  a  flre-place  constructed  either  against  the  exterior  wall  of 
the  apartment  to  be  heated,  or  else  in  an  inferior  room  adjoining.  The 
flues  are  perforated  with  numerous  holes,  through  which  th^  give  out 
the  heatcKl  air  and  smoke  to  th&  whole  of  tiie  under  side  of  the  flooring. 
This  flooring  consiBts  of  flat  tiles  or  flag-stones  nicely  imbedded  in 
cement,  so  as  to  prevent  the  escape  of  the  smoke  or  heated  air  from 
the  flues  beneath  into  the  room.  After  circulating  beneath  the  tiled 
floor,  the  smoke  escapes  by  a  chimney  into  the  open  air.  In  this 
arrangement  it  is  obvious  that  the  apartment  is  warmed  by  the  con- 
duction of  caloric  from  the  warm  tiled  floor  to  the  air  of  the  room ; 
and  as  tlus  conduction  proceeds  slowly,  the  tiles  retaiu  heat  enough  to 
warm  the  room  many  hours  after  the  fire  has  been  extinguished. 

Before  the  improved  methods  of  warming  factories  came  iuto  use, 
Mr.  Strutt,  of  Derby,  devised  a  foim  of  stove  which,  under  various 
modifications,  was  called  the  **  cockle  stove,"  the  "  Derby  stove,"  and 
the  "  Belper  stove," .  for  warming  lus  cotton-factories.    In  these  stoves 
the  fire  was  contdned  in  an  iron  receptacle,  shaped  sometimes  cylin- 
drically,  sometimes  rectangularly ;  and  at  a  certain  distance  frx>m  it, 
encompassing  it  on  every  side,  was  a  brick  casing  or  envelope,  so  that 
a  body  of  air  existed  between  it  and  the  fire-box.    The  fip»-box  had 
three  openings  to  the  exterior,  one  to  introduce  the  fuel,  one  for  an 
ash-pit  and  sdr-vent,  and  one  for  a  chimney ;  the  exterior  envdope 
had  two  openings,  whoUy  distinct  from  the  others,  one  to  carry  off 
heated  air  to  the  various  rooms  of  the  factory,  and  another  to  adxnit  a 
renewed  supply  of  fresh  air.     "Dr,  Fyfe  describes  an  arrangement 
adopted  ui  a  church,  which  may  perhaps  be  taken  as  a  fair  example  of 
a  numerous  class  of  instances.    The  body  of  the  church  is  wanned  by 
two  stoves  about  four  feet  high,  made  of  cast-metal,  and  shaped  nearly 
like  a  belL    A  square  ash-pit,  about  a  foot  high,  rests  on  four  balls, 
and  supports  a  fire-box  or  furnace.    Concentric  with  this  fire-place  is 
an  outer  case ;  the  space  between  the  two  containing  the  air  which  is 
to  be  warmed.    The  usual  adjustments  are  provided  for  the  introduc- 
tion of  fuel  and  of  air  to  feed  it,  for  the  exit  of  smoke,  for  the  entrance 
of  fresh  air  to  the  air-chamber,  and  for  the  exit  of  the  heated  air  to 
j>erform  its  wonted  office.    The  air-tubes,  conununicating  with  the 
air-chamber  of  the  stove,  are  oonv^ed  along  the  lower  edge  of  the 
gallery  of  the  church ;  and  small  branch  pipes  opening  from  them  at 
regulmr  intervals  give  out  a  stream  of  hot  air  which  mingles  with  the 
cold  air  of  the  building.    The  fires  are  lighted  early  on  the  Sunday 
morning.    From  this  tune  till  the  congregation  assembles  the  fires  are 
constantly  supplied  with  fuel,  and  a  supply  of  heat  is  thus  kept  up 
sufficient  to  warm  the  whole  interior  of  the  church  during  the  time  of 
divine  service.    A  stove  such  as  this  is  likely  to  give  a  tainted  and 
offensive  character  to  the  air,  like  the  common  German  stoves,  unless  a 
rapid  current  be  kept  up.    Hence  a  change  has  been  occasionally  intro- 
duced, by  having  the  outer  casing  made  of  brickwork,  instead  of  metal, 
and  by  making  its  dimensions  much  larger,  an  arrangement  which  heats 
the  outer  case  less  intensely,  and  provides  a  larger  body  of  air  heated 
to  a  lower  temperature. 

Veiy  numerous  varieties  of  the  hot-air  apparatus  have  been  brought 
into  use ;  but  the  principle  on  which  they  all  act  can  readily  be  under- 
stood. When  the  nave  and  dome  of  St.  Paul's  cathedral  were  recently 
fitted  up  for  Sunday  evening  services  during  the  winter,  six  stoves, 
constructed  on  a  plan  devised  by  Mr.  Gk>ldsworthy  Qumey,  were  placed 
in  the  crypt  Gratings  admitted  the  heated  air  from  these  stoves  into 
the  body  of  the  cathedral  The  vitiated  air  escaped  by  openings  at 
the  top  of  the  dome.    Each  stove  was  a  cylinder,  with  radiating  wiogs 
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all  round.  It  stood  in  a  vessel  of  water.  The  hotter  the  stove,  the 
more  the  water  evaporated,  so  as  to  keep  the  air  in  a  proper  hygro- 
inetric  state.  The  steam  generated  from  this  water  also  carried  off  the 
heat  from  the  iron  quickly,  and  thus  aided  in  warming  the  building. 

Warming  by  Steam.— The  employment  of  steam-boUers  in  large  esta- 
blishments where  steam-engines  are  woiked,  is  one  of  the  circumstances 
which  have  led  to  the  veiy  extensive  adoption  of  the  method  of  warm- 
ing by  steam.  A  markea  difference  is  observable  in  the  principle  of 
this  methodi  as  compared  with  that  of  hot-air  warming.  The  heated 
agent>  that  Ib,  the  steam,  is  not  permitted  to  mingle  with  the  air  of  the 
room  which  is  to  be  warmed,  but  acts  through  the  medium  of  the 
metallic  tube  which  confines  it,  and  which  it  raises  to  a  temperature 
sufficient  to  warm  the  room,  without  imparting  a  burnt  quality  to 
the  air. 

The  general  arrangements  of  a  steam-heating  apparatus,  as  suggested 
by  Mr.  Scott  Russell,  are  somewhat  as  follows : — ^At  a  convenient  part 
of  the  building,  and  as  low  as  possible,  there  is  to  be  placed  a  close 
steam-boiler  of  the  ordinary  construction.  From  this  boiler  a  small 
steam-pipe  is  to  be  carried  to  the  part  of  the  building  which  is  to  be 
warmed.  This  small  pipe  should  be  pretty  thick,  and  carefully  rolled 
round  with  a  bandage  of  flannel  to  the  thickness  of  a  quarter  of  an 
inch,  and  the  boiler  should  be  wholly  covered  with  bricks  and  plastered 
over  to  keep  in  the  heat.  This  smaller  steam-pipe  should  have  an  area 
of  one  square  inch  for  every  six  gallons  of  water  that  the  boiler  can 
boil  off  in  an  hour.  Pipes  of  a  lEu*ger  size  are  to  be  laid  roimd  the 
room  above  the  floor ;  or  under  the  floor,  if  apertures  be  left  to  allow 
a  free  circulation  of  warmed  air  to  enter  the  room.  Into  these  lai^er 
pipes  the  steam  is  to  be  conducted,  and  in  them  the  steam  will  be  con- 
densed into  water,  giving  out  its  heat  to  the  colder  air  of  the  room 
which  is  in  contact  with  the  outside  of  these  pipes.  Small  leaden  or 
tin  pipes  must  be  provided,  for  the  purix>se  of  bringing  back  this 
condensed  water  into  the  boiler,  for  which  movement  a  gentle  idope  is 
given  to  the  pipes.  The  water  thus  returned,  being  again  heated  in 
the  boiler  and  converted  into  steam,  is  again  made  to  ascend  and  give 
out  its  caloric  to  the  room  which  is  to  be  warmed. 

The  efficacv  of  this  mode  of  heating  depends  on  the  great  capacity 
for  heat  which  steam  possesses,  a  capacity  equal  to  1000* ;  that  is,  a 
pound  of  water  at  212"  will  absorb  a  thousand  degrees  of  heat  in 
becoming  a  pound  of  steam.  Steam  will  thus  communicate  as  much 
heat  as  a  mass  of  red-hot  iron;  and  it  will  have  this  advantage  over 
the  iron,  that  it  can  carry  this  heat  to  a  distance  without  a  similar 
loss,  because  the  heat,  being  latent,  will  not  be  given  out  until  it  arrive 
at  its  destination  and  become  condensed,  when  the  whole  of  its  1000** 
will  be  usefully  applied. 

Tredgold,  Mr.  Scott  Russell,  Dr.  Amott,  and  other  writers  on  this 
subject  have  given  the  results  of  their  calculations  as  to  the  quantity 
of  steam  and  steam-pipe  thus  required.  Dr.  Amott,  after  taking  into 
account  the  loss  of  heat  through  the  thin  glass  of  windows,  through 
the  thick  walls  of  buildings,  and  through  various  openings  and  crevices, 
arrives  at  the  following  result : — In  a  winter  day,  witk  the  external 
temperature  at  1 0*  below  freesing,  to  miiinfA^n  in  an  ordinary  apart- 
ment the  agreeable  and  healthful  temperature  of  60*,  there  must  be  of 
surface  of  steam-pipe,  or  other  steam- vessel,  heated  to  200*  (which  is 
the  average  surface-temperature  of  vessels  filled  with  steam  of  212*), 
about  one  foot  square  for  every  six  feet  of  single-glass  window  of  usual 
thickness;  as  much  for  every  120  feet  of  wall,  roof,  and  ceiling  of 
ordinary  material  and  thickness;  and  as  much  for  every  six  cubic  feet 
of  hot  air  escaping  per  minute  as  ventilation,  and  replaced  by  cold  air. 
A  window  with  the  usual  accuracy  of  fitting  is  held  to  allow  about 
8  feet  of  air  to  pass  by  it  in  a  minute ;  and  there  should  be  for  ventila- 
tion at  least  8  feet  of  air  a  minute  for  each  person  in  the  room. 
According  to  this  view,  the  quantity  of  steam-pipe  or  vessel  needed, 
under  the  temperatures  supposed,  for  a  room  16  feet  square  by  12  feet 
high,  with  two  windows,  each  7  feet  by  8  feet,  and  with  ventilation  by 
them  or  otherwise  at  the  rate  of  16  cubic  feet  per  minute,  would  be — 
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that  is  20  feet  of  pipe  i  inches  in  diameter,  or  any  other  vessel  having 
the  same  extent  of  surface. 

Mr.  Scott  Russell's  cadculations  had  relation  to  the  quantity  of  water 
and  of  fuel  required,  as  well  as  that  of  the  steam-pipe ;  and  he  arrives 
at  the  condusion  that  a  room  containing  500  cubic  feet  of  air,  and 
exposing  400  feet  of  surface,  may  be  maintained  at  a  temperature  of 
20"  above  that  of  the  air  without— that  is  to  say,  at  60"  in  the  inside 
of  the  room  when  the  atmosphere  is  at  40*  without — for  a  space  of 
twelve  hours,  by  the  evaporation  of  two  gallons  of  water,  and  at  the 
expense  of  about  three  poimds  of  coal.  This  calculation  rests  on  the 
maintenance  of  the  required  temperature  so  far  as  the  room  and  its 
contents  we  concerned;  but  the  change  of  the  air  requisite  for  a 
person  living  in  the  room  disturbs  the  formula,  and  brings  into  it 
many  new  elements. 

This  mode  of  heating  buildings  is  adopted  to  a  Urge  extent  in 
Lancashire,  Yorkshire,  and  Cheshire,  in  the  steam-power  factories. 
In  the  cotton-miUs,  woollen-mills,  flax-mills,  power-loom  factories,  dye- 


works,  bleach-works,  print-works,  &c.,  the  facilities  for  producing  an 
uninterrupted  supply  of  steam  are  so  great,  that  the  steam-heatin;; 
system  becomes  by  far  the  most  economical  that  can  be  employed. 
Orrell's  cotton-mill  at  Stockport  may  be  taken  as  an  exemplification  of 
a  large  class  of  such  buildings.  This  mill  is  situated  on  the  banks  of 
the  Mersey,  and  occupies  a  ground  area  of  280  feet  by  200  feet.  It  is 
six  stories  in  height,  and  has  several  distinct  apartments  280  feet  in 
length  each.  All  the  preparatory  processes  are  effected  in  the  upper 
stories ;  while  the  weavmg  and  finisning  are  conducted  below;  but  all 
the  rooms  and  galleries  are  alike  heated  by  lai^e  steam-pipes,  running 
the  whole  lengw  of  the  rooms,  and  conveying  steam  from  one  end  of 
the  building,  where  the  boilers  are  situated,  which  furnish  not  only 
this  supply  of  steam,  but  also  that  required  by  four  steam-engined 
employed  m  the  WH-  The  steam  is  admitted  to:  the  heating-pipes  in 
quantity  proportionate  to  the  coldness  of  the  weather. 

A  very  large  structure  at  New  York,  presented  to  the  city  as  a 
museum  and  lecture-room,  and  called  the  Union  Building,  affords  a 
good  example  of  the  steam-heating  system.  There  are  no  less  than 
eight  miles  of  small  pipe  arranged  in  the  basement,  filled  with  high- 
pressure  steam.  A  fan-blower,  twelve  feet  in  diameter,  sends  a  vast  body 
of  air  rapidly  through  the  pipe-rooms ;  and  the  air  thus  warmed  fin<^ 
its  way  into  spaces  beneath  every  floor.  A  hole  of  one  inch  diameter  is 
made  through  the  floor  under  every  chair  or  seat  in  the  lecture-hall, 
2800  in  number ;  up  these  holes  warm  air  is  sent  in  winter^  and  cold 
air  in  summer. 

Warming  hy  Hot  Water. — The  principle  on  which  the  hot-water 
method  is  founded  is  different  from  all  the  others  which  have  passed 
under  our  notice.  When  a  vessel  of  water  is  heated,  the  water  does 
not  become  hot  by  the  conduction  of  caloric  from  particle  to  particle, 
but  from  the  ascent  of  heated  particles  from  the  bottom,  where  we 
suppose  the  heating  agent  to  be  applied,  to  the  upper  strata.  Tliis  is 
proved  from  the  circumstance  that  if  heat  be  applied  only  to  the 
surface  of  the  water  in  a  vessel,  it  is  by  extremely  slow  degrees  that 
the  lower  strata  becomes  heated.  Heat  being  applied  to  the  bottom  of 
a  vessel,  the  lower  strata  of  particles,  becoming  specifically  lighter  than 
before,  ascend,  while  the  colder  particles  at  the  surface  descend  to 
supply  their  place;  and  hence  a  series  of  ascending  and  descending 
currents  is  formed.  Now,  if,  instead  of  having  tiie^  heated  water 
only  in  a  vessel,  it  ramify  also  through  closed  tubes  connected  with 
the  vessel,  the  ascending  and  descending  currents  may  be  passed 
through  different  parts  of  a  building,  brides  the  room  where  the 
vessel  itself  may  be  placed.  The  heated  water,  rising  to  212*,  or  to  any 
temperature  depending  on  the  fire  to  which  it  is  exposed,  gives  out 
heat  to  the  metallic  pipe  through  which  it  passes,  and  this  pipe  again 
communicates  heat  to  the  air  of  the  room.  Hence  the  operation  of  this 
method  of  warming  depends  on  the  circulating,  or  asoensivs  and  deeoen- 
sive  property  of  heated  water,  by  which  the  portions  of  pipe  farthest 
removed  from  the  fire  become  as  much  heated  as  those  in  its  immediate 
vicinity. 

Where  all  the  apartments  to  be  warmed  are  on  one  level,  an  open 
boiler  may  be  used ;  but  where  it  is  necessary  to  carry  the  pix)es  to 
different  floors  of  a  building,  some  of  them  much  above  the  level  of 
the  boiler,  the  boiler  must  in  that  case  of  necessity  be  dosed.  When 
an  open  boiler  is  employed,  a  pipe  branches  out  from  the  upper  part  of 
the  side,  extends  horizontsJly  through  the  rooms  to  be  warmed  (with- 
out in  any  case  rising  above  the  level  of  the  water  in  the  boiler),  and 
retiuns  again  to  the  boiler,  which  it  enters  at  a  lower  level  than  the 
other.  Under  this  arrangement  a  current  of  heated  water  will  flow 
from  the  boiler  at  the  upper  orifice,  and,  after  traversing  the  tube, 
return  to  the  lower  orifice.  A  closed  boiler  is,  however,  more  exten- 
sively useful,  since  it  enables  all  the  stories  of  a  building  to  be  warmed 
by  one  apparatus.  The  whole  system,  including  both  tubes  and  boiler, 
is  filled  with  water  at  a  valve  at  the  highest  point;  and  when  heat  is 
applied  to  the  boiler,  a  circulation  ensues  which  speedily  causes  the 
whole  length  of  tubing  to  become  hot.  In  this  form  of  the  apparatus 
the  temperature  of  tne  water  is  kept  down  to  a  moderate  pitdi,  in 
order  to  avoid  danger;  but  in  a  modification  of  it,  called  the  "  high- 
pressure  "  method,  the  boiler  consists  of  a  coil  of  pipe  forming  part  of 
the  circulating  pipe,  and  is  capable  of  being  safely  heated  to  such  a 
degree  that  the  pressure  of  the  water  within  equaXs  1000  lbs.  on  the 
square  inch.  The  whole  mtem  of  water  circulation  is  brought  to  bo 
high  a  temperature,  that  the  metal  of  the  pipes  vrarms  the  air  of  a 
large  biulding  very  speedily. 

Many  large  and  important  buildings  are  warmed  on  one  or  other  of 
these  two  hot-water  systems — mostiy  on  that  with  the  closed  boiler. 
The  hot- water  apparatus  put  up  by  Mr.  Perkins  in  the  British  Museum, 
for  warming  the  rooms  formerly  used  by  readers,  suggested  the  phm 
which  is  adopted  for  warming  the  present  magnificent  reading-room. 
This  room  is  warmed  by  three  boilers,  the  furnaces  of  which  consume 
their  own  smoke.  Main  pipes  conduct  the  hot  water  from  these 
boilers  to  smaller  pipes,  which  bring  it  into  the  room,  and  the  water  then 
returns  by  other  pipes  to  the  same  boilers.  There  is  an  air-shaft 
which  reaches  the  full  height  of  the  building,  having  windows  in  it  to 
admit  fresh  air.  There  is  a  fan,  or  blower,  at  the  bottom  of  the  shaft. 
Air  is  forced  from  the  shaft  through  valves  into  arched  brick  chambers, 
whence  it  cannot  return.  This  air  is  filtered  through  a  wire  sieve, 
and  is  then  conveyed  up  into  the  reading-room — not  to  warm  it,  but 
to  keep  up  a  supply  of  pure  air.    The  doors  of  the  room  are  made 
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double,  inaomuch  that  nearly  all  the  air  that  enters  it  comes  from 
this  shaft.  There  are  pipes  under  each  table,  and  valves  above  the 
tables  to  admit  warm  or  cold  air  according  to  the  season  of  the  year. 
The  new  Houses  of  Parliament  are  also  warmed  by  a  modification  of 
the  hot-water  system. 

Another  large  structure,  the  warming  of  which  may  be  adduced  as  an 
example  of  this  system,  is  St  George's  Hall,  at  Liverpool  Furnaces 
and  boilers  send  hot  water  through  about  a  mile  of  4<inoh  pipe.  A 
fan,  worked  by  a  lO-horse  power  steam-engine,  draws  in  the  external 
air,  and  drives  it  past  the  hot-water  pipes.  The  warmed  air  enters  the 
haUs  and  courts  by  apertures  in  the  walls  and  floors.  The  temperature 
of  the  pipes  rarely  exceeds  90^  There  are  120  fire-places  and  flues  of 
various  kinds;  but  there  are  no  chimney-pots,  and  no  smoke  is  made. 
There  are  open  fire-places  in  many  of  the  rooms,  in  which  coal  is  used 
that  has  been  partially  burned,  but  not  actually  coked,  previously. 
What  little  smoke  there  is  escapes,  together  with  the  vitiated  air,  up 
flues  at  the  four  comers  of  the  hall;  these  flues  have  curved  deflectors 
outside,  and  louvres  inside,  to  shield  the  ascending  currents  from  eddies 
of  wind.  There  are  vast  air-chambers  between  tne  ceiling  of  the  hall 
and  the  outer  roof,  to  carry  off  the  respired  air  and  the  products  of 
the  combustion  of  the  gas  lights. 

Ventilation.— There  is  an  important,  but  often  neglected  circum- 
stance attending  the  artifical  warming  of  buildings :  namely,  that  the 
amount  of  fresh  air,  requisite  under  any  condition  for  animal  res- 
piration, must  be  more  and  more  increased  in  proportion  to  the  fuel 
burned  in  the  room ;  or,  more  correctly,  there  must  be  one  portion 
of  air  to  feed  combustion,  and  another  portion  to  aid  respiration.  Now, 
under  tiie  common  arrangements  of  an  English  apartment,  the  open 
fire-place  and  the  tall  chunney  draw  air  so  rapidly  in  that  direction, 
that  the  whole  body  of  air  in  the  room  becomes  speedily  changed,  pro- 
vided there  be  an  average  amount  of  open  doors,  windows,  crevices,  &c. 
to  yield  the  supply.  Until  modem  inquirers  set  themselves  to  solve 
these  two  questions,  or  others  analogous  to  them — "  How  many  cubic 
feet  of  air  are  requisite  for  the  combustion  of  a  pound  of  coal  f  "  and, 
"  How  many  cubic  feet  of  air  are  respired  by  an  average  man  in  an 
hour?" — there  were  no  means  of  determining  the  proper  amount  of 
air  necessary  to  be  supplied  in  a  building  where  clote  stoves  are  used, 
or  where  the  methods  of  warming  by  heated  air,  by  steam,  or  by  hot 
water  are  adopted. 

Dr.  Amott  places  the  matter  under  the  following  form,  so  £ar  as 
respiration  alone  is  concerned : — "  In  respiration  or  breathing  a  man 
draws  into  his  chest  at  one  time  about  twenty  cubic  inches  of  air,  and 
of  that  air  a  fifth  part  is  oxygen ;  of  which  again  there  is  converted  into 
carbonic  add  gas  nearly  a  half.  The  carbonic  acid,  if  afterwards 
inhaled,  would  be  noxious  to  the  individuaL  About  fifteen  inspira- 
tions are  made  in  a  minute,  vitiating,  therefore,  three  hundred  cubic 
inches,  or  nearly  one-sixth  of  a  cubic  foot,  of  atmospheric  air,  but 
which,  mixing  as  it  escapes  with  several  times  as  much,  renders  unfit 
for  respiration  at  least  two  cubic  feet  under  common  circumstances." 
Tredgold  makes  a  very  different  estimate  of  the  quantity  of  air  respired 
in  a  minute,  and  introduces  other  items  into  his  calculations.  In  the 
first  place  he  reckons  the  average  number  of  respirations  per  minute 
twenty,  and  the  number  of  cubic  inches  of  aur  inspired  each  time 
forty ;  so  that  Uie  air  directly  vitiated  amounts  to  eight  hundred 
cubic  inches  per  minute.  He  next  takes  into  consideration  the  vapour 
mixed  with  the  respired  air,  and  the  insensible  perspiration  always 
going  on  from  the  skin,  and  assumes  that  three  cubic  feet  of  air  per 
minute  will  be  requisite  to  remove  these  causes  of  impurity.  Lastly, 
he  supposes  a  room  to  contain  persons  in  the  evening,  when  candles, 
lamps,  fto.  are  lighted,  and  in  lieu  of  the  air  vitiated  by  this  combus- 
tion he  assumes  (on  what  data  does  not  clearly  appear)  that  one-fourth 
of  a  cubic  foot  of  fresh  air  per  minute  for  every  individual  will  be 
necessary  to  purify  the  atmosphere  of  the  room  on  this  ground. 
Taking  all  these  results  together,  Tredgold  comes  to  the  conclusion, 
that  when  a  room  containing  several  persons  is  lighted  to  the  average 
and  customary  degree,  it  will  be  necessary  to  supply  four  times  as 
many  cubic  feet  of  fresh  air  per  minute,  as  there  are  persons  in  the 
room ;  that  is,  four  feet  for  each  peraon. 

This  supposition,  of  four  cubic  feet  of  fresh  air  per  minute  for  each 
individual  m  a  room  artificially  lighted,  of  course  involves  the  con- 
dition that  an  equal  quantity  of  vitiated  air  per  minute  must  be 
allowed  to  escape ;  and  the  inquiry  naturally  follows.  How  does  this 
escape  take  place  f  Carbonic  acid  gas  is  heavier  than  atmospheric  air ; 
but  there  are  three  circimistances  which  render  respired  sdr  rather 
lighter  than  the  general  air  of  a  room  :  namely,  the  existence  in  it  of 
nitrogen  and  vapour,  both  of  less  specific  gravity  than  air,  and  the 
higher  temperature  of  the  respired  air  than  the  air  of  a  room*  From 
all  these  circumstances  combined,  it  is  found  that  respired  air  ascends 
to  the  upper  part  of  the  room;  and  it  follows  that  the  ceiling, or  some 
neighbouring  part,  is  the  proper  place  for  an  outlet. 

In  the  majority  of  buildings  erected,  there  is  no  account  what- 
ever taken  of  the  means  for  insuring  ventilation.  The  fire-places 
are  constructed,  the  windows  fixed,  and  the  doors  hung  without 
a  thought  being  paid  to  the  means  of  efiecting  a  constant  change  of 
the  air  contained  within  the  apartments.  But  it  is  probable  that  in 
most  English  rooms,  provided  as  they  are  with  tolerably  lai^e  open 
fire-places,  and  with  doors  which  are  frequently  opened,  the  ventilation 
is  sufficiently  complete.    The  fresh  air  enters  the  room  by  the  open 


wiudow,  the  lower  paH  of  the  open  door,  and  any  crevices  which  may 
exist  at  a  small  height  from  the  floor ;  while  the  vitiated  and  specifi- 
cally lighter  air  escapes  partly  up  the  open  fire-place  and  chimney, 
partly  near  the  upper  extremity  of  the  open  doors,  and  partly  by 
crevices  around  the  doors  and  windows  generally.  In  crowded  rooms, 
however,  where  the  amount  of  vitiated  breath  bears  a  much  larger 
ratio  to  the  cubicj^  contents,  and  where  the  doors  are  generally  small 
compared  with  the  height  of  the  room,  the  impure  air  cannot  escape 
by  these  means,  and  some  arrangements  must  be  made  near  the 
ceiling  for  the  removal  of  the  air.  These  methods  are  chiefly  of  two 
different  kinds;  the  one  by  the  use  of  a  rtvolvmg  tohed  or  fan,  and  the 
other  by  the  action  of  a  chimney  or  iube^ 

We  sometimes  see  one  of  the  upper  panes  of  glass  removed  from  a 
window,  and  its  place  supplied  bv  a  revolving  faui  as  a  means  of  ven- 
tilating the  appartment  This  fan  or  wheel  is  provided  with  radii 
formed  like  the  sails  of  a  windmill,  or  the  blades  oL ja  screw-propeller, 
so  that  any  force  which  sets  the  wheel  in  motionrwill  cause-  a  current 
of  air  to  pass  obliquely  between  them.  But  in  this  case  the  fan  is 
made  to  revolve  merely  by  the  impulse  of  the  air  itself,  and  is  not 
under  the  control  of  the  inmates  of  a  building.  A  more  complete 
exemplification  is  presented  by  the  arrangement  of  the  large  cotton- 
miUs  of  the  Nortn.  A  fan-wheel,  fan-ventilator,  or  wind-£in  (for  by 
all  these  names  the  contrivance  is  known),  being  placed  in  any  con- 
venient position,  is  set  in  motion  by  the  steam-engine  of  a  factory,  and 
by  its  rotation  draws  out  the  vitiated  air  from  a  series  of  rooms  with 
great  rapidity.  The  following  is  one  varietv  of  wind-fan  used  in  the 
factories.  It  consists  of  two  cast-iron  end-plates,  a  a,  having  a  central 
circular  opening,  c  c  c,  from  the  circumference  of  which  the  outline  of 
eadi  plate  enlarges  spiraUy,  the  point  nearest  the  centre  being  near  d, 
and  that  &uiJiest  off  being  under  x  {Fig,  1).  These  two  parallel  plates 
are  connected  by  bolts,  aaa;  a  mantle  of  sheet-iron  being  previously 
inserted  into  grooves  cast  in  the  edges  of  the  end-plates  so  as  to  enclose 
a  cavity  wiUi  an  elongated  outlet  at  B,  to  which  a  pipe  is  attached  for 
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carrying  off  the  vitiated  air  in  any  direction.  Within  this  cavity  a  shaft, 
c,  revolves,  in  bearings,  h  6,  placed  centrally  in  the  frame-plates,  a  a, 
and  cast  in  the  same  piece.  On  this  shaft  a  boss  is  wedged  fast, 
bearing  •  five  flat  arms,  c  c  c,  to  which  are  riveted  five  flat  plates  or 
wires,  of  the  shape  shown  between  a  and  a  {Fig,  2),  having  a  semi- 
circular piece  cut  out  of  them  on  each  side,  about  the  size  of  the  end 
opening.  On  one  end  of  the  shaft,  c,  beyond  the  box-bearing,  the 
loose-and-fast  pulleys,  D,  are  fitted  for  receiving  the  driving-band,  and 
for  turning  the  wings  in  the  direction  shown  by  the  arrow.  Thus  the 
air  is  driven  before  them  out  of  the  end  orifice,  B,  while  it  enters  by 
the  side  openings  at  ecc  (Pig,  1).  By  the  centxifugal  force  of  the 
revolving  wings,  the  air  is  condensed  towards  their  extremities,  and 
makes  its  escape  from  the  pressure  through  the  orifice,  b,  while  it  is 
continually  drawn  in  at  Uie  sides  by  its  tendency  to  restore  the 
equilibrium. 

At  the  Reform  Club-house  a  steam-engine  works  a  revolving  fan, 
capable  of  throwing  11,000  cubic  feet  of  air  per  minute  into  a  sul> 
terranean  tunnel  under  the  basement  story;  and  the  steam  of  con- 
densation, from  the  small  steam-engine  which  works  the  fan,  supplies 
three  cast-iron  chests  with  the  requisite  heat  for  warming  tiie  wnole 
building.  A  plan  of  ventilation  has  been  adopted  at  the  General  Post- 
Office,  in  which  the  fan  is  used,  llie  fim,  worked  by  a  steam-engine, 
draws  fresh  air  down  a  shaft ;  the  afr  is  filtered  through  fine  wire- 
gauze,  and  then  sent  up  into  all  the  rooms  through  pipes  pierced  with 
small  holes. 

The  second  mode  of  effecting  ventilation,  namely,  by  the  use  of  a 
tube  or  chimney  opening  into  the  air  from  the  upper  part  of  an 
apartment,  depends  for  its  action  on  the  ascensive  power  posseaaed  by 
a  lofty  aerial  column.  As  the  "  draught "  of  a  furnace-chimney  carries 
up  the  smoke,  &c.,  more  rapidly  if  the  chimney  be  veiy  lofty,  so  does 
A  lofty  chimney  exceed  a  low  one  in  carrying  off  vitiated  air  :  and  for 
the  same  reason,  even  if  no  chimney,  properly  so  called,  be  provided, 
a  lofty  room,  furnished  with  appropriate  openings  in  its  ceiling,  will 
furnish  a  draught  to  carry  off  impure  air  more  rapidly  than  a  low 
room ;  and  in  many  of  our  public  buildings  this  arrangement  is  deemed 
sufficient. 

Dr.  Reid,  when  the  temporary  House  of  Commons  was  being  pro- 
pared,  introduced  the  system  of  an  artificial  draught  A  circular 
shaft  was  buUt,  120  feet  high,  and  from  8  to  11  feet  in  diameter.    A 
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large  fire  was  maintained  at  the  bottom  of  this  shaft,  which  caused  a 
powerful  draught;  and  the  draught  sucked  out  all  the  vitiated  air 
from  the  building,  by  a  tunnel  connecting  the  basement  story  with  the 
shaft.  The  vitiated  air  in  the  House  ascended  by  apertures  into  a 
space  above  the  oeilingj  and  thence  descended  by  pipes  to  the  tunnel 
which  conveyed  it  into  the  shaft  The  experience  derived  from  this 
arrangement  led  to  many  improvements  in  we  ventilation  of  the  pre- 
sent Houses.  Mr.  Goldsworthy  Qumey  here  employs  mechanism,  by 
which  fresh  air  is  drawn  in  from  some  of  the  open  courts,  and  after 
being  filtered  through  a  wire-gauze  screen,  is  made  to  pass  over  steam- 
heated  boxes ';  it  is  moistened  by  jets  of  spray,  and  enters  the  floors  of 
both  Houses  through  holes  covered  with  horsehair  cloth*  In  sum- 
mer  the  air  is  cooled  by  the  wet  spray,  and  does  not  come  into 
contact  with  any  heated  surfaces.  Besides  this  mode  of  warming  the 
two  principal  cnambers,  there  are  steam-pipes  to  various  parts  of  the 
building.  A  large  coke  fire  produces  a  draught,  which  drives  the 
vitiated  air  out  of  openings  near  the  ceiling. 

The  modem  application  of  the  two  main  principles  of  ventilation — 
the  production  of  a  current  by  a  rotating  fim,  and  by  the  ascensive 
force  of  heated  air — are  very  varied.  We  can  only  notice  a  few  of 
them.  One  of  the  simplest  and  best  known  is  Dr.  Amott*s  chimney 
valve,  for  ventilating  ordinary  sitting-rooms.  The  air  of  a  room, 
vitUtod  by  breathing,  smoking,  Ac,  ascends,  but  cannot  easily  escape, 
because  there  are  no  openings  near  the  ceiling ;  it  contaminates  aU  tiie 
air  above  the  level  of  the  chimn^  opening.  A  chimney  valve  corrects 
this.  A  hole  is  made  from  the  side  of  the  room  into  the  chimney, 
near  the  celling.  An  iron  door  or  valve  is  fixed  in  the  opening,  so 
nearly  balanced  as  to  open  or  dose  with  great  ease.  When  opened, 
the  air  in  the  upper  half  of  the  room  enters  by  virtue  of  the  draught 
in  the  warm  chimney. 

Lesure*s  method  of  ventilation,  introduced  in  1857,  draws  in  cold 
air  from  the  atmosphere,  warms  it,  dischsu^g;es  it  near  the  ceiling,  and 
sends  ofif  the  impure  air  from  a  room  without  mixing  with  the  pure 
warm  air.  To  effect  this,  a  fire  is  lighted  in  a  small  stove  or  furnace ; 
the  products  of  combustion  are  carried  at  once  through  pipes  into  the 
chimney ;  and  air  enters  through  a  hole  in  the  outer  wall,  by  a  channel 
to  a  receptacle  beneath  the  fire-place,  into  the  interior  of  a  casing  sur- 
rounding the  stove,  but  not  in  contaot  with  any  part  of  the  fire  or 
stove.  The  air  becomes  heated  during  its  passage,  and  at  the  same  time 
moistened  by  steam  from  a  basin  of  water  placed  within  the  case ;  it 
escapes  through  an  opening  into  the  room,  by  lateral  apertures 
parulel  with  the  ceiling.  As  the  upper  parts  become  filled  with 
warm  air,  the  foul  air  finds  its  way  to  the  fire  and  the  chimney.  In 
Wemyss*B  plan,  introduced  in  1859,  an  adjustable  gridiron  slide  is 
fitted  up  in  the  wall  near  the  ceiling,  the  inner  side  flush  with  the 
wall  The  slide  governs  a  passage  into  a  metal  chamber,  fitted  into  a 
hole  in  the  wall  behind  the  slide.  The  chafliber  has  two  passages,  one 
to  admit  the  pauage  of  fresh  air,  the  other  of  foul.  There  is  a  venti- 
lating fan  at  the  outer  end  of  the  chamber.  A  cord  easily  moves  the 
sliding  valve,  so  as  to  make  it  open  or  close ;  and  Uie  chamber  is  made 
telescopic,  to  suit  it  to  the  thickness  of  the  waU.  M'Kinners  patent 
ventilator,  introduced  in  the  same  year,  is  intended  to  ventilate 
carriages  and  ships  as  well  as  houses  and  public  buildings.  It  is 
planned  to  obviate  certain  evils  arising  from  having  the  abduction 
tubes,  to  draw  off  foul  air,  near  the  roof  or  ceiling,  and  the  induction 
tubes,  for  admitting  fresh  air,  near  the  floor ;  in  all  such  arrangements 
there  is  a  cold  currant  in  the  lower  part  of  a  room,  productive  of  many 
inconveniences.  To  remedy  this  defect,  Mr.  M'Kinnel  proceeds  as 
follows.  Two  concentric  tubes  rise  from  the  ceiling  of  the  room  to  be 
ventilated,  the  inner  one  to  a  greater  height  than  the  outer.  Both  have 
access,  in  various  ways,  to  the  outer  atmosphere.  The  vitiated  air  of 
the  room  escapes  through  the  inner  tube,  while  the  pure  air  from  with- 
out descends  through  the  annular  space  between  the  two  tubes.  Both 
passages  have  wire  gause  screens  to  ward  off  rain,  soot,  Ac ;  and 
valvular  mechanism  to  r^ulate  the  curronts.  A  lower  apartment  may 
be  ventilated  in  a  similar  way,  by  having  the  ascending  and  descending 
flues  in  the  outer  walls,  and  a  hoiizontid  tube  between  the  ceiling  of 
the  room  and  the  floor  of  that  next  above  it. 

The  ventilation  of  hospitals  has  received  much  attention  in  Franoe 
and  other  parts  of  the  Continent  Dr.  Van  Eckd  introduced  a  system 
in  Belgium,  which  has  been  copied  in  some  of  the  French  hospitals,  on 
the  recommendation  of  a  commission  presided  over  by  Dr.  Grassd. 
A  stove  called  a  odUmfire  is  placed  in  the  basement  story.  Air  from 
the  garden  of  the  hospital  descends  a  shaft,  passes  horizontally  into 
the  basement,  and  thence  through  the  stove.  The  air  warmed  m  the 
Btove  passes  over  a  pan  of  water  to  imbibe  moisturo,  and  then  ascends 
to  the  wards  above.  In  warm  weather  the  air  from  the  garden  is 
made  to  poss  up  into  the  wards  without  passing  through  the  calorif  6re, 
by  simply  turning  a  regulating  valve.  Thus  all  the  air  admitted  to 
the  wards  is  derived  from  the  garden.  The  warmed  air  entera  each 
story  at  the  centre  of  the  floor,  through  small  holes.  Some  of  the 
warm  air  is  in  an  inno'  tube,  and  ascends  to  the  next  highest  story; 
and  so  on,  up  to  the  top  range  of  rooms.  The  foul  air  rises  from  the 
four  comers  of  each  ward,  up  pipes  to  the  loft,  and  then  to  a  central 
drum  or  shaft.  A  small  steam-engine  works  a  fan  to  draw  out  the 
foul  a?r  more  quickly.  The  smoke  from  the  engine  fire  and  from  the 
calorif6re  is  made  to  wami  a  mass  of  air  carried  up  to  the  drying-room 
of  the  laundiy.    In  England,  Dr.  Amott  has  ventilated  the  York 


County  Hospital  in  a  peculiar  way.  There  is  an  air-cylinder  wWs  a 
capacity  of  125  cubic  feet,  moving  up  and  down  eig^t  times  io  »  oassxAc. 
and  connected  with  a  b«am  having  a  central  pivot.  A^oolunm  zi 
water,  60  feet  high,  produces  a  pressure  which  forces  air  into  tkg 
cylinder,  and  from  the  cylinder  2000  cubic  feet  per  minute  i»  forood 
into  the  building. 

This  subject,  tiie  ventilating  of  hcfspitals,  is  connected  xnedieiZl/ 
with  a  recent  proposition  by  Dr.  Stenhouse,  to  use  cliarooal  as  a  vn- 
tUating  filter  for  ships  and  sick  rooms.  The  antiseptic  properties  (£ 
charcoal  are  well  known.  Dr.  Stenhouse  proposes  to  eioplojr  tm 
sheets  of  wire-gauze,  enclosing  a  thin  la^  of  powdered  charcoal ; 
to  place  this  apparatus  wherever  foul  air  is  Ukely  to  pass.  In 
cases  it  would  b«  well  to  employ  a  ventilating  fan,  to  force  a 
of  the  air  through  the  filter.  Dr.  Stenhouse  remarks,  that  if  a  layer  U 
coarsely-powdered  charcoal  were  placed  under  the  floore  of  kitcbeos  ai^d 
basement  rooms,  it  might  prevent,  by  a  sort  of  filtration,  tlie  sMcent  of 
offensive  sewer  odours  from  beneath. 

We  may  advert,  lastly,  to  an  inquiiy  made  in  1859,  at  the  instasHe 
of  the  Qeneral  Board  of  Health,  by  a  commission  consiating  oi  Mr. 
Fairbaim,  Mr.  Qlaisher,  and  Mr.  Wheatstone.  Dr.  Lyon  Playfair  waa 
also  appointed;  but  as  he  could  not  assist  in  the  investigation,  be  dkl 
not  sign  the  report  The  inquiiy  was  generally  into  the  modfis  €i 
warming  and  ventilating  buildings.  Experiments  were  made  in  the 
board-room  of  the  General  Board  of  Health,  on  the  temperature  of  the 
air,  walls,  and  floor,  and  on  the  hygrometric  state  of  the  air.  Tbeo  U 
the  Wellington  Barracks,  in  different  soldien'  rooms,  heated  by  difia- 
ent  kinds  of  open  fires.  Other  experiments  were  made  to  determias 
the  effect  of  duplicate  panes  of  glass;  and  to  determine  the  chrmici/ 
and  general  state  of  the  air. 

Among  the  results  at  which  the  oommissionerB  arrired  were  the 
following: — Smoke  from  almost  all  fires  for  warming  rooma  maj'be 
avoided.    All  fire-places  ought  to  be  constructed  to  prevent  the  forma- 
tion of  smoke  at  all.     The  ventilation  of  rooms  ought  not  to  be 
attempted  by  any  peculiar  form  of  grate;  the  grate  ought  to  be  deroted 
to  the  due  burning  of  the  fuel,  leaving  the  ventilation  to  be  achieved 
by  other  means.    In  all  open  fU^-grates  reflecting  surfaces  should  be 
used,  to  increase  the  amount  of  heat  radiated  into  the  rooms.    Chimnej- 
flues  should  be  of  much  smaller  dimensions  than  is  customaiy.     The 
flue  should  not  be  situated  in  the  outer  wall  of  the  house,  so  as  to 
become  chilled  by  the  external  air;  it  should  be  proTided  with  a 
closing  aperture,  placed  far  back  to  increase  the  intensi^  of  the  com- 
bustion.   Fire-brick  linings  should  be  used.     Sunken  aah  pita  and 
hidden  ash  should  be  provided.    The  grate  is  best  placed  when  Tisibie 
from  the  greatest  number  of  places  in  the  room ;  and  the  burning 
mass  in  it  should  be  broad  rather  than  deep.    The  commissionen 
agreed  with  Dr.  Araott,  that  the  grate  should  not  be  so  near  tbe  floor 
as  is  now  customary  in  the  better  kind  of  houses. 

The  ventilation  of  mines  is  noticed  under  MiKnro. 

To  those  who  wish  to  study  this  subject  in  detail,  we  refer  to  tiis 
volumes  on  Warming  uid  Ventilation  by  Tredgold,  Hood,  Richardson, 
Amott,  Sutton,  Jebb,  Lloyd,  Bum,  Bernan^  Rod,  and  Perkins.  The 
parliamentary  Blue  Books  relating  to  the  new  Houses  of  Parliament, 
and  to  the  proceedings  of  the  Board  of  Health,  also  contain  much 
information  on  the  matter.  A  cheap,  useful,  and  well-illustrated  com- 
pendium of  the  whole  subject  will  be  found  in  Tomlinson'a  '  Treatise 
on  Warming  and  Ventilation/  forming  part  of  Weale*s  Rudimentary 
Series. 

WARPINQ,  a  mode  of  producing  a  deposition  of  the  earthy  matt^ 
which  is  suspended  in  rivers.  This  causes  a  stirring  of  the  water, 
which  prevents  the  finer  particles  from  being  deposited.  It  is  onlj 
necessary  to  produce  a  stagnation  of  the  water  for  a  few  hours  to  hare 
a  copious  deposit,  leaving  the  water  dear  over  it. 

On  the  low  flats  which  border  the  mouths  of  rivers,  oooasionBl  inun- 
dations often  cause  a  deposit  which  is  highly  fertilising.  Thus  Ih0 
polders  in  Holland  and  Flanders  have  been  formed  of  the  mud  of  large 
rivers,  and,  being  drained  and  kept  dry  by  dykes  and  sluices,  have 
formed  the  most  fertile  soils. 

Warping  is  an  imitation  of  this  natural  process : — ^A  bank  of  earth 
is  raised  along  the  course  of  the  river,  so  high  that  the  floods  cannot 
pass  over  it.  In  some  part  of  this  dyke  is  a  sluice  for  the  doable  pur- 
pose of  letting  in  the  water  and  letting  it  out  at  pleasure.  When  the 
tide  is  setting  in  and  counteracting  the  natural  current  of  the  river, 
the  sluice  \m  opened  and  the  water  flows  in  by  one  or  more  channds 
made  for  the  purpose  of  conveying  it  over  the  lower  land,  and  ooTers 
it  to  the  depth  of  high-water.  The  sluice  is  now  shut,  and  the  im- 
prisoned water,  becoming  stagnant,  deposits  all  the  mud  which  it  beld 
suspended  before.  The  sluice  is  opened  at  low-watsr,  and  the  water 
is  allowed  to  run  out  slowly ;  it  leaves  a  coating  of  mud  or  sediment, 
which  hardens  and  dries  rapidly.  This  operation  is  repeated  until  a 
thickness  of  several  inches  of  new  soil  has  thus  been  warped,  when  it 
is  allowed  to  dry,  and  is  then  ploughed  and  cultivated  like  any  other 
field.  It  takes  some  time  before  any  com  will  grow  on  the  new  warp : 
at  first  it  looks  like  barren  mud;  but  it  soon  dries  to  a  better  texture, 
and  ultimately  produces  very  extraordinary  crops.  If  its  fertility 
decrease,  and  its  surface  is  still  below  high-water  mark,  a  slij^t 
warping,  like  the  inundations  of  the  Nile,  immediately  restores  the 
fertility.  What  is  curious,  is  the  almost  total  absence  of  organic 
matter  in  the  warpsoils,  or  rather,  its  intimate  combination  with  the 
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earths,  lo  that  it  is  not  readily  separated  from  them.  It  is  neithei 
like  day  nor  sand,  but  something  between  the  two,  soft  to  the  touch, 
but  not  hardening  into  lumps  when  dry :  neither  vei^  porous  nor 
very  retentive  of  moisture.  The  principal  earth  is  silica,  in  a  very 
fine  state.  It  generally  contains  a  portion  of  calcareous  matter, 
probably  from  comminuted  sheUs.  It  produces  beans,  oats,  potatoes, 
and  wheat  in  abimdance,  without  any  manure.  It  is  admirably  adapted 
to  the  growth  of  flax,  espedally  when  the  warp  is  of  a  good  depth. 

The  principal  expense  in  warping  is  the  sluice,  and  the  canal  through 
which  the  water  is  conducted  over  the  land ;  the  longer  this  latter  is, 
tlie  slower  the  process,  as  much  warp  is  deposited  in  the  canal,  which 
has  sometimes  to  be  dug  out.  Accurate  levels  must  be  taken,  or 
much  expense  may  be  inoutred  uselessly,  if  the  water  will  not  cover 
the  Burface  to  a  sufficient  depth. 

It  1b  of  little  consequence  what  the  soil  was  originally ;  for  a  new 
soil  iB  deposited  over  it.  It  should,  however,  not  be  too  wet  nor  marshy : 
a  porous  soil  is  best,  as  this  becomes  the  subsoil.  All  the  inequalities 
which  existed  before,  are  obliterated  by  the  warping,  which  fills 
up  all  cavities,  and  leaves  a  perfectly  level  surface.  Tlie  fertility  of 
warped  land  naturally  leads  to  the  conclusion  that  silica,  in  a  very 
comminuted  state,  becomes  best  adapted  for  the  roots  of  plants  Ui 
shoot  in^  and  to  supplv  them  regularly  with  the  moisture  necessary  to 
their  vegetation,  and  wat  their  diief  nourishment  is  derived  from  the 
atmosphere,  since  very  little  organic  matter  can  be  detected  in  warp, 
and  few  miDeral  substances  besides  the  earths. 

WARRANT.    A  warrant  is  a  delegation  by  A,  who  has  power  or 
authority  to  do  some  act  of  that  power  or  authority  to  B.    Thus,  a 
man  having,  of  course,  power  to  act  in  and  manage  his  own  ooncems, 
may  give  a  warrant  of  attorney  to  another  to  act  or  manage  on  his 
behafi.    A  sheriff  who  has  power  to  arrest,  &c,  may  give  a  warrant  to 
hlB  bailiff  to  act  for  him.    A  landlord  who  has  power  to  make  a  distress 
upon  his  tenant,  may  give  a  warrant  of  distress  to  another  for  that 
purpose.    A  magistrate  who  has  power  to  bring  before  him  persons 
who  are  within  his  jurisdiction,  and  reasonably  suspected  of  having 
committed  certain  offences,  may  make  a  warrant  to  others  to  do  that 
act.     A  warrant,  which  i^ould  be  in  writing,  ought  to  show  the 
auUiority  of  the  person  who  makes  it,  the  act  which  is  authorised  to 
be  done,  the  name  or  distinct  description  of  the  party  authorised  to 
execute  it,  and  of  the  party  against  whom  it  is  made ;  and  in  criminal 
cases  the  grounds  upon  whi&  it  is  made.     The  sense  in  which  the 
word  "  warrant "  is  more  generally  known  relates  to  criminal  matters. 
A  justice  of  the  peace  has  power  within  his  own  jurisdiction  to  appre- 
hend a  person  whom  he  has  seen  commit  an  offence  over  which  he  has 
j  urisdiction.    He  may  also  verballv  direct,  that  is,  give  a  verbal  warrant 
to  others  to  arrest  such  person  ui  his  own  presence.    He  may  also  give 
a  warrant  in  writing  to  apprehend  in  his  absence  such  person,  or  any 
person  against  whom  he  has  reasonable  cause  of  suspicion  from  the 
information  of  others.    The  warrant  should  always  be  under  the  hand 
and  seal  of  the  justice.    It  should  be  addressed  to  the  constable  or 
constables,  or  to  some  private  person  by  name,  and  the  constable  or 
the  private  person  acting  within  the  justice's  jurisdiction  will  not  be 
liable  for  any  of  the  consequences  of  obeying  a  proper  warrant.    The 
warrant  should  name  the  person  against  whom  it  is  directed.    A  war- 
rant to  apprehend  all  persons  suspected,  or  all  persons  guilty,  &c.,  is 
illegal;  for  the  discretion  as  to  pointing  out  the  individual  person  to 
be  apprehended  is  vested  in  the  justice,  not  in  the  officer,     llie  law  as 
to  this  was  expressly  laid  down  by  Lord  Mansfield  in  the  case  of  Money 
V,  Leach,  8  Bur.  1742,  where  the  warrant,  being  of  the  form  called  a 
general  warrant,  and  which  had  been  in  use  since  the  Revolution  down 
to  that  time,  directing  the  officers  to  apprehend  the  "  authors,  printers, 
and  publishers  "  of  the  famous  No.  45  of  the  '  North  Briton/  was  held 
to  be  illegal  and  void.    The  warrant  should  also  set  forth  the  time  and 
place  of  making  it^  and  the  .cause  for  which  it  ia  made.    A  warrant 
may  be  to  bring  the  party  before  the  jusUce  granting  it,  or  before  any 
justice  of  the  same  county.    A  warrant  of  a  justice  of  one  county 
cannot  be  executed  in  another  until  it  has  been  backed,  that  is,  signed 
by  some  justice  in  that  other  county,  and  the  same  provision  has  been 
also  enacted  with  respect  to  warrants  granted  in  any  one  of  the  three 
kingdoms,  and  requiring  to  be  execute  in  any  other.    But  a  warrant 
granted  by  one  of  the  judges  of  the  Court  of  Queen's  Bench  is  tested 
in  England,  and  may  be  executed  in  any  part  of  the  kingdom.    A 
warrant  is  in  force  until  it  has  been  executed,  if  the  justice  granting  it 
be  still  alive.    An  officer  to  whom  it  is  addressed  is  indictable  if  he 
neglects  or  refuses  to  act  upon  it.    He  is  justified  in  apprehending  the 
party  at  any  time,  and  in  breaking  open  the  doors  of  a  house,  but  he 
ought  first  to  make  known  to  those  within  the  cause  of  his  coming, 
his  autiiority,  and  to  request  their  assistance.    After  the  party  is 
apprehended,  the  officer  ought  forthwith  to  carry  him  wherever  he  is 
directed  by  tiie  warrant  authorising  the  apprehension.    Much  of  what 
has  been  nid  as  to  a  warrant  of  apprehension  is  equally  applicable  to  a 
Warrant  of  Commitment,  which  is  the  document  by  which  a  justice 
authorises  a  commitment  of  a  party  to  prison,  either  to  suffer  a  sum- 
mary punishment  or  to  await  ms  tnal.    The  same  matters  are  essential 
as  to  showing  the  authority,  the  parties,  the  cause,  and  the  purpose  of 
the  warrant,  and  these  latter  should  appear  distinctly,  be  lawful,  and 
not  be  in  the  disjunctive.    A  Search  Warrant  is  a  document  which 
authorises  a  search  to  be  made  for  stolen  goods. 
A  Warrant  of  Attorney  is  an  authority  by  which  a  man  authorises 


another  to  do  an  act  for  him,  on  his  behalf,  or  as  his  agent  or  deputy. 
[Letter  or  Power  of  Attornbt.]  But  the  term  is  most  commonly 
applied  to  cases  where  a  party  executes  an  instrument  of  that  name 
authorising  another  to  confess  judgment  against  him  in  an  action  for  a 
certain  amount  named  in  the  warrant  of  attorney.  It  is  generally 
given  as  a  security  by  one  who  is,  or  is  about  to  become,  the  debtor 
of  another.  The  advantage  of  it  is,  that,  by  putting  it  into  effect,  the 
creditor  obtains  a  judgment  against  his  debtor  at  once,  and  has  all 
the  advantages  of  a  judgment  creditor,  without  the  riak,  delay,  and 
expense  of  an  action.  There  is  frequently  a  condition  attached,  that 
it  shall  be  defeated  and  become  void  upon  the  making  of  certain  pay- 
ments, or  the  doing  of  certain  acts.  In  all  such  cases  it  is  necessary 
that  the  defeasance,  or  condition,  shall  be  written  on  the  same  pi4)er 
or  parchment  as  the  warrant  of  attorney,  and  a  copy  of  the  whole 
filed  in  the  Court  of  Queen's  Bench  within  twenty-one  days  after  the 
execution.  Otherwise,  in  cas^  of  bankruptcy  or  insolvency  of  the 
party  making  the  warrant  of  attorney,  it  wUl  be  void  as  against  his 
assignees. 

WARRANT  OFFICERS  are  a  dass  of  important  subordinate  officen 
in  the  Royal  Navy.  They  are  divided  into  three  gradee,~gunnera, 
boatswains,  and  carpenters — and  each  grade  into  three  classes.  We 
have  already  explained  the  duties  of  a  gunner  [Qunner,  Naval],  and 
of  a  boatswain  [Boatswain].  The  duties  of  a  caipenter  are  multifa- 
rious and  onerous.  |He  has  the  general  charge  of  the  ship's  hull  and 
spars,  &c,  and  is  supposed  to  be  an  able  shipwright,  and  a  well-informed 
mechanic.  The  heaving  down  and  repairing  (by  shifting  part  of  the 
keel)  of  H.M.S.  Formidable  of  80  guns  at  Malta,  some  years  since, 
under  the  suggestion  and  directions  of  a  carpenter's  mate,  which 
elicited  the  special  thanks  of  the  Board  of  Admiralty,  may  be  quoted  as 
an  instance  of  the  nature  of  what  is  at  times  required  of  tibose  who 
bear  the  inappropriate  designation  of  ship-carpenter,  as  well  as  of  the 
talent  and  resources  to  be  round  amongst  them. 

WARRANTY.  1.  The  doctrine  of  warranty  of  land$  was  formerly 
one  of  the  most  important  parts  of  legal  learning,  but  the  effect  of 
warranties  having  been  gradually  reduced  within  veiy  small  compass, 
the  subject  has  now  become  of  little  practical  use ;  still  it  is  necessary 
for  those  who  would  properly  understand  the  English  law  of  real  pro- 
perty to  pay  some  attention  to  this  difficult  subject 

Warranty  existed  in  the  dvil  law,  and  was  defined  to  be  the  obliga- 
tion of  the  seller  to  put  a  stop  to  the  eviction  and  other  troubles  which 
the  buyer  may  sustain  in  the  property  purchased.  By  eviction  is 
meant  the  loss  of  either  the  whole  or  a  part  of  the  property  by  reason 
of  the  right  which  another  has  to  it.  The  other  troubles  referred  to 
are  those  which,  without  affecting  the  property  of  the  thing  sold, 
diminish  the  beneficial  interest  of  the  purchaser,  such  as  a  cla£n  to  a 
usufruct,  or  a  rent  issuing  out  of  the  lands.  This  warranty  was  either 
in  law,  being  that  security  which  every  seller  is  bound  to  ffive  to  a 
purchaser  for  the  maintenance  of  his  title  to  the  property  sold,  though 
no  stipulation  to  that  effect  was  made  at  the  time  of  uie  sale ;  or  in 
deed,  being  that  kind  of  particular  warranty  on  whidi  the  sdler  and 
buyer  agree.    (Domat.,  L  1,  t.  2,  s.  10.) 

Warranty  of  lands  in  the  English  law  is  of  feudal  origin,  and  is 
derived  from  the  obligation  of  the  lord  to  defend  his  tenant's  title 
against  all  claimants.  If  the  tenant  was  evicted,  the  lord  was  bound 
to  make  him  a  recompense  by  giving  him  other  lands  of  equal  value. 
Every  tenant  holding  of  his  lord  time  out  of  mind,  hj  what  was  termed 
homage  aneettral,  was  entitled  to  this  warranty.  Ae  statute  of  the 
18th  of  Edward  L,  commonly  called  the  statute  of  Quia  Emptores, 
which  prohibited  the  practice  of  subinfeudation,  and  authorised  the 
free  alienation  of  property,  put  an  end  to  the  homage  ancestral,  and 
consequently  to  the  implied  warranty  annexed  to  it.  To  avoid  the 
effect  of  this,  when  the  lord  aliened,  Uie  tenants,  before  they  attorned 
to  the  new  lord,  required  a  new  warranty  from  him ;  and  when  the 
tenant  aliened,  it  was  with  an  express  clause  of  warranty  from  himself. 
These  express  warranties  were  introduced  even  prior  to  the  statute  of 
Quia  Emptores,  in  order  to  evade  the  strictness  of  the  feudal  law  as  to 
non-alienation  without  the  consent  of  the  heir ;  for  tiiough  he  might, 
on  the  death  of  his  ancestor,  have  entered  upon  any  lands  aliened 
without  his  consent,  the  covenant  of  warranty  descending  upon  the 
heir  operated  as  a  confirmation  of  the  tiUe  of  the  grantee  by  obliging 
the  heir  who  evicted  him  to  yield  the  grantee  a  recompense  in  lands  of 
equal  value.  This  doctrine,  it  is  said,  was  founded  on  the  supposition 
that  the  ancestor  would  not  wantonly  disinherit  his  heir,  who  therefore 
was  presumed  to  have  received  a  recompense  either  in  land  or  money 
which  had  purchased  land,  and  tl^t  this  equivalent  descended  to  the 
heir,  together  with  the  ancestor's  warranty. 

This  doctrine  of  warranty  was  the  foundation  of  the  assurance  by 
way  of  common  reooveiy  [Rkcovert]  ;  but  the  use  of  warranties  in 
conveyances  had  long  been  supersedcKl  in  practice  before  they  were 
practically  abolished  1^  the  statute  8  &  4  Wm.  IV.,  a  27  &  74. 

AH  .'the  learning  upon  this  subject  wiU  be  found  in '  Coke  upon 
Littleton,'  with  Horgrave  and  Butler's  notes. 

2.  Warranty  of  thingt  penonaL — By  the  dvil  law  an  implied  warranty 
as  to  the  vendors  title  was  annexed  to  every  sale,  and  in  our  law  also 
a  purchaser  of  goods  and  chattels  may  have  satisfaction  from  the  seller, 
who  sells  them  a$  hit  own  and  whose  title  proves  deficient.  But  the 
vendor  is  not  bound  to  answer  for  the  quahty  of  the  wares  purchased 
(except  in  the  case  of  articles  of  food^  for  human  consumption),  unless 
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he  expressly  warrants  them  to  be  sound  and  good,  or  unless  he  knew 
them  to  be  otherwise,  and  has  used  art  to  disguise  them,  or  has  mis- 
represented them  to  the  buyer. 

No  particular  form  of  words  is  necessary  to  constitute  a  warranty, 
and  a  bare  representation  or  description  of  the  quality  may  amount  to 
a  warranty  if  there  be  nothing  to  negative  such  an  understanding.  The 
custom  of  any  particular  tzade  may  establish  an  implied  warranty 
between  parties  transacting  business  therein,  it  being  presumed  that 
the  dealings  of  the  parties  were  regulated  by  the  custom  in  the 
absence  of  evidence  to  the  contrary ;  but  when  there  is  express  war- 
ranty, it  cannot  be  affected  by  the  custom  of  the  trade.    A  sale  of 
goods  by  sample  is  in  effect  a  s^e  by  warranty.  A  promise  or  warranty 
that  the  goods  sold  shall  be  of  a  merchantable  quality  is  implied  when 
the  vendee  had  not  at  the  time  of  tiie  sale  an  opportunity  of  inspecting 
them,  and  when  of  course  the  general  maxim  of  caveat  emptor  cannot 
apply.    Also  it  seems  that  when  a  commodity  is  sold  for  a  particular 
purpose,  the  seller  must  be  understood  to  warrant  it  reasonably  fit  and 
proper  for  such  a  purpose,  though  at  the  time  of  sale  the  purchaser 
had  an  opportunity  of  inspection.  Where  there  is  an  express  warranty, 
written  or,  it  seems,  even  verbal,  the  vendee  is  not  at  liberty  to  avul 
himself  of  representations  not  embodied  in  the  contract  and  made  by 
the  vendor  without  fraud.    A  general  warranty  will  not  extend  to 
defects  that  are  plain  and  obvious  to  the  senses,  and  require  no  skill  to 
dettet,  it  being  presumed  that  the  purchaser  knew  of  and  bought 
subject  to  them.    It  seems  to  be  settled  that  when  goods  are  sold 
expressly  '*  with  all  faults,"  the  seller  is  not  liable  in  respect  of  latent 
defects,  though  he  knew  of  them,  unless  some  artifice  be  practised  to 
prevent  the  buyer  from  discovering  them ;  but  even  in  the  case  of  a 
sale  with  all  faults,  the  vendor  will  still  be  liable  on  an  express  war- 
ranty against  a  puticular  defect.    It  has  been  said  that  there  cannot 
be  a  warranty  against  future  defects,  but  there  seems  to  be  no  good 
foundation  for  Uie  doctrine.    It  seems  that  a  warranty  ought  to  be 
given  during  the  treaty  for  sale  or  at  least  before  it  is  substantially 
completed,  and  that  a  warranty  g^ven  after  the  completion  of  a  sale  is 
not  binding  for  want  of  oonsidention.    It  has  been  decided  that  in 
actions  upon  warranty  it  is  not  necessaiy  to  offer  to  return  the  goods 
before  bringing  the  action,  nor  even  to  give  notice  of  the  breach  of 
warranty  to  the  seller,  though  of  course  the  not  havins  done  so  would 
be  a  suspicious  circumstance  in  the  plaintiff's  case.    If  there  has  been 
no  offer  to  return  tiie  goods,  the  measure  of  damages  will  of  eouise  be 
the  difference  between  the  sum  given  and  the  real  value,  as  ascertained 
either  by  sale  or  estimation.    If  the  warranty  be  accompanied  by  an 
express  condition  to  take  back  the  goods,  if  found  defective,  and  return 
the  price,  the  buyer  ought  to  return  the  goods  within  a  reasonable  time 
in  order  to  maintain  his  action :  and  if,  after  an  offer  is  made  to  do  so, 
the  seller  refuse  to  receive  them,  they  remain  at  his  own  risk. 

There  are  certain  rules  which  have  been  laid  down  with  respect  to 
sales  of  horses,  one  of  the  most  common  subjects  of  actions  on  warranty. 
The  fact  that  what  is  termed  a  tound  price  is  given  for  a  horse,  does 
not  imply  any  warrant  of  its  soundness.  If  at  the  time  of  the  sale  the 
horse  has  any  disease,  or  has  met  with  any  accident  which  either  does, 
or  in  its  progress  or  results  will  diminish  the  usefulness  of  the  animal, 
such  a  horse  is  unsound,  and,  therefore,  a  cough  or  temporary  lameness 
which,  though  it  may  be  curable  and  not  permanently  injurious, 
diminishes  lus  present  usefulness,  is  unsoundness.  So  any  organic 
defect  is  unsoimdness,  and,  therefore,  a  nerved  horse  cannot  be  con- 
sidered sound.  Roaring  is  unsoundness  if  it  proceed  from  disease  or 
organic  defect ;  but  crib-biting,  it  seems,  does  not  amount  to  unsound- 
ness, though  it  is  within  a  warranty  that  a  horse  was  free  from  vice.  A 
warranty  of  soundness  is  broken  if  the  disease  or  defect  existed  at  the 
time  of  the  sale,  though  it  could  not  then  be  detected,  and  did  not 
appear  till  some  time  afterwards.  The  question  of  the  soundness  or 
unsoundness  of  horses  is  one  peculiarly  within  the  province  of  a  jury 
to  determine,  and,  therefore,  a  court  will  not  set  aside  a  verdict  on 
account  of  the  mere  preponderance  of  contrary  evidence,  nor  on  the 
ground  of  any  peculiarity  in  the  nature  of  the  unsoundness  proved. 

WARREN.  A  Free  Warren  is  a  franchise  which  givesa  right  to 
have  and  keep  certain  wild  beasts  and  fowlsj  called  game,  within  the 
precincts  of  a  manor,  or  any  other  place  of  known  extent,  whereby  the 
owner  of  the  franchise  has  a  property  in  the  game,  and  a  right  to 
exclude  all  other  persons  from  himting  or  taking  it.  It  is  laid  down 
by  Blackstone,  tiiat  originally  the  right  of  taking  and  destroying  game 
belonged  exclusively  to  the  king,  and  it  is  ceitam  that  this  frimduse, 
like  that  of  a  chace  or  park,  must  either  be  derived  from  a  royal  grant, 
or  from  prescription,  which  supposes  a  grant.  The  law  is  tiius  settled 
in  the  Case  of  Monopolies,  11 '  Rep.'  87,  b. 

It  does  not  appear  that  the  crown  ever  had  the  right  of  granting 
free  warren  to  one  person  over  the  lands  of  another,  though  sudi  a 
right  might  be  enjoyed  by  prescription.  The  right  of  free  warren  over 
the  land  of  another  might  also  arise  under  other  circumstances,  as 
when  a  man,  having  free  warren  over  certain  lands,  aliened  tiiem, 
reserving  the  warren.    (8 '  Rep.'  108.) 

A  warren  may  lie  open,  and  there  is  no  necessity  of  enclosing  it,  as 
there  is  of  a  park.  (4 'Inst.'  318.)  The  beasts  of  warren  appear  to  bo 
only  hares  and  rabbits;  and  the  fowls  of  warren  are  partridges  and 
pheasants,  though  some  add  quails,  woodcocks,  and  water-fowl 
('  Terms  de  la  Ley,'  589.)  The  grantee  of  free  warren  acquired  thereby 
the  right  to  appoint  a  person  to  watch  over  and  presei-ve  the  game,  I 


called  a  warrener,  who  is  justified  in  killing  dogs,  polecats,  or  other 
vermin  which  he  finds  disturbing  or  destroying  the  game  (Cro.Jac.  45 1, 
and  by  21  Edw.  I.,  s.  2,  entitled  Be  Mal^aetorioug,  every  foresto-, 
parker,  or  watrener  was  authorised  to  kill  persons  trespassing  k. 
forests,  psrks,  or  warrens,  who  resisted  and  refused  to  renider  them- 
selves. 

The  franchise  of  free  wanen  has  neariy  fallen  into  disuse  anoe  the 
enactment  of  the  modem  statutes  with  respect  to  game. 

WARREN,  FREE.    [Wabbkn.] 

WARTS,  the  name  of  small  tumours  or  excrescences  wbich  oocnr 
on  the*cuticle.  Like  all  other  epidermoid  tumours,  they  are  unorgBO- 
ised  in  their  origin  and  course.  They  are  generally  of  a  oonical  form, 
embrace  only  a  small  extent  of  sur&ce^  are  hard,  insensible^  and  is 
colour  are  usually  darker  than  the  surrounding  Bnr£ace.  In  structure 
thev  have  a  radiated  character.  Their  growth  is  slow,  azid  they  derire 
their  nutriment  from  the  cutis  over  which  they  lie.  The  parts  of  ih£ 
body  on  which  these  excrescences  most  frequently  oocur  are  the  handi 
and  frbce,  although  they  are  by  no  means  confined  to  these  localitiea. 
They  are  of  an  innocent  character,  and  produce  no  ill  oonsequancea, 
except  by  pressure,  when  they  occur  in  such  parts  as  between  ths 
fingers  and  toes  or  on  the  eyelids. 

When  stimulated  strongly,  they  generally  get  smaller  or  disappev^ 
altogether.  Hence  the  best  mode  <n  treatment  is  the  application  of 
stimulants.  It  is  however  a  curious  fact  that  they  oftiui  disappear 
under  the  use  of  the  simplest  remedies,  when  more  violent  ones  have 
failed  to  affect  them.  The  most  effectual  remedy  is  cutting  them  awij. 
When  this  may  be  objected  to,  the  caustic  applications  recoizunended 
are  nitrate  of  silver,  strong  acetic  acid,  muiiated  tincture  of  iron,  or 
a  powder  composed  of  subacetate  of  copper  and  sabine  in  equal 
parts,  or  the  application  of  a  hair-pendl  dipped  in  sulphuric  or  nitn: 
acid. 

The  thin  integuments  situated  near  the  anus  are  often  found  to  b« 
the  seat  of  excrescences  having  the  character  of  warts.  They  are  of 
all  sizes,  from  a  pea  to  an  orange.  When  small,  they  may  be  remored 
by  the  application  of  the  stimulants  recommended  above  ;  and  when 
large,  they  should  be  cut  away  with  the  knife. 

WASHINQ-MACHINES  were  originally  employed  in  connection 
with  textile  manufactures;  but  the  Americans  have  effected  much 
towards  rendering  them  also  applicable  to  domestic  use. 

In  the  bobbin-net  district  aroimd  Nottingham,  washing-machiDe 
are  employed  in  great  variety ;  for  the  delicacy  of  the  fabrio  render^ 
much  more  care  necessarv  than  in  the  washing  of  the  woven  goocb 
made  in  Lancashire  and  tne  neighboming  counties.  The  dash- wheel, 
in  which  centrifugal  force  is  employed  to  wash  and  then  to  dry  the 
goods,  is  much  used,  requiring  steam  power  to  work  it.  A  kind  of 
thumping  machine'called  a  dolly  is  sometimes  employed ;  but  it  in  almc^ 
too  coarse  in  its  action  for  delicate  fabrics;  and  so  likewise  are  thc^ 
machines  in  which  fluted  rollers  work  in  contact.  One  mode  adopte-l 
is  that  of  forcing  a  current  of  air  through  the  ley  or  washing  liquid, 
and  thus  blowing  out  the  dirt  from  the  doth  without  any  rubbing.  To 
effect  tMs,  a  ve^el  is  provided  to  contain  the  goods;  a  pipe  connects 
it  with  a  blowing  apparatus,  which  may  consist  of  any  kind  of  fan  or 
wind-producer.  The  goods,  slightly  soaped,  are  steeped  in  soft  water  at 
a  temperature  of  about  90"  F^hr. ;  the  vessel  is  covered  over,  and  a 
current  of  air  sent  in  from  the  blowing  apparatus. 

Mr.  Cottrill's  patent  relates  to  a  sort  of  triangular  prism,  two  of 
which  rotate  on  horizontal  axes  in  a  direction  opposite  to  that  in  which 
yams  or  woven  goods  are  drawn  through  a  tank;  the  angles  of  the 
prisms  strUse  the  goods  as  they  pass,  and  thus  wash  them.  In  another 
machine  by  the  same  inventor,  instead  of  prisms,  two  arms  or  caranks 
are  employed,  vibrating  about  an  axis.  Many  washing-machines  are 
modifications  of  the  cylindrical  dash-wheels  described  under  Bleachiitg, 
and  call  for  no  detailed  notice  here.  Some  of  the  dash-wheela  now 
used  in  the  dye  works,  bleach  works,  and  print  works  of  Lancashire 
and  Glasgow  will  wash  4000  pieces  in  a  day.  At  the  St.  Nicholas  Hotd 
in  New  York,  washing  is  conducted  for  the  visitors  on  a  scale  of  surpri- 
sing magnitude  and  completeness.  A  cylinder  is  hall  filled  with  soap  and 
water ;  three  or  four  hundred  garments  of  linen  and  cotton  are  thrown 
in;  the  cylinder  is  made  to  revolve  by  a  steam-engine;  steam  is 
admitted  to  the  bottom  of  the  cylinder,  rises  through  the  water,  and 
escapes  at  the  top.  In  doing  so,  the  garments  in  the.  (Cylinder  are 
forcibly  driven  up,  and  then  a  current  of  steam  in  the  opposite  direc- 
tion forces  them  down  again.  By  this  process,  repeated  several  timed, 
and  combined  with  the  rotatory  movement  of  the  cylinder,  the 
garments  are  very  quickly  washed.  They  ore  then  gently  dried  in  a 
centrifugal  machine  [Dbying-Maohines],  and  finally  exposed  to  a 
current  of  hot  air.  The  Unen  is  said  in  this  way  to  be  wa^ed  in  ten 
minutes  and  dried  in  seven,  very  cheaply,  and  without  injury  to  the 
material  The  Hampstead  Board  of  Quardians  adopted,  in  1860,  a  new 
washing-machine,  consisting  chiefly  of  two  ridged  boards ;  the  linen  is 
pressed  between  tiie  boards,  slightly  rubbed,  turned  over,  slightly 
rubbed  again,  and  so  on  about  fifty  times,  the  soapy  water  passing 
through  the  pores  every  time;  no  hand-rubbing  is  needed.  After 
several  weeks*  trial,  it  was  foimd  that  five  shillings  worth  of  fuel,  soap, 
and  soda  sufficed  for  the  washing  of  one  thousand  articles. 

Among  the  many  curious  American  washing-machines  recently 
introduced,  one  is  the  ball  machine,  in  which  a  number  of  wo&den 
baUs  are  set  in  motion  by  a  handle  worked  by  a  lever.    The  linen  is 
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•o  placed  thai  the  halla  rub  againat  it  and  against  each  other,  and  it  is 
thus  washed  without  the  hand  being  applied  to  it.  The  credit  claimed 
for  this  machine  is,  that  the  pressure  being  slight  and  tempoTBry,  fine 
fabrics  are  not  injiued ;  moreoyer, "  it  tears  off  no  buttons.  Another 
American  machine  has  wooden  contrivances  intended  to  represent,  in 
•ction  if  not  in  appearance,  the  knuckles  of  a  laundress ;  the  thmry 
of  the  machine  is,  that  the  proper  result  can  be  obtained  without 
wearing  away  human  fingers. 

WASTE,  says  C(^e  (Co.  Litt,  58), "  yastum  dicitur  a  yastando,  of 
wasting  and  depopulating; "  but  he  gives  no  further  definition.  The 
notion  of  waste  seems  to  be  when  a  tenant  for  yean,  by  the  courteqr, 
by  dower,  or  for  life,  so  deals  with  land,  or  sudi  things  as  are  attached 
to  the  soil,  as  to  destroy  them  or  greatly  damage  them.  Accordingly, 
the  old  action  of  waste  lay  against  sudi  tenants  by  him  who  had  the 
inmiediate  estate  of  inheritance. 

Waste  is  either  vduntaty,  which  is  an  act  of  oommission,  at  pemustive, 
which  is  a  matter  of  omission  only.  Voluntary  waste  diiefly  consists 
in  felling  timber-trees,  pulling  down  houses,  or  permanently  altering 
any  part  of  a  house,  in  opening  new  mines  or  quairies,  in  changing  the 
course  of  husbandry,  and  in  the  destruction  of  heir-looms.  Permissiye 
waste  consists  chiefly  in  allowing  the  buildings  upon  an  estate  to  go  to 
decay.  It  is  a  general  rule  that  the  waste  which  anuses  from  the  act  of 
Qod  is  excuseable,  as  if  a  house  faUs  in  consequence  of  a  tempest 
But  if  the  destruction  of  the  house  by  the  tempest  has  been  owing  to 
its  being  out  of  repair,  the  tenant  is  guilty  of  waste;  and  so  ho  will  be 
if  he  do  not  repair  a  house  which  has  been  uncovered  or  damaged  only 
by  a  tempest  In  the  same  manner,  if  the  banks  of  a  river,  w£dle  in  a 
state  of  proper  repair,  are  destroyed  W  a  sudden  flood,  the  tenant  is 
not  answerable.  (1 '  Inst,'  68  a,  b.)  The  rule  applies  also  to  the  case 
of  a  house  burnt  down  by  accident  But  in  these  and  all  similar  cases 
the  tenant  will  still  be  bound  to  repair  or  rebuild,  if  he  has  entered 
into  a  general  covenant  to  repair. 

Tenants  in  tail,  as  th^  have  estates  of  inheritance,  are  entitled  to 
commit  ererv  kind  of  waste ;  but  this  power  continues  and  can  be 
exercised  only  during  the  life  of  the  tenant  in  tail  When  it  is  said 
that  a  tenant  in  tail  may  commit  every  kind  of  Waste,  the  meaning  is 
that  he  can  do  those  acts  to  the  land  which  tenants  who  have  not  an 
estate  of  inheritance  osnnot  do.  A  mortgagee  in  fee  in  possession  has 
a  ri^t  at  law  to  commit  any  kind  of  waste,  being  then  considered  as 
the  absolute  owner  of  the  inheritance ;  but  he  will  be  restrained  by  a 
court  of  equity,  which  will  direct  an  account  of  timber  cut  down,  and 
order  it  to  be  applied  in  reduction  of  the  mortgage  debt  (2  Vem. 
892.)  Copyholders  cannot^  unless  there  be  a  special  custom  to  warrant 
it,  commit  any  kind  of  waste,  and  every  species  of  waste  not  warranted 
by  the  custom  of  the  manor  operates  as  a  forfeiture  of  the  oopjhokL 
(13 'Rep.;  68.) 

The  original  remedy  for  waste  was  that  under  the  statute  of  Marl- 
bridge,  52  Henry  III.,  c.  24,  which  gave  to  the  owner  of  ^e  inheritance 
an  action  of  waste  against  the  tenant  for  life,  in  which  he  was  entitled 
to  recover  full  damages  for  the  waste  committed.  But  as  this  remedy 
was  often  found  inadequate,  it  was  enacted  by  the  statute  of  Gloucester, 
6  Edw.  I.,  c.  6,  that  the  place  wasted  should  be  recovered,  together 
with  treble  damages  for  the  injury  done  to  Uie  inheritance.  No  person 
was  entitled  to  an  action  of  waste  against  the  tenant  for  life  under 
these  statutes  except  him  who  had  the  estate  of  inheritance  imme- 
diately expectant  on  the  determination  of  the  estate  for  life;  so  that 
if  there  were  an  existing  estate  of  freehold  interposed  between  the 
estate  for  life  and  that  of  inheritance,  the  right  of  action  was  sus- 
pended. (1 '  Inst,'  63,  b.)  The  action  of  waste  had  long  given  way  to 
the  much  more  expeditious  and  easy  remedy  by  an  action  of  trespass 
on  the  case  in  the  nature  of  waste,  which  may  be  brought  by  the 
person  in  reversion  or  remainder  for  life  or  for  veara,  as  wdl  as  in  fee, 
and  in  which  the  plaintiff  is  entitled  to  costs,  which  he  could  not  have 
in  an  action  of  waste  (2  Saund.,  262,  n.  7) ;  and  the  writ  of  waste  is 
now  finally  abolished  by  the  8  &  4  Wm.  IV.,  c  27,  s.  86.  It  seems 
that  there  was  formerly  no  remedy  for  mere  permissive  waste  after  the 
death  of  the  tenant,  though  if  the  estate  of  the  tenant  was  benefited 
by  the  injury  inflicted,  as  if  money  was  derived  to  it  from  the  sale  of 
trees  cut  down,  an  action  for  the  value  of  the  property  might  have 
been  sustained  against  the  executor.  (Cowp.  376.)  if ow,  however,  by  the 
3  &  4  Wm.  IV.,  c.  62,  s.  2,  remedies  by  action  of  trespass  or  trespass  on 
the  case  are  given  against  the  executors  of  any  deceased  person  for  any 
wrong  committed  by  him  in  hia  lifetime  against  the  real  or  personal 
property  of  another  within  six  mouths  of  his  death,  provided  the 
action  be  brought  within  six  months  after  the  personal  representatives 
have  taken  upon  themselveB  the  administration  of  the  estate. 

But  the  most  complete  remedy  in  cases  of  waste  is  that  in  the  Court 
of  Chancery,  which,  upon  application  to  it  by  bill,  will  not  only  direct 
an  account  to  be  taken  and  satia&ction  to  be  made  for  the  damage 
dune,  but  will  interpose  by  way  of  injunction  to  restrain  the  com- 
mission of  future  waste.  iT  court  of  equity  will  grant  its  aasistanoe 
against  the  commission  of  waste  wherever  the  case  appears  to  require 
it,  even  though  the  plaintiff  is  not  in  a  condition  to  t»Tftint-^^i  an  action 
at  law.  The  court  will  also  grant  an  injunction  against  waste  pendente 
lite;  and  in  such  cases  it  is  not  neoeMary  that  the  plaintiff  should  wait 
till  waste  is  actuaUy  committed ;  it  is  sufficient  if  an  intention  to  com- 
mit waste  appears,  or  if  the  defendant  insists  upon  his  right  to  do  so. 
It  has  long  been  usual,  vv  hen  estates  for  life  are  ezpreasly  limited,  to 
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insert  a  clause  declaring  that  the  tenant  shall  hold  the  landa  "  without 
impeachment  of  waste."  These  words  were  originally  intended  merely 
to  exem^  the  tenant  from  the  penalties  of  tiie  statute  of  Marlbridge, 
though  it  has  long  been  settled  that  they  enable  him  to  cut  down 
timber  and  to  convert  it  to  his  own  use ;  but  he  may  be  restrained  in 
equity  from  committing  malicious  waste  so  as  to  destroy  the  estate,  or 
cutting  down  timber  which  serves  for  shelter  or  ornament  to  a 
mansion-house,  or  timber  unfit  to  be  felled.  This  is  what  is  called  the 
doctrine  of  Equitable  Waste.  The  privileges  of  the  tenant  for  life 
under  the  woi^  **  without  impeachment  of  waste  "  are  annexed  in 
privity  to  his  estate,  and  determine  with  it  Thus  it  seems  that  if  a 
lease  were  made  to  one  for  the  life  of  another  without  impeachment  of 
waste,  with  renoainder  to  him  for  his  own  life,  he  would  become 
punishable  for  waste,  the  first  estate  being  merged  in  the  second, 
(11 'Rep.;  83,  b.) 

Ecclesiastical  persons,  who  hold  lands  in  right  of  a  church,  are 
diubled  from  committing  waste,  though,  like  Cither  tenants  for  life, 
they  have  the  right  to  take  from  the  land  materials  for  necccsary 
repairs.  They  may  nob  only  fell  timber  and  dig  stones  for  that  pur- 
pose, but  have  even  been  allowed  to  seU  timber  or  stone,  when  the 
money  was  to  be  applied  in  repairs ;  also,  though  they  cannot  open 
mines,  they  may  work  those  already  open.  (Amb.  176.)  Ecclesiastical 
persons  inay  be  proceeded  against  for  waste  in  the  civil  as  well  as  the 
ecclesiastical  courts,  as  an  action  will  lie  against  them  for  dilapidations, 
and  may  be  brought  by  the  successor  to  a  benefice  either  sgainst  his 
predecessor  or  his  personal  representatives.  And  the  Court  of  Chancery 
will  grant  an  injunction  against  any  ecclesiastical  person  whatsoever  to 
stay  waste  in  cutting  down  timber,  pulling  down  houses,  or  opening 
quarries  or  mines  on  the  glebe.  An  injunction  has,  indeed,  been 
granted  against  waste  by  the  widow  of  a  rector  during  the  vacancy  of 
the  living.  (2  Bro.  ca  6,  62.)  By  the  66  Gea  III.  c.  62,  the  incum- 
bents of  benefices  are  enabled  to  cut  down  timber  on  Uie  glebe-lands  for 
the  purposes  of  the  statute  (66  Geo.  IIL)  enablijDg  them  to  exchange 
their  parsonage-houses  or  glebe-lands. 

Tenants  in  tail  and  tenants  m  fee  have  the  inheritance  in  the  land, 
and  they  are  the  real  owners.  Those  who  have  less  estates  are  in  the 
situation  of  the  Roman  Usufructuarius.    rU8UffBUOTU0.1 

WASTE  LAND.    [Bubrkn  Laiid.1 

WATCH.    [HoEOLOOT.] 

WATCH  AND  WARD  is  the  ancient  provision  for  the  maintenance 
of  the  public  peace  and  of  property  in  towns :  wakMng  relates  to  the 
night,  ward  to  the  day. 

The  duty  of  keeping  watch  and  ward  no  doubt  prevailed  in  Ang^o- 
Saxon  times,  although  it  is  usually  stated  to  have  been  imposed  by 
the  statute  of  Winchester  (18  Edward  I.,  c.  4).  The  words  of  the 
statute  are : — "  And  henceforth  it  is  commanded  that  watdbea  be  made 
as  formerly  they  were  accustomed  to  be ;  that  is  to  say,  from  Ascen- 
sion-day to  Miriiaelmas^lay,  in  every  dty,  by  six  men  at  each  gate,  in 
every  borough  by  twelve  men,  in  every  open  town  l^  six  or  iour  men, 
according  to  the  number  of  inhabitants ;  and  that  they  watch  all  the 
ni^t  from  sunset  to  sunrise.  And  if  any  stranger  pass  by  them,  he 
shall  be  arrested  imtil  morning;  and  if  [no  cause  of]  suspicion  be 
found,  he  shall  go  quit"  Then  follow  provisions  for  deUvering  him  to 
the  sheriff  if  the  watch  find  cause  of  suspicion,  and  for  raising  the  hue- 
and-cry  on  him  from  town  to  town  if  he  escape.  A  subsequent  act 
(6  Edward  III.,  c.  14)  extends  to  the  day  these  powers  of  arresting 
suspected  persons ;  uid  in  reciting  the  previous  act,  this  Uiter  staiuS 
treats  it  as  applying  to  the  country  generally ;  but  seems  to  limit  the 
power  of  arrest  to  constables.  The  statute  6  Henry  IV.,  c  8,  extends 
to  the  seaHsoast  the  provisions  of  the  statute  of  Winchester,  and 
(like  it)  seems  only  to  revive  an  ancient  custom  which  had  fallen  into 
oiBuse. 

The  duty  of  keeping  watch  is  imposed  upon  every  inhabitant  of  a 
town  in  turn,  at  the  call  of  the  constable.  The  vratchman  must  be 
suitably  armed,  and  women  or  infirm  persons  must  find  substitutes. 
Not  to  keep  watch  in  his  turn,  or  not  to  find  a  sufficient  substitute, 
is  an  offence  for  which  the  party  may  be  indicted  at  the  sessions  of 
the  peace,  and  may  be  punished  by  fine  and  oUierwise. 

Another  class  of  vratchmen,  having  like  powers  and  duties  to 
the  former,  is  that  appointed  for  the  preservation  of  the  peace. 
[Constable,  Police.] 

WATER  (HO).  (^Ckmiatry.)  Water,  as  it  occurs  in  nature,  has 
already  been  treated  of  in  the  Natubal  Hibtobt  Divisioir  of  this 
C^dopeedia ;  its  physical  properties  in  the  three  states  of  gas  [Steam  ; 
Yapoub,  Opalbsoent];  liquid  [Wateb,  following  artideT ;  and  solid 
[Ice]  ;  have  also  been  separately  described  in  the  present  Division ;  so 
that  it  is  bow  only  necessary  to  oonaidsr  it  from  what  may  be  termed  a 
chemical  point  of  view. 

Water  is  a  chemical  combination  of  the  two  dements  oxygen  and 
hydrogen.  When  a  jet  of  hydrogen  is  burnt  in  an  atmosphere  of  oxy- 
gen, or  vice  vertd,  water  is  formed,  and  condenses  on  and  triddes  down 
any  cool  surface  that  may  be  near.  A  compound  of  hydrogen,  when 
burned  in  the  air,  also  eliminates  that  dement  in  the  form  of  aqueous 
vapour.  A  cold  plate  hdd  for  a  few  moments  in  or  over  the  flame  of  a 
candle,  oil-lamp,  or  gas-jet,  is  soon  bedewed  with  moisturei  which  may 
be  collected  and  proved  to  be  ¥rater.  Converady,  water  may  be  made 
to  yield  up  its  dements.  Exposed  to  a  temperature  above  the  melting 
point  of  platinum,  it  is  resolved  into  itd  elements,    roitj^ed  iu  the 
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state  of  steam  over  red-hot  iron,  it  parts  with  its  oivgen  to  the 
metal,  and  its  hydrogen  is  evolved  as  gas.  Submitted  to  the  action  of 
the  electric  force,  its  two  constituents  are  respectively  evolved,  and 
may  be  collected  in  quantity,  from  the  two  terminals  of  the  battery; 
that  from  the  negative  pole,  hydrogen,  occupying  twice  the  bulk 
of  that  from  the  positive  pole,  oxygen.  A  given  bulk  of  hydrogen 
being  only  one-sixteenth  the  weight  of  an  equal  bulk  of  oxygen,  it 
follows  from  the  fact  just  mentioned  that)  the  respective  proportions 
by  weight  of  hydrogen  and  oxygen  in  water  are  one  of  the  former  to 
eight  of  the  li^teor.  Many  oiher  experiments  might  be  described 
demonstrating  both  synthetically  and  analytically  ^t  water  is  the 
protoxide  of  hydrogen ;  that  it  contains  one  equivalent  of  hydrogen 
(H  =  1)  and  one  equivalent  of  oxygen  (0  =  8). 

Water  acts  upon  other  bodies  with  four  different  degrees  of  intensity. 
Chemically,  it  unites  to  form,  first,  hydraUs ;  in  these  the  water  is 
most  intimately  combined,  and  can  only  be  separated  in  many  cases 
by  a  temperature  a|»roaohing  redness :  slaked  lime  is  such  a  hydrate. 
Secondly,  water  combines  with  crystalline  bodies,  as  seen  in  sulphate 
of  magnesia,  which  contains  six  equivalents  (MgO,  SO^,  HO  -I-  6Aq.), 
oarbonate  of  soda,  which  has  ten  (NaO,  CO,  -f- 10  Ac^.),  kc  This  water 
is  genendly  termed  wtUer  of  crytttUlitation,  to  distmguish  it  from  the 
former,  or  water  of  hydration.  Thirdly,  water,  acting  chemico-mecha- 
nicall^,  i»  a  more  or  less  powerful  solvent  for  most  bodies.  On  its 
uses  in  this  reqpect  it  is  scarcely  necessary  to  enlarge.  Its  capacity 
for  dissolving  oacygen  and  carbonic  acid  enables  it  to  support  the  life 
of  fishes  and  sub-aquatic  plants,  and  without  which  it  would  be 
unpleasant  and  mawkish  as  a  beverage.  Chlorine,  sulphurous  add, 
and  sulphuretted  hydrogen  gases  are  re-agents  whose  chemical  value 
would  be  much  restricted  if  they  could  not  be  obtained  in  the  state 
of  solution  in  water.  Its  property  of  dissolving  solids  enables  it  to 
be  used  as  a  vehicle  for  the  conveyance  of  organic  and  inorganic 
matter  to  the  tissues  of  animals  and  plants,  and  as  an  indiBpeosable 
medium  in  nearlv  all  arts  and  manufactures.  When  water  has 
taken  up  as  mucn  of  a  body  as  it  can  dissolve,  it  is  said  to  be  satu- 
rated ;  and  if  at  this  point  some  of  it  be  removed  by  spontaneous  or 
artificial  evaporationi  the  dissolved  solid  is  again  deposited,  either  in  an 
amorphous  state  or  in  beautiful  geometrical  forms  called  cryHaU,  The 
fourth  action  of  water  is  purely  mechanical ;  it  is  seen  in  the  gradual 
wearing  away  of  solid  insoluble  matter,  and  is  largely  conoemedin  the 
formation  of  the  channels  of  streams,  &c. 

From  what  has  been  said  regarding  the  solvent  powers  of  water,  both 
upon  gaseous  and  solid  matter,  it  is  obvious  that  pure  water  is  never 
met  with  m,  nature.  If  we  trace  water  from  the  moment  when  it 
assumes  the  liquid  condition  to  the  time  when  it  finally  makes  its  way 
to  the  ocean,  we  find  it  gradually  accumulating  impurities  of  various 
kinds.  At  Uke  moment  of  condensation  it  exerts  its  solvent  power  and 
absorbs  gases  from  the  air.  When  it  faUs  to  the  euih  it  percolates 
through  strata  more  or  less  soluble  and  more  or  less  pervious  to  water, 
and  dissolves,  acoording  to  circumstances,  various  qimntities  of  the 
solid  matters  which  it  there  meets  with.  If  the  surface  of  the  earth 
where  it  falls  be  very  hard  and  insoluble,  the  water  becomes  only  very 
slig^Uy  contaminated  with  solid  matter.  Loch  Katrine,  for  instance, 
contains  only  2^  grains  of  solid  matter  in  a  gallon  of  the  water ;  the 
Dee,  at  Aberdeen,  oontains  4  grains ;  and  the  Tay,  at  Perth,  contains 
6  grains.  Frequently,  also,  when  the  strata  through  which  the  water 
percolates  are  pervious,  supposing  they  are  at  the  same  time  compara- 
tively insoluble,  very  little  solid  matter  gets  into  solution.    Such  is 


the  case  with  the  green  nad  formation,  where  the  mter  im  vtry 
from  mineral  matters  of  a  solid  kind.  Qenerallj,  however,  water 
with  more  oonstituentsj^thaa  those  Just  isdieated,  and  the 
varies  from  5  to  60  grains  per  gallon.  When  the  letter  qnanfcitgr  v 
exceeded,  the  water  frequently  acquires  a  taste,  and  may  m  itffK^ad 
as  abnormal  water.  The  water  of  the  ocean  is  in  this  oonditioo. 
rivers  whidi  flo^  into  the  sea  cany  with  them  matters  diaeolved, 
leave  them  there,  for  the  solid  matters  are  not  ovried  fae^  by  ef 
ratioiL  Therefore,  the  sea  oontains  a  larger  proportion  of  these 
stances  than  is  contained  in  the  water  of  rivers;  and  we  gai  this 
on  a  still  more  exaggerated  scale  when,  in  hot  dimetee,  riven  empty 
themselves  into  lakes  which  have  no  outlet.  This  is  the  ease  with  thiS 
Dead  Sea.  The  river  Jordan,  which  is  oonstantiy  flowing  into  iW 
contains  75  grains  of  solid  matter  in  the  gallon;  andnoneof  thie 
is  returned  again  into  the  atmosphere,  or  no  practioal  amonnt : 
fore,  there  is  a  constant  aooomulstion  of  the  saline  matten 
there,  and  in  this  Dead  Sea  we  have  no  less  than  2600  arains  of  sofid 
constituents  to  the  gallon  of  water.  The  same  efibct  tekee  plaee  m  a 
lake  in  the  north  of  AustnUa,  diaoorered  a  few  months  i^^  It  is 
highly  diarged  with  saline  matterai,  and  is  known  to  posneai  no  ootlet. 
There  is  a  similar  instance  in  the  celebrated  Elton  Lake  in  BasEsa, 
which  is  11  miles  long,  8  miles  breed,  and  on  an  avenge  only  1^ 
inches  deep.  In  ■ummer  it  ^>pean  to  be  covered  with  enow,  ie 
coiuMquence  of  the  evaporation  of  the  water  forming  e  cruet  of  aaliiM 
matter.  Ko  less  than  200,000  tons  of  salt  are  yearly  eztneied  from 
this  lake. 

In  addition  to  these  minend  and  saline  eonstitaents,  water  eleo  dis- 
solves certain  organic  substances,  so  that  we  may  elaasify  the  impari- 
ties contained  in  water  as  meehamieal,  or  those  that  are  merely  eoepeoded 
in  the  water  mechanically,  and  not  disserved,  mUime  impuiitaeei,  and 
organie  impurities.    We  will  consider  these  sjnNuately. 

First,  as  rogpu^ds  me^ameal  impurities.  They  conaiet^  in  the  fint 
place,  of  mineral  substances  which  are  usually  innoououa,  aawl  have  no 
efiect  upon  the  drhiksr.  Next  we  have  vegistable  or  enimeil  Btatters, 
which  are  generally  of  an  esoeedingly  noxious  chacsoter ;  mod  thra  «e 
have  living  organisms,  whioh  penums  attract  the  attention  of  the 
water-drinker  more  than  the  other  suhstanoes  contained  in  the  water. 
These  organisms  conaist  of  animaloula  and  animala  of  a  •Uuger  siea. 
We  have  in  the  New  River  water  twenty-eix  speoMs  of  theee  «nimal\ 
in  the  Thames  water  twenty-nine  apeoies;  twonW-leur  speoiee  have 
been  detected  in  the  West  Middlesex  water,  and  so  on,  varying  ia 
number  in  different  waters.  It  has  been  stated  that  aome  of  ^ees 
little  animals  are  very  deleterious  to  health,  but  this  has  not  been  at 
all  clearly  made  outw  Looked  at  from  a  chemical  p^t  of  view,  they 
are  exceedingly  uaelol  in  the  water,  espeoiaUy  if  it  be  at  all  impure. 
Each  little  animal  ia  asmall  furnace,  which  occupies  itself  in  oonenming 
the  organie  matter,  and  converting  it  into  its  ultimate  inorganic  com- 
pounds—caibonio  add,  water,  and  ammonia,  or  nitrio  acid.  They  feed 
upon  the  dead  organio  matter  in  the  water,  and  remove  it  far  more 
readily  than  it  would  be  removed  1^  the  oxidising  property  of  the 
air.  It  is,  of  course,  desirable  to  remove  them  belonre  the  water  is 
used  as  a  beverage,  and  this  can  be  done  by  fdtration.  The  «ii»»«i>» 
themselves  cannot  paaa  through  the  filter,  but  the  ova  can.  This  fact 
has  an  important  bearing  upon  the  storing  up  of  water,  and  will  be 
alluded  to  again  presently. 

We  come  now  to  the  mIms  impurities.  Tlte  nature  of  theee  will  be 
readily  seen  by  an  inspection  of  uie  following  disgram. 
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The  Famham  water  is  from  the  green  sand :  it  has  been  suggested 
as  a  supply  for  London.  That  from  Loch  Katrine  is  perhaps  purer 
than  the  water  supplied  to  any  town  in  tho  United  Kingdom.  The 
Manchester  water  can  always  be  drawn  from  the  pipes,  the  supply 
being  continuous,  instead  of  intermittent,  and  this  is  now  the  case  in 
nearly  all  large  towns  except  London. 

I  Some  of  these  constituents  are  termed  earthy  §aUt,  and  some  of  them 
are  aUxUine  talf$.  Carbonate  of  lime,  sulphate  of  lime,  and  nitrate  of 
lime,  carbonate  of  magnesii^  and,  occasionally,  chloride  of  calcium  and 


chloride  of  magnesiTun,  are  salts  of  the  alkaline  earths ;  others  are 
alkaline  salts. 

The  property  of  '^  hardness "  in  water  is  due  to  the  first  of  these 
classes  of  constituents — to  Uic  alkaline  earths — the  lime  and  magnesia 
salts  present  in  the  water.  Hard  water  may  be  defined  as  a  water 
capable  of  decomposing  a  considerable  quantity  of  soap,  imd  forming 
with  the  soap  an  insoluble  precipitate.  These  salts  of  lime  combine 
with  the  stearic  acid,  and  form  an  insoluble  stearate  of  lime,  the  ourdy 
matter  whioh  is  produced  by  washing  in  mi6k  waters.     This  stearate 
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of  lima  is  of  a  greasy  nature ;  it  is  precipitated  in,  and  fiUa  up,  tho 
pores  ol  the  Bkin ;  jm>  amount  of  waBbmg  in  hard  water  can  thoroughly 
remove  it ;  and  hence  the  akin  can  only  be  perfectly  cleansed  in  rain- 
water, in  aoftened  hard  water j  or,  in  faot,  in  water  that  doee  not  contain 
•oap-deoompoaing  matters. 

0£  the  aboye  constituents,  the  carbonates  of  lime  and  magnesia  are 
the  only  ones  not  soluble  in  pure  water :  they  are  kept  in  solution  by 
free  esrboDio  aoid  [Galcidm,  Carbonate  qf].  The  amount  of  hardness 
possessed  by  waters  varies  considerably :  it  is  readilv  ascertained  by  the 
Soap-Tkst.  The  mode  of  softening  walov  is  referred  to  under  Calcium, 
CaHnmaU  and  Su^ph(Ue  qf.  The  only  perfect  method  of  removing 
fixed  matter  from  water  is,  of  course,  distillation ;  indeed,  this  process 
as  carried  out  on  board  some  of  our  ships,  the  water  being  subsequently 
aerated  lor  drinku^  purposes.  On  land,  however,  other  less  expensive 
processes  are  available. 

The  organic  impurities  contained  in  solution  in  water  are  of  animal 
and  vegetable  origpn,  the  former  being  most  objectionable.  The  animal 
matter  oontains  nitrogen,  and  is  constantly  undergoing  a  f ermentive 
change.  Water  in  this  state  is  highly  dangerous  to  health,  and  should 
be  carefully  avoided.  Unfortunately,  no  test^  short  of  rigid  analysii^ 
can  be  relied  upon  for  detecting  tlus  animal  matter.  Solution  of  per- 
manganate of  potash  m  deoompoaed  and  decolourised  by  it,  and  there- 
fore water  that  discharges  the  colour  from  much  of  that  reagent  should 
be  viewed  with  suspicion. 

One  other  possible  oontamination  of  water  must  be  noticed :  it  is 
lead.  Fortunately  lor  most  reasons,  but  unfortunately  for  some  others, 
water  that  oontains  an  appredAble  quantity  of  salts  does  not^  as  a  gene- 
ral rule,  act  upon  lead.  Pure  distined  water  acts  very  rapi<U^  upon  it, 
but  water  that  is  in  any  degree  hard  does  not  usuaify  affect  it.  Lead 
can  be  easily  detected  in  water  by  the  blackening  which  occurs  on 
passing  sulphuretted  hydrqgen  gas  through  the  water.  This  effect  is 
noty  however,  produced  if  on)^  a  vexy  smafl  quantity  of  lead  be  present. 
In  that  ease  the  water,  after  the  passage  of  we  gas,  should  be  set  aside 
for  twenty-four  hours,  when  the  sulphuretted  hydrogen  will  have 
become  decomposed,  and  the  deposited  sulphur  wiU  have  a  dark-brown 
or  black  colour  if  lead  be  present.  It  has  been  suggested  to  tin  the 
inside  of  lead  pipes — water  not  acting  upon  tin ;  but  wherever  water 
comes  in  contact  with  both  metalsy  as  at  a  joint  or  flaw,  a  voltaic 
action  is  set  up,  and  the  solution  of  the  lead  is  facilitated  instead  of 
prevented. 

EsthnaHw  qf  Water, — ^This  is  accomplished  either  by  noting  the  loss 
which  a  body  suffers  on  being  heated,  or  by  expdling  and  weighing 
the  water  evolved.  If  the  constitution  of  the  body  is  well  known, 
the  former  method  is  sufficient;  if  not^  Uie  latter  process  is  had 
recourse  to. 

Anaiyiia  of  Normal  and  Abnomud  Waters, — ^Of  all  special  chemical 
operations  this  is  one  of  the  most  tedious  and  difficult.  Usually  a 
Iwge  number  of  acids  and  bases  are  simultaneously  present,  and  being 
all  in  solution,  cannot  be  so  readily  separated  as  those  of  perhaps  a  leas 
complex  substance  containing  both  soluble  and  insoluble  matters. 
Gaseous  constituents  must  generally  be  determined  at  the  source  of 
the  water.  The  total  amount  of  fixed  matter  is  ascertained  by  evapo- 
rating a  known  bulk  of  the  water,  and  weighing  the  residue  after 
drying^at  212*  Fahr.  If  organic  matter  be  present,  the  residue,  dried 
at  300"  Fahr.,  will  char  on  b&ig  ignited;  air  naving  access,  the  carbon 
will  bum  off,  and  the  difference  in  weight,  before  and  alter  ignition, 
wiU  give  some  idea  of  the  amount  of  that  organic  matter.  The  residue 
may  then  be  quantitatively  analysed  in  the  same  manner  as  any  other 
mixture  of  solids,  or  separate  portions  of  the  water  may  be  used  for 
the  pui|K)se.  The  arrangement  of  the  results  of  a  water  analysia 
depends  upon  the  judgment  of  the  operator.  The  actual  amounts  of 
each  ingredient^  without  reference  to  arrangement,  should  first  be 
given,  inasmueh  as  the  state  in  which  th^  naturally  exist  is  liable  to 
alteration  from  change  of  temperature  and  dilution  after  raiu,  &c. 
Moreover,  as  there  are  at  present  no  data  by  which  to  determine  the 
normal  oonditi<Hi  9f  the  acids  and  bases,  several  nystems  of  arrange- 
ment exist;  and  if  the  amount  ol  each  acid  and  base  were  not  given, 
the  analyses  of  a  water  by  two  different  chemists  would  appear  to 
differ  widely  when,  perhaps,  they  closely  agree. 

WATER,  Bi  iTf  PHTBiQAi.  RBUkTiOKS.  Li  the  precedmg  article 
the  chemical  histoiy  of  water  is  briefly  reviewed,  and  such  of  its  pro- 
perties are  described  as  depend,  primarily,  on  the  nature  and  activity 
of  the  molecules  of  which  it  is  constituted.  We  now  proceed  to  treat 
of  some  of  those  properties  of  water  which  are  exhibited  by  masaes  of 
it,  whether  in  its  liquid,  aeriform,  or  solid  state ;  those  which  render 
it  a  subject  of  physics  or  natural  philosophy;  omitting,  however,  of 
course,  such  properties  9S  it  possesses  in  conmion  with  other  bodies  in 
the  oorjreqKmdiuig  states  of  aggregation,  respectively,  and  which  have 
been  considered  in  this  articles  Hysbodykakics;  fi[YOBOHS|rfiT; 
HBOHAinos;  Pneumatics,  4ra. 

The.three  states  ol  aggi^gatioa  in  which  water,like  all  kinds  of 
ponderablA  matter,  as  we  have  reason  to  believe,  can  exist,  are  all 
equally  natural;  though,  as  in  the  case  ol  every  other  substance  also, 
wears  inclined  to  regard  that  condition  as  the  most  natural  in  which 
it  is  most  eemmonly  and  obviously  subject  to  our  observation.  This, 
with  req>eot  to  water,  is  the  liquid,  as  with  aH  metals  but  one  it  is  the 
lolid,  and  with  chlorine,  ammonia,  and  other  elementaxy  as  well  as 
oompound  substances,  it  is  the  aeriform  state;   omitting  here  any 


reference  to  thoso  gaseous  bodies  which  have  not  yet  been  reduced  to 
another  state  of  aggregation. 

We  begin  with  the  physical  properties  of  water  in  the  solid  form, 
considering,  first,  those  which  it  manifests  to  sensible  observation. 

In  the  article  Iob  the  property  is  described,  in  virtue  of  which 
two  portions  of  that  substance  iu  a  moist  state,  when  brought  into 
contact,  become  one.  That  such  is  the  fiaot  has  of  course  been  known 
from  time  immemorial,  but  it  had  always  been  referred,  without 
inquiry,  to  the  freezing  effect  upon  water  of  ice  at  a  lower  tem- 
perature j]Hail],  and  had  never  been  made  a  subject  of  scientific 
investigation  until  Dr.  Faraday  called  attention  to  its  nature  and 
philoeophioal  importanoe  on  the  7th  of  June,  1850,  at  one  of  the 
Friday  evening  meetings  of  the  members  of  the  Royal  Institution  of 
Great  Britain  (Albemarle  Street,  London);  assemblies  in  which,  from 
the  year  1825  downwards,  so  many  new  facts  and  applications  in  science 
and  new  interpretations  of  facts  have  for  the  first  time  been  publicly 
made  known,  or  first  publicly  demonstrated  by  experiment.  To  this 
property  of  ice  the  term  regelat^on  was  afterwards  applied  by  Professor 
T^dall,  in  a  paper  '  On  the  Structure  and  ^tion  of  Qlaciers/  by 
himself  and  Professor  Huxley,  read  before  the  Boyal  Society  on 
January  15, 1857  (' ProoeedingB,'  vol.  viii  p.  881),  and  published  in 
the  'Philosophical  Transactions'  for  that  vear.  In  this  paper  Pro- 
fessor l^fndaJl  describes  some  experiments  illustrative  of  the  practical 
consequences  ol  regelation,  and  of  their  manifestation  on  the  great 
scale  in  nature.  The  entire  subject  forms  so  important  a  part  of  the 
history  of  water  in  its  solid  condition,  that  it  U  requisite  to  return  to 
it  here. 

In  the  ardcle  lOB  we  noticed  Professor  Tyndall's  conclusion  that  the 
plasticity  of  ice  at  82%  iu  mass,  arising  from  fracture  and  regelation,  in 
continued  and  indefinite  succession,  imparts  to  it  a  deceptive  sembhmce 
of  viscosity,  which  it  really  does  not  possess.  By  virtue  of  this  process, 
in  his  experiments,  spheres  of  ice  were  flattened  into  cakes,  and 
squeesed  into  transparent  lenses.  A  strai^t  prism  six  inches  long 
was  passed  through  a  series  of  moulds  augmentiug  in  curvature,  and 
finally  came  out  bent  into  a  semi-ring.  A  lump  of  dear  ice  placed  in 
a  hemispherical  cavity,  and  pressed  up(m  by  a  protuberance  not  large 
enough  to  fill  the  cavity,  was  converted  into  a  hard  transparent  cup.  in 
the  experiments  with  me  prism,  four  moulds,  gradually  augmenting  in 
curvature,  were  made  use  of  in  succession.  In  passing  suddenly  from  the 
shape  of  one  to  that  of  the  other  the  ice  was  imctured,  but  the  pres- 
sure brought  the  separated  surfaces  again  into  contact,  and  caused  uiem 
to  (regelate)  freeze  together,  thus  restoring  the  continuity  of  the  mass. 
The  fivoture  was  in  every  case  both  audible  and  tangible — it  could  be 
heard  and  it  could  be  felt.  A  series  ol  cracks  occuned  in  succession 
as  the  different  parts  ol  the  ice-prism  gave  way,  and  towards  the  con- 
clusion of  the  experiment  the.  Qraokling  in  some  instances  melted  into 
an  almost  musieu  tone. 

These  facts  have  been  applied  by  Professor  Tyndall  to  explain  the 
phenomena  of  the  motion  of  {^aoiers.  FOlacibbs,  in  Kat.  Hist.  Div.] 
This  is  a  most  important  subject:  the  verv  introduction  into  the 
philosophy  of  glaciers  of  the  iwinoiple  of  regelation,  "without  which," 
Professors  Tyndall  and  Huxley  remark,  "  it  may  be  doubted  whether 
the  existence  of  a  glader  would  be  at  all  possible,"  and  the  relation  of 
which  to  glacier  action  the  former  was  the  first  to  diacover,  opens  in 
itself  a  new  field  of  investigation.  For  the  details  of  this  appHcation 
we  must  refer  to  the  origiUal  paper;  but  the  fo^owing  is  a  summary 
view  of  the  subject,  derived  partly  from  that  and  partly  from  a  more 
brief  account  given  in  the  'Proceedings'  of  the  fioyal  Institution, 
vol  ii.  n.  822. 

All  tne  phenomena  of  motion  in  glaciers,  on  which  the  idea  of  the 
vupcosity  of  ice  has  been  based,  are  brought  by  such  experiments  as 
those  recited  above  into  harmony  with  the  demonstrable  properties  of 
ice.  Tlie  glacier  vall^  is  a  mould  through  which  the  ice  is  pressed 
by  its  own  gravity,  and  to  which  it  will  accommodate  itself,  while  pre- 
serving its  general  ooatinuity,  as  the  ^  hand-specimens  "  (to  use  a  term 
familiarly  applied  to  rocks)  do  to  the  moulds  made  use  of  in  the 
experiments.  Two  confluent  glaciers  unite  to  form  a  single  trunk,  by 
the  regelation  of  their  pressed  surfaces  ol  junction*  Crevasses  are 
closed  up,  and  the  broken  ice  ol  a  cascade,  such  as  Uiat  of  the  Tal6fre 
or  the  Rhone,  is  recompaoted  to  a  solid  oontinuous  mass.  "  But  if  the 
glacier  accomplish  its  movement  in  virtue  of  the  incessant  fracture  and 
regelation  of  its  parts,  such  a  process  will  be  aocompanied  by  a  crack- 
ling noise,  corresponding  in  intensity  to  the  nature  of  the  motion, 
and  which  would  be  absent  if  the  motion  were  that  of  a  viscous  body. 
It  is  a  well-known  faot  that  such  noises  are  heard,  from  the  rudest 
crashing  and  quaking  up  to  the  lowest  decrepitation,  and  they  thus 
receive  a  satisfactory  explanation.*  It  is  muufest"  also  "that  the 
continuity  of  the  fractured  ice  cannot  be  completely  and  immediatelv 
restored  after  fracture.  It  is  not  the  tame  sur&ces  that  are  regelated, 
and  hence  the  coincidence  of  the  sur&^es  cannot  be  perfect    They 

*  The  aoands  sotaietimes  heard  dnrisg  the  appearanee  of  the  Polar  Lights, 
and  suppOMd  to  be  prodooed  by  them  [Tsrbsbtrial  Liobt],  haro  been  refentNl 
by  Humboldt  to  the  meehanloal  ehanges  oontlanally  going  on  la  the  ioe-flelds 
and  peeks  of  the  region*  in  which  thoso  lights,  in  their  most  extensive  aad 
brilliant  development,  hare  been  prineipally  obeerred.  Many  of  these  changes 
most  be  identksal  with  those  of  glaciers ;  and  in  the  facts  and  reasoning 
adduced  by  Professor  Tyndall,  as  above,  we  probably  have  the  iinal  ezplanation 
of  this  dispated  snbjeot. 
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will  inclose  for  a  time  eafillary  Jii9ure$,  and  thus  the  above  theory 
accounts  satisfactorily  for  the  known  structure  of  glacier-ice.  Professor 
TyndaU  made  an  experiment  on  this  point  in  which,  by  a  gradually 
inereasing  pressure,  he  produced  in  ice  fissures  of  this  description 
accurately  resembling  those  made  evident  by  the  infiltration  experi- 
ments of  M.  Agassia  in  the  glacier  of  the  Aar. 

Since  the  publication  of  Dr.  Tyndall's  researches,  and  that  of  the 
papers  by  Principa]  (]«te  Professor)  James  D.  Forbes  and  Professor 
Jamea  Thomson,  the  contents  of  which  were  stated  in  the  former  article, 


also  more  fully  described  that  property  than  in  his  previous  papers. 
Of  the  new  facts  he  has  observed,  and  of  the  conclusions  he  has  founded 
upon  thom,  the  following  are  the  most  important. 

"  Two  pieces  of  thawing  ice  if  put  together  adhere  and  become  one; 
at  a  place  where  liquefaction  was  |iroceeding  congelation  suddenly 
occurs.  The  effect  will  take  place  in  air,  in  water,  or  in  vacuo.  It 
will  occur  at  every  point  where  the  two  pieces  of  ice  touch,  but  not 
with  ice  below  the  nreesing  point,  that  is,  with  dry  ice,  or  ice  so  cold 
as  to  be  everywhere  in  the  solid  state." 

"  Though  some  might  think,"  Dr.  Faraday  resumes, "  that  Professor 
[J.]  Thomson,  in  his  last  communication  [Ice,  coL  816],  was  trusting 
to  changes  of  pressure  and  temperature  so  inappreciably  small  as  to  be 
not  merely  imperceptible,  but  also  ineffectual,  still  he  carried  his  con- 
ditions with  him  into  all  the  cases  he  referred  to,  even  though  some  of 
his  assumed  pressures  were  due  to  capillary  attraction,  or  to  the  con- 
sequent pressure  of  the  atmosphere  only." 

In  order  to  exclude  all  pressure  of  the  particles  of  ice  on  each  other 
due  to  capillary  attraction  or  the  atmosphere,  Dr.  Faraday  prepared  to 
experiment  altogether  under  water,  arranging  a  bath  of  that  fluid, 
maintained  at  32**  Fahr.,  which  by  the  method  he  employed  it  could 
be  for  a  week  or  more.    [Thaw.] 

Two  similar  blocks  of  good  Wenham-lake  ice  were  placed  in  the 
water  with  their  opposed  faces  about  two  inches  apart,  each  being 
moored  to  a  jparticular  place  by  woollen  thread  attached  to  pieces  of 
lead,  so  that  ihey  were  sunk  entirely  under  the  surface  of  the  ice-cold 
water.  If  brought  near  to  each  other  and  then  left  unrestrained,  they 
separated,  returning  to  their  first  position  with  considerable  force.  If 
brought  into  the  slightest  contact,  regelation  ensued,  the  blocks  ad- 
hered, and  remained  adherent,  notwithstanding  the  force  tending  to 
pull  them  apart.  They  would  continue  thus,  even  for  twenty-four 
hours  or  more,  until  they  were  purposely  separated,  and  would  appear 
(by  many  trials)  to  have  the  adhesion  increased  at  the  points  where 
they  first  touched,  though  at  other  points  of  the  contiguous  surfaces  a 
feeble  thawing  acUon  went  on,  causing  a  dissection  of  the  ice,  develop- 
ing its  mechanical  composition,  and  dbowing  it  to  consist  of  layers  of 
greater  and  less  fusibility,  horizontally  dispMed  in  the  ice  whilst  in  the 
act  of  formation.  "  In  this  case,  except  for  the  first  moment,  and  in  a 
very  minute  degree,  there  was  no  pressure,  either  from  capillary  action 
or  any  other  cause.  On  the  contrary,  a  tensile  force  of  considerably 
amount  was  tending  all  the  time  to  separate  the  pieces  of  ice  at  their 
points  of  adhesion ;"  where  still  the  adhesion  went  on  increasing. 
Arrangements  were  next  made  to  ascertain  whether  anything  like 
loft  adhesion  occurred,  such  as  would  allow  slow  change  of  position 
without  separation  during  the  action  of  the  tensile  force.  It  was 
found  that  not  the  slightest  motion  of  the  blocks  in  relation  to  each 
other  took  place  in  the  thirtvHnx  hours  during  which  the  experiment 
was  continued.  "  This  result,  as  far  as  it  goes,  is  against  the  necessity 
of  pressuro  to  regelation,  or  the  existence  of  any  condition  like  that  of 
softness  or  a  shifUng  contact." 

Torsion  force  was  then  employed  as  an  antagonist  to  regelation.  The 
ice-blocks  being  separate,  were  adjusted  in  the  water  so  as  to  be 
parallel  to  each  other,  and  about  I4  inch  apart.  If  made  to  approach 
each  other  on  one  side,  by  revolution  in  opposite  directions  on  vertical 
axes,  a  piece  of  paper  being  between  to  prevent  ice-contact,  the  torsion 
force  set  up  caused  them  to  separate  when  left  to  themselves ;  but  if 
the  paper  were  away,  and  the  ice  pieces  were  brought  into  contact,  by 
however  slight  a  force,  they  became  one,  forming  a  rigid  piece  of  ice, 
though  the  strength  was,  of  course,  very  small,  the  point  of  adhesion 
and  solidification  being  simply  the  contact  of  two  convex  surfaces  of 
small  radius.  It  was  found,  also,  that  there  was  no  more  tendency  to 
a  changing  shape  than  in  the  case  before  examined.  If  the  separating 
force  were  increased,  but  unequally,  as  respects  the  two  pieces,  then 
the  congdation  at  the  point  of  contact  would  give  way,  and  the  pieces 
of  ice  would  move  in  relation  to  each  other.  Tet  they  would  not 
separate,  though  the  torsion  force  employed  was  constantly  tending  to 
separate  Ihem.  If  a  slip  of  wood,  applied  to  change  the  mutual 
position  of  the  two  pieces  of  ice  without  separating  them,  were  re- 
tained for  a  second  undirturbed,  then  the  two  pieces  of  ice  became 
fixed  rigidly  to  each  other  in  their  new  position,  and  maintained  it 
when  the  wood  was  removed,  but  under  a  state  of  restraint ;  and  when 
sufiicient  force  was  applied,  by  a  slight  tap  of  the  wood  on  the  ice  to 
break  up  the  ligidify,  the  two  pieces  of  ice  would  i«-arrange  themselves 
under  the  torsion  force  of  their  respective  threads,  yet  remain  united; 
and,  assuming  a  new  position,  would  in  a  second  or  less  again  become 
rigid,  and  remain  inflexibly  conjoined  as  beforei  By  managing  the 
|)ontinuous  motion  of  one  piece  of  ice,  it  could  be  kept  associated  with 


the  other  by  a  flexible  point  of  attachment  for  any  lengtli  of  tiae, 
could  be  plaoed  in  various  angular  positions  to  it,  could  be  made  (by 
retaining  it  quiescent  for  a  moment)  to  assume  and  hold  panDsoMatfy 
any  of  these  positions  when  the  eiM»mal  force  was  removed,  oould  be 
changed  from  that  position  into  a  new  one,  and,  within  certein  hmis, 
could  be  made  to  possess  at  pleasure  and  for  any  length  of  time  eithv 
a  flexible  or  a  rigid  attachment  to  its  associated  block  of  iee.  Is 
observing  these  states,  convex  surfaces  of  contact  are  neoeesaiy,  ao  tbt 
the  contact  may  be  only  at  one  point.  If  there  be  seTeral  places  U 
contact,  apparent  rigidity  is  given  to  the  united  mass,  thought  each  d 
the  places  of  contact  might  bis  in  a  flexible,  and,  so  to  aa,y,  adfaem 
condition.  "  It  is  not  at  all  difficult  to  arrange  a  convex  sarfaoe,  ae 
that,  beating  at  two  places  only  on  the  sides  of  a  depresnon,  it  should 
form  a  flexible  joint  in  one  direction,  and  a  rigid  attarhniept  is  a 
direction  transverse  to  the  former." 

The  following  are  Dr.  Faraday's  inductions  from  theae    resaita, 
which  cannot  be  abridged : — "  So  regelation  includes  a  flexible  adheaoB 
of  tiie  particles  of  ice,  and  also  a  rigid  adhesion.    The   trsasatkn 
between  these  two  states  takes  place  when  there  Is  no  external  lone 
like  pressure  tending  to  bring  the  particles  of  ice  together,  biit>  oo  tke 
eontrary,a  force  of  torsicm  is  tending  to  sepsnte  thaa ;  and*  if  respect 
be  had  to  the  mere  point  of  contact  on  the  two  rounded  iMirfaoea  when 
the  flexible  adhesion  is  exercised,  the  force  which  tends  to  aepanU 
tbem  may  be  esteemed  very  great.     The  act  of  regelatioa  cannot  b» 
considered  ss  complete  until  tibe  junction  has  become  rigidp  and  there- 
fore I  think  that  tne  necessity  of  pressure  for  it  is  altogether  exdoded 
No  external  pressure  can  remain  (under  the  oircumstanoea)  after  thft 
first  rigid  contact  is  broken.    All  :the  forces  which  remain  tend  to 
separate  the  pieces  of  ice ;  yet  the  first  flexible  adhesions  and  all  the 
successive  rigid  adhesions  which  are  made  to  occur  are  as  much  tlw 
efiects  of  regelation  as  those  which  occur  under  the  greatest  pieaaure." 

''The  phenomenon  of  flexible  adhesion  under  tension  looks  vay 
much  like  sticldng  and  tenacity;  and  I  think  it  probable  that  Professor 
Forbes  will  see  in  it  evidence  of  the  truth  of  his  view.     I  cannot, 
however,  consider  the  facts  as  bearing  such  an  interpretation ;  became 
I  think  it  impossible  to  keep  a  mixture  of  snow  and  water  for  boun 
and  days  together  without  the  temperature  of  the  mixed  mass  becoming 
umform;  which  uniformity  would  be  fatal  to  the  explanation.    My 
idea  of  the  flexible  and  rigid  adhesion  is  this: — ^Two  convex  surfaoeB 
of  ice  come  together;  the  particles  of  water  nearest  to  the  place  of 
contact,  and  therefore  within  the  efficient  sphere  of  action  of  those 
particles  of  ice  which  are  on  both  sides  of  them,  solidify ;  If  the  con- 
dition of  things  be  left  i$t  a  moment,  that  the  heat  evolved  by  the 
solidification  may  be  conducted  away  and  dispersed,  more  partides 
will  solidify,  and  ultimately  enough  to  form  a  fixed  and  rigid  junction, 
which  will  remain  until  a  force  sufficiently  great  to  break  tlunough  it 
is  applied.    But  if  the  direction  of  the  force  resorted  to  can  be  relieved 
by  any  hinge-like  motion  at  the  point  of  contact,  then  I  think  that  the 
union  is  broken  up  among  the  particles  on  the  opening  aide  of  the 
angle,  whilst  the  particles  on  the  closing  side  come  within  the  effectual 
regelation  distance;    regelation  ensues  there,  and  the  adhesion   is 
maintained,  though  in  an  apparentiy  flexible  state.    The  flexibility 
appears  to  me  to  be  due  to  a  series  of  ruptures  on  one  side  of  the  centre 
of  contact,  and  of  adhesion  on  the  other, — ^the  regelation,  which  is 
dependent  on  the  vicinity  of  the  ice  surfaces,  bdng  transferred  as  the 
place  of  efficient  vicinity  is  dianged.    That  the  substance  we  are  con- 
sidering is  as  brittie  as  ice,  does  not  make  any  difficulty  to  me  io 
respect  of  the  flexible  adhesion ;  for  if  we  suppose  that  the  point  of 
contact  exists  only  at  one  particle,  still  the  angular  motion  at  that 
point  must  bring  a  second  particle  into  contact  (to  suffer  regelation) 
before  sepsration  could  occur  at  the  first ;  or  if ,  as  seems  proved  by 
the  supervention  of  the  rigid  adhesion  upon  the  flexible  state,  many 
particles  are  concerned  at  once,  it  is  not  possible  that  all  these  should 
be  broken  through  by  a  force  applied  on  one  side  of  the  place  of 
adhesion,  before  particles  on  the  opposite  side  should  have  an  oppo^ 
tunity  of  regelation,  and  so  of  continuing  the  adhesion.'' 

The  changes  of  temperature  and  pressure  in  the  process  of  regela- 
tion, as  here  investigated,  Dr.  Faraday  thinks,  are  too  infinitesimal  to 
go  for  anything ;  and  in  illustration  of  this  opinion,  he  describes  an 
experiment.  For  this,  however,  as  well  as  for  the  manipulation  of 
the  experiments  in  generali  we  must  refer  to  his  piq>er;  but  ao 
addendum  to  it  we  now  cite,  as  it  details  an  easv  method  of  «'g«»ninT>g 
the  various  phenomena  of  regelation  which  have  been  ascertained. 
**  Take  a  rather  large  dish  of  water  at  common  temperatures.  Prepare 
some  flat  cakes  or  bars  of  ice,  from  half  an  inch  to  an  inch  thick, 
render  the  edges  round,  and  the  upper  surface  of  each  piece  convex,  by 
holding  it  agunst  the  inside  of  a  warm  saucepan  cover,  or  in  any  other 
way.  When  two  of  these  pieces  are  put  into  the  wat^  they  will  float, 
having  perfect  freedom  of  motion,  and  yet  only  the  central  part  of  tilie 
upper  surface  will  be  above  the  fluid;  when,  therefore,  the  pieces 
touch  at  their  edges,  the  width  of  the  water-surface  above  the  place  of 
contact  may  be  two,  three,  or  four  inches,  and  thus  the  effect  of 
capillaiy  action  be  entirely  removed.  By  placing  a  plate  of  clean  dry 
wax  or  spermaceti  upon  the  top  of  a  plate  of  ice,  the  latter  may  be 
entirely  submerged,  and  the  tendency  to  approximation  from  capillaiy 
action  converted  into  a  force  of  separation.  When  two  or  more  of 
such  floating  pieces  of  ice  are  brou^)  together  by  contact  at  some  point 
under  the  wait>r,  they  adhere;  first  with  an  apparently  flexible,  and 
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tl^eck  with  a  rigid  ftdheeion.    When  five  or  six  piecea  are  grouped  in  a 

cont^oried  shape,  as  an  S,  and  one  end  piece  be  moved  carefully,  all  will 

iXLo ve  with  it  rigidly ;  or,  if  the  force  he  enough  to  break  through  the 

joint,  the  rupture  will  be  with  a  crackling  noise,  but  the  pieces  will 

still  adhere,  and  in  an  instant  become  rigid  again.    As  the  adhesion  is 

only  by  points,  the  force  applied  should  not  be  either  too  powerful  or 

in.  tbe  manner  of  a  blow.    I  find  a  piece  of  paper,  a  small  feather,  or  a 

camel-hair  brush  iqaplied  under  toe  water  very  convenient  for  the 

puirpose.    When  the  point  of  a  floating  wedged-shaped  piece  of  ice  is 

Drought  under  water  against  the  comer  or  side  of  another  floating 

piece,  it  sticks  to  it  like  a  leech ;  if,  after  a  moment,  a  paper  edge  be 

l>i-ougfat  down  upon  the  place,  a  very  sensible  resistance  to  the  rupture 

«kt  that  place  is  felt.    If  the  ice  be  replaced  by  like  rounded  pieoes  of 

ivood  or  glass,  touching  imder  water,  nothing  of  this  kind  occurs,  nor 

any  signs  of  an  effect  that  could  by  possibility  bo  referred  to  capillary 

action ;  and  finally,  if  two  floating  pieoes  of  ioe  have  separating  forces 

attached  to  them,  as  by  threads  connecting  them  and  two  light 

pendulums,  pulled  more  or  less  in  opposite  directions,  then  it  will  be 

seen  with  what  power  the  ice  is  held  together  at  the  place  of  regelation 

Mfhen  the  contact  there  is  either  in  the  flexible  or  rigid  condition,  by 

the  velocity  and  force  with  which  the  two  pieces  wul  separate  when 

the  adhesion  is  properly  and  entirely  overcome." 

In  Dr.  Faraday's  second  published  notice  of  regelation  ('  Exp.  Res. 
in  Chem.  and  Phys./  pp.  880,  881),  he  had  adduced  the  growth  of 
crystalB  of  camphor  and  of  iodide  of  cyanogen,  by  the  deposition  of 
solid  matter  upon  them  from  aa  atmosphere  unable  to  deposit  like 
solid  matter  upon  the  surrounding  glass,  except  at  a  lower  tempera- 
ture ;  and  that  of  oiystals  in  a  solution,  by  tke  deposition  of  solid 
matter  upon  them  which  is  not  deposited  elsewhere  in  the  solution,  to 
illtistrate  the  extension  of  the  principle  of  action  which  is  manifested 
in  regelation.    In  his  reasoning  on  the  nature  of  that  principle,  he  also 
rested  on  the  fact,  that  ioe  has  the  same  propertj^  as  camphor,  sulphur, 
phosphorus,  metals,  ftc.,  which  cause  the  depositioB  of  solid  paitides 
upon  them  from  the  suirounding  fluid,  that  would  not  have  been  so 
deposited  without  the  presence  of  the  previous  solid  portions. 

But  the  further  experimental  inquiry  to  which  he  has  now  sub- 
jected the  phenomena  of  regelation,  appears  to  have  conducted  him  to 
a  view  of  them  which  is  not  altogether  reconcileable  with  his  previous 
inferences  respecting  the  extension  of  the  principle.  He  now  asks, 
*'  Is  this  remarkable  property  peculiar  to  water,  or  is  it  general  to  all 
bodies  ?  In  respect  of  water,  it  certainly  seems  to  offer  us  a  glimpse 
into  the  joint  phvsical  action  of  many  particles,  and  into  the  nature  of 
cohesion  in  that  body  when  it  is  changing  between  the  solid  and  liquid 
state.  I  made  some  experiments  on  this  point ; "  which  he  proceeds 
to  relate. 

The  metals  bismuth,  tin,  and  lead  did  not  present  the  slightest  trace 
of  an  action  corresponding  to  regelation.    Melted  nitre  appeared  at 
times  te  show  traces  of  the  power ;  but,  on  the  whole.  Dr.  Faraday  is 
inclined  to  think  that  the  efifecto  observed  resulted  from  the  circum- 
stance that  the  solid  rods  experimented  with  had  not  acquired  through- 
out the  freeaing  tempereture.    Nitre,  however,  he  remarks, "  is  a  body 
which,  like  water,  expands  in  solidifying;  and  it  may  possess  a  certain 
degree  of  this  pecuUsr  power.'     Glacnal  acetic  add,  he  finds,  a  not 
merely  without  regelating  force,  but  actuallv  presente  a  contrast  to  it. 
"  Miuiv  resulte  were  tped  (without  much  or  anv  expectation),  ciys- 
tals  of  them  being  brought  to  bear  against  each  other  by  torsion  force, 
in  their  saturated  solutions  at  common  temperatures.    In  this  way  the 
following  bodies  were  experimented  with : — Nitrates  of  lead,  potassa, 
soda ;  sulphates  of  soda,  magnesia,  copper,  ainc ;  alum ;  borax ;  chlo- 
ride of  ammonium;   ferro-prussiate  of  potassa;   carbonate  of  soda; 
acetate  of  lead ;  and  tartrate  of  potassa  aad  soda;  but  the  resulte  were 
all  negative."  • 

Br.  Faraday's  "^present  conclusion,  therefore,  is  that  the  property* 
of  regelation  "  is  special  for  water,  and  that  Che  view  "  he  has  "  taken 
of  its  physical  cause  "— "  that  a  particle  of  water,  which  could  retain 
the  liquid  stete  whilst  touching  ioe  only  on  one  side,  could  not 
retain  the  liquid  stete  if  it  were  touched  by  ice  on  both  sides,  but 
became  solid,  the  seneral  temperature  remaining  the  same*' — ^"does 
not  appear  to  be  less  likely  now  than  at  the  b^inning  of  this  short 
investigation,  and  therefore  has  not  sunk  in  vuue  among  the  three 
explanations  nven^ "  namelv,  his  own  and  tiiose  of  Professor  James 
Thomson  and  Principal  Forbes,  respectively,  which  have  been  steted  in 
our  former  account  of  this  subject 

In  the  '  Proceedings  of  the  Royal  Society'  for  Hay  2, 1861  (vol  xL, 
pp.  198-204),  appears  a  note  by  Professor  James  Thomson,  in  which 
he  states  that  he  still  adheres  to  the  explanation  of  Principal  Forbesi's 
experiment,  cited  from  a  former  paper  by  him  in  our  article  Iok,  as 
mainly  correct,  though  admitting  of  modification  in  reference  to  a 
point  which  seems  to  him  to  be  as  yet  rather  obscure : — ^  the  influence, 
namely,  of  the  tension  in  the  ice  due  to  ite  own  weight,  which  makes 
it  not  he  subject  internally  to  simply  atmospheric  pressure.**  Ph>feesor 
Thomaon  also  pointe  out  some  additional  conditioiis,  dmost  necessarily 
present  in  the  experiment,  which,  imder  his  view  of  the  plasticity  of 
ice,  would  act  in  conjunction  with  those  originally  adduced,  and  would 
increase  the  rapidity  of  the  union.  But  mis  principal  object  in  this 
eommtuiication  is  to  dissent  from  the  interpretetion  given  by  Pro- 
fessor Faraday  of  his  recent  experiments,  as  above,  and  to  express 
the  opinion  that  they  are  in  perfect  aocordanoe  with^  and  tend  to  con. 


I  firm,  liis  own  theory,  and  ite  application  to  the  various  observed  circs 
of  the  union  of  two  pieces  of  moist  ice  when  placed  in  contact.  This' 
he  does,  after  describing  Faraday's  resulte,  in  these  terms : — "  My 
view  of  the  phenomena  of  these  experimente  is  as  follows :  the  first 
contact  of  the  two  pieoes  of  ice  cannot  occur  wiUiout  impact,  and  con- 
sequent pressure ;  and,  small  as  the  total  force  may  be,  ite  intensity 
must  be  great,  as  the  surface  of  contact  must  be  little  more  than  a 
geometrical  point.  This  pressure  produces  union  by  the  process  of 
melting  and  regelation  described  by  me  in  previous  papers.  On  the 
application  of  the  forces  from  the  two  feathers,  at  one  side  of  the  point 
of  contact^  tending  to  cause  separation,  the  isthmus  of  ice  formed  by 
the  union  of  the  two  pieces,  comes  to  act  as  a  tie  or  fulcrum  subject  to 
tensile  force ;  and,  consequently,  a  corresponding  pressure  will  occur 
at  the  side  of  the  isthmus  far  from  the  feathers,  and  that  pressure  will 
effect  the  union  of  the  ice  at  the  side  where  it  occurs.  The  tensile 
force,  it  may  be  readily  supposed,  tends  to  preserve  the  isthmus,  inter- 
nally at  least,  in  the  stete  of  ice,  whatever  may  be  ite  influence  on  the 
external  molecides  of  the  isthmus,  and  to  solidify  such  water  as,  having 
occupied  pores  in  the  interior  during  previous  compression,  may  now, 
by  the  linesr  tension  or  pull,  be  reduced  m.  cubical  pressure  or  hydro- 
static pressure,  because  the  melting-^int  of  wet  ice  is  raised  by  dimi- 
nution of  pressure  of  the  water  in  contact  with  it.  The  pull  applied 
to  the  isthmus  thus  appean  to  put  it  out  of  the  condition  in  which  my 
theory  has  clearly  indicated  a  cause  of  plasticity,  and,  I  presume,  makes 
it  cease,  or  almost  entirely  cease,  to  be  plastic.  I  believe  no  plastic 
yielding  of  ice  to  tension  has  been  discovered  by  observation  m  any 
case,  and  I  think  there  are  theoretical  reasons  why  ioe  should  be 
expected  to  be  veiy  brittle  in  respect  to  tensile  forces.  The  isthmus 
then  being  supposed  devoid  of  plasticity  at  ite  extended  side,  ultimately 
breaks  at  that  side  when  the  opening  motion  caused  by  the  feathers 
has  arrived  at  a  sufficient  amount  to  cause  fracture;  and  the  ioe 
newly  formed  on  the  compressed  side  comes  now  to  act  sa  a  tie,  instead 
of  the  part  which  has  undeiigone  disruption,  and  holds  together  the 
two  pieces  of  ice,  or  serves  as  a  fulcrum  under  tension  to  communicate 
a  compressive  force  to  the  pointe  of  the  two  pieoes  of  ice  immediately 
beyond  it ;  and  so  the  rolling  action  with  a  constant  union  at  the  point 
of  contact  goes  forward.  It  is  to  be  observed,  that  the  leverage  of  the 
forces  applied  by  the  feathers  is  so  great,  compared  with  the  distance 
from  the  fulcrum  or  tensile  part  of  the  isthmus,  to  the  compressed 
part  in  process  of  formation  at  the  other  side  as  that  the  compression 
may  usually  be  considered  almost  equal  to  the  tension ;  and  the  tension 
in  the  extended  part  cannot  be  of  small  intensity,  being  sufficient  to 
break  that  side  of  the  isthmus.  In  the  experimente  which  gave  flexible 
adhesiott  mtmimgly  under  tension,  it  is  not  to  be  admitted  that  tension 
was  really  the  condition  under  which  the  ice  existed  at  the  places 
«here  the  union  wss  occuning.  To  apply  a  simple  disruptive  force  to 
flie  whole  isthmus  of  ice,  it  would  be  necessary  to  take  very  special 
precautious  in  order  to  arrange  that  the  line  of  application  of  the  dis- 
ruptive forces  should  pass  through  the  point  of  contact  of  the  two 
pieces.  If  that  were  done,  and  the  forces  were  gradually  increased  till 
the  cohesive  strength  of  the  isthmus  were  overcome,  it  is  desr  that  the 
two  pieces  of  ice  would  separate  altogether,  and  there  would  be  no 
flexible  adhesion ;  but  the  flexible  adhesion,  when  it  occurs,  is  essen- 
tially dependent  on  the  existence  of  an  intense  pressure  at  the  side  of 
the  isthmus  remote  from  the  line  of  the  externally  applied  disruptive 
forces,  or  of  the  single  force  applied  in  some  of  the  experimente  to  ono 
only  of  the  pieces,  and  resisted  by  the  inertia  of  the  other." 

While  Dr.  Faradav  was  engaged  in  the  experimental  corroboration  of 
the  cause  to  which  he  had  originally  assigned  regelation,  and  in  the 
limitetion  of  the  inferential  views  of  ite  extension  which  he  had  first 
token,  a  less  conspicuous  inquirer  had  been  led  to  found  upon  those 
views  and  upon  a  known  fact  in  the  physical  history  of  glass,  a  theory 
of  the  universality  of  regelation.  This  had  been  indicated,  and  the 
fact  in  question  steted,  at  the  end  of  our  former  account  of  the  subject 
in  the  article  Ici.  In  the '  Proceedings  of  the  Royal  Society '  (voL  x., 
pp.  450-460),  Dr.  Faraday's  'Note  on  Regebtion*  is  followed  by  Mr. 
Brayle/s '  Notes  on  the  Apparent  Universality  of  a  Principle  analogous 
to  Regelation ;  on  the  Physicsl  Nature  of  Glass ;  and  on  the  Proba- 
bility of  the  Existence  of  Water  in  a  stete  analogous  to  that  of  Glass.'* 
In  the  first  of  the  three '  Notes  *  of  which  Mr.  Brayley^s  paper  consiste, 
the  view  of  the  subject  taken  in  Igb  (col.  817)  is  resumed  in  greater 
detail,  the  facte  there  metitioned  being  regarded  as  "  indicating  the 
existence  of  a  condition  of  matter  which  may  be  termed  arrested 
liquidity,  but  yet  is  not,  in*  the  most  perfect  sense,  solidity.**  It  is 
assumed  also  to  be  highly  probable  that  the  process  by  which  two 
plates  of  polished  plate-glass  become  one  is,  in  reality,  analogous  to 
that  of  regelation  in  ice,  uid  finally  dependent  on  the  same  principles, 
whatever  their  true  character  may  be  conceived  or  shall  ultimately  be 
determined  to  be.  Facte  are  steted,  from  which  it  is  inferred  that  the 
state  of  the  interior  portions  of  a  plate  of  plate-glass  is  similar  to  that 
of  glass  in  general  at  certain  temperatures  much  below  ite  fusing  point, 
when  it  presente  such  remarkable  characters  of  plasticity,  tenacity,  and 
ductility.  These  facte  are  steted  to  recall  the  view  taken  by  Person, 
and  adopted  by  Principal  Forbes  [loK,  coL  816 ;  Thaw],  of  the  simi- 

*  Thmb  notes  were  reoeiTcd  hy,  and  read  to,  the  Boyal  Soeiety  on  the  t6th  of 
April,  1S60,  after  Dr.  Faraday  had  giTen  an  oral  aeeonnt,  ezperimentally 
illoatrated,  of  ths  oontenU  of  his  own  •  Note/  whieh  had  been  reotired  in  the 
preceding  BMBth. 
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larity  of  the  liquefaction  of  ice  to  that  of  fatty  bodies  or  of  the  metaLs, 
"which  in  melting  paaa  through  intermediate  stages  of  softness  or 
vicosity ;  *'  and  it  is  remarked,  also,  that  Sir  J.  F.  W.  Herschel,  when  he 
terms  regelation  "  a  sort  of  wading"  [Hail,  col.  6081,  appeals  to  concur 
in  this  view.  Mr.  Brayley  asks,  in  conclusion  of  this  part  of  the  sub- 
ject, "  Are  all  cases  of  the  union  of  two  apparently  solid  surfaces  of 
the  same  substance  by  cohesive  attraction  cases  of  melting  and  rege^ 
lation,  an  infinitesimally  thin  film  of  liquid  being  momentarily  pro- 
duced and  as  instantly  solidified  ? " ;  and  having  in  discussing  tjhe 
>hy  of  the  union  of  two  surfaces  of  glass  followed  the  reasoning 


of  Professor  J.  Thomson,  on  the  cause  of  regelation,  he  states,  not- 
withstanding, tiiat  he  wishes  to  be  understood  as  not  adopting, 
ezdusivelyi  any  existing  theory  on  the  subject  Admitting  the 
operation  of  cohesive  attraction  and  consequent  pressure  in  the  first 
instance,  the  phenomenon,  with  respect  to  glass,  it  is  shown,  readily 
admits  of  explanation  by  the  original  view  of  Mr.  Faraday  with  respect 
to  ice.    [Iox,coL  814.] 

The  object  of  Mr.  Brayley's  second  'Note'  does  not,  strictly  belong^ to 
the  subject  at  present  before  us,  but  to  preserve  ^e  sequence  of  the 
whole  inquiry  m  its  bearing  on  tJte  physics  of  water,  we  may  mention 
that  he  £(nda  reason  to  r^ard  the  molecular  constitution  of  glass  as 
being  analo^us  to  that  of  "  water  cooled  below  the  freesdng  point,  |>ut 
still  remaiumg  liquid,  until  by  a  tremor,  or  the  percussive  contact  of  a 
solid  body,  or  the  mere  contact  of  a  crystal  of  ice,  its  temperatmre 
nses  to  32°,  and  it  becomes  ice,"  or  to  that  of  a  saturated  solution  of 
■alt  in  hot  water.  **  If  so,**  he  remarks,  "  glass  will  be  a  substance  in 
which  this  state  of  arrested  liquidity,  or  potential  solidity,  is  perma- 
nentk'*  Instructive  parallels  are  also  noticed  between  the  crystallisation 
of  water  and  that  of  glass  and  some  other  bodies,  which  are  presented 
by  the  experiments  of  Gregory  Watt,  and  Faraday. 

It  is  observed  in  the  concluding '  Note/  that  **  Ko  crystalline  body 
has  been  longer  or  more  extensively  subject  to  human  observation 
than  crystallised  water,  or  iceu  Its  natural  history  and  propertiesu  as 
science  nas  advanced,  have  been  investigated  with  mcreasing  generality 
and  precision ;  and  they  have  finally  become  objects  of  thit  systematic 
and  exact  research  which  characterises  the  present  era  of  physical 
inquiry.  ....  A  most  remarkable  deficiency,  however,  stUl  remains, 
apparently,  in  our  knowledge  of  this  substance :  tcater  m  the  vitr^ui 
eondilian — Ice  p2a«s — Aos  never  been  obterved.  While  we  know  the 
antithetical  vitSreous  state  of  so  many  diOerent  crystallised  substances, 
— minerals  poduoed  b^  heat,  salts  deposited  from  aqueous  solution, 
neutral  bodies  of  organic  origin,— and  have  great  reason  to  believe  i^t 
that  antithetical  condition  to  crystallisation  is  universal,  we  have  no 
knowledge  of  it  in  relation  to  water  or  ice.  My  own  attention  has 
been  aws^e  to  the  subject,  without  success,  for  many  years.  It  wouM 
seem  to  be  scarcely  within  the  bounds  of  possibility  that  the  glany 
state  of  water,  if  possessing  what  we  term  solidity,  should  not»  ere  now, 
either  have  been  observed  in  nature,  or  have  occurred  and  been 
recognised  in  experimental  research." 

Mr.  Brayley  inquires, "  Does  this  apparent  deficiency  in  our  know- 
ledge exist  because — to  use  language  recently  introduced  into  physical 
science—the  homoloaue  of  the  glassy  state  of  water  is  not  what  we 
ordinarily  term  solid:— because  the  state  of  water  cooled  below  82**,  but 
stiU  liqmd,  is  in  fact  the  state  which  corresponds  to  the  vitreous  con- 
dition of  other  bodies,  and  to  the  physical  nature  of  perfect  ordinary 
glass  f  Is  the  one  simply  a  case  of  potential  solidity,  and  the  other  of 
the  confluent  or  equivalent  state  of  arrested  liquidity  f " 

In  reply  to  the  anticipated  objection  that  the  homology  sought  to 
be  established  between  liquid  water  below  82*  and  glass,  is  a  fotx>ed 
one^  and  after  admitting  that,  in  relation  to  each  other,  thesd  are 
,  extreme  cases,  he  proceeds  to  show  that  intermediate  terms  of  the 
series  are  not  wanting,  some  of  them  being  supplied  by  sulphur  and 
phosphorus,  and  others,  in  a  remarkable  manner,  by  selenium,  various 
<»nditions  of  all  three  appearing  to  be  homologues,  at  once,  of  both 
the  extreme  terms  here  alluded  to.  Mr.  Brayley  suggests,  fimdly, 
. "  Should  this  hvpothesis  be  verified,  water  below  82%— or  rather, 
perhaps,  from  the  temperature  of  maximum  density  downwards 
through  that  of  freeziiuf,— may  have  to  be  regarded  as  the  vitreous 
condition  of  matter;  and  the  causes  of  the  peculiar  chancters  of  that 
condition,  its  effects  on  the  transmission  of  the  vibrations  of  sound  and 
light,  the  conchoidal  fracture,  &c.,  may  hate  to  be  discovered  by 
researches  on  its  molecular  nature." 

In  expositions,  whether  of  the  progress  or  the  actual  condition  of 
any  branch  of  science,  the  student  is  perpetually  reminded  of  the 
lesson  which  teaches  the  indissoluble  and  universal  connection  of 
every  part  of  nature  with  every  other  part  Subsequently  to  the 
enunciation  of  all  the  views  on  the  subject  of  reg^tion,  and  the  mole- 
cular  relations  of  ice  and  water,  of  which  an  account  has  been  given  in 
the  preceding  columns,  this  truth  has  been  exemplified  in  a  striking 
and  instructive  manner,  which  may  eventually  make  it  requisite  to 
modify  all  existing  conclusions  on  that  subject  and  its  applications  to 
natural  phenomena. 

In  the  *  Proceedings  of  the  Royal  Society'  for  June  18  of  the  present 
year  (1861),  vol.  xL,  pp.  248-247,  appears  the  abstract  of  an  elaborate 


acta- 


affording  the  means  of  bringing  out  oleariy  the  distiiietrve  pnsfiertie 
what  appear,  in  his  judgment,  to  be  two  great  dlTiflkMus  «<  cha.L 
substances.     Mr.  Qraham*s  former  researches  on  DiPFUaxos  lav«  V 
noticed  in  the  article  on  that  sabjectk    As  this  will  be  'tba  cofy  ^ 
tunity  the  near  completion  of  our  work  will  allow  of  ^wiiis  ^^  ^'^"^ 
of  Ms  new  results,  v^e  shall  cite  so  much  of  his  abstract 
to  what  \A  required  for  the  subject  of  the  present  artids*  wiB 
for  that  purpose.    The  entire  subject  of  diAudon,  w< 
trates  in  a  remarkable  manner  the  importance  of  that  peErCect 
as  a  chemical  agent,  which  has  been  shown  to  oharaeteriae 
preceding  article  on  its  chemical  history. 

''  The  first,  or  diffuMwe,  das*  of  substaooes  ai«  maslcAd  by  & 
tendency  to  orystalhse,  either  alone  or  in-  oomhinatioii  yfnkki  vkt 
When  in  a  state  of  sdation  they  are  held  by  the  •olveo.'fe 
force,  so  as  to  afifeet  the  vohtiUty  of  water  by  their 
solution  \b  generally  free  from  visconty,  and  is  always  aapid.  Ik. 
reactions  are  energetic,  and  qai<^y  effected.  Tfaia  is  liie  das  w 
erytUdloidtJ* 

**  The  other  daas,  of  low  diffosibility,  may  be  named  coOoieU,  aiti<r 
appear  to  be  typified  by  animal  gelatine.    They  baw   little,  if  u: 
tendency  to  crystallise,  and  they  affect  a  vitreoua  fltroctoreu     T*: 
planes  of  the  crystal,  with  its  haidneBB  and  brittknesa,  are  repiaead  i 
the  colloid  by  rounded  outlines  with  more  or  less  aoflrium  and  iMc. 
ness  of  texture.    Water  of  crystallisation  is  representad  by  vabs'j 
gelatination.    Colloids  are  held  in  solution  hj  a  feeble  pow«r.  Mad  is^ 
little  effect  on  the  voUitUity  of  the  solvents.    The  adlutiaii  of  ooaoi 
has  slways  a  certain  degree  of  viKosily,  or  gommineflBy  'wiseii  ooaca- 
trated.   They  appear  to  be  insipid,  or  wholly  tasteleH,  vnleaa  w&es  ti^ 
undergo  decomposition  upon  the  palate,  and  give  riae  to 
loids.     They  are  united  to  water  with  a  force  ol  lo^r 
Although  chemically  inert  in  the  ordinaiy  sense,  ooUoida 
parative  activity  of  their  own,  arising  out  of  their  phyaical  propcrsi 
While  the  rigidity  of  the  crystaliine  structure  shuts  out  extets& 
impresrions,  the  softness  of  the  gelatinous  colloid  putakaa  of  iliiiiurT, 
and  enables  the  colloid  to  become  a  medium  for  liquid  diffiiirion,  bL 
water  itself.    The  same  penetrability  appears  to  take  tlie  form  ol  \ 
capacity  for  cementation  in  such  colloids  as  can  exist  at  a  liigh  tis- 
perature.    Hence  a  wide  sensibility  on  the  part  of  eoUoida  to  extenL 
agents." 

"  Another  eminently  characteristic  quality  of  colloids  ia  tJieir  mnt^ 
bility.  Their  existence  is  a  continued  metastasiB.  A  ooUoad  may  b 
compared  in  this  respect  to  water  while  existing  liquid  at  a  temperaise 
below  its  usual  freezing  point,  or  to  a  supersaturated  aaline  aolotiaa 
The  colloidal  is,  in  fac^  a  dynamical  state  of  matter;  the  cryataOoidal 
being  the  statical  condition." 

"  For  the  separation  of  unequally  difiuidve  enrstalloida  from  «iA 
other,  jar*diffusion  was  had  recourse  to.  .  •  •  The  separation  of  t 
crystalloid  from  a  colloid  ii  more  properhf  eflfeoted  by  a  cxnnfaiiiatioa  d 
diffusion  with  the  [osmotic]  action  of  a  septum  compoaed  of  aa 
insoluble  colloidal  material  •  .  .  This  separating  action  of  the  eoQc^ 
septum  IB  spoken  of  [in  Mr.  Ghndiam*s  paper]  as  A'o/yria* 

*^  Ice  at  or  near  its  melting  point  appears  to  be  a  colloidal  aabstasoe, 
and  exhibits  a  resemblance  to  a  firm  jelly  in  elasticity,  the  teodmcy  t& 
rend  and  to  redintegrate  on  oontaot"  Regelation,  aoooiding  to  thii 
view,  \A  the  form  in  which  the  property  of  miia^gfria<Hm,  belonging  to 
all  conoids,  is  exhibited  by  ice.* 

The  truth  of  the  view  of  the  nature  of  ice,  at  or  near  ita  mdtiitg 
point,  thus  taken  by  Mr.  Graham,  will  require  to  be  tested  by  optiol 
means,  by  which  it  must  be  ascerteined  that^  at  those  tempendurei,  it 
really  is  not  a  erystsllised  body.  A  further  verification  may  be  ob- 
tained by  detenmning  whether  the  alleged  colloidal  ice  resisti  tlte 
passage  of  electricity  as  crystalline  ice  is  known  to  do,  amd  wbit 
changes  the  non-conduoiing  power  d  the  latter  undersoss*  during  the 
reciprocal  conversion  of  the  ciystalloid  into  the  coUmd  state,  until  it 
becomes  the  oonductiDg  power  oi  liquid  vrater.  (Raraday,  '  Bxp.  Rea* 
hi  Elect.' par.  408.)  Should  ito  truth  be  established,  Mr.  Qvabam  wiQ 
probably  be  admitted  to  have  diaoovered  the  key  to  the  e^danatioii  of 
all  the  confiictinff  statements  and  theories  respecting  the  nature  of 
relation  and  of  the  motion  of  gbdsrs.  Ice,  togetiur  with  maoj 
other  bodies,  and  periiaps  aU,  will  oe  both  a  colloid  sad  a  crystalloid. 
That  which  Dr.  Fsraday,  in  his  recent  ezperimeotB,  found  to  have  tha 
flexible  adhesion,  wfll  pix)ve,  in  this  case,  to  be  the  (Mdloidal  or  vitreous 
form  of  that  substance  (ioe-^Jaif,  in  fact;  almost  identical  with  Mr. 
Bkayley's  homologue  of  that  hitherto  hypothetioal  body,  aa  evinced  by 
facts  recorded  by  Mr.  Chraham,  whidi  will  presently  be  adverted  to), 
while  the  rigid  adhesioii  will  be  found  to  characteiise  its  eryatalloidal 
form ;  and  uie  eireumstsDOSS  from  which  he  inf erred  that  the  former 
has  not  in  reality  the  pn>pertieB  of  sticking  and  teoacity«-*-ia  abort, 
those  of  a  viscous  substance,  will  be  found  to  arise  from  the  ooostaot 
and  rapid  passsge^the  metastasis  of  Qffaham-M>f  the  ooUoid  into  Um 
ciystalloid  body. 

Regelation  will  oonsist  of  the  passage,  under  small  chaagee  of  pres* 
sure  and  temperature,  of  crystalloid  into  eoUoid  ice,  and  its  re<coDTer* 
sion  into  the  former,  the  '*  cementation  "  and  **  redintegration  "  of  the 
colloid  inteirening;  and  thus  Faraday's  own  interpretation  of  his 
experiments  and  f^fessor  Thomson's  will  be  brou^t  into  harmony 

*  The  Bev,  Canon  Moseley  had  pievloasly  defined  regdatim  as  the  **  pio* 
perty  of  passing  flrom  a  disintegrated  into  a  solid  •tate." 
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Tlie  theories  of  glaoier  motion  of  Forbes,  ThomioDy  and  l^dall  (in- 
cluKiing  the  ezplMUtUon  of  the  plsstioity  of  ioe  by  the  latter),  and  the 
vie^^vs  respecting  it  of  Hopkins  and  Whewell,  may  proYe  to  be  equally 
"triie^  or  some  of  them  unoeoessaiy.    Under  the  reciprocal  changes  of 
pressure  and  temperature  going  on  in  a  glacier,  it  will  follow  that  evexy 
pajT^  of  it  must  be  peipetually  ohaoging  from  a  truly  viscous  or  plastic, 
colloidAl,  dynamic  state,  maintained  only  for  a  short  time,  to  the  rigid, 
crystalloidal,  statical  condition  of  ordinary  ice ;  which,  under  the  same 
cliaiigea  will  again  transiently  sssume  the  colloidal  form,  only  to 
undei^go  the  oorresponding  ohuige,  and  so  on  in  a  succession  which  can 
termiziate  only  with  the  final  lique&ction  of  the  ioe,  and  its  separation 
from  the  glacier  by  flowing  awa^  in  the  form  of  water.  AU  the  conditions 
of  viflcoeity  or  plasticity,  and  rigidity,  which  the  phenomena  of  glaciers 
and  the  Imown  properties  of  ioe  require  to  be  fulfilled,  may  thus  be 
capable  of  explanation  agreeably  to  the  laws  of  nature.    But  many  of 
lilr.  Graham's  resulte  are  independent  of  his  assumption  ren>ecting  ice. 
It  is  stated  by  him,  as  above,  that  colloidal  bodies  affisct  tne  viti^ous 
structure  ;  and  he  reoognises  the  vitreous  form  of  silica  as  the  colloidal 
one.     It  is  now  evident,  indeed,  that  what,  looking  primarily  from 
organio  substances,   he  has  termed  the  colloidal  stete,  is  identical, 
allowing  for  inherent  difTecence  of  properties,  with  that,  which,  looking 
primarily  froni  inorganic  bodies,  has  been  termed  itie  vitreous  or 
glassy  state.     Every  description   of   glass  must,  agreeably  to  Mr. 
Oraham's  inductions^  be  a  colloidal  body,  and  the  union  of  two  surfaces 
of  it  at  all  temperatures,  while  the  solid  condition  is  maintained, 
must   be  that  oementation  and  redintegration  which  is  physically 
identical  with  regelatton  itself;  and  thus  Mr.  Brayley's  aigumente 
for  the  virtual  identity  with  regelation  of  the  process  by  wMch  two 
[    plates  of  plate-glass  become  one,  which  Dr.  Faraday's  new  results 
appeared  to  invalidate,  will  be  confirmed;  while  regelation,  as  also 
suggested  by  him,  may  be  found  to  be  universal,  as  respecte  all  bodies 
Mrhich  can  sssume  the  ooUoid  form,  Dr.  Faraday's  experimente  indi- 
cating ite  non-eztansion  having  been  confined  to  ciyvtalloids.     The 
mutability  and  continued  metastasis  of  colloids  are  manifested  in  the 
unstable  condition  ol  arrested  liquidity  or  potential  soHdi^  recognised 
by  Mr.  Brayley ;  and  Ifr.  Oraham's  comparison  of  a  couoid  In  that 
respect  "to  \7ater  while  existing  liquid  at  a  temperature  below  ite 
usual  freezing  point,  or  to  a  supersaturated  saline  solution,"  is  a 
repetition  of  Mr.  BravUv's  view  of  the  molecular  constitution  of  glass 
already  dted.  Colloiaid  ice  (if  it  shall  be  proved  to  exist),  and  unfrozen 
water  below  82**,  are  evidently  degrees  of  the  same  condition,  and  thus 
Mr.  Brayley's  suggested  homologue  of  the  glassy  condition  of  water  is 
almost  equivalent  to  the  former,  and  if,  as  seems  confonnable  with 
known  facte,  we  assume  that  the  oolloid  stete  of  water  cannot  b^^ 
until  it  is  reduced  to  the  temperature  of  ite  greatest  density,  th£^ 
homologne  will  include,  almost  explicitly,  Mr.  Oraham's  ooUoiaal  con- 
dition of  ice.    Some  nice  questions  of  temperature  will,  however,  have 
to  be  settled  by  experiment;  and  indeed  the  subject  is  now  ripe  for 
those  quantitetive  determinations  in  which  the  existing  discussions  of 
regelation  are  remarkably  deficient,  and  which  must  necessarily  be  of  a 
minute  and  delicate  description. 

But  here  we  must  conclude  on  this  subject;  having  merely  indicated 
how  wide  a  field  for  experimental  research,  observation  in  nature,  the 
verification  of  hypotheses,  and  mathematical  investigation,  idl  relating 
to  ice  and  vrater,  has  probably  been  opened  to  soieace  by  or,  Orahun's 
researches  on  liquid  diffusion. 

From  the  preceding  view  of  the  obvious  characters  and  actual  nature 
of  ioe,  we  proceed  to  describe  some  of  ite  properties  in  relation  to  heat, 
and  some  also  of  water  in  ite  two  fluid  stetes.  The  dilatetion  of  ice  by 
beat  was  measured  in  the  yean  1845  and  1846,  at  the  Imperial  Obser- 
vatory <^  Pulkowa,,  by  Schumacher  and  his  associates,  and  the  par- 
ticulars of  their  experimente  were  commmiicated  by  M.  Struve  to  the 
Academy  of  St.  Petersburg,  in  1848,  and  were  afterwards  published  in 
its  *  Memoirs.'  The  measuremente  had  reference  to  observed  tempera- 
tures of  the  block  of  ioe  employed,  varying  from  —2^*3  B.  to  —  22*^  B. 
(+5"-176to  +ir-5Fahr.) 

After  applying  the  requisite  corrections,  it  resulted  from  them  that 
the  coefficient  of  expansion  of  ice  is  for  V*  R.  (2**25  Fahr.)  '00006466 ; 
whichi  according  to  the  Rev.  Canon  Moeel^,  F.B.S.,  *'  is  nearly  twice 
as  gTMt  as  the  coefficient  of  dilatetion  of  lead,  and  more  than  twice 
as  ^eat  as  that  of  any  other  solid."    [Hiat,  coL  637.] 

We  do  not  know  the  modulus  of  elasticil^  of  ice,*  or  the  pressure 
under  which  it  disintegrates;  but  Mr.  Moseley  has  obswved  that  "  If 
it  vrvre  as  elastic  as  slate  and  did  not  resist  crushing  more  than  hard 
bQck,  a  block  d  it  placed  with  ite  ends  between  two  immoveable 

*  The  ezpreflslon  "modulus  of  olasticity,"  weteliere,  hasnot  been  explained 
in  any  preeediog  article.  It  is  thus  defined  by  Dr.  Thomas  Tonng,  Sec.  B.  L., 
by  vhom  it  was  Introdaoed.  **  The  modulus  of  the  elaatiolty  of  any  substance 
is  s  oolnmn  of  the  same  sutetanee,  capable  of  producing  a  pressure  on  its  base 
which  is  to  the  weight,  causing  a  certain  degree  of  compression,  as  the  length 
of  the  substance  is  to  the  diminution  of  its  length.'*  This  definition  is  given  in 
Dr.  Yonsg's  '  Mathematical  Elements  of  Natural  Philosophy,'  appended  to  his 
celebrated  *  Lectures/  Lond.,  1807,  vol.  ii.,  p.  46.  It  occurs  in  Section  ix, 
treating  *  Of  tbo  equilibrium  and  strength  of  elastic  substances.'  These  ele-> 
ments  are  not  inserted  in  Professor  Kellond's  edition  of  that  work ;  but  the 
section  is  reprinted  in  the  late  Dr.  Peacock's  collection  of  the  '  Miscellaneous 
Works'  of  Dr.  Young,  voL  IL,  p.  1S9.  The  application  of  the  expression  is 
MplaiQcd  and  iliustrated  in  Lectures  xiiL  and  uul. 


obstacles,  would  crumble  when  ite  temperature  was  raised  one  degree 
of  Fahrenheit.  It  is  ite  great  dilateblHty  which  gives  te  ioe  this  ten* 
dency  te  disintegrate,  when,  not  bemg  free  te  dilate,  ite  temperature  is 
raised,  even  so  slightly  as  this.  Aganiz  describes  a  disintegration  of 
the  transparent  ice  of  the  blue  bands  of  gUciers  when  laid  bare,  which 
appears  to  be  due  to  ite  eu>anaion.'*  'Bullethi  [Biblioth^ue]  de 
Qenftve/ vol  xliv.,p.  142;  ('  Proc.  of  Roy.  Soc*  voL  xi.,  pp.  171, 172.) 
According  to  the  ezpenmente  of  Melloni  on  the  transmission  of 
radiant  heat,  ice  transmite  none  (absorbs  all)  of  the  calorific  rays  issuing 
from  copper  at  212*,  or  at  752*  Fahr.,  nearly  approachhig  a  red  heat; 
and  transmite  only  0*5  of  those  from  incandescent  platinum,  and  only 
6  per  cent,  of  such  rays  from  the  Locatelli  lamp.  In  these  cases  the 
heat  IB  absorbed  in  the  internal  liquefaction  of  tne  ice. 

The  colour  of  liquid  water  varies,  according  to  tiie  thickness  of  the 
ouantity  examined,  from  a  yellowish  green  of  all  degrees  of  intensity 
tiirough  green  and  blue-green  to  intense  blue,  such  as  that  observed  in 
g^^t  depths  of  the  sea.  Professor  Tyndall  has  introduced  into  British 
demonstrative  science,  if  indeed  he  has  not  devised,  an  en>eriment  in 
which  the  colour  of  water  is  exhibited  by  passing  the  light  from  the 
voltaic  lamp  through  a  bng  tube  of  water  doeedby  gUss  at  both  ends, 
and  receivmg  the  image  on  a  screen.  In  this  experiment,  with  no 
greater  thickness  than  twenty  feet,  the  colour  of  water  is  seen  to  be 
yellowish  green.  Ice,  probably,  has  the  same  range  of  colour ;  being, 
like  water,  colourless  in  small  masses;  it  is  greenish  or  bluish  in  hrge 
niasses.  I^lre  aqueous  vapour  is  colourless  in  the  greatest  thicknesses 
in  which  it  has  been  examined. 

Kany  important  facte,  and  inductions  from  them,  relating  to  the 
electrical  properties  of  water  in  all  ite  three  stetes  of  aggregation,  will 
be  found  referred  to  under  their  respective  appellations  in  we  Indexes 
to  Faraday's  'Experimental  Researches  in  Electricity,'  and  in  'Che- 
mistxy  and  Physics,' — ^indexes  which  are  enhanced  in  value  by  having 
been  constructed  hjr  the  author  of  those  researches  himsell 

The  process  of  the  solidification  of  water  by  depression  of  tempera- 
ture is  noticed  under  Fbxsziko,  and  Fbbkzinq  akd  Mbltdto  Points. 
The  lowering  of  ite  freezing-point  by  pressure^  as  discovered  by  Pro- 
fessor J.  Thomson,  is  steted  in  the  artieie  last  cited,  and  has  been 
referred  to  in  the  present  article,  and  also  under  Iob.  The  theory  and 
quantitetive  calculation  he  originally  gave  respecting  it  wiU  be  found 
m  the  'Transactions  of  the  Royal  Society  of  Edinbui^h,'  vol  xv.,  and 
the  '  Cambridge  and  Dublin  Mathematical  Journal '  for  November 
1850.  Ice,  as  a  c^stalline  substance  has  been  described  under  Hail, 
HOJLR-FROST,  and  Snow.  Ite  specific  gravity  is  stated  in  the  last.  lifr. 
J.  Chapman,  Professor  of  Mineralogy  in  the  University  of  Toronto,  in 
the  '  Canadian  Journal  of  Science '  for  1861,  has  onestioned  the  truth 
of  referring  the  crystallisations  of  ice  to  the  rhombohedral  system.  A 
mode  of  investigating  the  process  of  formation  of  the  stellar  and  other 
aggregations  of  cxystals  so  characteristio  of  snow,  under  circumstances 
more  convenient  than  those  of  observations  which  must  be  made  at  a 
temperature  below  82*  Fahr.,  has  been  pointed  out  by  Mr.  Joseph 
Spencer,  and  adopted  by  Mr.  Qlashier.  It  oonsiste  in  observing  the 
crystallisation  of  camphor,  in  which  similar  aggregates  are  produced ; 
and  has  been  described  in  papers  read  before  the  Greenwich  Natural 
History  Club,  in  the  year  1856,  and  issued  by  the  British  Meteorological 
Society.  The  compressibility  and  Elastioitt  of  water  have  both  been 
treated  of  under  the  latter  head. 

The  phenomena  of  the  conversion  of  liquid  into  gaseous  water  or 
aqueous  vapour,  and  ite  properties  in  that  condition,  have  been  steted 
in  the  artides  Booiifo  or  Liquids;  Ebullition;  Evaporation; 
Stkam  ;  Vapoub  ;  and  Vapour  Opalbbcent;  those  of  ite  reconvenion, 
or  condensation,  into  liquid  water  and  ice,  under  severed  heads  above 
referred  to,  and  also  in  the  articles  Dew  and  Rain.  The  evaporation 
of  ice  has  been  noticed  under  Snow. 

The  absoxptive  power  for  heat  of  aqueous  vapour  has  recently  been 
examined  by  Professor  T^dall,  in  his  researches  on  the  absorption  and 
radiation  of  heat  by  gases  and  vapours,  ('  PhiL  Trans.'  1861) ;  in  which 
he  foimd  that  hydrogen,  the  two  gases  which  are  the  essential  con- 
stituente  of  the  atmosphero,  and  atmospherio  air  itself,  absorb  respec- 
tively about  0*8  per  cent,  of  the  calorific  rays  emanating  from  a  copper 
surface  coated  with  lamp-black,  heated  by  boiling  water.  '  On  a  fair 
November  day,**  he  adds,  "  the  aqueous  vapour  in  the  atmosphere 
produced  fifteen  times  the  absorption  of  the  true  air  of  the  atmosphere. 
It  is  on  rays  emanating  from  a  source  of  comparatively  low  temperature 
that  this  great  absorptive  energy  is  exerted ;  hence  the  aqueous  vapour 
of  the  atmosphere  must  act  powerfully  in  interoeptmg  terrestrial 
radiation;  its  changes  in  quantity  would  produce  oorresponding 
change  of  climate.  Subsequent  researehes  must  decide  whether  this 
vera  causa  is  competent  to  account  for  the  cJimatal  changes  which 
geologic  researches  reveal"  '  Proc.  of  Royal  Soa'.voL  xi.,  pp.  101, 102. 
Under  Evaporation,  Hyoromxtrt,  and  Vapour,  an  account  has 
been  given  of  Dr.  Dalton's  researches  and  views  respecting  the  produc- 
tion and  teosion  of  aqueous  vapour  and  ite  relations  to  the  atmosphere, 
which  for  many  yean  have  been  almost  uxuversally  accepted  and  relied 
upon.  Meteorologiste,  accordingly,  have  been  accustomed  to  separate 
the  pressure  of  the  aqueous  vapour  from  the  whole  barometric 
pressure  of  the  atmosphere,  and  thence  to  infer  the  pressure  of  the 
permanently  elastic  portion,  or  as  it  has  been  called,  the  gcueaut 
presswe,  or  the  j>resnire  of  the  dry  air,  Colon^  Sykes,  in  a  paper  read 
before  the  Royal  Socie^  some  years  since,  and  Lieui-CoL  Strachey 
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in  a  recent  communication  '  On  the  Distribution  of  Aqueoua  Vapour 
in  the  Upper  Parts  of  the  Atmosphere/  have  questioned  both  the 
tiuth  of  Dalton's  hypothesis  and  the  correctness  of  the  application. 
A  mathematics  argument,  showing  the  incompatibility  of  we  hypo- 
thesis of  a  separate  vapour  atmosphere  with  the  facts,  will  be  found  in 
a  paper  br  the  late  astronomer  Bessel,  translated  in  Taylor's 
'  Scientific  Memoirs/  vol.  iL  A  more  generally  appreciable  form  has 
been  given  to  this  by  Lieut.-Col.  Strachey,  who  also  has  compared  the 
results  calculated  from  Dalton's  hypothesis  with  the  facts  of  the  dis- 
tribution of  vapour  in  the  atmosphere,  as  observed  by  Dr.  Joseph  D. 
Hooker,  the  late  Mr.  Welsh,  Colonel  Sj^es,  and  himself.  From  the 
entire  investigation  he  concludes  that "  The  subtraction  of  the  observed 
tension  of  vapour  from  the  total  barometrical  pressure,  in  the  hope  of 
obtaining  the  simple  gaseous  pressure,  must  consequently  be  denounced 
as  an  absurdity ;  and  the  barometrical  pressure,  thus  corrected,  as  it  is 
called,  has  no  true  meaning  whatever."  (*  Proc.  of  Royal  Soo.'  vol  zL, 
pp.  182-189.) 

On  the  otoer  hand,  the  application  of  Dove's  method  for  obtaining 
the  gaseous  pressure,  deduced  from .  Dalton's  hypothesis,  in  Majw- 
General  Sabine's  paper  on  the '  Meteorology  of  Bombay/  published  in 
the  '  Report  of  the  British  Association '  for  1844,  appears  to  have  been 
Bucces^ul  in  bringing  out  true  results,  which  idso  verify  the  law 
assumed.  It  would  appear  that  there  is  something  important  on  the 
subject  vet  to  be  expluned ;  probably  in  respect  of  the  relation  of  the 
observed  phenomena  which  Dalton  expressed  by  the  hypothesis  of 
gaseous  substances  being  vacua  to  each  other,  to  their  aggregate 
pressure  when  mingled,  and  the  manner  in  which  that  is  made  up  of 
their  separate  pressures,  if  such  they  have. 

WATER  (Medical  Utes  of).  Several  of  the  uses  of  water  having 
been  already  stated,  either  imder  the  article  Bathing,  or  that  of 
Food  in  Aats  and  Sciences,  or  Wateb,  in  Nat.  Hist.  Div.^  it  is 
intended  to  treat  here  of  some  of  the  applications  of  water. 

Snow-Water  has  been  accused  of  causing  goitre;  but  this  charge 
seems  unfounded ;  and  the  occurrence  of  that  complaint  is  due  to  the 
calcareous  salts  which  the  snow-water  in  its  descent  from  the  mountains 
dissolves  in  large  quantities. 

Such  is  the  mat  purity  of  some  springs,  that  they  have  been 
reckoned  minerii  waters,  and  resorted  to  as  such.  The  chief  of  these 
is  Malvern,  the  specific  gravity  of  which  is  only  1*0002,  and  which  con- 
tains a  smaller  proportion  of  foreign  ingredients  than  any  other  water. 
The  water  now  supplied  to  the  City  of  Glasgow,  from  Loch  Katrine, 
is  nearly  equall  v  pure,  a  point  of  great  importance  to  the  health  o(  the 
inhabitants,  and  to  the  numerous  manufactories  of  that  dty.  Water 
artificially  purified  by  Dr.  Clark's  process,  is  supplied  to  Woolwich. 
Some  of  the  springs  of  Matlock  are  likewise  very  pure.  Those  of  them 
which  are  thermal  have  their  powers  increased  by  the  higher  tempera- 
ture ;  but  their  beneficial  effects,  like  those  of  Malvern,  and  Holywell 
in  Flintshire,  are  mainly  owing  to  their  extreme  puritv;  which  shows 
how  conducive  to  health  pure  water  is,  compared  with  that  which  is 
impure  or  contaminated.  Many  springs  have  their  waters  largely 
impregnated  with  carbonic  acid  gas.  These  are  sparkling  and  pleasant 
to  the  taste,  and  when  fresh-drawn  produce  some  slight  exhilaration. 

Water  charged  with  much  free  carboxdc  add  shcmld  never  be  con- 
veyed through  leaden  pipes,  but  through  those  of  sine  or  block-tin. 

WeUrwaJter  Ia  generally  obtained  from  a  greater  depth  than  spring- 
water.  It  is  also  generally  hard,  or  is  apt  to  become  so  if  kept  in  a 
reservoir  lined  with  bricks,  unless  they  be  coated  with  an  insoluble 
cement.  The  water  from  old  wells  is  more  pure  than  from  recent  ones, 
the  soluble  partides  having  been  all  gradually  washed  away.  The  pump 
and  wdl  waters  in  and  about  London,  and  chalky  districts  m  general,  are 
mostly  hard.  (Prout,  '  On  Stomach  and  Renal  Diseases/  p.  210,  4th 
edit)  Not  so  that  of  the  artesian  wells,  which  is  of  unusual  softness. 
This  renders  water  from  these  wells  proper  as  a  beverage  for  persons 
with  a  tendency  to  certain  forms  of  calculous  complaints,  to  whom 
hard  waters  are  most  hurtfuL  The  causes  of  hardness  in  water  and  of 
the  injurious  influence  of  it  on  the  health  of  many  persons,  is  scarcdy 
suffidentlv  understood.  Filtration  only  removes  mechanical  impurities, 
and  even  long  boiling  only  predpitates  certain  of  them,  while  m  some 
instances  it  renders  the  water  huider.  For  the  analysis  of  water  and 
an  estimate  of  its  mechanical  impurities,  see  Water  {Ckemifitrif) ;  and 
for  the  means  of  determining  its  hardness,  see  Soap-Test. 

DiiUUed  Water, — For  manv  chemical,  {diarmaoeutical,  and  even  die- 
tetical  purposes,  water  must  be  of  greater  puritv  than  it  is  generally 
found.  For  this  end  it  is  directed  to  be  distilled,  in  which  process 
never  more  than  two-thirds  of  the  water  put  into  the  still  should  be 
allowed  to  imibs  over. 

Tooit^  Water, — This  is  water  boiled  and  poured  on  toasted  bread, 
which  in  some  deg^  lessens  the  vapid  taste.  An  agreeable  and  bene- 
ficial degree  of  sapidity  may  be  communicated  to  water  which  has  be«i 
long  boued,  by  adding,  previous  to  drinking  it,  a  little  of  the  common 
soda-water,  which  is  merely  carbonic  add  gas  diffused  through  the 
water  under  strong  pressure. 

Mineral  Watert  are  generally  characterised  by  possessing  some 
prindple  different  from  what  is  found  in  common  water,  or  some  of 
the  ordinary  principles  in  unusual  proportion,  yet  among  these  are 
reckoned  certain  springs  which  have  no  claim  to  repute  beyond  what 
is  due  to  their  extreme  purity,  such  as  Malvern  and  Holywell ;  or  to 
having  a  higher  temperature  throughout  the  year^  than  the  mean  of 


the  latitude  where  they  are  situated.    These  last 
the  thermal  springs,  wmch  are  properly  divided  into  two 
wiineraXieed  hot  springs  and  the  tmmineralited,  among  which 
only  tepid,  such  aa  Matlock,  where  some  springs  are  66%  the  Ic 
the  clan  in  Britain,  and  others  cold,  presenting  this  peculiarity, 
the  tepid  springs  arise  from  fifteen  to  thirty  yarda  above  the  leT^«d 
the  nver  Derwent,  whilst  those  which  arise  either  above  or  be^<« 
this  range  are  cold. 

For  practical  purposes  mineral-waters  may  be  daased  under  f^^-r 
heads,  each  susceptible  of  secondary  heads,  according  aa  they  mr^  L*  - 
or  cold,  or  have  other  peculiarities,  namdy ;  saline,  alkaJine,  cfaaly  ha^- 
and  sulphureous.    It  wiU  not  be  possible  to  menUon  more  than  »  itr 
of  the  most  important  of  each. 

Saline  aperient  springi :  of  these  some  are  hot,  others  oold.      T^ 
chief  are  Carlsbad,  Marienbad,  Egra,  Kissingen,  Wiesbaden^  Bafki- 
Baden,  Sddlita,  and  Saidschutz,  with  Pullna,  in  Qerman y ;  Chdtesthsri 
Leamington,  and  Harrowgate  in  England;  Dunblane,  Pitcaithij,  a.^ 
othen  in  Scotland. 

Alkaline  waters,  owing  their  properties  to  different  saline  piinap^ 
are  found  at  Carlsbad,  Iwienbad,  Kissingen,  Pullna,  Saidschutz,  Egx 
TopUts,  and  Wiesbaden,  in  Germany ;  Vichy  and  Mont  d'Or,  in  Frsso- 
Hsrrowgate,  Scarborough,  and  other  Torkshire  springSy  CkelUgd&iL. 
Leamington,  Bath,  and  elsewhere,  in  England. 

Chalybeate  waten :  with  these  addulous  waters  are  often  recSkaoe^ 
as  the  iron  is  often  associated  with  much  free  carbonic  acid  gas.  Si^i* 
of  the  chief  are  Spa,  Pyrmont,  Schwalbach,  Marienbad,  Aix-la-ChapcIk 
and  Sdtcer  in  Qermany ;  Tonbridge,  Hurowgate,  and  Biightoai,  b 
England ;  and  Peterhead,  in  Scotland. 

Sulphureous  waters :  Aix-]a<>hapelle,  Bareges,  and  other  Vjr&aia 
springs,  are  hot ;  Harrowgate,  Askem,  and  othen  in  Torkshire,  ooU, 
Mofiat  and  Strathpeffer,  in  Scotland,  are  also  cold. 
'  loduretted  and  other  waters.  Many  springs  have  of  late  been  foiai 
to  contain  a  notable  quantity  of  iodine  or  bromine,  others  contain  bm& : 
Creuznach,  in  Germany,  contains  both,  but  most  iodine ;  Llazidriodjti 
and  Park  Wells  (near  Builth),  in  Radnorshire,  the  springs  i*iini«g  fnm. 
the  lias  at  Leamington,  Gloucester,  Tewkesbury,  and  Cheltenhaai^ 
contain  iodine ;  bromine,  but  not  iodine,  exxsts  m  small  quantity,  k 
the  saline  aperient  waters  near  London,  such  as  Epsom,  also  in  iks 
nprings  from  the  coal-formation  of  Ashby-dela-Zouch,  Nevrcastfe-GB- 
Tyne,and  Kingswood,and  Bennington  near  Edinbursh :  Woodhall,  ner 
Ashby-de-la-Zouch,  contains  most  iodine  of  any  ^British  springs  jet 
investigated. 

Orgaiuc  matters,  termed  Baregine,  glamne,  zoogemCf  Ac,  have  bea 
found  in  many  springs.  Of  these  an  accoimt  may  be  found  in  Dr. 
Lankester's  '  Askem,  and  its  Mineral  Springs/  p.  103. 

The  waters  of  Selters  (commonly  called  Seltser)  is  exported  to  t&s 
amount  of  above  a  million  and  a  half  bottles.  So  also  those  of  niaoj 
other  mineral  springs;  but  they  all  experience  some  deterioration  1^ 
time.  To  lessen  this,  artificial  imitations  are  made  [ Aeratsd  Watebs  j. 
These  are  often  very  valuable,  but  always  inferior  in  efl&cacy  to  Uk 
waters  drank  at  the  springs.  They  are  without 'the  Juvantia,  th« 
change  of  air,  scene,  reuucation  from  business,  and  more  r^ular  hours 
and  appropriate  diet,  insisted  on  at  the  chief  watering  places ;  to  say 
nothing  of  the  external  use  of  many  of  the  waters  as  ba^hs,  whes 
resort  is  had  to  the  fountain  head. 

(See  Osann,  DanteUung  der  behannten  ffeilqndlen  Europat ;  Gairdner, 
On  MiwToJLw^d  Thermal  Springt;  Vatter,  Thtoretiech'prakdKhee  Bea^ 
Iwh  der  ffeilqudUnUhre ;  JHctiowMire  dei  Eaux  MineraUe^  par  MIL 
Durand-Fardel,  Le  Bret,  Lefort,  et  Francois;  Paris,  1860.  Me]M»rtej 
CommMon  oi^  HwiUk  of  Townt,) 

WATERrCOLOUR  PAINTING  (in  Italian,  AcquartUa;  Fraicii, 
AquairdU  ;  German,  Wateer'Parlteii),  Amons  the  andents  the  coloan 
used  in  painting  were  usually  rendered  fluid  by  means  of  water ;  the 
names  given  to  the  different  kinds  of  painting  being  derived  from  tli« 
vehide  or  medium  mixed  with  the  water  in  order  to  bind  the  coloaT& 
TsMPEBA,  or  distemper,  in  which  glue  or  some  other  gelatinous  bindo* 
is  employed ;  FsBsoo,  in  which  the  colours  are  laid  on  a  moist  ground 
of  gesso,  or  plaster-of -Paris ;  Miniatubk,  are  aU  watercolour  painting : 
their  history,  and  an  accoimt  of  the  several  processes,  will  be  found 
under  thdr  respective  titles :  see  also  the  general  article  pAnrrixa. 
In  Encaustic  PAiirriNa,  as  the  name  implies,  heat  was  employed,  ^e 
binding  material  being  wax,  or  wax  and  resin ;  but  some  even  of  th« 
methods  of  encaustic,  or  at  least  of  wax-painting,  as  practised  by  th« 
andents,  were  really  water-colour,  the  wax  or  resin  being  rendered 
miscible  by  the  addition  of  an  alkali  (nitrate  of  soda,  or  nitrate  of 
potash).  Oil-painting  was  not  practised,  or  only  practised  in  an  imper- 
fect form,  before  the  15th  century,  when  Van  Eyck  introduced  the 
use  of  oil  and  varnish,  or  a  vehide  composed  by  boiling  linseed,  poppy, 
and  nut  oils  with  certain  resinous  mixtures.  This  vehide  was,  how- 
ever, found  to  be  so  much  better  adapted  than  any  then  in  use  for 
working,  and  so  much  more  effective  and  durable,  as  to  be  generajjy 
adopted  by  artists  as  soon  as  it  became  known ;  and  the  various  methods 
of  water-colour  painting  were  neglected,  and  fell  into  disuse,  except  for 
mural  paintings,  for  which  fresco  was  still  employed,  and  theatrical 
paintings  and  miniatures,  which  were  commonly  painted  in  tempera. 
[PAiunifo;  Vak  Eyck,  in  Bioo.  Div.] 

Water-colour  painting,  as  the  term  is  now  understood — ^that  is, 
painting  on  paper  with  colours  diluted  with  water— is  a  process  of 
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comparatively  recent  introduction.     It  is  true  that  the  Italian,  Dutch 
stxid  Flemish  painten  of  the  best  period  often  executed  their  cartoons 
ctnd  finiahed  sketches  with  water-colours,  as  may  be  seen  in  the  car- 
toons of  Rafikelle  and  of  Montegna  at  Hampton  Court,  which  are  raioted 
on   pAper  with  opaque  water-colours  (or  tempera),  and  in  some  of  the 
Bketcbes  and  drawings  executed  in  transparent  water-colours  by  leading 
I>utcb  and  Flemish  painters,  of  which  examples  are  exhibited  in  the 
icing's  Librsfy  at  tiie  British  Museum:   these,  however,  were  not 
completed  pictures,  but  onl^  the  drawings  from  which  fresco  or  oil- 
paintings,  or  tapestry  hangmgs,  were  to  be  executed.     The  art  of 
water-colour  painting,  in  which  Uie  completed  work  is  itself  executed, 
iKrith  all  the  sHU  and  care  of  the  artist,  in  water-colours  on  paper,  is  a 
product  of  this  country.    It  appears  to  have  grsdually  grown  out  of 
tlie  methods  employed  by  miniature  painters,  and  the  earlier  examples 
'Were  rather  a  kind  of  tempera  than  what  would  now  be  called  water- 
colour  painting,  the  colours  being  all  rendered  opaque  by  the  admix- 
ture of  white.    Many  of  the  early  works  of  Paul  Sandby  [Saitobt, 
Paul,  in  Bioo.  Dnr.],  who  perhaps  has  the  fairest  claim  to  be  regarded 
as  the  founder  of  the  English  school  of  water-colour  painting,  are 
wholly  executed  in  solid  opaque  colour.   The  new  method,  from  which 
was  directly  derived  the  present  process  of  water-colours,  grew  into 
vog^e  in  the  latter  part  of  the  last  century,  and  was  at  first  known  as 
"  stained  drawing,"  a  term  by  which  pictures  of  this  kind  are  described 
in  t^e  catalogues  of  the  early  exhibitions  of  the  Royal  Academy.    The 
entire  drawing  was  first  carefully  made  out  in  light  and  shadow  by 
means  of  washes  of  Indian  ink,  or  of  a  gray  or  what  was  termed  a 
neutral  tint,  and  over  this  the  respective  local  colours  were  passed  in 
thin  washes  of  transparent  colours — ^much  of  the  efifeot  being  due  to 
the  neutral  tint  appearing  through  and  modifying  the  harshness  of  the 
superposed  colours.    The  sharp-markings,  minuter  details,  &c.,  were  put 
in  with  a  reed-pen  either  immediately  before  or  subsequently  to  the 
laying  on  of  the  local  colours.    The  older  works  in  this  manner  have 
generally  a  cold,  gray,  feeble  appearance,  but  sometimes  v^  pleasing 
atmospheric  effects  were  obtamed ;  and  in  the  hands  of  Cozens,  and 
still  more  of  Turner,  Qirtin,  and  Prout,  whose  earlier  drawings  were 
all  commenced  with  a  monotint,  pictures  of  great  power  and  even 
grandeur  were  produced. 

The  improved  method,  and  that  which,  in  principle  at  least,  is  still 
practised,  consisted  in  abandoning  the  preparatory  neutral  ground  tint, 
and  painting-in  every  object  in  the  first  instance  in  its  proper  loeal  colour, 
leaving  it  to  subsequent  shades  and  tints,  either  laid  in  thin  washes  of 
transparent  colour,  or  with  a  kind  of  hatching  stroke  (the  distinctive 
"  touch  "  of  the  artist),  to  modify  the  crudity  of  the  first  painting,  and  to 
impart  the  character  and  aspect  which  eve^  part  should  assume  from 
its  place  in  tiie  picture  and  the  atmospheric  mfluences  under  which  it 
is  seen.    This  method  originated,  there  can  be  littie  doubt,  in  the 
adoption  by  the  younger  landscape  painters.  Turner,  Girtin,  and  their 
compeers,  of  the  practice  of  making  out-of-doors  sketches  and  studies 
of  scenery  in  colours,  for  which  purpose  the  old  method  of  employing 
a  preparatory  monotint  would  be  found  too  tedious,  and  for  representing 
evanescent  atmospheric  phenomena  impracticable ;  while  the  striking 
effects  that  were  produced  in  sketching  by  painting-in  the  local  colours 
at  once  would  soon  lead  to  the  adoption  of  alike  method  for  more 
finished  works.    Tet  even  Turner  and  Prout  con^nued  to  lay-in  the 
larger  mnmim  of  shadow  with  a  monotint,  long  after  they  emploved 
looil  colour  in  the  first  instance  in  the  lights  and  middle-tints.    When 
once  the  new  method  came  to  be  generally  adopted,  the  progress  of  the 
art  was  very  rapid ;  water-oolour  painting  acquired  a  remarkable  degree 
of  popularity,  and  its  professors  became  very  numerous.    In  1805  the 
most  distinguished  practitioners  of  this  branch  of  art  formed  them- 
selTM  into  a  "  Sodetv  of  Painters  in  Water-Coloura,"  which  has  ever 
unce  continued  to  hold  an  annual  exhibition  of  the  works  of  its 
members  at  their  rooms  in  Pall  Mall  East.    In  1832  the  younger 
practitioners,  feeling  that  they  were  unable  to  bring  their  works  fairly 
before  the  public,  established  another  society  under  the  titie  of  "  The 
New  Socie^  of  Painters  in  Water  Colours,"  and  they  have  in  like 
manner  their  annual  exhlMtion.    But  both  exhibitions  are  exdunvely 
confined  to  the  productions  of  the  members.     At  the  Manchester 
Art-Treasures  Exhibition  of  1857,  a  very  instructive  coUeetion  of 
paintings  in  water-colours  was  brought  together  with  a  view  to  illus- 
trate the  growth  of  the  art,  and  it  may  be  anticipated  that  a  much 
more  oomplete  collection  of  a  similar  kind  will  be  shown  at  the  Inter- 
national Exhibition  of   1862.     The  want  of  a  permanent  national 
collection  of  paintings  in  this  essentially  British  branch  of  art  has 
howeyer  long  been  felt,  and  though  it  has  not  yet  been  supplied,  the 
nudeus  of  such  a  collection  has,  mainly  by  the  spirit  and  munificence 
of  private  individuals,  been  at  length  formed.    [South  Kjenbinotov 
MuBiuir.] 

The  practice  of  water-colour  painting  as  at  prerient  pursued  in  this 
country  differs'  so  mudi  according  to  the  habits  of  individual  artists, 
and  80  littie  guidance  could  be  given  in  a  brief  description  of  any 
particular  method,  that  it  will  be  best  to  confine  ourselves  to  a  few 
general  remarks.  The  paper  employed  is  usually  of  a  hard  substance, 
and  more  or  less  granulated  according  to  the  size  and  character  of  the 
picture,  and  still  more  the  manner  of  the  artist :  some  using  paper 
with  only  a  fine  and  others  with  an  exceedingly  coarse  grain  or  tooth. 
Some  again  prefer  an  absorbent  paper,  or  paper  of  a  peculiar  tint, 
and  others  produce  a  peculiar  texture  by  rubbing,  spongmg,  or  other 
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manipulative  process:  some  of  the  most  remarkable  efTeeti  in  their 
pictures  (as  in  the  esse  of  Turner  and  Copley  Fielding  for  instance) 
being  to  a  great  extent  due  to  some  such  procedure.  The  pigments 
employed  are  of  the  ordinary  kind,  prepared  in  oakes  lay  the  admixture 
of  a  Uttle  gum,  or  "  moist "  by  the  addition  of  honey  or  some  other 
saccharine  material  The  colours,  as  we  have  said,  are  painted-in  of  their 
proper  local  hue,  and  subsequentiv  modified  till  the  objects  acquire  the 
intended  appearance.  This  was  by  the  older  painters  usually  effected 
with  transparent  colours  only ;  but  Turner,  Harding,  and  others  be^, 
at  first  cautiouslv,  and  then  with  more  freedom,  to  mix  white  with 
their  colours,  and  this  has  been  carried  so  far  that  now  opaque  (or 
5o^y)  colours  often  form,  as  of  old,  the  substaooe  of  the  water-colour 
paintings  of  some  of  our  most  admired  artists.  Another  innovation  is 
that  of  using  gum,  or  some  other  vehicle  of  a  like  quality  (water^lass 
has  been  tried),  to  give  depth  to  the  shadows.  These  are  however 
objected  to  by  many  as  not  legitimate  materials  for  the  water-colour 
painter;  but  the  majority  of  painters  consider  that  it  is  lawful  to  use 
any  means  by  which  they  can  best  convey  the  impression  they  desire 
to  produce;  and,  supposing  that  equal  truth  and  permanency  as  well 
as  brillian<7  can  be  so  obtained,  there  can  be  little  doubt  that  tiiey 
are  right  It  must,  however,  be  admitted  that  in  many  of  the  more 
elaborate  recent  pictures,  something  of  the  exquisite  freshness  and 
transparency  of  toe  earlier  wateroolour  paintings  has  been  lost  in  the 
attempt  to  reach  the  force  snd  depth  of  oiL 
WATER,  COMPRESSIBILITY  OP.  [Blastioitt,  ooL  778.] 
WATER  AND  WATERCOURSES.  The  right  of  conducting 
water  throu^  one  piece  of  land  for  the  use  of  another  is  an  incor- 
poreal hereditament  of  the  class  of  easements,  and  was  known  in  the 
Roman  law  by  the  name  of  the  9arvUvi  aqua  ductvt.  The  right  of 
taking  water  out  of  the  well  or  pond  belonging  to  another  person  is 
an  incorporeal  hereditament  of  the  class  of  profits  odled  in  the  Roman 
law  the  tervUut  aqum  hauituM.  These  ri^ts,  in  our  law,  must  be  either 
derived  from  a  grant  or  established  by  prescription.  [Pbbsoription.] 
It  is  the  law  of  England  that  water  flowing  in  a  stream  is  originally 
publieijurit,  that  is  to  say,  a  thing  the  property  of  which  belongs  to  no 
individual,  but  the  use  to  alL    The  legal  presumption  is  that  the  pro- 

C'»r  of  each  bank  of  a  stream  is  the  proprietor  of  one-half  of  the 
covered  by  the  stream,  but  there  is  no  property  in  the  water. 
Every  proprietor  has  an  equal  tight  to  use  the  water  which  flows  in 
the  stream,  and  oonsequentiy  no  one  can  have  tiie  right  to  use  the 
water  to  the  projudioe  of  any  other  without  his  consent.  No  pro- 
prietor can  either  diminish  the  qusntity  of  water  which  would  other- 
wise descend  upon  the  proprietors  below,  nor  throw  back  Ihe  water 
upon  the  proprietors  above,  so  as  to  overflow  or  injuro  their  lands. 
For  the  same  reason,  no  proprietor  has  a  right  to  use  the  water  of  a 
stream  so  as  to  injure  its  qualil^  to  the  detriment  of  other  proprietors. 

The  only  modes  in  which  a  tight  to  the  use  of  running  water,  in  a 
manner  inconsistent  with  the  common  law  rights  of  others  can  be 
established,  are  either  proof  of  sn  actual  grant  or  licence  from  tho 
persons  whose  rights  are  affected,  or  proof  of  an  unintexrupted  enjoyment 
of  such  a  privilege  for  such  a  period  as  the  law  considers  sufficient  to 
constitute  a  right  by  prescription.  The  period  of  twenty  years  had 
been  generally  fixed  upon  by  the  courts  of  law  and  equity  for  this 
purpose,  and  the  same  period  has  been  adopted  in  the  Prescription  Act 
(2  A;  8  Will.  lY.,  c  71,  s.  2).  [PBnoBiFTiOK.1  But  if  water  has  not 
been  appropriated,  it  seems  that  the  person  who  first  appropriates  and 
rondera  it  useful  acquires  a  rights  and  for  a  violation  of  sudi  right  an 
action  may  be  maintained  on  an  enjoyment  of  less  than  twenty  ^easn. 

The  privilege  of  a  watercourse  is  not  confined  to  private  inmviduals. 
It  may  be  vested  in  a  corposation,  or  may  be  daimed  by  the  inhabit- 
ants of  a  township  or  parish.  If  land  with  a  run  of  water  upon  it  be 
sold,  the  "wtXeir  primdjdeU  passes  with  the  land ;  but  it  is  laid  down 
by  Coke  that  if  a  person  grants  aquam  tuam,  the  soil  will  not  pass, 
but  only  a  riffht  of  fishing  in  that  water ;  for  the  proper  words  in  that 
case  to  pass  the  soil  would  be,  so  many  acres  of  land  aqud  eoopertat : 
whereas  the  word  itagnvm,  or  pool,  will  pass  both  water  and  land. 
(1 '  Inst,'  4,  b.)  The  exclusive  nght  to  a  now  of  water  once  acquired 
osn  only  pass  by  grant  as  an  incorxxneal  hereditament,  and  a  licence, 
by  parol  or  otherwise,  to  use  or  take  tiie  water  at  any  place,  may  be 
revoked  even  without  an  express  power  of  revocation  being  reserved, 
unless  works  have  been  oonstruoted  and  expenses  incurred  upon  the 
faith  of  itb 

When  the  owners  of  property  have,  by  long  enjoyment,  aoquired 
special  rights  to  the  use  of  water  in  its  natural  state,  as  it  was  accus- 
tomed to  flow,  and  not  merely  a  use,  which  is  common  to  aU  tiie  king's 
subjects,  an  action  mav  be  maintained  for  a  disturbance  of  the  enjoy- 
ment ;  but  whero  the  mjuiy,  if  any,  is  to  all  the  king's  subjects,  the 
only  romedy  is  by  indictment.  The  mero  obstruction  of  water  which 
has  been  accustomed  to  flow  through  a  person's  lands  does  not  in  itself 
afford  a  grotmd  of  action.  The  plMi^feiff  in  such  an  action  must  be 
enabled  to  show,  either  that  some  benefit  arose  to  him  from  the  water 
going  through  his  lands,  of  which  he  has  been  deprived,  or  at  least  that 
some  deterioration  was  occasioned  to  the  premises  by  the  subtraction 
of  the  water;  but  whero  the  proprietor  of  the  lands  can  prove  that  he 
is  injured  by  the  diversion  of  the  water,  it  is  no  snswer  to  his  action 
to  show  that  the  defendant  was  the  first  person  who  appropriated  the 
water  to  his  own  use,  unless  he  has  had  twenty  years'  undisturbed 
enjoyment  of  it  in  its  altered  course.    If  the  injury  occasioned  by  tiM 

8  B 


w 


WATERFALLS. 


WATERFALLS. 


diTeruon  or  obeiraotion  of  water  is  of  a  permanent  nature  and  injurious 
to  the  reversion,  an  acUon  may  be  brought  by  the  reversioner,  as  well 
as  by  the  tenant  in  possession,  eaoh  for  his  respective  loss. 

The  diversion  of  watercourses  or  injury  to  their  banks  so  as  to  cause 
inundation  are  nuisances  against  which  a  court  of  equity  will  protect 
parties  by  injunction ;  and  if  there  be  a  question  as  to  the  right  to  the 
flow  of  water,  an  issue  will  be  directed  to  try  it.  Although  a  court  of. 
equity  will  not  in  terms -decree  the  banks  of  rivers,  watercourses,  or 
navigable  canals  to  be  repaired,  the  effect  of  such  an  order  may  be 
obtained  by  an  order  that  parties  shall  not  be  at  liberty  to  use  them 
while  out  of  repair,  or  agamst  their  impeding  the  use  of  them  by  the 
obstructions  consequent  upon  a  state  of  disrepair.  An  injunction  may 
also  be  obtained  against  conducting  the  water  from  one  man's  tene- 
ment, upon  that  of  another  to  his  injury  by  drains  or  otherwise,  in  a 
manner  in  which  it  has  not  been  accustomed  to  flow.  And  it  may  be 
laid  down  generally,  that,  with  respect  to  water  and  watercourses,  the 
aid  of  a  couri  of  equity  may  be  obtained  for  the  purpose  either  of 
restraining  injury  or  of  quieting  posBession. 

WATERFALLS.  Li  the  article  Vallsts  we  have  arranged  a 
general  view  of  the  ihain  features  of  the  earth's  surface,  and  a  series  of 
inferences  touching  the  forces  whereby  the  diversified  forms  of  hills 
and  valleys  have  been  occasioned.  But  these  forms,  though  on  a  large 
scale  they  appear  permanent,  because  the  great  modifying  agencies 
which  produced  them  have  passed  away,  are  really  undergoing  continual 
change  from  causes  in  daily  operation.  The  mosst  solid  stone  is  wasted 
by  the  feeble  but  unceasing  power  of  decomposition  possessed  by  the 
atmosphere.  Rain  washes  away  the  disintegrations  occasioned  by 
varying  temperature  and  chemical  processes ;  the  hills  lose  and  the 
valleys  gain,  and  the  balance  of  decay  and  renewal  of  land  is  only 
finally  adjusted  on  the  shores  and  in  the  basin  of  the  sea.  Among  the 
phenamena  which .  show  this  mutability  of  the  supposed  solid  land 
with  most  distinctness,  are  interruptions  to  the  general  uniformitv  of 
the  inclinations  of  v^eys  and  the  even  slopes  of  hills :  for  these 
changes  of  slope  are  points  of  variation  of  the  intensity  of  the  agencies 
excited  by  the  slope.  These  interruptions  of  uniformity  are  all 
ref  errible  to  the  unequal  power  of  resistance  which  rocks  of  difierent 
hardnessi  or  disHimilar  position,  or  unequal  thickness,  or  unlike  modes 
of  association  present  to  external  agencies.  Thus  have  been  formed 
round  the  high  limestone  hills  of  the  northern  counties  a  series 
of  rocky  terraces,  not  less,  regular  than  the  escarpments  made  by 
military  art;  and  thus  the  oolitic  ranges  of  the  Cotswold  show 
horizontal  mounds  of  sand  and  diffii  of  stone  above  the  broad  plains  of 
lias  clays  and  red  marls  which  margin  the  Severn  and  the  Avon.  On 
these  grand  features  of  the  earth's  surface  the  action  of  the  atmosphere 
(including  chemical  and  mechanical  operations)  produces  only  slight 
modifications ;  but  when  the  terraced  slopes  in  their  flexures  roimd  the 
hills  turn  into  the  vallevs,  a  new  agency  is  brought  to  work  upon  them. 
Rivulets,  however  small  in  quantity,  and  torrents,  even  such  as  are  of 
only  temporary  eneigy,  exert  a  positive  influence  in  wasting  and  trans- 
porting away  earthy  materials ;  and  these  effects  rise  to  a  maximum 
wherever,  from  any  of  the  causes  already  alluded  to,  the  surface  of  the 
earth  presents  successive  points  of  less  and  greater  power  to  resist  the 
action  of  running  water.  Wherever,  in  a  valley  whose  slope  is  con- 
siderable, the  rocky  masses  successively  eroased  by  the  strcmn  are  of 
very  unequal  hardness,  as,  for  example,  when  solid  limestone  is  found 
resting  on  soft  shale  or  feebly  indurated  sandstone,  a  more  than 
ordinarily  rapid  current  is  occasioned  over  the  lower  beds  of  the  lime- 
stone into  the  upper  beds  of  the  shale.  This  difference  of  slope  in  the 
running  water  is  of  a  nature  to  increase  oontinuBlly  to  a  certam  pohit, 
depenc^g  on  the  relative  firmness  and  thickness  of  the  hard  and  soft 
rocks,  the  inclination  of  the  valley,  the  magnitude  of  the  stream,  and 
other  leas  important  particulars.  Thus  rapids  and  cataracts  are  formed ; 
and  where  the  conditions  combine  in  the  most  favourable  degree  water- 
falls, to  use  that  term  in  a  more  specific  sense,  are  produced. 

The  character  of  these  varies  according  to  the  disposition  of  the 
yielding  and  resisting  portions  of  the  rocks.  Wherever  stratification  is 
absent,  as  in  granite,  or  concealed,  as  in  some  metamoiphio  slates,  the 
main  features  of  the  waterfall  are  determined  by  the  mrection  of  the 
natural  joints  in  the  stone.  Hence  the  picturesque  character  of  the 
falls  of  the  Bruar  (Highlands),  Lodore  (Cumberland),  and  the  Rheid- 
diol  (North  Wales).  Tin  some  cases  these  natural  joints  yield  in  parallel 
lines,  and  give  a  deep  narrow  passage  to  the  water.  Scale  Force,  in 
Cumberland,  is  an  example.  But  the  most  interesting,  if  not  the 
most  picturesque,  class  -of  waterfalls,  is  occasioned  by  Uie  stratified 
rocks ;  and  the  most  curious  of  them  are  observed  where  hard  lime- 
stones or  gritstones  rest  upon  yielding  shales  ov  soft  days.  Bv  the 
continual  action  of  the  slream,  the  shales,  kept  constantly  damp, 
crumble  and  fall  away  even  at  considerable  heights  and  distances  from 
the  points  where  they  are  toudhed  by  the  water.  Thus,  a  hollow  space 
is  formed  beneath  the  limestone  which  crowns  the  precipice;  and  this 
proceeds  so  far  as  to  reach  at  last  some  of  the  natural  joints  which 
divide  the  rock.  Then  the  limestone  falls  down,  the  waterfall  recedes, 
tmd  the  process  of  removal  and  destruction  is  renewed.  Thus,  on  the 
sides  of  the  hills,  in  the  limestone  dales  of  the  northern  counties  of 
England,  the  waterfalls  are  daUy  receding  up  the  streams,  and  thus  are 
the  Falls  of  Niagara  forced  continually  farther  up  the  river.  The  pro- 
oeas  is  by  no  means  slow.  Beneath  Hardrow  Force,  in  Yorkshire  (a 
fall  of  99  feet),  the  effect  since  the  general  valley  of  the  Tore  was  exca- 
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vated  by  other  forces  has  been  to  produce  a  sinuous  glen 
vertical  walls  of  rock,  at  the  foot  of  which  yet  lie  great  heaps  of  1 
materials,  which  the  feeble  stream  that  formed  the  glen  has 
powerful  enough  to  remove.    For  an  account  of  the  natoral  _ 
ny  which  the  Falls  of  Niagara  have  been  displaced,  and  are  sttaT? 
going  change,  the  volumes  of  Sir  C.  Lyell  (' Principles  of  Gftslocf 
'  Travels  in  North  America;'  the  former  of  which  are  instnairsrrr 
all  points  connected  with  the  operations  of  running  water)  xcsis 
consulted.     Exactly  such  effects  as  are  here  attributed  to  tzssil 
streams  happen  on  the  sea-coasts  where  rocks  of  a  particolax  zsat. 
occur  under  analogous  circumstances. 

The  physics  of  water^ls  have  received  but  little  attentiosi,  th-j.. 
it  might  have  been  anticipated  that  they  must  involve  oansi^l^ra- 
of  an  interesting  nature,  and  of  some  philosophical  impcnrtano 
them  we  have  the  principal  cases  in  nature  of  the  mechanical 
and  division  of  water,  resulting  chiefly  from  its  own  inertia, 
and  momentum.  In  the  greatest  waterfall  in  Europe,  for  ex 
Yoring  Fos,  near  the  Hardanger  Fiord,  in  Western  Norway,  we  ha^- 
very  large  body  of  water,  and  a  clear  fall  of  900  feet^  It  descsw. 
into  a  narrow  bare  chasm,  the  sides  of  which  are  very  neariy  p^p^ 
dicular.  ^The  spra^  dashes  up  from  below  with  sucfa.  force,  t:. 
another  waterfall,  which  descends  on  the  opposite  aide  of  tlue  ^or- 
is actually  stopped  by  it  and  dispersed  before  it  can  reach  the  ~ 
(H.  F.  Tozer,^  Vacation  Tourists  in  I860.') 

The  late  Captain  Basil  Hall,  in  his  'Travels  in  North 
thus  describes  the  involution  of  air  in  the  Horse-shoe  Fall  of  Xu^ir. 
and  its  subsequent  disengagement.  "  This  enormous  cataract,  ia  . 
descent,  like  every  other  cascade,  carries  along  with  it  a  qoantitj  . 
air,  which  it  forces  far  below  the  sur&oe  of  the  water,  an  experirr^ 
which  any  one  may  tiy  on  a  small  scale  by  pouring  water  inu 
tumbler  from  a  height.  The  quantity  of  air  thus  earned  down  bj ' 
vast  a  river  as  Niagara  must  be  greats  and  the  depth  to  which  it ; 
driven  in  all  probaoility  considerable.  It  may  also  be  much  eondwiv 
by  the  pressure ;  and  it  will  rise  with  proportionate  violence  buch .. 
the  outside  of  the  cascade,  and  within  the  sheet  or  curtain  which  fees 
the  catsract"  He  mentions  also  the  blast  of  wind  which  rises  aoo  rv 
ingly  from  the  pool  on  the  outside  of  the  sheet.  To  the  explo6ioiL,3£  < 
may  be  termed,  of  the  bubbles,  thus  constituting  this  enormous  ad. 
perpetually  renewed  accumulation  of  bursting  froth,  we  must  ascn;«- 
the  greater  part  of  the  sounds  which  combine  to  produce  the  no?  > : 
the  Niagara  falls.  In  doing  this  we  apply  to  the  subject  the  obsern^ 
tions  of  Professor  Tyndall,  on  the  sound  of  breakers  and  the  roar  c 
the  ocean.  ('  Vacation  Tourists  in  1860/  p.  Z07,  note.)  The  impu. 
of  water  against  water,  he  has  shown,  is  a  oomparatively  subordlia;^ 
source  of  sound ;  though  in  this  case,  from  the  enormous  masses  c: 
water  concerned,  and  the  momentum  which  those  of  the  rirer  acquir. 
from  the  heidbt  from  which  they  descend,  the  sounds  proper  to  ihz 
impact  must  be  very  considerable.  The  sonorousness  of  the  roar,  sul. 
ames  with  this  ascription  of  it,  principallv,  to  the  violent  impact  d 
au*  against  air,  the  air  impinged  upon  being  that  of  the  free  ^itcd- 
sphere,  by  which  the  sound  is  communicated  to  the  ear.  Theti- 
plosions  of  the  bubbles  must  take  place,  in  many  i"y»tfftT?<^ftaj  wid 
enormous  force,  owing  to  the  resistance  presented  by  the  immeox 
cohesive  power  of  films  of  water,  and  occasion  correspondiiig  loudaea 
of  the  sounds,  which,  however,  in  coalescence  and  rapid  sucoessjc 
are  heard  as  an  interminable  roar. 

To  these,  no  doubt  .enormous  bubbles  of  condensed  air,  nuhHU 
upwards  to  the  sur£soe  of  the  pool,  and  expanding  as  they  rise,  we 
must  also  probably  attribute  the  production  of  the  sharp-pointed 
cones  of  water  which  are  continually  projected  upwards  from  the  pcwl 
on  the  outside  of  the  fall,  sometimes  to  the  height  of  a  hundred  wi 
ten  or  twenty  feet  They  are  further  described  by  Captain  Hall  {vhc. 
however,  expresses  no  opinion  as  to  their  origin),  as  reaembling  sooe 
comets  in  form,  their  point,  or  apex,  which  is  always  turned  upward, 
being  quite  shaip,  and  not  laiger,  he  estimates,  "  than  a  man's  fingen 
and  thumb,  brought  as  nearly  to  a  point  as  possible.  The  conical  ta^ 
which  stream  from  these  wateiy  meteors  may  vary  from  one  or  tvo 
yards^to  ten  or  twelve,  and  are  spread  out  on  all  sides  in  a  very  axxvM 
manner."  The  actual  production  of  these  cones,  and  their  emeigence 
from  the  surfisce  of  the  pool,  which  must  be  their  beginning  above 
water,  if  the  origin  here  ascribed  to  them  be  the  true  one,  are  conceildl 
by  the  clouds  of  nray  in  which  the  bottom  of  Uie  filing  sheet  is 
constantly  hidden  from  the  view.  Out  of  this  they  are  at  all  tim«s 
seen  darting  up. 

This  doud  or  mist  of  spray  is  itself  an  interesting  phenomeDOD, 
characteristic  more  especially  of  great  falls,  like  those  of  Nisgsi** 
uniting  dejpth  of  fiedl  and  quantity  of  water.  It  arises  from  the  bottom. 
where  the  impact  of  the  descending  upon  the  still  or  merely  flowiog 
water  takes  place;  and  it  involves  several  {diysical  consideratiozu 
which  seem  to  have  escaped  notice.  As  produced  by  the  Niagara  falK 
its  extent  and  visibility  from  a  distance  have  often  been  described. 
The  lower  part  of  the  great  fall,  according  to  Captain  B.  H^l,  is 
always  concealed  by  this  rolling  doud  of  spray,  which  waves  backwaidj 
and  forwards,  and  rises  at  times  to  the  height  of  many  hundred  feet 
above  the  falls.  Isaac  Weld  describes  it  as  consisting  of  thick  volumes 
of  whitish  mist^  having  much  the  appearance  of  smoke  rising  from 
heaps  of  burning  weeds  ;  such  smoke,  it  may  be  added,  itself  consist- 
ing  principally  of  steam  condensed  into  globules  of  water,  or  steam- 
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cloud.  The  same  traveller  relates  that  thia  "  cloud  formed  from  the 
spray**  of  the  Niagara  falls  was  seen  by  him  and  his  party  on  Lake 
Ontario,  at  the  distance  of  fifty-four  miles,  as  "  a  small  white  doud  in 
trlie  horizon,**  which  remained  steadily  fixed  in  the  same  spot,  its 
Bliape,  as  observed  by  a  telescope, "  varied  every  instant,  owing  to  the 
continued  rising  of  the  mist  from  the  cataract  beneath.'*  But  it  is  only 
seen  at  such  a  distance,  he  adds,  when  the  "  air  ia  very  clear  and  there 
is  a  fine  blue  sky."  Weld  idso  describes  the  now  well-known  appear- 
anoe  of  coloured  bows  in  the  spray,  similar  to  nunbows,  and  for 
'which  it  will  be  convenient  in  this  article  to  use  that  appellation. 

Notwithstanding  the  production  of  these  rainbows,  proving  the  mist 

1x>  consiBt  of  separate  drops  of  water,  in  the  condition,  in  fact,  of  small 

rain,  it  has  frequently  been  described  as  vapour,  and  identified  in  nature 

'With  fog  and  me  clouds  of  the  sky,*  although  rainbows  do  not  occur 

in  them,  and  altiiough  we  have  no  reason  to  believe  that  the  conversion 

of  water  into  vapour  can  ever  take  place  bv  mechanical  action,  however 

violent  and  continued.    Were  this  possible,  indeed,  it  could  not  but 

take  place  at  these  falls,  where  the  water  is  perpetuidly  exposed  to  the 

consequences  of  greater  mechanical  force  than  under  any  other  cu'cum- 

Btances  whatever,  either  in  nature  or  art ;  where  indeed  all  the  circum- 

Btances  are  most  £ivourable  to  such  conversion,  were  it  physically 

possible. 

We  have  seen  in  the  example  of  the  Yorins  Fos,  how  enormous  is 
the  force  with  which  liie  spray  into  which  the  descending  is  divided  by 
the  momentum  with  which  it  faUs  upon  the  still  water,  and  partly,  no 
doubt  by  the  resilient  elasticity  of  the  latter,  is  driven  upwaxds.    Such 
spray,  but  greatly  varying  in  magnitude,  number,  and  approximation  of 
particles,  and  therefore  in  their  aggregate  effect  and  appearance,  may 
he  produced  under  conditions  in  which  water  impinges  with  great 
force  upon  water,  or  upon  solid  bodies,  or  solid  bodies  upon  it ;  also  as 
in  storm-ppray,  by  the  action  of  the  wind  on  the  surface  of  the  sea,  by 
which,  as  by  the  perpetual  action  of  waterfalls,  pendatent  mist  is  fre- 
quently occasioned.    Further,  it  is  produced  to  a  sufficient  extent  for 
the  appearance  of  rainbows,  when  the  waves  of  the  sea,  at  their  sum- 
mits, curl  and  break  into  foam  under  the  force  of  a  breeze.     But  the 
spray-mist  of    great  waterfalls  is  in  all  probability  occasioned,  in 
the  greatest  degree,  and  as  consisting  of  the  most  minute  particles, 
by  the  violent  bursting  of  the  mmtitudinous  air-bubbles  already 
described,  forming  the  froth  or  foam  of  the  falls,  by  which  the  films  of 
water  inclosing  the  air  are  rent  into  minute  dust,  as  it  were,  of  water, 
incalculable  in  the  number  of  particles  in  a  given  space,  and  capable  of 
suspension  in  the  air,  like  the  globules  of  which  the  clouds  of  the  sky 
themselves  consist.    [Cloud8.J 

These  particles,  however,  differ  greatly  from  those  of  the  clouds,  and 
the  connection  of  their  history  with  the  subjects  of  the  smaUness  of 
the  particles  into  which  water  is  thus  mechuiically  divisible,  and  the 
true  nature  of  the  clouds,  and  of  the  globules  or  particles  oomposing 
them,  is  in  several  respects  instructive.  The  spray  of  waterfalls  and 
of  the  crests  of  waves  consists  of  globules  or  particles  of  water,  result- 
ing, exclusively,  from  its  mechanical  division ;  but  the  production  of 
perfect  rainbows  in  it  evinces  that  it  is  identical,  within  certain  limits^ 
ill  respect  of  the  magnitude  of  the  particles,  their  distance  from  each 
other,  and  their  distribution  in  a  given  space,  not  with  true  cloud,  but 
with  the  minute  rain  in  which  the  rainbow  of  the  sky  occurs  under . 
ordinary  circumstances.  We  have,  therefore,  in  the  production  of  that 
meteor,  a  kind  of  measure  of  the  magnitude,  conatitutioni  and  dis- 
tribution of  l^e  particles,  which,  in  all  these  cases,  it  is  demonstrable 
must  be  geometrically  soUd. 

We  have,  in  several  articles,  already  recorded  our  belief  that  the 
globules  constituting  the  clouds  are  not  hollow,  and  our  disbdief  of 
the  existence  of  whi^  has  been  termed  '  vesicular  vapom:,'  that  is,  of 
vedcles  of  water  (whether  containing  vapour  or  not),  resulting  from 
the  condensation  of  invisible  vapour  or  water  in  its  pure  gaseous  con- 
dition. Sir  J.  F.  W.  Herschel  ('  Meteorology,'  par.  92,)  after  describing 
the  production  of  mist  or  fog  [Mi8t]  by  the  precipitation  of  moisture 
from  the  atmosphere,  offers  the  following  important  observation  on  the 
subject  in  question. 

"  It  is  a  favourite  dogma  with  many  meteordogists,  that  the  particles 
BO  precipitated  assume  the  form,  not  of  drops,  but  of  hollow  spheres  or 
bubbles.  De  Saussure  states  that  he  has  seen  such  floating  before  his 
eyes  in  clouds  and  fogs  on  the  Alps ;  and  the  dustv  appearance  of  the 
vapour  floating  over  a  cup  of  coffee  in  the  sunshine  is  adduced  in 
proof.  The  strongest  argument  in  their  &vour,  however  (for  there 
is  great  room  for  optical  muaion  in  such  matters),  is  that  adduced  by 
Kratzenstein,  that  the  sun  striking  on  a  fog  or  doud  [f  j  produces  no 
rainbow,  which  it  ought  to  do  were  the  water  collected  m  spherical 

*  Sir  C.  Lyell,  for  example,  in  his  *  Travels  in  North  America,*  first  identifies 
the  spray^load  of  Niagara  falls  with  the  doada  of  the  atmosphere,  and  then 
vlth  the  undoubted  ateam-cloud  rising  ftom  Etna  (and  other  voicanoea),  which 
he  ilao  Identifies  with  the  clouda,  regarding  both  phenomena  aa  elnoidating  their 
natare.  But  while  the  ateam-clonda  of  voicanoea  are  indubitably  of  the  aame 
natnre  with  the  clouda  of  the  atmosphere,  the  apray-eloud  of  Niagara,  aa  ahown 
abore,  ia  different,  notwithatandfng  ita  appearance. 

[t  The  coloured  bow  aimilar  to  that  produced  by  rain  obaerred  In  mlata  lying 
upon  low  grounda,  aa  mentioned  in  the  article  Kaikbow,  is  evidently  cauacd  by 
the  dropa  of  water  reaulting  from  the  aggregation  of  the  aqueoua  purtielea 
cooatituting  the  miat,  by  the  aame  proceia  aa  the  production  of  rain  from 
doads.] 


dropi.  This  argument  does  not  admit  of  a  ready  answer ;  but  the 
difficulty,  on  the  other  hand,  of  conceiving  anv  possible  mode  in  which 
such  bubbles  can  be  formed,  disposes  us  to  believe  that  the  extreme 
minuteness  of  the  globules  may  perhaps  be  found  to  afford  one,  their 
diameters  being  probably  of  an  order  comparable  with  the  breadths  of 
the  luminiferous  undulations."  * 

In  the  steam-cloud  issuing  from  the  boiler  of  a  locomotive  engine, 
whether  immediately  above  the  funnel,  when  blowing  off,  or  at  a  dis- 
tance from  it»  or  in  the  puffs  of  steam  given  off  during  the  course  of 
the  engine,  no  rainbow  is  ever  visible,  as  the  present  writer  can  testify 
from  observation :  they  appear  to  be  physically  identical  with  the 
douds  of  the  sky.  With  tms  agrees  another  point,  the  production  in 
all  these  cases  of  opalescent  vapour  [Vapour,  Opalescent  ;  Weather], 
which  also  ia  always  caused  in  the  douds  of  nature ;  intervening,  as  a 
middle  term,  in  the  conversion  of  invisible  vapour  into  cloud,  and  in 
the  resolution  of  doud  into  invisible  vapour.  Its  occurrence  in  both 
processes  may  be  observed  in  and  about  the  clouds  at  almost  all  times 
during  the  presence  of  the  sun,  or  just  before  or  after  it;  but  less  fre- 
quently, and  only  under  favourable  cireumstances,  in  moonlight.  The 
solar  radiation,  and  the  capadty  of  the  air  for  more  vapour  on  and 
above  the  upper  surfaces  of  clouds,  often  render  the  intervention  of 
opalescent  vapour  inviuble  in  that  situation,  but  it  may  always  be  seen 
in  the  reverse  process,  in  the  vapour-plane  or  vapour-zone  [Vapoub- 
Plahb]  at  the  base  of  masses  of  douds,  especially  of  cumulL  But  the 
production  of  opalescent  vapour  does  not  occur  with  the  spray  of  water- 
fallfror  waves.  The  reason  seems  obvious.  The  douds  of  the  atmo- 
sphere and  of  the  steam-engine  consist  of  globules  so  minute  that  very 
slight  local  changes  of  temperature  will  effect  their  resolution,  and  so 
near  to  each  other  that  the  amount  of  opalescent  vapour  produced  by 
every  one,  individually,  coalesces  into  an  aggregate  mass  for  all,  so 
that,  though  only  momentary  for  each  globxile,  it  is  persistent  for  the 
mass,  and  therefore  becomes  visible.  But  tihe  partides  of  the  spray 
are,  comparatively,  so  large,  that  much  greater  ^fferences  of  tempera- 
ture are  required  for  their  conversion  into  invisible  vapour,  and  also  so 
distant,  oomparativdy,  from  each  other,  that  the  local  momentary 
opalescence  ceases,  before,  by  the  coalescence  of  that  produced  at  many 
points,  it  can  become  visible. 

We  may  safely  conclude,  therefore,  it  would  appear,  from  all  these 
facts  and  ailments,  and  in  corroboration  of  opinions  generally  but 
not  universally  held,  that  the  douds  are  redly  composed  of  excessivdy 
minute  globules  of  liquid  water,  not  hollow,  and  not  consisting  in  any 
respect  of  vapour  (though  necessarily  intermingled  with  it),  which, 
having  resulted  from  the  condensation  of  volumes  of  continuous  vapour, 
or  of  vapour  no  otherwise  discontinuous  than  as  occasioned  by  the 
tmiformly  interspersed  partides  of  the  air,  are  formed  at  insensible 
distances  from  each  other ;  and  that  these  at  length  (under  circum- 
stances not  altogether  understood,  and  whether  rdated  primarily  to 
heat  or  to  electricity  is  also  uncertain)  codesce  into  much  larger  glo- 
bules, or  drops,  exceeding  in  diameter  the  breadths  of  the  limiiniferous 
imdulations,  and  therefore  capable,  like  the  drops  of  waterfall-  and 
wave-spray,  of  exhibiting  the  rainbow. 

Minute  globules  or  particles  of  water,  it  is  now  evident,  exist  of 
several  orders  of  magnitude,  each  order  having  characteristic  proper- 
ties, whether  of  its  own,  or  arising  from  the  mutual  distance  of  the 
particles  and  their  consequent  niunber  in  a  given  space,  or  from  the 
mingling  with  them  of  pure  transparent  aqueous  vapour,  or  air^  or 
both. 

The  application  to  waterfalls  of  Professor  Tyndall*s  observations  on 
the  sound  of  sgitated  water,  was  founded  merdy  upon  bis  note  in  the 
*  Vacation  Tourists,'  dted  above,  the  writer  of  the  above  remarks  on 
the  physics  of  the  subject  not  having  seen  the  paper  in  the '  Philo- 
soplucal  Magazine  *  referred  to  in  that  note,  until  after  they  were  in 
type.  Professor  Tyndall,  after  alluding  in  that  paper  ('  Phenomena  of 
a  Water- Jet ')  to  the  roar  of  the  ocean  as  being  caused  by  the  bursting 
of  bubbles,  himself  applies  his  inferences  to  wateridls  in  the  following 
manner : — "  It  ia  the  same  as  regards  waterfalls.  Were  Niagara  con- 
tinuous and  without  lateral  vibration,  it  would  be  as  silent  as  a  cataract 
of  ice.^  It  is  possible,  I  believe,  to  get  behind  the  descending  water  at 
one  place  [this  is  readily  practicable,  and  frequently  done] ;  imd  if  the 
attention  of  travellers  were  directed  to  the  subject,  the  mass  might 
perhaps  be  ieen  through.  For  in  all  probability  it  also  has  its  '  con- 
tracted sections,'  after  passing  which  it  is  broken  into  detached  masses, 
which,  plunging  suocessivdy  upon  the  air-bladders  formed  by  their 
precursors,  suddenly  liberate  their  contents  and  thus  ereate  the  thunder 
of  the  waterfall." 

Professor  Magnus,  of  Berlin,  it  appears,  was  the  first  to  account  for 
the  production  of  bubbles  when  water  is  poured  into  a  glass, — ^the 
same  pbysicd  phenomenon  as  their  production  by  waterfalk.     It  ia 

*  This  ia  one  of  the  very  few  caaea  in  which  it  haa  been  poaaible  to  oonaider  the 
aenaible  magnitadea  of  the  partidea  of  ponderable  matter  aa  proportioned  to  the 
meaaorable  attribntea  of  the  ether,  or  to  treat  them  aa  commenaurate.  Another 
cane  haa  been  pointed  out  by  Dr.  Faraday,  who  haa  ahown  that  aeven  and  a  half 
leaves  of  gold-leaf  might  be  placed  in  the  apace  occupied  by  a  aingle  nnduUtion 
of  the  red  ray  of  light,  and  five  in  one  of  the  violet  ray ;  ao  that  a  aingle  leaf  of 
beaten  gold  occupiea  in  average  thiokneaa  no  more  than  from  one-eighth  to 
oncfifth  part  of  a  wave  of  light.  (*  Proo.  of  Boy.  Inat.,'  voL  IL,  p.  SIO  }  *  Phil 
Trana.,'  1S67,  p.  147.) 
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briefly  thus,  as  he  proved  by  experiment :  a  concavity  is  fonned  by 
the  faUing  water  at  the  point  where  it  strikes  the  water  below;  this 
closes  in  as  soon  as  the  least  motion  has  been  imparted  to  the  surface, 
and  the  air  within  it  Ib  carried  downwards.  It  will  readilv  be  seen 
how  illustrative  this  explanation  is  of  a  part  of  Gapt.  R  Hall  s  account 
of  the  air-bubbles  at  uie  Niagara  falls,  and  of  the  applications  of  it 
above ;  but  no  part  of  the  air,  it  must  be  inferred  nom  the  experi- 
ments of  Professors  BCagnus  and  Tyndall,  is  carried  down  by  adhesion 
to  the  water. 

In  another  part  of  his  paper,  Professor  IVndall,  illustrating  experi- 
mentally the  subject  of  the  contracted  vein  [Htdrodtnamios,  coL  774], 
describes  the  resolution  of  the  vein  or  stream  of  water,  after  passing 
the  contracted  section,  into  detached  masses ;  and  observes,  "  Follow- 
ing the  jet  downwards,  we  find  that  these  masses  become  more  and 
more  attenuated ;  and  were  the  height  sufficient,  they  would  finally 
appear  as  a  kind  of  water-dust,  an  example  of  which  on  a  laige  scale  is 
furnished^  by  the  Stamb-bach,  near  Lauterbrunnen,  in  Switserland. 
Travellem  usually  attribute  the  breaking  up  of  the  Staub-bach  to 
atmospheric  resistance,  but  the  latter  has  comparatively  littie  to  do  in 
the  matter ;  were  the  surrounding  space  a  vacuum,  the  same  would  be 
exhibited."  Hus  indicates  an  additional  and  very  effective  cause  of 
the  production  of  waterfall  spray,  and  is  probably  applicable  to  the 
phenomena  of  the  V5ring  Fos,  noticed  above,  which  i^pear  not  to  be 
accurately  understood.  (See  'Phil.  Mag.'  Series  4,  vol  i.  p.  1,  and 
p.  105.) 

WATER-GLASS  PAINTING,  a  method  of  nainting  in  wHch  the 
vehicle,  or  binder  of  the  colours,  is  a  soluble  alkaline  silicate.  This 
process,  which  has  been  in  use  for  some  years  in  Germany  for  mural- 
painting,  and  in  which  Kaulbach,  among  others,  has  painted  all  his 
utter  wall-pictures,  appears  to  have  been  invented,  or  greatiy  improved, 
by  Dr.  Johann  N.  Von  Fuchs,  who  termed  it  SUrtockromy,  and  pub- 
lished a  pamphlet  explanatory  of  the  process  and  pointmg  out  its 
advantages.  This  has  been  translated  for  private  circulation  by 
direction  of  the  Prince  Consort  (chiefly  with  a  view  to  the  consider- 
ation of  the  applicability  of  the  process  to  the  paintings  in  the  New 
Palace  at  Westminster),  under  the  titie  of  'The  Manufacture,  Pro- 
perties, and  Applications  of  Water-GIass  (soluble  alkaline  silicate), 
including  a  Process  of  Stereochromic  Painting.'  Mr.  D.  Maclise,  R.A., 
who  was  engaged  on  the  preparatory  labours  connected  with  painting 
in  fresco  a  laige  picture,  '  The  Meeting  of  Wellington  and  Blucher,' 
in  one  of  the  two  spaces  (45  feet  in  length)  in  the  Royal  GaUeiy  of  the 
House  of  Lords,  and  who  had  been  greatly  impressed  with  the  failure, 
as  regards  permanency,  of  the  receutiy-painted  frescoes,  was  led  by  a 
peruad  of  this  pamphlet  to  determine  on  submitting  the  water-glass 
process  to  a  searching  investigation.  He  accordingly  made  various 
experiments,  and,  not  succeeding  to  his  satisfaction,  proceeded  to 
Qermanv  to  make  himself  aoquamted  with  the  method  as  actually 
praefcised  there,  and  to  examine  the  works  executed.  The  result  was 
his  conviction  of  its  suitability.  He  has  since  executed  various  trial 
pictures,  and  he  is  now  pdnting  his  great  picture  with  water-fflass. 
Mr.  J.  R.  Herbert,  R.A.,  who  is  engaged  in  painting  the  Peers'  Robing- 
Room,  also,  having, "  after  repeated  experiments,  modified  it  according 
to  his  own  views,%aroressos  himself  entirely  satisfied  with  it.  As  its 
working  capabilities  have  so  far  satisfied  the  practical  artist,  and  the 
finished  examples  appear  to  have  withstood  successfully  not  only  the 
effect  of  time, — as  yet  too  brief  to  be  conclusive, — ^but  also  the  various 
tests  hitherto  applied,  the  process  would  seem  to  merit  very  attentive 
consideration.  The  frescoes  painted  within  the  last  few  years,  not 
only  in  this  countrr,  but  in  Germany,  where  so  much  more  attention 
has  been  ^ven  to  tnem  and  artists  are  so  thoroughly  familiar  with  aU 
the  working  details,  have  for  the  most  become  deteriorated  to  a  very 
marked  extent;  and  it  will  be  an  immense  gain  if  the  water-glass 
process  provss  to  be  a  really  permanent,  as  xt  would  seem  to  be  in 
other  reroects  an  efficient,  substitute.  It  will  be  no  doubt  intex«Bting 
to  give  a  brief  general  statement  of  the  process ;  for  further  particulars 
we  refer  to  the  '  Twelfth  Report  of  the  Commissioners  on  the  Fine 
Arts '  (1861),  in  an  appendix  to  whi<di  Mr.  Maclise  has  given  a  vety 
full  account  of  his  experience  and  ample  details  of  the  modes  of 
working. 

The  Water-Glass  is  composed  of  powdered  quarta  (silica)  boiled  in 
purified  potass  or  soda,  but,  aocordinff  to  Br.  Pettenkofer,  the  chief 
authority  on  the  subject,  the  potass  solution  is  to  be  prefen^  It  is 
prepared  by  chemuits  of  d^erent  degrees  of  strength,  according  as  it  is 
to  be  employed  for  laying-on  the  oolours  or  for  fixing.  Tlie  pigments 
are  the  same  as  those  used  in  fresco-painting,  but  smc-white  is  the 
only  white  that  can  be  relied  on.  The  ground  is  an  intonaco,  formed 
of  river-sand  and  Portland  cement,  precisely  as  for  Fresco,  but  some- 
what more  absorbent  Kaulbach  has  the  ground  prepared  with  a 
granulated  surface,  insisting  that  ''it  should  feel  to  the  touch  like  a 
coarse  rasp ;"  but  this  does  not  appear  to  be  necessary.  A  smooth 
ground,  if  carefully  prepared,  takes  the  colours  with  equal  facility ; 
and,  in  fact,  the  degree  of  roug^ess  or  smoothness  may  be  regulated 
at  the  pleasure  and  according  to  the  manner  of  the  painter.  After  the 
intonaco  has  been  well  dried,  and  the  cement  hardened,  the  superficial 
sand  is  to  be  swept  ofi*,  and  the  surface  to  be  moistened  with  a  saturated 
solution  of  carbonate  of  ammonia  (Mr.  Maclise,  we  believe,  employs 
lime-water),  when  it  is  ready  for  painting  on. 

The  painting  itself  ma;^  b*  <*xecuted  in  two  ways.    In  the  first>  the 


water-glass  in  a  diluted  form  is  mixed  with  the  coloors,  and  used  ai » 
vehicle  in  working.  But  Mr.  Maclise  found  that  it  was  hardly  pjeLl.* 
to  work  with  such  a  vehicle  with,  sufficient  facility,  "  because  of  tie 
stiffening  the  brush,  and,  as  it  were,  petrifying  the  contents  of  ths 
palette  before  the  painting  could  be  accompliiiied  even  by  the  ixlak 
rapid  execution."  The  solution  may,  of  course,  be  diluted  so  as  t.^ 
amoit  of  the  painting  being  executed  with  much  greater  facility ;  W. 
this  can  only  be  done  at  the  expense  of  the  fixing  qualities  of  the  £aii 

The  other  method — that  employed  by  Kaulbach  and  his  aaalstas « 
and  adopted  by  Mr.  Maclise — consists  in  simply  using  distilled  waser 
as  the  vehicle,  and  finishing  the  parts  as  the^  advance ;  and  on  tb> 
following  day,  when  the  finished  work  is  quite  dry,  applyin^^  to  it  \ 
solution  of  water-glass,  formed  of  "  two  parts  wat^  and  one  of  tl: 
concentrated  liauor  imported  from  Berlm,  and  this  aolation  haviu 
been  twice  i^iplied,  the  painting  is  now  perfectiy  fixed^"  (Maclifie.- 
Mr.  Maclise  applies  the  water-glass  "  freely  with  a  large  flat  w^ie;- 
colour  brush."  The  Berlin  artists  use  a  syringe  of  peculiar  cdutTcc- 
tion ;  and  Mr.  Maclise  finds  great  advantage  in  "  shedding,  by  measi 
of  a  syringe,  a  spray  of  coloured  water  over  any  portion  of  the  waL- 
painting,"  and  thus  producing  "  very  easy  and  pleaaing  cbazige*  is 
hues"  where  it  may  be  deemed  necessary.  The  prmcipal  conditioos  A 
success  appear  to  Mr.  Maclise  to  be  that  the  picture  should  be  thiiuv 
painted,  water  be  freely  used,  and  the  groimd  be  carefully  pr^arvi 
and  very  absorbents 

In  appearance  water-glass  painting  bears  a  dose  afi&nity  to  fresca 
It  is  fiat,  free  from  glossiness,  and  the  colours  appear  opaque ;  but  tiie 
surface  may  be  rendered  glossy  by  using  a  concentrated  solution  of  tb 
water-glass  as  a  varnish.  As  it  is  for  mural  painting,  however,  that  tla 
water-glass  method  seems  especially  fitted,  the  flat  unshining  surface  ii 
an  advantsfie.  In  comparison  with  fresco,  its  superiority  seems  to  cgd- 
siit  in  the  oolours  remsining  quite  unaltered  whilst  working  and  wbesi 
dry ;  in  the  process  allowing  the  picture  to  be  retouchod  and  carried 
out  to  anv  degree  of  finish  not  only  during  its  progress  but  after  tba 
"  fixing ;  and,  finally,  that  it  promises  to  be  permanent.  On  this  Isit 
and  most  important  point  we  may  remark  that  whilst  Kaulbadi's  grot 
frescoes  have  become  seriously  deteriorated,  his  laige  water-glas  ] 
paintings  remain  quite  uninjured ;  and  in  Munich  some  stereoehromc 
pictures  are  said  to  have  existed  for  twenty  years  without  exhibiting 
any  symptoms  of  decay,  whilst  the  frescoes  are  all  more  or  lea 
damaged. 

WATER,  HOLT  (m  French,  Eotu,  UniU,  or  blessed  water;  but  b 
Italian,  AqwL  9anta,  as  in  English),  is  water  blessed  by  the  prieat, 
which  is  used  in  many  ceremonies  of  the  Roman  Catholio  chuit^b,  as 
in  the  offices  of  baptism  and  burial,  and  in  various  parts  of  the  mass  or 
ordinary  service.  There  is  commonly  a  font  of  holy  water  in  the  porch 
of  Roman  Catholic  churches,  into  which  the  congregation  as  they  enter 
the  church  dip  their  fingers,  and  then  make  the  sign  of  the  cross  upon 
their  foreheaoB.  The  holy  water  is  mixed  with  salt ;  and  this  is  «aid 
to  have  been  first  done  by  Pope  Alexander  I.,  in  the  beginning  of  th« 
2nd  centuiy.  Some  make  Pope  Alexander  to  have  been  the  inventor 
of  holy  water  altogether.  Protestant  writers  have  been  accustomed  to 
trace  the  holy  water  of  the  Romish  church  to  the  pontifical  lustratiom 
of  the  pagan  Greeks  and  Romans ;  but  both  the  pagan  and  the  Chiis- 
tian  practice  ma^  perhaps  be  more  correctiy  referred  to  the  natanl 
feeling  which  pomts  out  water  as  the  symbol  of  purification.  In  tb« 
ancient  churches,  in  the  middle  of  the  Atrium,  or  square  plot  of 
ground  between  t^e  porch  and  the  church,  was  commomy  a  fountain 
or  cistern  of  water,  in  which  the  people  washed  their  hands  and  faces 
before  they  entered.  Holy  water  is  also  used  in  the  Greek  chun:!!, 
but  without  salt.  The  mixture  of  the  salt  and  water  is  interpreted  by 
some  Roman  Catholic  divines  as  typifying  what  is  called  the  hypostatic 
union  of  the  nature  of  Christ,  the  salt  bemg  the  emblem  of  his  divinity, 
the  water  of  his  humanity. 

WATER-MACHINES.    [Turbines;  Watxe-Whxils.] 

water-meadows.    [IRBIOATION.I 

WATER-MILLS.    [Watkr-Whbels.] 

WATER-PARTING,  m  physical  geograpky  and  geology^  the  term 
recently  substituted  for  that  of  Watershed,  taken  as  the  equivalent  of 
the  German  Wastencheide,  in  its  primary  and  original  wignifi^g^tionj  thst 
of  the  line  of  separation  between  the  contiguous  basins  of  two  rivem 
r Rivers  *  ^^atxrshkd  1 

WATER-PIPES,  in  addition  to  what  has  been  said  on  the  subject 
of  the  fiow  of  water  in  pipes  under  Pipe  and  Water  Sufflt,  it  may 
be  desirable  here  to  mention  a  few  practical  matters  connected  with 
their  manufacture  and  use. 

The  wooden  pipes  formerly  employed  were  made  from  elm  trees, 
and  of  about  14  or  15  feet  m  length,  the  diameter  rarely  exceeding 
9  inches ;  the  interior  was  bored  out  by  an  auger ;  the  joints  were  cS 
the  kind  known  as  the  spigot  and  faucit,  in  which  one  end  of  the  tree 
was  tapered  for  a  length  of  about  9  inches,  and  the  end  of  the  pipe 
destined  to  receive  that  taper  was  rimered  ottf  to  fit  it.  These  pipes 
have  now  been  entirely  abandoned,  on  account  of  their  not  being  able 
to  resist  the  pressures  they  are  exposed  to  in  modem  works,  and  of  tlie 
bad  flavour  they  communicate  to  the  water. 

The  cast-iron  pipes  are  laid  with  socket  joints  run  with  lead ;  the 
depth  of  the  joint  being  proportioned  to  the  diameter  of  th^  pipes, 
but  even  in  the  largest  it  does  not  exceed  6  or  8  inches.  A  great 
elTort  has  lately  been  made  to  introduce  turned  and  bored  joints  for 
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water  distribution ;  but  the  di«turbanoe  of  the  ground,  and  the  unequal 
dilatation  of  the  pipea,  have  hitherto  prevented  the  auoceesf ul  applica- 
tion of  that  system.  It  is  customary  to  cast  the  smaller  pipes,  that  is  ' 
to  say  those  of  from  2  to  8  inches  in  diameter,  in  lengths  of  6  feet 
each ;  and  the  pipes  of  greater  dimensions  in  9  feet  lengths.  The 
thiclmess  varies  between  £ths  of  an  inch  for  a  2-inch  pipe,  {Jha  of  an 
inch  for  a  6-inch,  {ths  of  an  inch  for  a  12-inch,  and  1}  for  a  44-inch 
pipe ;  the  latter  dimension  is  the  largest  hitherto  adopted,  and  the 
only  instance  recorded  of  the  use  of  such  pipes  is  in  the  great  Riving- 
ton  Pike  supply  to  Liverpool.  Of  late  years  an  attempt  has  been 
made  to  introduce  the  wrought-iron  pipes  of  large  diameter,  coated 
externally  with  asphalte,  on  Chameroy's  patent;  but  in  practice  so 
many  inconveniences  have  been  foimd  to  be  attached  to  them,  that  the 
cast-iron  pipea  are  now  almost  exclusively  used  in  the  ground,  when 
the  water  is  under  pressure. 

Glazed  earthenware  pipes  are  frequently  used  to  convey  water,  when 
it  is  not  under  pressure ;  but  the  difficulty  of  keeping  the  joints  water- 
tight has  hitherto  prevented  this  material  from  beiqg  much  used  for 
water  supply.  From  the  nature  of  the  earth  used  in  tke  manufacture 
of  stoneware  pipes,  their  length  cannot  exceed  8  feet;  and  conse- 
quently the  number  and  expense  of  the  joints  would  be  a  fatol 
objection  to  any  such  application. 

As  to  lead  pipes,  the  joints  are  made  by  soldering  the  two  ends  of 
the  pipes  together,  the  ends  meeting  butt,  as  workmen  say.    Up  to  a 
diameter  of  2  or  8  inches  lead  pipes  can  be  drawn;  Myond  that 
dimension  they  are  formed  by  rolling  sheet-lead  over  a  mandril,  and 
then  soldering  the  longitudinal  lap.    Joints  so  made  are  hardly  able  to 
resist  the  effect  of  the  enormous  pressures  used  in  modem  water-works, 
for  at  the  present  day  the  ordinarv  cast-iron  pipes  are  tested  to  a  pres- 
sure of  800  lbs.  on  the  square  moh;  and  m  the  case  of  the  great 
Liverpool  pipes  the  pressure  was  even  carried  to  600  lbs.  per  inch.    As 
a  general  rule  lead  pipes  are  made  ^  of  an  inch  in  thickness.    The 
junction  of  service-pipes  upon  cast-iron  mains  is  effected  by  fixing  a 
brass  ferrule  to  the  latter,  and  soldering  the  service-pipe  to  the 
ferrule ;  and  it  would  appear  that  ^e  intervention  of  the  ferrule  is 
sufficient  to  prevent  tiie  galvanic  action  between  the  iron  and  the  lead, 
which  would  otherwiie  take  place.    All  the  small  taps,  valves,  fta, 
upon  service-pipes  are  made  of  brass;  but  the  plugs,  sluices,  and 
valves,  upon  the  mains  are  usually  made  of  cast-iron.    Zinc  ia  rarely 
used  for  Uie  purposes  of  water  supply,  and  it  is  never  used  for  the 
service-pipes ;  wrought-iron  pipes  themselves  are  not  so  much  used  for 
this  purpose  as  lead,  on  account  of  the  greater  ductility  of  the  latter 
metu. 

WATER-POWER  and  WATER-PRESSURE  ENGINES.  The 
weight  and  the  impetus  of  a  stream  of  water  are  frequently  employed 
in  mechanics  as  a  source  of  motive  power  for  the  machinety  used  in 
industiial  operations,  in  the  form  of  the  various  kinds  of  water-wheels; 
and  of  late  years  the  law  by  which  water  and  other  similar  (practically) 
incompressible  fluids  transmit  pressure  in  every  direction,  and  tend  to 
assuLie  a  constant  levd  in  any  reversed  syphon,  has  been  made  to  serve 
the  purposes  of  mechanics  by  furmshing  the  power  exerted  bv  the  so- 
called  hydrauHc  cranes  and  the  water-pressure  engines.  The  term 
loater-power,  therefore,  simply  refers  to  the  force  developed  by  the 
water  in  its  natural  fluid  state ;  and  it  acts  either  by  its  weight,  its 
impact,  or  bj  its  power  of  transmitting  an  efibrt  exerdsed  upon  any 
port  of  its  circumference.  In  an  oven&ot  wheel  the  water  acts  almost 
exdusivedy  by  its  weight,  which  is  applied  on  one  side  of  an  unbalanced 
wheel;  in  an  undershot  wheel  the  water  may  often  exercise  power  by 
reason  of  the  velocity  with  which  it  is  animated  when  it  s&ikes  the 
floats ;  in  a  reaction  wheel  the  power  Ib  produced  b^  the  escape  of  the 
water  from  a  pipe  reacting  upon  the  air  surroundmg  the  apparatus; 
and  ia  the  hydraulio  cranes,  the  power  is  obtained  by  forcing  water  into 
a  raised  cistern,  from  whence  it  is  able  to  act,  as  workmen  say  "  with 
ahead,"  upon  tiieundersido  of  pirtons  bearing  loaded  surfaces.  Virtu- 
ally it  is  the  weight  of  the  water  which  ^oduces  the  usefiil  effect 
in  all  these  cases ;  but  the  interferences  with  its  action  are  so  numerous 
as  to  justify  the  popular  distinctions  above  referred  to. 

The  various  descriptions  of  watkb-whkbls  are  described  under  that 
head;  at  present  it  is  intended  only  to  notice  the  water-pressure 
engines  used  in  mining  operations,  and  the  hydraulic  cranes ;  because 
they  constitute  applications  of  water-power  of  so  peculiar  a  nature,  as 
not  to  justify  their  being  included  under  the  more  generally  known 
dassification  of  water-wheels  or  engines.  The  mode  of  their  applica- 
tion is  also  different  from  that  of  the  ordinary  forms  of  water-engines; 
the  latter  being  usually  employed  for  the  purpose  of  driving  macmnery 
or  mill  work,  the  former  for  raising  water,  or  for  hoisting  weights 


The  vaier-premtre  engines  are  constructed  upon  the  principle  of 
collecting,  in  a  tube  of  a  certain  height,  a  quantity  of  water,  and  in 
allowiDg  that  water  to  escape  when  it  has  produced  the  desired  efibct. 
This  a  accomplished  by  placing  the  underside  of  a  piston,  moving  in  a 
vertical  cylinder,  in  communication  with  a  column  of  water,  and  in 
cutting  off  that  conmiunication  when  the  piston  has  (urived  at  the 
head  of  its  stroke.  The  pressure  of  the  column  of  water  acts,  in  &ct, 
to  raise  the  piston,  to  which  the  pump  rods  are  attached ;  and  the 
alternate  downward  motion  is  effected  by  the  weight  of  the  pump  rods 
themselyos,  in  the  same  manner  that  the  pump  rods  of  the  Cornish 
esgines  work :  the  bottom  of  the  cylinder  is  placed  in  communication 


alio  with  the  outflow,  so  as  to  allow  the  water  to  escape  after  it  has 
done  its  work.  The  passages  for  the  water  are  opened  and  closed  by  a 
series  of  tappets  and  equilibrium  valves  of  a  peculiar  description,  iu 
order  to  avoid  any  abrupt  hydraulic  jar  from  the  change  in  the  con- 
ditions of  flow  in  the  descending  main ;  these  details  are,  however,  of 
too  complicated  a  nature  to  allow  of  their  being  represented  here, 
but  they  may  be  studied  in  the  notice  of  the  water-pressure  engine  at 
Huelgoat  in  the  'Annales  des  Mines,'  or  in  Burat's  'Gdologie 
appliqu^.'  In  the  best  engines  of  this  description  the  useful  effect 
obtained  is  usually  about  0*46  of  the  power  exerted ;  though  it  has 
been  stated  that  in  the  pimips  lately  executed  at  Freyberg,  as  much  as 
0*75  of  the  real  power  has  been  used.  Mountainous  districts  are  the 
most  favourable  for  the  establishment  of  tiie  water-pressure  engines; 
for  it  is  only  in  them  that  the  neoessanr  conditions  for  their  economical 
working  occur  naturally.  These  are,  that  a  suffidentiy  copious  supply 
of  water  should  exist  at  a  considerable  height  above  the  seat  of  the 
piston ;  and  that  a  free  discharge  for  both  the  water  which  has  served 
as  the  motive  power  and  for  the  water  raised  should  exist  The  Huel- 
goat engine  is  placed  at  a  distance  of  860  feet  from  the  surface,  and  it 
raises  the  water  from  a  mine  754  feet  bdow  the  level  of  the  cylinders; 
the  diameter  of  ihe  piston  is  8  feet  4]  inches,  its  hdght  9  feet,  and  the 
length  of  the  stroke  7  feet  6}  inches ;  it  maJuB,  when  in  full  work, 
54  strokes  in  a  minute,  and  raises  through  tiie  total  height  of  754  feet, 
in  one  lift,  896  gallons  per  minute ;  there  are  two  cylinders,  but  the 
galleries  are  not  suffidentiy  advanced  to  keep  them  oonstantiy  at  work : 
the  descending  and  outflow  pipes  are  15  inches  in  diameter,  the  pump 
barrel  is  18  inches  in  diameter,  and  the  ascending  pipe  is  lOJ  in  diameter. 
M.  Rdchenbach  has  executed  for  the  salt  springs  of  southern  Bavaria 
a  great  number  of  these  water  pressure  oigines ;  and  it  may  be  desir- 
able to  add  that  the  one  at  lUsang  is  set  in  motion  by  a  fall  of  water 
828  feet  in  height,  and  that  it  raises,  in  one  lift,  not  less  than  1864 
cubic  feet  of  water. 

The  hydraulic  or  water-pressure  cranes  were  invented  by  Sir  W. 
Armstrong,  and  applied  by  him  to  the  quays  of  Newcastle  about  the 
vear  1846,  in  the  first  instance;  but  subsequently,  their  use  has 
become  general  in  other  towns,  wherein  water  is  to  be  obtained  under 
considerable  pressure.  In  these  engines  the  water  is  admitted  to  act 
upon  one  mde  of  a  piston  working  in  a  tight  <nrlinder,  and  bearing  a 
piston-rod,  upon  the  end  of  which  ib  fastened  a  cnain  passing  over  two 
fixed  puUevs,  under  the  pivot  of  the  crane,  and  over  a  moveable  one  on 
the  head  of  the  piston  itself,  in  order  to  incrvase  the  distance  traversed 
by  the  load,  at  the  expense  of  the  power.  The  stroke  of  the  cylinders 
is  usually  long,  and  by  thus  passing  the  chain  over  the  three  pulleys, 
the  load  is  raised  through  a  height  equal  to  three  times  the  strose ;  but 
the  load  is  correspondingly  reduced  m  proportion  to  tiie  effort  exerted 
on  the  piston.  There  are  valves  placed  at  tiie  bottom  of  the  cylinder 
to  close  the  access  of  the  water  to  the  piston,  and  to  open  the  escape 
passages;  and  when  the  latter  are  opened  the  water  escapes,  and  the 
weight  of  the  piston,  and  of  the  machinery  attached,  brings  the  piston 
back  to  its  original  position.  Relief-valves  are  placed  near  the  slide- 
valves,  which  give  access  or  egress  to  the  water,  to  guard  against  any 
sudden  shocks  from  changes  of  direction  in  the  movement  of  the  water 
which  might  be  likely  to  produce  a  hydraulic  jar.  The  water-pressure 
cranes  used  at  Newcastie  had  cylinders  12  feet  long  by  1  foot  in 
diameter,  and  they  worked  under  a  head  of  water  equal  to  240  feet. 

The  prindple  of  the  hydraulic  press  is,  in  fact,  the  same  as  the  one 
involved  in  the  water-pressure  engine  and  the  hydraulic  crane.  It 
consistB  in  the  ^ulty  by  which  water  transmits  in  all  directions  a 
power  exerdsed  upon  any  portion  of  its  surface ;  the  difference  in  the 
mechanical  arrangement  being  simplv  that  in  the  hydraulic  press 
additional  force  is  applied  by  means  of  levers  and  pumps,  whereas  in  the 
pressure-engines  the  statical  pressure  of  tiie  source  of  supply  is  alone 
brought  into  operation.    [Hydraulic  Press  ;  Htdrodynaxics.] 

WATERPROOFINQ.  Textile  fabrics,  whatever  be  their  character, 
are  pervious  to  water  from  two  causes :  namely,  the  existence  of  minute 
spaces  between  the  individual  fibres  of  the  yam,  whether  of  silk,  cotton, 
wool,  or  flax ;  and  the  rectangular  meshes  consequent  on  the  process  of 
weaving.  To  close  up  these  minute  channels,  as  likewise  the  pores  of 
leather,  so  as  to  impart  a  waterproof  quality  to  the  material,  has  been 
the  object  of  a  large  ntmiber  of  patents,  as  well  as  of  redpes  whidi 
have  not  been  patented.  Mr.  Hellewell  took  out  one  of  the  earliest  of 
these  patents,  for  a  solution  whieh  should  render  cotton  and  other 
fabrics  waterproof.  According  to  this  plan,  for  a  quantity  of  woven 
material  equal  to  1000  lb.  weimt,  there  are  used  120  lb.  of  rock  alum, 
80  lb.  of  common  whiting,  and  200  gallons  of  water.  This  mixture  is 
intended,  by  the  chemical  action  of  its  ingredients,  to  yield  a  solution 
of  alumiue,  with  which  the  cloth  is  saturated.  After  the  saturation 
the  doth  is  passed  quickly  through  a  vessel  containing  a  solution,  at  a 
temperature  of  100"  Fahr.,  of  yellow  soap  in  water,  the  proportions 
being  8  lb.  of  soap  and  80  gallons  of  water  to  50  lb.  of  cloth.  This 
latter  process  is  for  the  purpose  of  fixing  the  alumine  in  the  interstices 
of  the  cloth,  and  enabling  it  to  resist  the  action  of  water.  The  doth  is 
finally  washed,  to  free  it  from  any  impurities.  Mr.  Hsll  patented  a 
method  of  waterproofing  doth  by  immersion.  He  describes  two  kinds 
of  solution  employed  for  this  purpose.  1st,  two  ounces  of  pulverised 
alum  are  disBSolved  in  a  pint  of  distilled  water ;  one  ounce  of  dry  white- 
lead  is  rubbed  down  in  another  pint  of  water ;  and  the  two  solutions 
being  mixed  and  allowed  to  settie,  the  supernatant  liquor  oonstitutei 
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the  required  agent.  2nd,  one  ounce  of  dry  white-lead  is  mbbed  down 
in  half  a  pint  of  water ;  one  ounce  of  pounded  alum  is  diasolved  in 
another  h^-pint  of  water ;  and  these  two  Rolutiona,  together  with  two 
iluid  drachms  of  acetic  add,  ore  mixed  together,  and  aUowed  to  settle. 
When  the  cloth  has  been  immersed  in  the  supernatant  liquor  resulting 
from  either  of  the  above  solutionsi  it  is  passed  through  a  solution  of 
quicklime,  and  a  third  time  through  a  solution  of  boiled  Irish  moss, 
which  acts  as  a  mucilage.  One  more  example  will  suffice : — Boil  half 
an  ounce  of  Russian  isinglsss  in  a  pouiul  of  soft  water  till  dissolved; 
dissolve  an  ounce  of  alum  in  two  pounds  of  water ;  dissolve  a  quarter 
of  an  ounce  of  white  soap  in  a  pound  of  water ;  strain  these  solutions 
separatelv  through  linen,  and  then  mix  them  all  together.  Heat  this 
liquid  till  it  simmers,  and  applv  it  with  a  brush  to  the  wrong  side  of 
the  cloth,  on  a  flat  table.  When  diy,  the  cloth  is  brushed  lightly 
with  water.  The  intention  of  this  process  is  to  render  the  cloth  im- 
pervious to  water,  but  not  to  air. 

The  «ttr/ace-application  of  a  species  of  waterproof  vamish  has  been 
the  subject  of  many  patents.  Messrs.  Mills  and  Fairman  introduced  a 
composition,  formed  of  100  lb.  of  linseed  oU,  40  lb.  of  pipeclay,  and  a 
smaU  quantity  of  burnt  umber,  white-lead,  pounded  pumice-stone,  and 
one  or  two  other  substances.  These  ingredients  were  melted  together 
and  ground  to  a  smooth  point-like  state,  and  then  applied  to  the  surface 
of  the  fabric  with  laige  \nives,  the  doth  being  stretched  over  wooden 
frames.  When  one  surface  was  thus  coated  and  dried,  the  other  was 
similarly  treated.  This  was  not  intended  as  a  waterproof  composition 
for  ordinary  clothing,  but  rather  for  tarpauling,  awnings,  coach  top- 
covers,  boat-cloaks,  and  other  coarse  materials.  Mr.  Newberry's  patent 
is  for  a  mode  of  applying  waterproof  composition  in  such  a  way  as  to 
leave  one  side  of  the  woven  fabric  free  from  its  influence,  thereby 
presenting  to  the  eye  a  texture  nearly  resembling  that  of  ordinary  cloth. 
The  method  consists  in  saturating  Uie  cloth  with  the  waterproof  com- 
position, and  exposing  one  8ur£oe  only;  in  such  a  wa^,  that  the 
atmosphere,  or  artificial  heat,  may  harden  the  composition  on  that 
surface  into  a  dry  membranous  film ;  wl^e  the  other  side,  idNier  being 
kept  moist  during  the  diying  of  the  first,  is  cleansed  from  the  com- 
position by  means  of  spirit  of  turpentine.  Mr.  Newberrv  describes 
three  modes  of  effecting  this  object.  In  the  first  mode  the  doth  or 
woven  fabric  is  stretched  over  a  frune,  and  after  bdng  saturated  with 
the  composition,  is  allowed  to  float  on  a  layer  of  oil  till  the  upper 
surface  is  dry;  after  which  the  lower  surface  is  cleansed  from  the 
composition.  In  the  second  mode  the  doth  is  stretched  double,  or  in 
two  plies,  over  a  frame,  saturated  with  the  composition,  and  then  left 
to  dry  on  the  exterior  surfaces,  the  oontaot-sur&ces  remaining  moist 
until  the  time  of  removal.  In  the  third  mode  recoune  is  had  to  a 
roller,  on  which  the  cloth  is  coiled,  and  a  flat  table  of  date,  stone, 
varnished  wood,  or  other  substance  non-absorbent  to  the  composition. 
The  table  is  coated  with  a  layer  of  the  oompodtion,  and  the  doth, 
being  uncoiled  and  laid  down  upon  it,  is  pressed  and  rolled  till  every 
part  becomes  wetted  bv  the  oompodtion  beneath.  In  this  way  the 
upper  surface  may  be  cleansed  while  the  lower  is  in  contact  with  the 
table,  and  the  latter  is  then  exposed  to  a  drying  process. 

The  application  of  a  layer  of  cement,  gum,  or  vamidi  between  two 
other  substances,  with  a  view  to  render  the  inner  one  impervious  to 
water,  has  been  practised  under  many  different  modifications,  including 
that  which  is  known  by  the  nxune  of  the  inventor,  Madntosh.  Mr. 
Weise  of  Berroondsey  devised  a  peculiar  kind  of  fabric,  whidi  seems 
to  belong  to  the  dass  now  under  condderation.  This  fabric  was  to 
be  used  either  as  a  materid  for  hats  and  bonnets,  in  lieu  of  the  usud  f dted 
beaver,  or  as  a  doth  for  other  gannents.  The  materials  consisted  of 
beaver-fur,  musk-fur,  hare's  wool,  Spanidi  wool,  flax,  dovm,  and  waste 
silk,  any  or  all  of  which  were  to  be  combined,  according  to  the  kind  of 
fabric  required.  The  matoials  were  carded,  roved,  and  spun  into 
yam,  in  the  manner  of  cotton ;  and  this  yam  was  soaked  in  a  solution 
of  caoutchouc,  or  Indian  rubber,  to  render  the  interstices  between  its 
fibres  waterprool  The  yam  was  then  woven  into  a  textile  fabric ; 
and  in  order  to  render  the  meshes  impervious  to  water,  the  doth  was 
drawn  over  a  heated  cylinder,  whereby  the  resinous  composition  was 
so  far  mdted  as  to  flow  into  them.  The  last  part  of  the  process  was 
to  raise  a  pUe  or  nap  on  the  surface  by  means  of  teazles  or  brushes. 

In  Mr.  Madntodi  s  patent  of  1824,  the  use  of  a  cement  between  two 
layers  of  doth  was  introduced.  The  cement,  or  thick  elastic  vamish, 
was  made  by  dissolving  caoutchouc  in  a  small  quanti^  of  cod-ofl,  the 
proportions  of  the  ingredients  varying  according  to  their  quality.  This 
invention  led  to  the  remarkable  senes  of  processes  for  waterproofing 
noticed  under  Caoutchouc  Manu? actubs. 

The  attempts  to  render  UtUUer  waterproof  depend  in  general  on  the 
filling  up  of  the  small  pores  which  have  previoudv  admitted  the 
tannin ;  the  substance  imbibed  being  such  as  will  repel  or  resist  water. 
Many  such  methods  have  been  proposed  at  different  times,  of  whidi  it 
will  be  enough  to  mention  a  few.  Melt  over  a  dow  fire  a  quart  of 
boiled  linseed  oil,  a  pound  of  mutton  suet,  three-quarters  of  a  pound  of 
yellow  bees'-wax,  and  half  a  pound  of  common  resin,  or  smdler 
quantities  in  the  like  relative  proportions;  and  with  this  mixture 
saturate  the  leather  of  new  boots  or  shoes,  while  the  latter  is  slightly 
warm.  Another  method  is  to  melt  two  ounces  of  yellow  bees'-wax, 
two  ounces  of  Burgundy  pitch,  and  two  ounces  of  turpentine,  in  a  pint 
of  linseed  oil,  and  with  thii  mixture  to  saturate  the  warmeid  leather. 
The '  Journal  of  the  American  Institute '  gives  the  t'»*n  following : — 1. 


BoU  together  for  half  an  hour  one  quart  of  Unseed  oil,  two 
resin,  and  half  an  ounce  of  white  vitriol,  to  whidi  add  four  <yczk:» 
spirits  of  turpentine  and  two  ounces  of  white  oak  sawdust,  and  s,; . 
this  mixture  to  t^e  leather  by  means  of  a  brush.     2.  Apply  &  ct-sli 
of  tallow  to  the  leather ;  and  after  this  has  dried,  coat  it  again  '*"- 
mixture  of  one  part  of  copdba  balsam  vrith  two  of  naphtliA.      Axxxi" 
mixture  for  this  purpose  consists  of  six  ounces  of  caoutchoac  bell-. 
for  two  hours  in  two  quarts  of  linseed  or  neata'-foot  oil.     LaAij  . 
mode  has  been  much  recommended  of  applying  a  hot  mixtare  of  > 
parts  tallow  and  one  part  resin,  with  which  the  leather  may  be  c  :. 
pletely  saturated,  the  resin  imparting  An  antiseptic   quality  tc  ^ 
tallow. 

One  of  Mr.  Sievier's  contrivances  is  for  renderiitg  leather  at  'X. 
elastic  and  waterprool  A  thin  sheet  of  leather  is  cemented  to  &  '^ 
sheet  of  solid  caoutchouc  by  a  caoutchouc  solutioii«  and  kepi  -jnir 
pressure  for  five  or  dx  davs.  The  compound  fabric  thus  former: . 
nearly  inelastic,  because  the  leather  has  temporarily  suspended  d 
elastic  power  of  the  caoutchouc ;  but  by  the  application  of  a  tecip«r> 
ture  about  equd  to  180*  Fahr.,  the  caoutchouc  partially  collapses,  o- 
the  leather  assumes  a  corrugated  sur&ce,  similar  to  Morocco  ka^t^ 
The  leather,  rendered  thus  elastic  and  waterproof,  is  then  mannfaftew 
into  boots  and  shoes  or  other  articles. 

WATERSHED.    It  has  been  observed,  in  the  article  RrnEBS,  ib: 
the  maigin  of  a  river-basin  generally  lies  contiguoaa  to  the  tmz 
of  another  river,  and  therefore  constituting  the  boundary-llDe  of  xx 
basins,  the  waters  descend  on  both  ddes  into  their  respective  basbs 
and  hence  the  whole  line  of  these  margins,  it  has  been  stated,  is  oLxc 
a  watertfied — properly,  the  toater-partijig. 

It  might  be  supposed  that  this  is  simply  a  matter  of  nomendatoi 
relating  to  a  single  and  definite  elementa[ry  phenomenon  of  phygka. 
geography.  But  this  is  far  from  being  the  case.  The  term  we  an 
explaining,  originally  introduced  in  the  sense  just  deacribed,  has  bee 
extended,  apparently,  to  every  phydcd  locality  in  which  tribuisJ7 
streams  having  their  confluence  in  a  river-basin  issue  from,  or  desocai 
on  the  &ce  of,  doping  land,  without  reference  to  those  on  the  otLr 
side  of  a  ridge,  or  on  Uie  counter-dope ;  and  this  extenaiye  applicaU.: 
often  obscures,  in  geographical  description,  the  original  sense  of  Uz 
term.  Of  these  various  applications,  examples  will  be  found  in  c^ 
citations  which  follow. 

The  Rev.  C.  Q.  Nicolay,  in  the  'Manual  of  Geographical  Sdestse' 
(voL  i..  Terminology,  pp.  422-8),  enters  into  the  following  elaboxaaK 
and  criticd  discusdon  ox  the  maimer  in  which  this  term  is  to  be  undo'- 
stood : — "  The  tendencv  of  water  -to  seek  its  levd  makes  the  posttijft 
and  quantity,  as  w*dl  as  character,  of  the  waters  of  the  globe, 
dependent  on  its  contour ;  eveiy  conicd  projection^  every  ridge,  is 
short,  every  elevation  of  what  sort  soever  it  may  be,  becomes  a  water- 
shed ;  and  that  knowledge  of  the  height,  dope,  and  direction  of  tL: 
various  watersheds  of  the  earth's  surface  the  first  step  to  its  gen«ni 
contour.  The  word  watershed,  in  geographicd  definition,  implies  the 
line  by  which  any  waters  are  divided  from  each  other,  and  the  wtxtx- 
shed  of  any  country  is  no  doubt  such  a  line ;  but  as  every  slope  shed' 
water,  and  many  rivers  have  their  rise  on  dopes  bdow  the  Inain  water 
shed,  some  further  division  of  the  word — some  classification  of  iL' 
districts  to  which  it  is  applicable — appears  highly  desirable.  As  tL> 
does  not  seem  to  have  been  ever  attempted,  the  following  is  offered  w 
a  suggestion. 

"That  there  is  a  line  in  every  countiy  which  may  be  termed  its 
prindpd  watershed,  will  not  be  disputed;  every  countzy  has  some  one 
district,  usually  in  the  direction  of  its  greatest  length,  more  elevaud 
than  another,  from  the  sides  of  which  the  waters  collected  from  snovay 
dew,  rain,  and  springs  pour  down,  until  they  are  recdved  into  tie 
basin  of  some  inland  water,  or  at  last  into  the  sea;  this  may,  there- 
fore, be  properly  termed  its  primary  watershed ;  but  as  the  mountain^ 
of  the  world  cannot  be  satisfactorily  conddered,  except  in  their  relative 
connection,  the  highest  ranges  extending  through  the  greatest  lemgtboi 
the  continental  masses,  the  term  primary  watershed  should  be  confined 
to  these ;  beyond  them  others  of  less  considerable  elevation  are  found, 
the  slopes  of  which  are  presented  towards  the  primary  watershed  and 
form  with  it  deep  hollows,  into  which  their  imited  waters  are  poured, 
while  from  the  opposite  dope  the  waters  collected  descend  in  a  differ* 
ent  direction.  These  may,  not  inaptly,  be  termed  secondary  watersheds, 
as  paying  the  tribute  of  port  of  their  waters  to  the  primary,  and 
forming  the  inferior  limit  to  the  principd  river  basins ;  while  others 
rising  bByond  may  be  called  tertiary.  It  will  be  observed  that  thii 
dasdfication  affords  not  only  a  systematic  dividon  of  the  elevated  land, 
but  also  of  the  waters  of  the  globe,  as  appertaining  to  any  of  its  parts; 
rivers  having  their  rise  in  the  primary  watersheds  may  also  receive  ft 
similar  designation,  as  may  their  basins;  others  may  be  termed 
secondary  or  tertiary,  according  to  thdr  podtion  and  the  waterahedB 
to  which  they  bdong." 

In  Dr.  Beke's  records  of  travd  and  geographical  works,  the  term 
"  water-parting  "  is  substituted  for  "  waterahed,"  for  which  change  he 
assigns  the  following  reason  : — "  The  line  of  division  and  separation 
between  the  contiguous  basins  of  two  rivers,  called  by  the  ancionts 
divortio  aqtiarum,  the  parting  (or  flowing  in  opposite  directions)  of  tlie 
waters,  is  in  Germau  called  die  Waasencheide,  which  means  literally  tbe 
same.  English  geo^phers,  following  the  example  of  geologists,  hard 
adopted  the  expression  '  watershed/  which  is  evidently  a  corruption  W 
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tlie  German  Wai$enckeide,  and  was  pt)bably  first  introduced  among  ua 
by  miners  from  Germany,  Thetenn  is,  however, objectionable;  because, 
tx>  the  mere  English  scholar,  it  appears  to  be  a  native  compound  of  the 
vrords  '  water '  and  '  shed,'  as  if  meaning  that  the  water  ia  shed  in  oppo- 
site directions,  and  hence  leads  to  the  belief  that  the  side  of  the  basin 
of  a  river,  rather  than  the  division  between  the  adjoining  basins  of  two 
rivers,  is  intended.     In  fact,  the  expression  has  of  late  yean  been 
frequently  used  in  that  senBei.    The  sabstitution  of  the  tenn '  water- 
parting'  renders  the  idea  intended  to  be  conveyed  intelligible  to  all, 
and  exactly  expresses  ike  Latin  divortio  aquarum,  and  the  Qerman 
Wcusenekeide,"    ('  Sources  of  the  Nile,'  p.  3,  not&) 

Dr.   Beke's  remarka  are  amply  justified,  it  will  be  seen,  by  the 
previous  discussion  of  Mr.  Nioolay,  and  also  in  the  following  statement 
on  the  philosophy  of  the  subject  as  one  of  the  ooBfiguration  of  the 
globe,  by  Sir  J.  F.  W.   Herschel,  who,  it  will  be  observed,  while 
adopting  by  previous  implication  the  term  watershed,  in  its  primaij 
signification,  evidently  connects  it  also  with  the  meaning  of  the  English 
^word  to  9hed,    "  Possessed  of  a  knowledge  of  the  heights  of  stations 
above  the  sea,  we  may  connect  all  stations  at  the  same  altitude  by 
level  lines,  the  lowest  of  which  will  be  the  outline  of  the  sea-coast ; 
and  the  rest  will  mark  out  the  successive  coast-lines  which  would 
take  place  were  the  sea  to  rise  hj  regular  and  equal  accessions  of 
level  over  the  whole  world,  till  the  highest  mountains  were  sub- 
merged.    The  bottoms  of  vallevs  and  the  ridge-lines  of  hiUs  are 
determined  by  their  proper^ .  of  intersecting  aU  these  level  lines  at 
right  angles,  and  being,  subject  to  that  condition,  the  shortest  and 
longest,  that  is  to  say,  thelsteepest  and  the  most  gently  slopmg  courses 
respectively,  which  can  be*  pursued  from  the  summit  to  the  sea.    The 
former  constitute  'the  water-courses'  of  a  country;  the  latter  its 
lines  of  '  watershed,'  by  which  it  is  divided  into  distinct  basins  of 
drainage."    ('  Outlines  of  Astronomv,'  par.  289.) 

Agam,  Captain  H.  Strachey,  and  his  brother  Lieut-OoL  R.  Straohey, 
to  whose  contributioss  to    scientific  geography  we  have  so  often 
referred,  designate  the  northern  and  southern  &ces,  or  slopes  of  the 
great  table-land  of  Thibet  [Plains]  as  the  Turkish,  and  Himalayan 
or  Indian  'watersheds'  respectively;  meaning  the  entire  inclination, 
between  the  table-land  and  the  low  plains  to  the  north  and  south, 
occupied  by  successive  ranges  of  mountains,  down  and  through  which 
the  great  rivers  maintaining  a  conise  along  the  summit  of  the  table- 
land, and  receiving  the  drsunage  of  its  coimgations,  flow  into  those 
plains,  namely,  the  plains  of  Hindostan  on  the  one  hand,  and  those  of 
Turkistan  or  Yarkend  on  the  other.     ('Phil.  Trans.',  1859,  pp.  776, 
777.)    Here  we  have  another  modification  of  the  sense  in  which  the 
term  we  are  discussing  is  to  be  understood,  referring  to  a  slope,  not  as 
giving  rise  to  streams,  or  separating  them,  but  as  merely  giving  them 
passage.    In  the  signification  of  Wtuterscheide,  the  water-paziing,  the 
highest  part  of  the  table-land  itself  is  the  watershed.    But  Lieut-CoL 
Strachey  defines  the  meaning  in  which  he  uses  the  term  by  referring 
to  '*  the  crest  of  the  Indian  watershed,"  which  is  merely  the  summit  of 
the  slope. 

Finally,  an  eminent  geographer  and  geologist.  Professor  H.  D. 
Rogers,  m  his  account  of  the  parallel  roads  of  Lochaber,  [Yallbts, 
ooL  5ii]  states  that  each  of  them  coincides  *'  in  level  with  some  water- 
shed, or  notch  in  the  hills  leading  out  from  its  glen  into  some  other 
glen ; "  implying  only  by  watershed  an  opening,  by  which  water  escapes 
to  a  lower  level,  and  merely  adopting  one  of  the  senses  of  the  word  shed. 
Vie  find,  therefore,  that  at  present  the  expression  watershed  is 
employed,  by  the  first  authorities,  to  denote  an^  portion  of  inclined  land 
on  which  water  appears  or  descends  from  a  higher  to  a  lower  leveL 

The  spirit  of  Dr.  Beke's  remarks  on  the  subject  is  applicable  to  other 
scientific  terms  which  have  been  derived  from  the  Qerman  language, 
and  especially  to  those  adopted  from  the  phraseology  of  miners.  Both 
geography  and  geology  were  cultivated  as  sciences  in  Qermany  before 
they  had  become  such  in  England ;  and  mining  in  the  former  country 
was  already  a  systematic  art  wit^  a  copious  terminology.  Some  of 
the  principal  founders  also  of  modem  geology  in  England  had  been 
students  in  the  celebrated  school  of  fVeibei^g  under  Werner,  which 
became  an  additional  cause  for  the  introduction  of  German  terms  into 
scientific  nomenclature.  This,  indeed,  was  inevitable,  and  might  have 
been  unexceptionable,  but  an  erroneous  procedure  took  place,  of  which 
we  have  an  example  in  the  term  which  is  the  subject  of  the  present 
article.  Barbarous  imitations  of  Qerman  terms  and  phrases  were 
made,  instead  of  expressing  their  meaning  in  sound  English  wends,  or 
constracting  compound  terms  derived  from  the  perennial  sources  of 
the  Qreek  or  Latin  languages.  This  was  done  even  by  men  who  were 
fully  competent  to  take  these  preferable  alternatives ;  l&us,  the  late 
Rev.  Dr.  W.  D.  Conybeare,  afterwards  Dean  of  Uandaff,  who  was  an 
ornament  of  the  Univenity  of  Oxford,  abd  a  g^logist  of  great  merit, 
substituted,  about  fifty  years  ago,  the  term'  $trik»,  now  universally 
employed  by  English  geologists,  for  the  Qennka  wOrd  aireich,  to  denote 
the  direction  of  stratified  rocks,  at  right  angles  to  their  line  of  dip,  as 
referred  to  the  cardinal  points.  An  unreasonable  horror  of  technicality 
and  abstruseness  appears  to  have  prevailed  among  the  gifted  men  to 
whom  we  have  alluded,  who,  in  their  anxiety  to  avoid  burdening  the 
new  sciences  they  were  fostering  with  ifnfamiliar  expressions,  left  them 
ahnost  without  an  appropriate  vocabulary,  the  want  of  which,  especially 
in  geology,  has  still  to  be  suppUed,  in  many  instances,  by  awkv^ard  and 
sometimes  tedious  periphrasis. 


It  is  worth  the  remark  that  the  propriety  of  Dr.  Beke's  substitution 
seems  to  be  tacitlv  admitted  by  other  geographers ;  for  in  the  index 
to  the  '  Manual  oi  Qeographical  Science,'  published  with  the  second 
volume,  the  passages  above  cited  from  Mr.  Nicolay,  explaining  the 
applications  of  "  watershed,"  are  refeired  to  by  the  words,  "  water- 
puting,  meaniuff  of  term,"  although  that  term  does  not  occur  in  them. 
This  may  be  taken  as  an  indication  that  it  may  not  be  too  late  to 
establish  " water-purting "  for  the  primary  sense  in  whidi  "water- 
shed "  has  been  received ;  but  we  think  that  the  latter  may  be  accepted 
also,  confined,  however,  to  the  secondary  meanings  to  which,  as  we 
have  seen,  it  has  been  extended,  and  more  particularly  to  those 
involving  the  obvious  meaning  of  the  English  words  of  which  it 
consists. 

The  importance  to  the  inhabitants  of  a  country  of  the  geographical 
configuration  or  phenomenon  described  by  the  term  water-parting,  and 
the  influence  which  a  particular  example  of  it  may  exert  in  the  produc- 
tion of  national  ideas,  is  curiously  illustrated  by  the  Bev.  A.  P.  Stanley's 
interpretation,  adopted  and  extended  by  Dr.  Beke,  of  the  story  told 
to  the  historian  Herodotus,  in  Egypt,  by  the  treasurer  of  Minerva's 
Treasxuy  at  Sals.  This  was,  that  there  were  two  mountains,  named 
Crophi  and  Mophi,  rising  into  sharp  peaks,  situated  between  the  city 
of  Syene  in  Thebais,  and  Elephantine ;  and  that  the  sources  of  the 
Nile  issued  from  between  those  mountains,  half  of  the  water  flowing 
over  Egypt  and  to  the  north,  and  the  other  half  over  Ethiopia  and  to 
the  Boutb.  Herodotus  observes  that  by  the  deep  unfathomable  sources 
described  to  him  in  this  story  were  meant  the  violent  eddies  of  the 
cataracts ;  and  Mr.  Stanley  argues,  that  to  the  ancient  inhabitants  of 
Lower  Egypt,  the  sight  or  the  report  of  such  a  convulsion  as  the  rapids 
make  "  in  the  face  of  their  calm  and  majestic  river  must  have  seemed 
the  very  commencement  of  its  existence,  the  struggling  into  life  of 
what  afterwards  becomes  so  mild  and  beneficent;  and  that  if  they 
heard  of  a  river  Nile  further  south,  it  was  but  natural  for  them  to 
Uxink  it  could  not  be  their  own  river.  The  granite  range  of  Syene 
formed  their  Alps— the  water-parting  of  their  world.  If  a  stream 
existed  on  the  opposite  side,  they  imagined  that  it  flowed  in  a  contrary 
direction  into  the  ocean  of  the  south."  ('  Sources  of  the  Nile,'  p.  43 ; 
Stanley's '  Sinai  and  Palestine,'  p.  xliii.) 

WATEXtSPOUT,  a  meteorological  phenomenon  of  the  same  class 
probably  as  the  whirlwinds  which  raise  pillars  of  sand  in  the  deserts  of 
Africa :  such  whirlwinds,  in  fact,  become  waterspouts  when  they  reach 
the  sea ;  and  when  waterspouts  reach  the  shore  they  in  some  cases 
become  or  produce  whirlwinds.  But  there  is  much  reason  to  believe 
that  the  name  has  been  properly  applied  to  several  very  different 
phenomena. 

The  following  is  a  general  description  of  the  production  of  a  water- 
spout at  sea : — 

Below  a  thick  cloud,  the  sea  appears  to  be  greatly  disturbed  within  a 
circular  area,  whose  diameter  varies  from  100  to  120  yards,  the  waves 
tending  rapidly  towards  the  centre  of  the  agitated  mass,  where  there  is 
formed  avast  body  of  water  or  aqueous  vapour:  from  hence  there 
rises,  with  a  spiral  movement,  towaids  the  doud,  a  column  of  a  coni«d 
form,  resembling  a  trumpet.  Vertically  above  this  ascending  column 
there  is  formed  in  the  cloud,  but  in  an  inverted  position,  a  correspond- 
ing cone,  whose  lower. extremity  (the  apex  of  the  cone)  graduallv 
approaches  the  simmiit  of  the  ascending  column ;  and  at  length  both 
are  united,  the  diameter  at  the  place  of  junction  being  only  two  or 
three  feet.  The  waterspout  is  said  to  be  accompanied,  during  its 
formation,  by  a  rumbling  noise ;  and,  when  complete,  it  assumes  a 
magnificent  appearance.  The  whole  column,  which  extends  from  Uie 
sea  to  the  clouds,  is  of  a  light  colour  near  its  axis,  but  dark  along  the 
sides,  which  gives  it  the  appearance  of  being  hollow. 

The  spout  appears  to  move  with  the  wind,  though  even  when  no 
wind  is  felt  it  sometimes  varies  its  position,  tending  successively  in 
different  directions.  It  frequently  lu^pens  that  the  upper  and  lower 
parts  of  a  column  move  with  different  velocities,  and  then,  after  the 
whole  has  taken  an  inclined  position,  the  parts  separate  from  one 
another,  often  with  a  loud  report.  Previously  to  the  rupture  of  the 
column,  the  dark  parts  seem  to  be  drawn  upwards  irregularly,  leaving 
only  a  slender  tube  in  connection  with  the  water  below.  The  whole  of 
the  vapour  is  at  length  absorbed  in  the  air,  or  it  descends  iuto  the  sea 
in  a  heavy  shower  of  rain.  The  duration  of  iba  phenomenon  is  various : 
some  spouts  disappear  almost  as  soon  as  they  are  formed,  and  others 
have  been  known  to  continue  nearly  an  hour :  occasionally  they  form 
themselves,  continue  for  a  short  time,  vanish,  and  again  appear,  and  so 
on  several  times  successively. 

Waterspouts  are  occasionally  seen  above  land  (of  which  some  re- 
markable examples  will  be  described  in  the  sequel),  and  consequently 
there  is  then  no  ascending  column  of  water  or  vapour  to  meet  that 
which  descends  from  the  douds.  In  Dr.  (Sir  David)  Brewster's 
'  Journal  of  Science '  (No.  5)  there  is  an  account  of  one  which  was  seen 
in  France :  it  is  stated  to  have  appeared  like  a  conical  mass  of  vapour, 
and  to  have  given  out  a  strong  sulphmreous  smell ;  flashes  of  lightning 
issued  from  it,  and  threw  off  a  great  quantity  of  water.  It  moved 
forward  in  one  direction  over  high  grounds  and  valleys,  and  it  crossed 
the  course  of  a  river,  but  on  coming  to  hills  of  a  conical  form,  it  passed 
round  them.  The  alleged  sulphureous  smell  was  no  doubt  that  of  the 
electric  aura,  so  called,  perceived  when  lightning  has  taken  effect  very 
near  the  observer,  and  probably  often  that  of  ozone  in  reality.    Water- 
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Bpouts  have  ooeasionally  been  witneaaed  In  this  country.  In  1718  one 
of  them  bunt  Ui  Lancawire,  when,  at  the  place  where  it  fell,  the  ground 
was  torn  up  to  the  extent  of  about  half  a  mile  in  length,  and  to  the 
depth  of  seren  feet,  ao  aa  to  lay  bare  the  surface  of  the  rock  under- 
neath.   ('  PhU.  Tram.;  No.  868.) 

The  formation  of  waterroouti  has  been  ascribed  to  a  whirling 
motion  produced  in  the  air  by  currents  coming  in  opposite  directions; 
it  haa  been  supposed  that  the  parttdes  of  vapour  in  the  upper  regions 
thus  acquire,  by  the  centrif ugu  force,  a  tendency  to  moTc  towards  the 
exterior  parts  of  the  column,  leaving  the  interior  void  or  in  a  rarefied 
state.  Tlie  nressure  of  the  atmosphere  being  thus  removed  from  the 
surface  of  the  sea  or  ground  immediately  below,  that  which  takes 
effect  on  the  surrounding  water  (when  the  spout  is  formed  at  sea)  must 
hnpel  the  latter  towards  that  part,  and  cause  it  to  rise  into  the  space 
where  the  partial  vacuum  exists.  There  is  great  probability  that  the 
devation  of  the  sea  under  the  doud  is  in  part  caused  bv  the  rarefsotion 
(tf  the  air;  but  as  the  pressure  of  the  atmosphere  coiud  only  raise  the 
water  in  a  perfect  vacuum  to  the  hdght  of  about  80  feet,  and  as  the 
height  of  a  waterspout  is  known  to  be  sometimes  about  half  a  mile, 
some  other  explanation  of  this  part  of  the  phenomenon  must  be 
•ought  for. 

Some  valuable  observations  on  waterspouts  formed  over  land  have 
been  recentlv  made  by  Major  Walter  S.  Sherwill,  an  officer  to  whom 
we  are  indebted  for  various  contributions  to  science,  respecting  the 
phyaicAl  geographv  and  meteorology  of  India.  Among  other  instances, 
ne  has  described  in  a  very  instructive  manner  a  waterspout  of 
colossal  dimensions  which  was  seen  to  form  and  burst  at  Dum  Dum, 
eight  miles  north-east  of  Calcutta,  on  the  7th  of  October,  1859.  The 
circumstanoes  preceding  and  attending  the  phenomenon  were  as  fol- 
lows : — 

The  south-west  monsoon  [Monaoon]  during  the  week  had  received 
its  first  check  by  the  north-east  monsoon  endeavouring  to  cross  the 
Himalaya  mountains,  and  to  drive  back  the  heavy  masses  of  clouds 
-'  and  moisture  "  (probably  clouds  becoming  floating  small  rain,  having 
the  aspect  of  mist)  that  had  been  banked  up  along  their  flanks  during 
the  whole  of  the  rainy  season,  or  during  the  preinuenoe  of  the  south- 
west monsoon.  At  Dum  Dum,  the  visible  heavens  were  wholly 
occupied  by  a  dense  mass  of  very  grandly  shaped  and  massively  grouped 
strata  of  cumuli  [Cloud]  at  various  elevationB ;  the  lowest  stratum, 
from  actiud  measurement  by  Major  Sherwill,  was  2000  feet  above  the 
earth,  the  highest  probably  reacming  the  latitude  of  26,000  feet,  the 
entire  mass  being  about  five  miles  in  vertical  thickness.  The  af^)ect 
of  the  heavens  during  the  past  few  days  had  been  most  remarkable, 
presenting  a  scene  of  great  disturbance ;  the  clouds,  evidently  impelled 
from  the  south  by  we  south-west  monsoon,  but,  checked  Y^  the 
north-east,  the  whole  mass,  extending  for  as  many  miles  as  the  eye 
could  reach  from  north  to  south  and  from  east  to  west,  acquired  a 
rotaiT  and  at  the  same  time  an  undulatoiy  motion ;  huge  tracts  of 
clouds  revolvinji^  rapidly  around  a  centre  which  apMared,  from  the 
observers  position,  distant  about  1|  mile  from  Dum  Dum,  to  be  about 
5  miles  to  the  south-east  This  rotary  motion,  performed  in  a  very 
luge  circle,  gave  the  clouds  the  appearance  of  moving  in  two  distinct 
diractians,  those  nearest  to  the  observer  appearing  to  be  going  ncnih, 
and  those  furthest  removed  to  be  going  south.  In  the  early  portion  of 
the  day,  the  wind  had  been  from  the  south,  bringing  with  it  from  the 
sea  a  large  body  of  clouds;  at  noon  it  changed  to  the  south-west,  at 
2  P.K.  to  the  west,  and  at  i  p.ic.  to  the  north :  thero  had  been  but 
little  rain  during  the  day. 

The  greatest  disturbance  in  the  clouds  took  place  between  the  hours 
of  three  and  four,  the  whole  mass  nvolving  and  heaving  violently ; 
extensive  masses  of  clouds  were  crushed  and  driven  into  others,  but  no 
lightning  vras  observed.  It  now  ramed  heavUy  to  the  north  and  east 
"  During  thia  time,"  Major  Sherwill  savs,  **  mors  than  one  waterspout 
endeavoured  to  form,  but  unsuccessfully.  It  was  whilst  observing  the 
highly-agitated  masses  of  clouds  that  wero  revolving  and  osdllating  in 
a  most  peculiar  manner,  that  I  witnessed  the  commencement  and  ter- 
mination of  the  remarkable  waterspout  now  under  consideration.  At 
three  p.k.  it  became  suddenly  quite  calm,  and  during  Uie  calm  a  pale 
wateiy-lookingy  but  very  watwy,  cumulus,  the  base  of  which  was  a  r^t 
line,  and  parallel  to  the  horixon,  waa  seen  to  bulge  out  downwards  or 
towards  the  earth  in  a  long  well-defined  and  lis^t  blue  coloured  out- 
line ;  from  the  centre  of  tbis  hanging  curve  amtwd  <^«<««n  of  a  pale 
watery  vapour  rapidly  sank  towaurds  the  earth,  closely  resembling  a 
ver^  attenuated  cone,  dark  at  the  edges  and  pale  blue  in  tiie  centre, 
plainly  showing  it  to  be  a  solid  cylinder;  as  it  nearod  the  earth  the 
lower  half  of  ibis  elegant  column  commenced  to  gyrate  rapi^y,  the 
lower  end  oseillatuig  violently  to  the  right  and  to  the  left;  this  latter 
movement  I  imagine  to  be  a  mere  optical  illusion,  caused  by  the  lower 
end  of  the  column  revolving  in  a  cirde  of  large  diameter;  as  the 
column  neared  the  earth  it  expanded  and  contracted  in  an  agitated  and 
rapid  manner  about  the  centre  into  cloud-like  protuberances,  which 
partook  at  the  same  time  of  the  motion  of  the  revolving  odumn. 
Upon  arriving  nearer  the  earth  the  end  of  the  column  parted  into  two 
slender  columns  about  150  ('  or  200/  as  stated  in  another  place)  feet 
each  in  length,  and  in  this  condition  reached  the  ground.  The  shape 
of  the  column  was  now  completely  and  instantaneously  altered ;  for 
the  whole  cumulus  burst,  and  waa  seen  pouring  down  to  the  earth,  not 
as  a  shower  of  rain,  but  as  a  heavy  mass  of  water,  resembling  a  watwfidl 


more  than  a  shower  of  run,  that  completely  exhausted  and 
the  whole  cloud  to  the  ground  in  a  few  seconds  of  time." 

The  estimated  length  of  the  cumulus,  the  lower  portion  of 
had  become  a  heavy  nimbus,  from  which  tiie  watarapoat  depeod^ . 
had  been  8000  feet,  and  ite  height,  from  base  to  summit,  5O0O  fet^ 
B^  trigonometrical  means.  Major  Sherwill  ascotdned  that  tlie  per^^B- 
dicular  heigfat  or  length  of  the  column  or  waterspout  itaelf ,  from  t_s 
point  of  its  protrusion  from  the  clouds  to  Ha  lowest  extreme  point  n 
the  moment  of  bursting,  mm  1600  feet  Its  period  ol  duratioo,  frc'^ 
ite  first  formation  to  ite  bursting,  vras  about  25  aaconda.  It  btzns 
upon  the  artillery  practice'ground,  a  large  graasy  plain,  of  which  z 
covered  half  a  square  mile  with  water  to  the  depth  of  about  half  a  f<.-  z. 
which  took  fourteen  davs  to  drain  off  by  the  usual  drainage  oomeea  «£ 
the  country.  The  cattle  fled  in  all  directions  as  it  desoeodad,  but  k 
n(»se  was  hesrd  at  the  observers  position. 

Major  8herwi]l*s  observations  aro  illustrated  by  excellent  litliographi; 
representations  of  the  waterspoute  he  observed.  Some  of  these  are 
somewhat  roughly  copied  in  the  subjoined  diagram,  in  wliicfa .%.  3 
ropresente  the  waterspout  now  described.  Half  an  hour  after  this  hzu 
disappeared,  he  relates, ''  another  formed  to  the  east  of  the  positioe 
it  wss  a  veiy  attenuated  column,  about  900  or  1000  feet  in  leng;th.  bo: 
the  cloud  from  which  it  descended  being  upwarda  of  2000  feet  abo^^ 
the  earth,  no  contact  was  completed ;  the  column,  which  lasted  ix 
half -an-hour,  gradually  faded  away,  being  absorbed  upwaida  into  the 
cloud  from  whence  it  had  descended.  The  cloud  and  oolunm  werv 
moving  rather  rapidly  towards  the  south,  v^ch  probably  aooouim 
for  the  column  never  reaching  the  ground.  The  column  gyrvied 
and  oscillated  violently,  lengthening  and  contracting  as  shown  in  U^ 
diagram  (Jh.  4),  whero  eleven  different  positions  of  the  column  an 
given,  sketdhed  at  intervals  of  frcmi  two  to  ^ye  minutes.  TowardB 
sunset,  the  clouds  began  to  yidd  to  the  north  wind,  and  were  grade- 
ally  driven  out  to  sesi,  leaving  a  dear  cloudless  sky;  and  at  nioc 
o'clock  at  night  not  a  doud  was  to  be  seen.  The  north-east  mooaooa 
had  fairly  set  in. 


The  following  aro  the  particulars  of  the  other  four  waterspouta 
figured.  Fig.  1.  Seen  from  Sooksagur,  85  miles  north  of  Calcutta,  on 
the  27th  September,  1855,  at  8*80  F.if.  Estimated  length,  1000  feet 
Moving  south.  Dependent  from  a  heavy  nimbus  at  an  angle  of  45° 
with  the  horixon.  Upper  portion  gyrated  rapidly.  Lasted  ten  minuta 
Did  not  burst,  but  was  absorbed  upwards.  Fig,  2,  a,  b,  c.  Seen  from 
Hownli  (Calcutte)  24th  September,  1856,  p.ic  Estimated  length,  2«J0 
feet  Moving  nortii.  Depended  from  a  very  heavy  and  atonnr 
looldng  nimbus,  accompanied  by  vivid  lightning.  It  was  gre&Ur 
agitetd,  throwing  ite  lower  end  horiaontally  to  the  south,  then  to  tfaa 
north,  at  an  angle  of  45* ;  lasted  about  five  minutes,  and  burst  into 
heavy  deluging  rain. 

Fig.  5.  Seen  from  Dum  Dum,  and  from  Calcutte,  on  the  11th  of 
August,  1860,  at  5  P.K.  Estimated  length,  1000  feet  Moving  aoutL 
Venr  perfect  and  grand.  Depended  from  a  heavy  nimbus,  unacoom- 
pamed  by  lightning.  Qyrated  rapidlvat  the  top,  dark  at  the  edges 
and  pale  blue  in  Uie  middle.  "Divided  at  the  lower  end  into  two 
smaller  columns  of  50  or  80  feet  in  length."  Lasted  about  tea 
minutes,  and  burst  into  heavy  rain. 

Fig,  6.  Seen  from  Sulked,  (Calcutte)  on  the  same  day,  and  at  th« 
same  hour  as  the  last;  crossed  the  river  Hooghly  at  that  place, 
agitethig  the  water  beneath  it  Estimated  length  800  or  900  feet 
Moving  north-west  Depended  from  a  heavy  nimbus.  "  Had  hanging 
fringe-cloud%  dropping  rain,  on  the  south  side  of  the  upper  part  d 
the  column.**  Qyrated  r^n<Uv  at  the  summit  of  the  column.  Was 
bent  by  a  south  wind  into  an  elegant  double  cone  resembling  the  letter 
S.  Lasted  about  ten  minutes.  Superior  portion  absorbed  upwards, 
lower  part  buist  into  heavy  rain.  The  figures  in  the  diagram,  it  must 
be  steted,  have  a  moro  defined  outline,  and  a  greater  appearanoe  of 
solidity,  than  in  the  original  lithographs. 

Major  Sherwill,  in  conclusion,  has  briefly  described  and  also  figured 
two  other  waterspoute,  both  attended  by  or  exhibiting  romarkable  and 
instructive  phenomena.  One  of  these  was  seen  by  him  from  Darjeeling, 
intheHimalaya9onthe29thof  May,18524atnoon.    This  waa  a  warm 
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<iry  summer  day,  highly  favourable  to  evaporation ;  and  the  invisible 
vapour  with  which  the  air  had  become  charged  was  suddenly  con- 
densed, by  a  chilled  stream  of  air  descending  from  the  snowy  range  of 
the    Himalaya,  distant  35  miles,  into  a  huge  cumulus  cloud,  at  an 
elevation  of  11,000  feet.    The  first  effect  of  the  cold  blast  was  the 
formation  of  a  small  cloud  "  the  size  of  the  hand/'  which  rapidly 
increased  until  it  extended  to  the  length  of  15  miles  and  the  vertictd 
thickness  of  5000  feet,  or  nearly  one  mile.    This  body  of  cloud  was 
driven  with  great  celerity  to  the  south;  and  as  it  approached  the 
mountain  Ponglo  (distant  11^  miles  from  Darjeeling,  and  slightly 
exceeding  10,000  feet  above  the  sea)  the  lower  portion,  hitherto  nearly 
horizontal,  began  throwing  down  about  twenty  waterspouts,  each  1000 
feet  in  length,  which  gyrated  at  a  rapid  pace,  increasing  in  length  at 
the  same  tune,  until  the  whole  doud  burst  into  heavy  rain.    "  The 
summit  of  the  mountain,"  it  is  observed,  "  was  evidently  a  point  of 
attraction  for  the  electricity  contained  in  the  cloud,  as  the  waterspouts 
one  mile  north  and  south  of  the  central  group  descended  towards  the 
mountain  at  an  angle  of  45**  with  the  horizon,  and  all  seemed  striving 
to  reach  the  very  summit  of  the  mountain ;  and  upon  reaching  it  they 
all  burst  into  heavy  rain.    Time  of  duration,  fifteen  minutes."    The 
other,  and  the  last  waterspout  of  Major  SherwiU's  list,  was  observed 
and  sketched  by  the  Rev.  R.  A.  H.  Norman,  at  Dum  Dum,  on  the  28th 
of  October,  1860.    It  was  a  group,  depen<JUng  from  a  heavy  nimbus, 
and  consisting  of  one  central  and  lai^e  spout  or  column,  1500  feet  in 
length,  fianked  to  the  eastward  by  many  smaller  ones,  some  of  them 
500  feet  long,  which  were  absorbed  into  the  main  column  as  fast  as 
they  were  formed.    Between  the  nimbus  and  the  mass  of  light  haze 
that  covered  the  horizon,  a  long  slip  of  blue  sky  was  visible,  and  the 
waterspout,  where  it  crossed  this,  was  invisible,  appearing  as  if  the 
whole  was  divided  into  two  portions.    The  entire  group  lasted  twenty 
minutes,  and  eventually  burst  into  heavy  rain.     ('  Proceedings  of  the 
Asiatic  Society  of  Bengd,'  Sept.  5, 1861,  Journal,  new  series,  vol.  xxiz., 
pp.  366-375,  448,  419.) 

The  manner  in  which  several  of  the  waterspouts  desbribed  by  Major 
Sherwill  burst  into  rain  on  coming  into  contact  with  the  earth,  is 
strongly  indicative  of  electrical  agency,  to  which,  indeed,  these  pheno- 
mena, with  more  or  less  of  vague  conjecture  or  more  or  less  of  science, 
have  long  been  attributed,  and  which  may  be  both  cause  and  con- 
sequence of  the  mechanical  actions  to  which,  in  the  former  part  of  this 
article,  they  have  in  part  been  referred.     The  circumstance   just 
mentioned  points  to  an  extension  of  the  cloud  towards  the  earth 
caused  by  electrical  attraction,  between  two  surfaces  (those  of  the 
cloud  and  the  earth),  one  of  which  has  been  charged  by  the  other  by 
induction,  until,  by  the  contact,  a  discharge  of  the  electricity  takes 
place,  and  the  particles  of  water  previously  charged  are  at  once  pre- 
cipitated upon  the  earth.    Under  other  circumstances,  the  attractive 
force  of  the  earth  ceasing,  or  being  insufficient,  the  spouts  are  absorbed 
into  the  cloud  again  by  the  force  which  holds  the  cloud  together. 
But  the  column  or  spout  itself,  being  colourless  and  transparent,  when 
viewed  by  transmitted  light,  would  appear  to  consist,  not  of  cloud,  but 
of  water,  nearly  in  the  state  of  rain,  and  bristling  into  it  on  the 
discharge  taking  place.    The  entire  system  of  cloud  and  water,  and 
the  flooded  earth  also,  being  one  of  excellent  conductors  of  electricity, 
the  discharge  is  comparatively  or  altogether  silent. 

Strong  corroboration  of  these  inferences  as  to  the  electrical  produc- 
tion of  waterspouts,  may  be  found  in  their  observed  production  in  the 
sequence  of  the  phenomena  which  attended  the  submarine  volcanic 
eruption  by  which  the  temporary  island,  Sabrina,  was  elevated  from 
the  bed  of  the  ocean,  near  St.  Michael's,  in  the  Azores,  from  the  9th  to 
the  12th  of  June,  1811 ;  the  important  bearing  of  whidi  on  this  subject 
seems,  hitherto,  to  have  escaped  attention.  Captain  Pillard,R.N.,  who 
witnessed  the  eruption,  describes  (under  the  name  of  smoke,  like  all 
other  observers  of  volcanic  eruptions  until  Mr.  Poulett  Scrope  had 
shown  it  to  be  condensing  steam),  the  immense  steam-cloud  issuing 
from  the  sea,  which  constituted  a  part  of  the  eruption,  together  with, 
cind  through  which  the  columns  of  stones,  cinders,  and  ashes — ^the  com- 
minuted lavas — were  projected  in  rapid  succession.  "During  these 
bursts,  the  most  vivid  flashes  of  lightning  continually  issued  from  the 
densest  part  of  the  volcano ;  and  the  cloud  of  smoke  [steam]  now 
ascending  to  an  altitude  much  above  the  highest  point  to  which  the 
ashes  were  projected,  rolled  off  in  large  masses  of  fleecy  clouds  gradu- 
ally expanding  themselves  before  the  wind  in  a  direction  nearly 
horizontal,  and  drawing  up  to  them  [and  being  drawn  down  into]  a 
quantity  of  waterspouts,  which  formed  a  most  beautiful  and  striking 
addition  to  the  general  appearance  of  the  scene."  These,  according  to 
the  particulars  stated  ('  Phil.  Trans.,'  1812)  must  have  been  from  three 
or  four  hundred  to  eight  or  nine  hundred  feet  in  height  or  length. 

We  have  here,  palpably,  all  the  elements  for  the  electrical  causation 
of  waterspouts— the  immense  evolution  of  electricity  [Volcanoes,  col. 
660],  the  charged  surface  of  cloud,  the  dielectric  atmosphere,  the  sur- 
face of  sea  below — and  the  actual  production  accordingly,  of  the  phe- 
nomena sought  to  be  accoimted  for.  Much  more  might  be  said  on  this 
branch  of  the  subject,  which  indeed  is  one  of  great  extent  and 
complication,  the  explanation  now  suggested  being  of  a  general  nature 
only. 

Much  valuable  information  respecting  waterspouts  was  introduced 
by  the  late  Mr.  Piddington,  into  part  5  of  his  '  Sailor's  Horn-Book  for 
the  Law  of  Storms,'  including  a  view  of  the  contents  of  M.  Peltier's 
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work  entitled  'Observations  et  recherches  exp^rimentales  sur  les 
causes  qui  concourent  K  la  formation  des  Trombes,'  under  which 
appellation  whirlwinds  and  waterspouts  are  identified  by  the  author ; 
hieing  appUed,  indeed,  to  them  indifferently  and  convertibly,  by  French 
writers  in  general. 

To  a  portion  of  this  part  of  the  subject  we  shall  return  when  con- 
sidering cyclones  and  whirlwinds  in  the  article  Wind. 

WATER  SUPPLY.  The  improvements  which  have  lately  been 
effected  in  the  practical  details  of  civilised  life,  have  given  rise  to  so 
great  a  demand  for  a  copious  domestic  supply  of  water,  that  the 
branch  of  hydraulic  engineering  connected  with  that  portion  of  modem 
social  organisation  has  assumed  a  degree  of  importcmce,  in  excess  even 
of  the  importance  attached  to  it  by  the  most  civilised  nations  of  anti- 
quity. Yet  from  the  earliest  periods  in  the  history  of  man,  the 
attention  of  the  governors  of  populous  cities  has  been  always  directed 
to  providing  for  them  copious  supplies  of  the  fluid  so  indispensable  for 
comfort,  cleanliness,  and  safety ;  and  no  surer  test  can  he  found  for 
the  character  of  a  national  organisation,  so  far  as  its  influence  upon  the 
physical  happiness  of  its  subjects  is  concerned,  than  the  one  to  be 
discovered  in  the  state  of  the  water  supply  of  its  towns.  Some  of  the 
lessons  to  be  derived  from  an  examination  of  the  various  systems 
hitherto  adopted  will  be  alluded  to  in  the  course  of  the  following 
review  of  their  history. 

There  are  few  indications  left  of  the  existence  of  a  complete  system 
of  water-works  in  the  ruins  of  the  Assyrian,  or  of  the  Babylonian 
towns,  although  the  numerous  traces  of  canals  upon  the  banks  of  the 
Tigris  and  Euphrates  show  that  great  attention  was  there  paid  to  the 
irrigation  of  the  land,  and  to  securing  a  copious  supply  of  water.  In 
Egypt,  the  same  conditions  appear  to  have  prevailed,  and  numerous 
canaJs  were  formed  for  the  purpose  of  leading  the  waters  of  the  Nile 
to,  tanks,  and  wells,  situated  at  distances  horn  the  shores  of  the 
stream ;  but  the  water  was  not  habitually  raised  to  any  height,  unless 
in  gardens,  and  then  only  in  small  quantities,  and  by  very  rude  machi- 
nexy.  It  is  interesting,  however,  to  observe  that  the  hieroglyphical 
paintings  of  the  EgyplXuis  represent  the  use  of  the  ahadouf,  or  of  the 
balance  pole  and  bucket,  still  retained  in  that  country,  and  by  the 
market  gardeners  of  the  neighbourhood  of  London.  The  noria  was 
not  known  to,  or  used  by  the  ancient  Egyptians,  although  so  univer- 
sally employed  in  that  country  at  the  present  day;  but  Diodorus 
mentions  that  the*  machine  known  by  the  name  of  the  Archimedean 
screw  was  invented  by  them.  In  Phoenicia,  and  in  Judsea,  traces  of 
aqueducts,  of  tanks,  and  of  wells,  are  frequently  to  be  met  with ;  and 
in  those  countries  the  first  indications  of  works  designed  for  the 
purjKJse  of  conducting  the  waters  which  outburst  at  a  high  level  at 
some  distance  from  the  proposed  place  of  consumption,  may  be  observed. 
There  were  no  pipes  used  in  any  of  these  water-works,  or  conduits ; 
and  the  first  instance  on  record  of  their  application  is  to  be  found  in 
the  ruins  of  the  aqueduct  of  Patara,  in  Lycia ;  upon  which  line  there 
is  a  singular  wall,  or  embankment  of  rotigh  stone,  across  a  valley  250 
feet  deep,  and  200  feet  across,  bearing  upon  its  curved  top  a  line  of 
marble  blocks  cramped  together  and  perforated,  so  as  to  form,  in  fact, 
a  reversed  syphon.  It  would  seem  that  the  defective  state  of  the  metal- 
lurgic  arts,  alone  retarded  the  application  of  the  principles  of  hydro- 
statics known  to  the  more  ancient  nations  of  the  East ;  for  the  hiero- 
glyphical paintings  of  Egypt  certainly  show  that  the  syphon  and  Ihe 
oixlinary  forms  of  pipes  were  occasionally  employed  by  them ;  and  the 
aqueduct  of  Patara  equally  proves  that  the  Greeks  were  aware  of  the 
law  by  which  water  rose  to  equal  heights  in  the  two  legs  of  a  reversed 
syphon. 

It  was,  however,  under  the  dominion  of  the  Romans  that  the  ancient 
world  undertook  the  most  gigantic  works  for  the  supply  of  their  towns 
with  water;  and,  fortunately,  the  writings  of  Vitruvius,  Frontinus, 
and  Palladio  have  transmitted  to  our  days  much  curious  information 
with  respect  to  the  detailed  methods  of  execution  adopted  by  the 
Roman  engineers.  According  to  Frontinus,  the  inhabitants  of  the 
Eternal  City  for  a  long  time  contented  themselves  with  a  supply  of 
water  obtained  from  the  Tiber,  from  land-springs,  and  from  wells ;  but 
about  the  year  312  B.C.,  the  censor  Appius  Claudius  completed  the  first 
aqueduct,  subsequently  known  os  the  Aqua  Appia,  which  conducted  to 
Rome  the  waters  of  a  spring  rising  "  in  the  field  of  LucuUus,  between 
the  7th  and  8th  miUiaria  of  the  nenestine  road."  Subsequently,  the 
aqueducts  of  the  Anio  Vetus,  Aqua  Marcia,  Aqua  Tepula,  Aqua  Julia, 
Aqua  Crabra,  Aqua  Virgo,  Aqua  Alsietina,  Aqua  Augusta,  Aqua 
Claudia,  Anio  Novus,  and  the  A.  Alexandrina  were  added  to  the  means 
of  supply ;  and  in  the  later  days  of  the  empire  the  daily  distribution 
of  water  amounted  to  the  enormous  quantity  of  332,307,624  gallons. 
As  the  population  of  Rome  does  not  appear  to  have  attained  1,000,000 
under  Aurelian,  according  to  the  calculations  of  M.  Letarouilly,  the 
average  supply  must  have  been  about  332  gallons  per  head  per  day ; 
but  as  the  registers  of  the  distributions  show  that  only  one-fifth  of  the 
total  quantity  was  taken  by  private  consumers,  it  must  be  evident  that 
the  btuk  of  the  water  was  devoted  to  the  public  fountains,  baths,  gardens, 
and  amphitheatres,  &c.  The  text  of  Frontinus  contains  many  curious 
details  with  respect  to  the  manner  in  which  the  house  services  were 
connected  with  the  reservoira,  or  distributory  cisterns;  the  regula- 
tion of  the  plumbers'  works ;  and  the  precautions  observed  to  insure 
the  coolness  and  purity  of  the  water;  and  there  are  few  books  illus- 
trative of  the  manners  and  customs  of  the  Romans  which  give  so 
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curious  an  inflight  into  their  municipal  life  m  the '  Commentaries '  ol 
thifl  author.  It  may  be  added  that  the  total  length  ol  the  eleven  fint- 
named  aqueducta  was  not  less  than  456,987  yards,  of  which  58,421 
yards  were  built  upon  arches.  The  highest  point  of  ground  in  the  dty 
was  the  Mens  EsquiUnus,  which  was  144  feet  8  inches  above  the  level 
of  the  invert  of  the  Cloaca  Maxima,  but  the  aqueduct  of  the  Anio 
NoTus  discharged  its  waters  at  the  level  of  155  feet  10  inches  aboYe 
the  same  datum.  The  flow  of  the  waters  attributed  to  the  public 
service  was  constant,  by  night  as  well  as  by  day ;  and  the  private  con- 
sumer had  the  same  privilege  if  he  desired  it. 

The  Roman  emperors  were  far  from  confining  their  attention  to  the 
water  supply  of  Rome  itself,  for  numerous  and  gigantic  works  of  that 
description,  for  the  supply  of  important  provincial  towns,  were  executed 
by  their  orders.  [Aqueduct.]  During  the  decline  of  the  lower  empire, 
even,  the  construction  of  aqueducts  and  of  reservoirs  was  carried  on  with 
the  same  degree  of  energy  as  in  the  brighter  periods  of  the  Roman  rule ; 
and  the  neighbourhood  of  Constantinople  possesses  ruins  of  the  aqueduct 
of  Justinian,  and  in  the  valley  of  Bourgas,  which  may  rival  any  of  the 
earlier  structure  in  magnitude  at  least,  if  not  in  constructive  skill. 
Perhaps  the  most  remarkable  parts  of  the  water-works  of  Constanti- 
nople were,  however,  the  subterranean  reservoirs  there  constructed  to 
store  the  water.  One  of  them  is  about  319,200  cubic  feet  in  capacity, 
and  the  other  about  1,028,970  cubic  feet,  and  they  are  vaulted 
throughout. 

Of  course  the  art  of  distributhig  water  suffered  under  the  effects  of 
the  irruption  of  the  barbarians ;  and  all  that  was  done  by  even  the 
most  enlightened  of  the  rulers  of  the  Gothic,  Vandalic,  and  Lombardic 
tribes  was  to  repair  and  maintain  the  aqueducts  they  found  to  be  in 
existence  when  they  overran  the  provinces  of  the  Roman  empire. 
There  is  a  tradition  connecting  the  erection  of  the  aqueduct  of  8po- 
leto  with  the  name  of  Theoderic  the  Qoth;  but  the  style  of  the 
monument,  and  many  other  indications  it  furnishes,  would  throw 
great  doubts  on  the  correctness  of  the  story ;  nor  can  we  discover  any 
authentic  records  of  the  execution  of  any  great  works  for  the  supply 
of  water  to  towns  during  the  medieeval  period,  until  about  the  end  of 
the  Idth  century.  In  fact,  the  great  centres  of  population  in  modem 
times  were  but  very  insignificant  villages  in  the  early  periods  of  his- 
toxy  ;  and  property  was  held  by  far  too  imcertain  a  tenure  to  justify  the 
execution  of  great  public  works.  The  Italian  cities  seem  to  have  been 
the  first  to  attempt  anything  like  a  systematic  distribution  of  water ; 
and  Michael  Boccanegra,  at  Qenoa,  in  1278,  the  unknown  authors  of 
the  Spoleto  and  of  the  Civita  Castellana  aqueducte,  at  other  periods 
in  the  Middle  Ages,  revived  the  modes  of  construction  adopted  by  the 
Romans.  In  the  north  of  Europe  there  do  not  appear  to  have  been 
made  any  attempts  to  rival  the  gorgeous  monuments  of  the  Roman 
empire ;  and  in  nearly  all  cases — as  at  London  and  at  Paris — the  system 
adopted  seems  principally  to  have  been  to  lead  to  some  stone  reservoirs 
the  waters  of  rorings  risuig  in  the  country,  by  means  of  wooden  or  of 
leaden  pipes,  when  the  populations  of  those  towns  had  increased  to 
a  considerable  extent,  it  was  found,  however,  that,  as  in  the  former 
case  of  Rome,  it  was  no  longer  possible  to  obtain  the  necessary 
quantity  of  water  from  the  superficisd  gravels,  or  from  the  water- 
bearing strata  around  them ;  and  we  accordingly  find  that  at  the  dose 
of  the  medieval  period  efforts  were  made  to  secure  water-supplies  to 
the  laige  towns  from  larger  areas  than  had  previously  sufficed.  In 
France,  the  engineers  seem  to  have  considered  themselves  bound  to 
return  to  the  traditions  of  the  Romans,  and  the  aqueduct  of  Arceuil 
was  built  in  avowed  imitation  of  the  analogous  structures  of  the 
ancients.  In  England,  the  system  of  contouring  the  hills  by  open 
water-courses  prevailed ;  and  the  Plymouth  Leet,  established  by  Sir 
F.  Drake,  and  the  New  River  by  Sir  H.  Myddelton,  may  be  cited  as 
illustrations  of  the  system  long  adopted  here.  The  great  aqueduct  of 
Lisbon,  erected  between  1713  and  1782;  the  aqueduct  of  Caserta, 
erected  by  Vanvitelli  about  1758 ;  the  aqueduct  of  Symete,  erected  by 
Prince  Biscari,  in  Sicily ;  the  Croton  Aqueduct,  and  the  Roquefavour 
Aqueduct,  mav  be  referred  to  as  illustrations  of  the  modem  execution 
of  works  for  tlie  supply  of  water,  designed  upon  the  principles  of  the 
ancients ;  but  the  majority  of  the  modem  water-supplies  are  executed 
in  a  far  less  ostentatious  manner,  and  with  modifications  required  by 
the  local  habits  or  by  the  municipal  organisation  of  the  to^ns  them- 
selves. Of  late  years,  also,  the  improvements  which  have  been  effected 
in  the  machinery  used  for  the  purpose  of  raising  water,  and  the  new 
applications  of  metallurgy  to  the  building  arts,  have  so  profoundly 
changed  the  economical  conditions  of  the  distribution  of  water,  that  it 
is  hardly  possible  to  compare  the  systems  which  have  respectively  pre- 
vailed in  ancient  or  in  very  modem  times.  The  fundamental  difference 
seems,  however,  to  consist  in  this,  namely,  that  the  state  undertook 
the  execution  of  the  water  supplies  of  antiquity,  whilst  in  modern 
times  they  have  been  left  entirely  to  municipalities  or  to  private 
industiy.  What  the  modems  may  have  gained  in  economy  under 
these  circumstances,  they  have  lost  in  art ;  and  just  precisely  as  the 
economical  element  of  the  calculation  prevails,  so  does  the  manner  in 
which  a  modem  water  supply  is  effected  lose  all  character  of  beauty  as 
i  monument 

Before  entering  upon  the  consideration  of  the  technical  questions 
sonnected  with  the  subject  of  a  water  supply,  and  before  quitting  the 
post  history  of  those  operations,  it  may  be  desirable  again  to  dwell 
iipon  a  very  generally  received  opinion  with  respect  to  the  assumed 


ignorance,  by  the  anciente,  of  the  principle  of  the  inrerted  Bypboar  er 
of  the  principle  by  which  water  will  find  the  saixie  level  at  ihe  tvs 
ends  of  a  cotitinuous  pipe,  unless  prevented  by  some  ezterral  iuxt. 
This  opinion  has  been  repeated  in  so  many  popular  works  upon  ael&mt. 
that  it  is  almost  universudly  believed ;  yet,  not  only  does  the  aquedi^ 
of  Patara  entirely  refute  it,  but  the  great  syphon  upon  the  com^  d 
the  aqueduct  of  Lyon  proves  that  the  ancients  were  as  well  acquakte: 
vrith  the  principle  as  the  modems  themselves  are.  It  is  the  tseti 
extraordiniffy  that  this  singular  opinion  should  have  obtamed  Rd 
universal  credence  as  it  has  done,  because  Yitruvius  diacaases  in  a  rerr 
practical  spirit  the  mode  of  executing  the  descending  and  ascends: 
pipes,  in  chap.  vii.  lib.  8 ;  and  he  points  out  the  pz^ecautions  to  ir 
taken  to  prevent  the  rupture  of  the  pipes  by  the  compreasion  of  xii 
air  in  the  lowest  parts  of  the  syphon. 

The  first  inquiry  at  the  present  day,  when  it  may  be  desireil  )s 
execute  a  system  of  water  supply  to  a  town,  after  havixxg  aseert^t:^ 
the  present  and  the  probable  future  extent  of  the  consumption  (%^L:u 
is  usually  reckoned  to  take  place  at  the  rate  of  forty  gallons  per  b«ad 
of  the  population  per  day),  must  of  course  be,  as  to  where  a  permacsi! 
supply  of  water  of  a  proper  quality  is  to  be  obtained.  Much  discas-i-i 
has  of  late  years  taken  place  with  respect  to  the  question  as  to  wL* 
constitutes  the  proper  quality  of  such  a  water,  and  the  fom-rr 
received  opinions  of  physiologists  and  engineers  have  been  IkI:; 
challenged  by  men  who  have  had  little  claim  to  either  ol  those  ti;^. 
The  discussion  has  principally  turned  on  the  subject  of  the  hanLe? 
and  of  the  softness  of  waters,  consequent. upon  the  presence  in  i^rz. 
of  the  salts  of  lime,  in  the  form  of  the  bicarbonates  of  that  Ix^e ;  tL- 
former  authorities  upon  such  matters  contending  that  a  certain  rr 
portion  of  lime  is  necessary  in  a  potable  water,  whilst  the  new  li^b^ 
contend  that  absolute  purity  should  be  aimed  at«  The  truth,  in  thij 
case,  seems  to  be  that  there  is  still  too  considerable  an  amount  : 
uncertainty  with  respect  to  the  real  action  of  the  salts  in  querj<:i! 
upon  the  human  frame  to  allow  of  the  formation  of  axty  very  dedik. 
opinion  on  the  subject,  or  of  the  establishment  of  any  absolute  hw  i't 
the  adoption,  or  rejection,  of  a  particular  source  of  supply^  whec  hs 
departure  from  the  standard  of  absolute  purity  is  very  small.  Lcc;] 
considerations  of  economy  must,  in  the  present  state  of  knowle^g? 
exercise  great  influence  upon  the  choice  of  the  source  of  supply ;  aoj 
it  is  only  when  the  quantiti^,  or  some  peculiar  properties,  of  the  extn- 
neous  impurities,  are  very  objectionable,  that  it  becomes  desirable  t' 
reject  a  source  which  is  close  at  hand.  The  qualities  which  are  i&i^- 
pensable  in  a  water  designed  to  be  distributed  in  a  town,  are,  to  quot:- 
the  words  of  the  '  Annuaire  des  Eaux  de  France,'  that  "  it  should  be 
fresh,  limpid,  and  without  smell;  that  its  flavour  should  be  hardh 
perceptible,  and  that  it  be  neither  disagreeable,  flat,  brackish,  se 
sweet;  that  it  should  contain  little  foreign  matter,  but  a  sufficient 
quantity  of  air  in  dissolution ;  that  it  should  dissolve  so.ap  without 
leaving  curds,  and  should  cook  vegetables  easily.**  A  small  portion  d 
carbonic  acid  gas  increases  the  wholesomeness  of  a  water,  by  I'z 
influence  upon  the  digestive  organs ;  but  it  enables  the  water  tu  takt 
up  an  additional  quantity  of  the  salts  of  lime  (which  in  their  turs 
increase  the  hardness  of  the  water),  and  to  develope  some  forms  o: 
disease  (such  as  gout,  calculi,  &c.)  in  the  populations  using  it  habituallj. 
Waters  containing  salts  of  magnesia,  or  of  sulphate  of  lime,  are  cua- 
sidered,  on  the  other  hand,  to  produce  the  loathsome  disease,  the  goitre; 
and  the  very  purest  waters  obtained  from  the  melting  of  ice,  or  d 
snow,  are  deficient  in'some  elements  necessary  to  maintain  the  healthi- 
ness of  the  human  frame.  The  waters  which  hold  in  solution  notable 
proportions  of  organic  matters,  are,  however,  those  which  are  the  most 
objectionable ;  and  diarrhoea,  dysenteries,  and  other  acute  and  chrocie 
diseases  may  be  traced  to  the  use  of  the  water  obtained  from  pon-k 
marshes,  or  wells,  containing  excessive  proportions  of  altered  or^onJ!: 
matters,  either  in  suspension,  or  in  solution.  It  was  considered,  bj  the 
authors  of  the  '  Annuaire  des  Eaux,'  that  the  small  quantity  of  the 
chloride  of  sodium  to  be  found  in  ordinary  river  or  spring  water  was 
rather  advantageous  than  otherwise;  and  they  further  remark,  that  the 
chlorides  in  water  are  almost  always  associated  with  the  iodides  and 
bromides,  which  unquestionably  increase  its  salubrity.  It  may  U 
added,  that  when  the  proportion  of  the  bicarbonate  of  lime  in  a  potaWe 
water  exceeds  1  in  zOOO,  it  becomes  positively  injurious;  that  the 
bicarbonate  of  lime  is  thrown  down  by  boiling;  but  that  neither  the 
salts  of  magnesia,  nor  the  sulphate  of  lime,  are  thus  expelled. 

The  opinion  which  it  has  lately  been  attempted  to  convert  into  a 
law,  "  that  the  nearer  the  source,  the  purer  the  supply,"  seems  to  be 
one  of  those  half-truths  which  require  to  be  accepted  with  a  reserva- 
tion. Thus,  the  waters  rising  from  deep-seated  springs  in  the  chalk 
formation  contain  at  their  source  an  abnormal  dose  of  the  bicarbonate 
of  lime,  which  they  part  with  if  allowed  to  flow  in  the  open  air  in  a 
clear  channel.  Indeed,  so  much  do  waters  generally  improve  by  the 
flow  in  open  channels,  that  some  of  the  ablest  physiologists  hold  that 
river  waters  alone  should  be  used  for  town  suppUes ;  but  in  such  cas^ 
it  is  essential  to  adopt  precautions  with  a  view  to  the  prevention  of 
the  contamination  of  the  latter,  by  the  organic  impurities  washed 
down  from  the  lands  they  traverse.  A  prolonged  course  over  a  rough 
channel  also  removes  earthy  impurities,  and  the  hydrous  oxides, 
which  are  often  held  in  suspension  in  spring  waters ;  but  it  does  not 
seem  to  have  any  influence  upon  the  sulphates  of  lime,  or  of  magnesia, 
or  upon  the  chlorides  of  calcium  or  of  sodium.     In  all  cases  wherein 
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such  a  course  ia  able  to  do  good,  it  mufit,  however,  be  obseryed,  that 
the  water  must  flow  with  considerable  velocity ;  and  it  would  appear 
that  the  aeration  of  the  water  thus  produced  oonstitutes  one  of  the 
BuperioritieB  of  river  waters  over  those  obtained  from  ordinary  wells ; 
because  the  latter  are  exposed,  occasionally,  to  become  stagnant. 
When  a  water  supply  has  to  be  obtained  from  a  great  distance,  the 
considerations  of  the  deposition  of  the  earthy  salts  become  of  great 
importance,  on  account  of  the  efifect  they  are  likely  to  produce  upon 
the  delivery  of  the  conducting  channels ;  and  it  was  {Hrecisdy  because 
the  engineer  of  the  Marseille  waterworks,  M.  de  Montricher,  feared 
that  the  waters  of  the  Durance  would  choke  a  reversed  syphon  that  he 
was  led  to  erect  the  gigantic  atlueduct  of  Roquefavour.  The  channel 
through  which  any  stream  is  to  be  led  must,  it  may  also  be  added,  be 
protected  from  accidental  impurities  derived  from  the  atmosphere,  or 
from  any  other  source ;  and  even  at  the  present  day,  the  hydraulic 
engineer  might  derive  many  useful  lessons  from  the  practice  of  the 
Romans  in  these  details  of  their  aqueducts.  They  took  care,  in  fact, 
to  cover  their  channels  as  far  as  possible ;  to  provide  ventilating  diafts 
from  distance  to  distance ;  and  to  place  drips  in  the  line  of  the  invert, 
in  order  to  produce  small  cataracts,  with  a  view  to  increasing  the 
aeration  of  the  water. 

The  objections  to  the  use  of  ordinary  well-waters,  on  account  of  their 
tendency  to  become  stagnant,  apply  with  variable  force  (according  to 
the  quantities  considered)  to  the  waters  of  ponds,  of  reservoirs,  or  of 
lakes ;  and  therefore  they  have  an  important  bearing  upon  the  system 
of  the  supply  to  towns,  Imown  in  England  by  the  name  of  the  "  eatehr 
tcater  gravU€Uu>n  system."    In  works  of  this  description,  the  water, 
falling  upon  elevated  districts  around  the  town  to  be  supplied,  is  stored 
in  large  artificial  reservoirs,  in  such  a  manner  as  to  allow  the  excess  of 
the  winter  s  rains  to  be  distributed  in  the  diy  season ;  and  evidently 
these  reservoirs  must  be  established  so  as  to  ensure  the  disposal  of  the 
maximum  quantity  for  distribution  precisely  at  the  season  when  there 
would  be  the  least  rainfall  to  renew  tbe  water.    During  the  dry  season, 
in  fact,  the  water  in  the  reservoirs  cannot  be  renewed,  and  it  must  be 
exposed  to  all  the  deleterious  actions  which  are  known  to  take  place  in 
stagnant  water  from  the  development  of  animal  and  of  vegetable  life  in 
them,  under  the  influence  of  light  and  heat.     The  purity  of  the  waters 
thus  stored  must,  however,  depend  greatly  upon  the  nature  of  the 
surface  from  whence  they  flow,  upon  the  nature  of  the  soil  of  the 
reservoirs  themselves,  and  upon  the  exposure,  the  outline  in  plan,  and 
the  transverse  sections  of  the  reservoirs ;  for  the  primary  qualities  of 
the  water  depend  on  the  first  of  these  considerations,  and  its  preserva- 
tion in  a  wholesome  state  depends  greatly  upon  the  influence  of  the 
latter  in  maintaining  a  surface  agitation.    The  lands  which  exercise 
the  most  deleterious  action  upon  the  waters  to  be  impounded  are  those 
which  are  covered  by  peat,  or  by  agricultural  land ;  or  those  which  are 
likely  to  give  off  mineral  or  earthy  salts  in  large  quantities;   and, 
therefore,  the  primary  or  secondary  crystalline  rocks  and  the  pure 
silicious  sands  are  the  best  adapted   for   the   purpose  of  forming 
gathering-grounds.    In  England,  and  in  most  countries  where  gravi- 
tation waterworks  can  be  established  from  reservoirs,  such  as  are  above 
alluded  to,  it  fortunately  happens  that  the  gathering-grounds  occur  in 
the  hilly  districts  of  Uie  primary  formations;  but  in  India,  and  in 
tropical  alluvial  plains,  it  is  often  necessary  to  store  the  excessive 
rainfall  of  the  wet  season  in  tanks,  for  consumption  during  the  dry 
season,  because  the  superficial  water-oourses  cease  to  yield  water,  and 
there  are  no  perennial  springs  in  such  districts.    The  waters  so  stored 
must,  under  these  circumstances,  be  filtered,  or  treated  in  some  way, 
in  order  to  counteract  their  otherwise  deleterious  effects  upon  the 
^  human  frame ;  the  great  difficulty,  however,  arising  from  the  tempe- 
rature to  which  they  are  raised  by  the  sun's  action  upon  their  surface. 

It  would  appear,  after  all,  that  the  waters  which  unite  the  greater 
number  of  favourable  qualildes  for  a  town  supply  are  those  which  flow 
from  deep-seated  springs,  or  from  the  insoluble  clay  slates,  crystalline 
limestones,  or  are  obtained  by  continuous  pumping  from  wells  simk  in 
the  pure  silicious  strata,  &c.  It  is  not  often  that  these  wells  yield  water 
in  sufficient  quantities  for  a  town  supply ;  and  there  is  always  a  danger 
of  their  being  interfered  with  by  the  operations  of  neighbours,  or  by 
injurious  infiltrations  from  cesspools  or  dead  wells.  The  history  of  the 
Artesian  wells  roimd  London,  of  those  at  Tours  and  Paris,  and  of  the 
deep  wells  in  the  new  red-sandstone  at  Liverpool,  proves  that  there  are 
serious  objections  to  allowing  the  supply  of  a  large  population  to 
depend  on  sources"  so  uncertain,  and  so  easily  diverted,  as  these  deep- 
seated  springs  evidently  are.  In  no  cotmtty  in  Europe  is  there  any 
legislation  creating  a  right  of  property  in  underground  waters;  for 
law-makers  have  not  hitherto  been  geologists,  and  they  have  openly 
avowed  their  ignorance  of  the  principles  which  regulate  the  flow  of 
deep-seated  springs.  It  thus  happens  that  the  inhabitants  of  large 
towns  are  compelled,  practically,  to  resort  for  their  water  supply  either 
to  rivers  or  superficial  water-courses,  or  to  CTcate  reservoirs  upon  either 
the  gravitation  or  the  tank  system,  to  impound  the  rainfall  of  the 
wet  seasons. 

In  the  previous  portion  of  this  article  it  was  stated  that  the  quantity 
of  water  to  be  distributed  in  a  town  was  usually  calculated  at  the  rate 
of  40  gallons  per  individual  per  day ;  but  evidently  local  circumstances 
may  aliect  this  rate  of  consumption  to  a  very  serious  extent.  It  is 
more  than  questionable  whether  even  the  most  luxurious  persons 
require  absolutely  a  greater  quantity  than  6  gallons  per  day  for  their 


own  immediate  consumption ;  and  if  the  latter  be  carried  to  10  gallons 
per  day,  it  would  suffice  with  proper  care  for  any  real  demands.  In 
calculating  for  a  town  supply,  it  is  necessary,  however,  to  allow  for  the 
consumption  by  trades  using  lai^  quantities  of  water,  and  for  muni- 
cipal purposes,  such  as  street-watering,  flushing  sewers,  extinction  of 
fires,  ftc. ;  and,  in  order  to  cover  these  demands,  it  was  considered,  so 
long  as  the  old-fashioned  intermittent  supply  existed,  that  an  allowance 
of  20  gallons  per  head  per  day  would  be  stUSicient.  The  introduction 
of  the  constant-delivery  system  has  of  late  years  tended  singularly  to 
increase  the  quantity  of  water  distributed,  and  indeed  the  waste  of 
water  which  thus  takes  place  is  at  times  so  great  that  it  almost  assumes 
the  importance  of  a  public  calamity.  In  London,  where  the  inter- 
mittent supply  still  prevails,  the  consumption  of  water  is  now  not  less 
than  at  the  rate  of  40  gallons  per  head  per  day  on  the  average ;  in 
Croydon,  at  Boston,  New  York,  &g.,  the  rate  imder  the  constant 
delivery  has  been  80, 100,  and  even  sometimes  500  gallons  per  head 
per  day.  No  doubt  a  great  part  of  this  waste  could  be  prevented,  and 
it  would  never  be  allowed  to  exist  if  the  water  supply  of  towns  were 
left  in  the  hands  of  private  companies ;  but  the  tendency  of  the  age  is 
certainly  to  withdraw  municipal  services  from  the  control  of  speculative 
adventurers,  and  it  therefore  becomes  important  to  direct  attention  to 
the  eventual  danger  arising  from  the  waste  which  seems  to  be  inherently 
attached  to  the  modem  system  of  distribution. 

Whatever  may  be  assumed  to  be  the  normal  rate  of  consumption 
by  the  inhabitants  of  a  town,  it  must  be  observed  that,  in  the  sunmier 
months, — that  is  to  say,  in  June,  July,  August,  and  September,— the 
average  consumption  per  individual  per  day  increases  in  about  the  ratio 
of  10  per  cent  ufon  the  ordinary  average  ;  whilst  in  December, 
January,  and  February  it  is  about  as  much  below  the  same  average. 
In  designing  gravitation-works,  especially,  this  becomes  an  important 
consideration ;  for  the  consimaption  actually  increases  when  the  supply 
decreases,  and  the  dimensions  of  the  reservoirs  must  be  calculated  of 
sufficient  sLse  to  meet  the  demand  of  the  season  which  is  the  most 
unfavourable.  The  compensations  to  be  given  to  the  ancient  possessors 
of  water  privileges  must  also  be  taken  into  aocotmt  in  designing  any 
new  water-works,  especially  in  the  case  of  gravitation-works,  which 
interfere  more  with  the  natural  hydrographioal  conditions  of  a  district 
than  ordinary  pumping-woiks  do ;  and  the  loss  of  water  by  evaporation 
from  the  reservoirs  in  hot  weather  requires  also  to  be  allowed  for.  In 
most  countries  of  Southern  Europe,  it  is  to  be  observed,  moreover, 
that  the  rate  of  personal  consumption  of  water,  so  to  speak,  is  much 
less  than  the  rate  prevailing  in  the  north,  but  that  the  quantity  of 
water  poured  down  toe  channels,  or  used  in  the  monumental  fountains, 
or  in  other  contrivances  fcH*  cooling  and  refreshing  the  air,  is,  on  the 
contrary,  very  much  greater.  Thus,  in  Paris,  it  is  stated  officially  that 
the  supply  of  water  takes  pkce  at  the  average  rate  of  13}  gallons  per 
head  per  day ;  but,  in  fact,  the  water  is  sold  by  the  pail,  and  in  no 
house  in  Paris  is  there  a  supply  (in  1861)  to  the  second  floor,  and 
nearly  all  the  water  which  is  brought  into  the  city  is  poured  into  the 
street  kennels  or  is  employed  in  the  fountains.  All  these  details  of 
the  application  of  a  town  supply  must,  therefore,  be  carefully  examined, 
and  allowed  for,  in  selecting  the  source  and  mode  of  distribution ;  for 
it  must  be  evident  that  every  particular  climate,  and  every  phase  of 
civilisation,  requires  to  be  treated  upon  its  own  special  principles. 

The  quantity  and  the  quality  of  the  water  supply  being  determined, 
a  very  important  question  arises,  as  to  whether  it  should  be  obtained, 
at  a  great  original  outlay,  under  such  conditions  as  to  allow  the  water 
to  flow  to  the  place  of  distribution,  by  gravitation;  or  whether  it 
should  be  obtained  by  means  of  pumping-machinery,  at  a  smaller 
original  outlay,  but  at  a  greater  annual  expense  for  working.  This 
question  is  one  which  it  is  impossible  to  decide  d  priori,  because  it 
must  be  so  materially  affected  by  local  considerations  as  to  render  it 
dangerous  to  lay  down  any  absolute  rules  in  the  matter.  But  it  must 
be  evident  that,  wherever  it  is  possible,  as  it  was  in  the  case  of  ancient 
Rome,  to  lead  into  a  town  streams  of  water  rising  at  a  natiiral  elevation 
above  the  proposed  points  of  distribution,  there  must  be  an  eventual 
economy  in  so  doing  over  the  cost  of  another  system  by  which  the 
water  would  be  raised  from  even  a  nearer  point  by  the  aid  of  a  compli- 
cated piece  of  machinery.  The  Romans,  who  were  able  to  concentrate 
upon  any  work  they  imdertook  the  resources  of  the  known  civilised 
world,  adopted  the  former  system ;  and  the  highly-centralised  govern- 
ments of  modem  Europe  evidently  prefer  it,  for  the  French  are  about 
to  incur  an  enormous  expense  in  order  to  lead  to  Paris,  by  gravitation, 
some  springs  which  rise  at  a  great  distance  from  that  town.  In 
England  and  in  America,  however,  where  individual  enterprise  is  so 
much  more  active,  the  tendency  is  to  resort  to  sources  of  supply  which 
admit  of  the  application  of  machinery  at  a  small  primary  outiay ;  and, 
in  fact,  the  choice  between  the  two  systems  must  greatly  depend  upon 
the  power  of  commanding  capital,  and  upon  the  balance  of  motives 
which  might  lead  to  imposing  a  burden  upon  the  present  generation 
for  the  sake  of  its  successors.  In  either  case,  the  works  required  for 
the  filtration,  storeage,  and  distribution  of  the  waters  are  the  same ; 
the  only  difference  consists  in  the  mode  of  leading  the  water  to  the 
point  from  whence  tiie  distribution  is  to  take  place. 

Even  in  gravitation  works  there  are  various  methods  of  solving  this 
question,  for  the  water  may  be  led  either  in  closed  pipes  or  in  open  or  in 
covered  conduits.  Open  conduits  may  be  resorted  to  when  the  district 
they  traverse  is  not  l^ely  to  furnish  any  elements  of  a  nature  to  alter 
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the  purity  of  the  water;  but  if  small  local  watercourses  should  be 
likely  to  pour  into  the  stream,  or  if  the  latter  should  be  exposed  to  the 
danger  of  contamination  from  the  dust,  smoke,  or  other  impurities  of 
a  town  atmosphere,  the  conduit  must  be  covered.  The  advantage  of  a 
pipe-conduit  consists  precisely  in  the  protection  it  affords  against  such 
accidental  sources  of  contamination,  and,  generally  speaking,  it  will  be 
found  to  be  cheaper  than  a  masonry  conduit  of  ordinary  dimensionB. 
Moreover,  the  facility  the  pipes  furnish  for  the  execution  of  reversed 
syphons  dispenses  with  the  necessity  for  the  construction  of  costly 
aqueducts.  It  is  essential  to  make  the  dimensions  of  the  pipe  some- 
what larger  than  would  theoretically  be  necessaiy  to  convey  the  quan- 
tity of  water  required  to  be  delivered ;  because  there  is  a  danger,  in 
almost  all  cases,  of  the  formation  of  an  incrustation  in  the  interior  of 
the  pipes,  which  would  practically  diminish  their  sectional  area ;  and 
it  is  essential,  also,  to  provide  means  for  occasionally  examining  and 
clearing  the  pipes.  In  all  descriptions  of  conduits  it  is  necessary  to 
provide  stop-gates,  or  valves,  and  overflows,  so  as  to  arrest  the  passage 
of  the  water  in  case  of  accident.  The  material  generally  used  for  pipe- 
conduits  is  cast-iron;  but  glazed  stone* ware  is  often  employed  with 
success,  when  the  water  does  not  flow  under  great  pressure.  The 
Romans  h-equently  used  lead-pipes  for  this  purpose ;  but  as  a  general 
rule  they  preferred  covered  aqueducts,  and  the  Continental  engineers 
Rtill  adhere  to  this  system.  In  the  great  Liverpool  gravitation  water- 
works, and  in  the  new  supply  to  Glasgow  from  Loch  Katrine,  cast-iron 
pipes  have  been  exclusively  used  where  any  great  differences  of  level 
have  been  encountered. 

In  the  majority  of  cases  at  the  present  day,  the  water  brought  from 
a  distance  for  the  supply  of  a  town,  is  filtered  before  distribution ;  and 
this  is  effected  in  positions  as  close  as  possible  to  the  pumping  station, 
or  to  the  entry  of  the  distributing  mains,  unless  the  water  should  be 
HO  pure  naturally  as  to  allow  this  precaution  to  be  dispensed  with. 
There  are  numerous  systems  of  filtration  in  use  in  England,  but  the 
one  most  generally  adopted  is  to  cause  the  water  to  pass  through  a 
succession  of  layers  of  sand  and  gravel  (increasing  in  coarseness  from 
above  downwards)  to  a  series  of  drains  leading  to  a  covered  reservoir. 
The  total  thickness  of  the  filtering  media  is  usually  made  from  six  to 
seven  feelf,  and  the  number  of  layers  about  eight  or  nine,  the  head  of 
water  over  the  upper  surface  of  the  sand  being  about  two  feet. 
Engineers,  however,  are  not  imanimous  in  their  opinions  as  to  the  best 
relations  between  tlie  depth  of  the  filtering  media  and  the  head  of 
water  over  them ;  for  in  some  cases  the  depth  of  the  sand  and  gravel 
is  made  only  4  feet  6  inches,  and  the  working  head  four  feet,  instead 
of  the  dimensions  quoted  above ;  but  evidently  the  degree  of.  purity  of 
the  water  itself  must  materially  affect  this  question.  It  may  even 
happen  that  the  quality  of  the  water  may  require  the  introduction  of 
some  ingredient  in  the  filtering  media  which  should  be  able  to  exercise 
a  chemical  influence  upon  the  water  itself ;  and  in  some  cases  it  has 
been  proposed  to  mix  animal  charcoal  with  the  upper  layers  of  sand, 
in  order  to  remove  any  organic  matters ;  or  to  mix  the  magnetic  oxide 
of  iron  with  the  sand  when  peaty  matters  are  present;  or  even  to 
apply  Dr.  Clark's  process  when  the  bicarbonate  of  lime  is  pi^esent 
in  notable  excess.  Local  considerations  must  guide  the  engineer  in 
his  choice  of  the  various  systems;  but  however  the  water  may  be 
treated  in  this  stage  of  the  distribution,  it  is  absolutely  necessary  that 
it  should  not  be  exposed  to  the  air  at  all  after  having  been  filtered,  and 
that  it  should  be  either  at  once  passed  into  the  dis&buting  mains,  or 
be  stored  in  covered  reservoirs  until  wanted  for  use.  In  the  construc- 
tion of  the  latter,  the  only  important  observation  to  be  made  is  that 
they  must  be  executed  in  such  a  way  as  to  protect  the  water  against 
the  action  of  light  and  of  the  sun's  rays ;  local  facilities  for  the  supply 
of  building  materials  must  regulate  the  precise  details  of  the  construc- 
tion itself.  In  some  peculiar  cases  it  is  desirable  to  provide,  in  addi- 
tion to  the  filters  and  pure  water  reservoirs,  depositing  basins,  in  which 
the  heavier  materials,  in  mechanical  suspension  in  the  watOTS  of  the 
natural  source  of  supply,  may  deposit  themselves;  but,  again,  this 
detail  admits  of  no  tmiversal  law ;  and  it  is  even  to  be  observed  that 
the  tendency  of  the  London  engineers  is  rather  towards  the  suppression 
of  both  depositing  basins  and  storeage  reservoira.  They  make  the 
filters  of  sufficient  area  and  thickness  to  complete  rapidly  and  effec- 
tually the  separation  of  the  impurities ;  and  they  pump  the  filtered 
water  at  once  into  the  distributing  mains.  Where  storeage  reservoin 
are  used,  their  dimensions  may  vary  between  the  capacity  required  for 
three  days'  consumption,  when  the  source  of  supply  is  liable  to  occa- 
sional interruptions ;  and  the  capacity  required  for  a  few  hours'  supply 
when  the  machinery  is  only  subject  to  ordinary  periods  of  rest  or  repair. 
In  the  latter  case  it  may  be  necessary,  however,  to  make  the  machinery 
in  duplicate,  or  at  least  to  keep  a  stock  of  duplicate  parts.  Care  must 
be  taken  to  provide  for  all  such  service  reservoirs,  valve  pits,  overflow 
pipes,  waste  weirs,  scouring  pits,  and  other  conveniences  for  examina- 
tion, cleansing,  and  repair. 

Unless  in  the  cases  of  gravitation  works,  it  is  necessary,  in  all  modem 
domestic  water  supplies,  to  raise  the  water  to  such  heights  as  to  allow 
of  its  distribution  in  the  loftiest  rooms  of  the  houses  situated  on  the 
highest  ground  in  the  respective  towns,  by  some  description  of  ma- 
chinery. When  the  quantity  to  be  raised  is  small,  and  there  is  a 
watercourse  of  considerable  volume,  and  great  constancy  of  flow,  in 
the  neighbourhood,  it  may  often  be  advisable  to  resort  to  hydraulic 
power^  and  to  use  one  of  the  forms  of  water-wheel  hereafter  described. 


But  it  happens  that  water-power  is  exposed  to  frequent  interruptiosK, 
so  to  speak,  in  its  efficiency ;  and  that  in  summer,  when  the  lar.'-s^ 
quantity  of  water  must  be  raised,  the  power  is  the  least,  whilst  b 
winter  the  action  of  the  wheels  may  be  entirely  suspended  in  cooae 
quence  of  floods  or  of  frost.  In  England,  therefore,  where  ooel  is 
cheap,  and  the  use  of  steam-power  is  habitual,  the  latter  is  alm^ia 
jdways  resorted  to,  and  it  certainly  presents  many  advantages,  on  t£» 
score  of  certainty  of  action,  over  all  other  sources  of  motire  powo. 
I  In  France/  Qermany,  Switzerland,  and  the  United  States,  however, 
many  water-wheels  for  the  supply  of  tovms  are  to  be  found ;  and  evia 
within  a  very  few  years  London  itself  was  dependent  for  a  large  portiis 
of  its  water  supplv  upon  the  water-wheels  of  old  London  Bri^t:, 
The  towns  of  Toulouse,  Geneva,  Richmond,  Va.,  and  Philadelphk, 
may  be  mentioned  as  amongst  the  most  important  of  those  supplied 
with  water  by  water-power ;  and  in  the  works  lately  executed  by  Mr. 
Hawksley,  at  Weymouth,  a  very  ingenious  application  of  the  turbos 
was  made.  The  majority  of  the  Ei^lish  towns  are  supplied  by  meaai 
of  steam-engines ;  and  tne  machine^  lately  erected  for  the  supply  d. 
London  may  be  cited  as  being  the  most  extensive  and  the  most  beaoH- 
f  ul  of  any  hitherto  erected.  It  is  usually  considered  that  thesre  are 
advantages  in  the  use  of  the  Cornish  pumping-engines  when  the  pove- 
to  be  exercised  exceeds  25  horses,  and  that  for  lower  powers  dire^ 
acting  engines,  or  fly-wheel  engines,  are  preferable ;  but  the  remars* 
able  results  obtained  by  Messrs.  Simpson  and  Boulton  and  Watt,  sbov 
that  the  preference  for  large  Cornish  engines  is  at  least  open  to 
question. 

In  estimating  the  power  to  be  provided,  and  consequently-  in  de- 
ciding the  description  of  engine  to  be  employed,  it  is  necessary  to  take 
into  account  the  weight  of  the  water  to  be  raised  at  the  maximum 
rate  of  consumption ;  the  total  height  to  which  it  has  to  be  raised  ;  tkM 
the  various  causes  of  retardation  of  flow  in  the  pumping  main,  froa 
the  friction  upon  the  sides  of  the  pipes,  and  the  bends  or  changes  d 
horizontal  or  vertical  direction.  It  will  be  necessary  to  revert  to  iht 
general  laws  affecting  the  flow  of  water  in  pipes ;  but  here  it  is  so& 
dent  to  observe  that  an  allowance  equivalent  to  an  increase  of  12  feet 
per  mile  in  length  of  main,  to  the  total  weight  to  be  lifted,  is  sufficient 
to  cover  the  effect  of  these  retarding  causes.  As  the  various  classes  cf 
engines  do  not  work  up  to  their  full  power,  calculated  theoretically,  it 
is  necessary  to  affect  the  result  of  the  above  method  of  ascertaining 
the  pumping  power  by  the  coefficienjbs  of  the  respective  engines ;  whicb 
are,  for  steam-power,  on  the  average,  0'85,  and  for  the  best  water- 
wheels,  075. 

In  small  pumping  engines  it  is  found  that  the  most  useful  acUon  ii 
obtained  when  the  power  is  exercised  equably  and  continuously  ;  and 
in  order  to  secure  Ihis  result,  the  main  shaft  is  made  to  carry  thre« 
cranks  placed  at  angles  of  120°  from  each  other,  upon  which  the  pump 
rods  are  keyed.    In  the  lazier  engines  it  seems  that  the  most  favourable 
conditions  of  motion  in  the  pumps  are,  that  they  should  begin  bj 
raising  the  load  rapidly,  in  order  to  overcome  its  vis  inertia;   and 
that  when  the  motion  of  the  ascensional  column  has  been  once  esta- 
blished, the  effort  of  the  motive  power  should  gradually  be  diminished. 
These  objects  are  effected  in  the  Cornish  engines  by  introducing  steam 
to  the  underside  of  the  cylinders,  through  large  openings,  at  high  pres- 
sures ;  the  steam  is  then  cut  off  when  the  inertia  of  the  water  has  been 
overcome,  and  it  is  allowed  to  expand  during  the  remainder  of  the 
stroke,  exercising  in  so  expanding  sufficient  power  to  maintain  the  ascen- 
sional movement ;  the  return  stroke  is  made  by  the  dead  weight  of 
the  plunger  and  of  the  roda    The  initial  pressure  of  these  engines  is 
ususdly  from  24  to  8  atmospheres ;  the  expansion  begins  at  from  ^  to  ^ 
of  the  stroke  of  the  piston ;  and  at  the  end  of  the  stroke  the  pressure 
of  steam  is  not  more  than  between  ^  and  ^  of  an  atmosphere ;  engines 
BO  worked  being  said  to  produce  a  duty  equivalent  to  about  90,000,000 
lbs.  raised  1  foot*high  by  the  combustion  of  1  cwt.  of  coaL     But  it  is 
to  be  observed,  that  in  consequence  of  the  interposition  of  the  air-vessel 
upon  the  delivery-pipe  of  a  town  pumping-engine^  the  delivery  is,  in 
fact,  constant;  and  it  is  probable  that  the  extraordinary  results  ob- 
tained of  late  by  the  application  of  the  beun  and  fly-wheel  engine,  on 
a  large  scale,  to  pumping  operations,  may  be  explamed  by  the  fact  that 
as  they  supply  water  to  the  air-vessel  in  a  more  continuous  manner 
than  the  Cornish  engines  do,  they  allow  the  ab-vessel  to  produce  its 
effect  with  greater  regularity.    In  the  laiige  engines  erected  by  Messrs. 
Simpson  for  the  Chelsea  and  Lambeth  Water-works,  the  steam  works 
at  high  pressure  in  the  first  of  two  cylindera,  and  at  low  pressure  in 
the  second ;  there  is  a  beam  and  fly-wheel  to  each  engine ;  and  it  is 
said  that  the  duty  they  perform  sometimes  reaches  120,000,000  lbs. 
raised  one  foot  high  by  tne  combustion  of  1  cwt.  of  coal.     Fly-wheel 
engines,  it  may  be  added,  possess  this  great  advantage  over  Cornish 
engines  for  the  purpose  of  town  distributions,  namely,  that  they  are 
capable  of  being  worked  at  more  variable  rates  of  delivexy  than  are 
the  latter ;  and  in  a  town  delivery  the  rate  of  consumption  is  subject 
to  such  singular  irregularities,  that  this  susceptibility  of  variation  in 
the  power  may  often  be  a  matter  of  importance.    But  again,  it  must 
be  stated  that  the  best  modem  Cornish  engines  have  been  so  carefully 
and  skilfully  constructed,  that  they  have  even  allowed  the  i-egulating 
service  reservoira  to  be  dispensed  with ;  and  both  the  Kent  and  the 
East  London  Water-works  pump  directly  into  their  supply  mains  by 
night  and  by  day,  trusting  entirely  to  the  skill  of  the  enginedrivera  to 
adapt  the  motive  power  to  the  variable  conditions  of  the  consumption 
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of  their  districU.  Thew  variable  conditiani  are  uf  muck  greater  im- 
portance thtm  a  generally  oooaidered  to  be  the  qaae ;  fur  it  appeui 
from  careful  elimination  that  about  three-fourtha  □[  the  total  daily 
oonaumptioD  of  ■  town  take*  place  between  the  houn  of  eight  in  the 
inomiog  and  eight  in  the  evBoiog ;  and  experienced  engineers  moke 
tlieir  pipea  and  enginea  large  and  powerful  enough  to  discharge  one- 
fourth  uf  the  total  daily  consuntptioD  in  one  hour.  Evidently,  then,  it 
must  ba  deaiiable  to  employ  the  dioUtb  power  which  ia  able  to  adapt 
itaelf  to  Buch  variable  demands  w^th  ths  grestat  elaiticity. 

In  paaaing  from  the  pumping  station  to  the  regulating  reaarroir,  or 
to  the  paint  of  diatributjon,  the  water  uaually  flows  through  a  simple 
pipe  of  a  uuiform  aactional  area;  and,  aa  far  ss  it  is  poasiUe  to  secure 
thlit  coodition,  with  a  uniform,  conatant  velocity.  In  its  ooune,  how- 
ever, the  water  ia  retarded  by  a  aertee  of  reaiataucee,  which  practically 
may  be  resolved  into  those  depeoding  upon  : — 1.  The  friction  on  the 
Bidea  of  the  pipea ;  S.  The  eiiatence  of  b^da,  or  ohangee  of  direction ; 
and  3.  The  gurgitation  which  occun  at  every  interruption  in  the  uni. 
formity  of  the  flow.  The  two  former  of  these  {nterfering  causes  act 
upon  water  flowing  in  open  channels,  and  have  therefore  to  be  taken 
into  account  in  fixing  the  dimensiona  of  those  channels ;  but  the  last 
tiaroed  cause  acta  exclusively  upon  water  flowing  in  pipea.  In  tbi 
following  remarks  upon  the  flow  in  pipes  it  must,  however,  always  be 
understood  that  they  are  supposed  to  run  full  bore,  and  to  have  got 
perfectly  "in  train,"  to  use  a  technical  phrase;  that  is  to  say,'' 
aupposed  that  a  constant  velocity  ia  maintained  in  those  portioi 
the  pipsa  wherein  there  are  no  aide  bninchea. 

Now,  the  friction  on  the  sides  of  the  pipea  depends  principally  upon 
their  diametera,  and  upon  their  leugtha,  and  upon  the  presaurea  i 
the  reapeotive  oriflces  of  supply  and  discharge ;  and  as  the  latter 
ditions  (the  preseuree)  are  in  fact  analogoua  to  the  effect  of  a  colun 
wnter,  or  "  a  head,"  as  it  is  commonly  called,  it  is  customary  to  n 
upon  the  preesurea  in  terms  expressing  the  heights  of  such  colu 
Frsctically  it  appears  that  the  results  obtained  by  allovring  for  the 
above  cited  elemeots  of  the  reaistance  produced  by  friction,  require  to 
be  afiected  by  a  tarm  depfDiiog  upon  the  initial  velocity  of  the  water; 
and  according  to  some  recm^  inveatigationa  by  U,  Dupuit,  by  another 
term  depending  upon  the  material  of  the  pipe.  For  ordinary  purposes 
it  is  ofteo  not  necessary  to  take  these  causes  of  diminiahed  supply  "  ' 
account,  and  it  then  suffices  to  consider  that  the  quantity  of  n 
flowing  through  a  pipe  of  uoiform  diameter,  receiving  its  water  from  a 
reservoir  at  a  high  level,  aud  discharging  it  into  anotiier  reservoir  at  a 
lower  level,  the  pipe  being  without  any  change  of  direction,  may  be 


represented  by  Che  formula  4  = 


V^^"^' 


which  q  =  the 


over  the  lower  orifice  ;  D'-the  diameter  of  the  pipe;  and  c=»  coeffi- 
cient aacertained  by  ezpermaDt  when  the  velocity  of  flow,  per  second, 
is  as  follows ; — 


Vtbcitr. 

iindi. 

«lnoh. 

Blaeh. 

11  IneliM. 

10  ln.1....  I  78  40.11... 

.= 

ISCfl 

17-« 

is-ss 

ie-i« 

i»-M    1    ID-;* 

And  for  any  velodty  beyond  78  inches  per  aecoud,  c=31'043.  But 
this  formula  can  only  be  aj^lied  when  the  velocity  is  previously 
known ;  should  this  not  be  Uie  case,  or  should  it  not  be  ascertainable  by 
actual  observation,  it  may  be  calculated  by  a  second  formula  iu  whictl 

making  E=  -^^*11^(thepreviausnotaUon  being  retained),  then,  T,the 


'\/" 


X  ifi.     When  it  be- 


■  necessary  to  take  the  friction  on  the  aidee  of  the  pipe  Into 

_i   !.  -.   ...__i  i._  ..11-...    ..    ...     .,        'city  due  to  the 

expressing  it  iu 
terms  of  the  height  h  =  ~^,  then  a— — will  be  the  portion  of  the 

held  destroyed  in  producing  that  velocity,  or  the  loss  of  head  pro- 
duced by  the  friction.  Secondly,  if  we  oall  the  length  of  the  pipe 
A,  the  sectional  area  s,  the  wet  contour  o,  and  the  two  coefficients 
)  introduce  respectively,  a  and  b ;  the  expression 

would  beoome  o—  {i^+in);  and  we  diould  have 

I-— (c'-t-bv).    It  is  then  only  neoessary  to  asoartsin  ths 


them.  Id  this  state  of  uncertainty  it  is  suflScisnt  to  adopt  the  formula 
and  values  attached  to  the  coefficients  by  Welsbach,  in  his  '  Treatise 
on  Mechanics,'  because  the  f urmuhi  is  simple,  and  is  known  to  give  safe 
reaults ;  that  is  to  say,  resulte  which  are  rather  in  excess  of  those 
ascertained  by  direct  experimeot,  but  sufficiently  accurate  for  practical 
purpose*.    Weisbach  c^  the  losa  of  head  K ;  and  confining  lua  >tl«n- 
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tion  to  the  length  and  diameter  of  the  pipea,  he  makes  *'=fO-OH82-K 
0O17983\    I         t-     ^.  „  L  ■      .    , 

=—  1  -7-  .   — ;  ths  result  bemg  m  feet. 

^,     J   d        2g  ^ 

The  friction,  and  the  consequent  loss  of  head,  from  ths  existence  of 
bends,  is  found  to  be  in  a  certain  proportion  dependent  upon  the  ratio 
of  the  diameter  of  the  tube  to  the  radius  of  curvature  of  ita  axis. 

Navier  says,  that  the  furQiuhift,  =  —  (O'OOBei  +0-0188)  2  (in  which 

r  =  the  radius  of  the  curvature,  and  a  -  the  development  of  the  arc), 
will  repreaent  the  loss  of  head  thus  occasioned  ;  and  acconiing  to  him 
it  would  appear  that  h^  ia  proportional  to  the  square  of  the  mean 
velocity,  aod  to  the  length  of  the  arc ;  that  it  is  a  function  of  the 
radius  of  the  arc,  and  independent  of  the  diameter  of  the  pipea ;  and 
that  h,  decreasea  in  proportion  as  r  increases.  In  order  to  apply  the 
above  formula  to  the  case  of  side  mains  branching  off  from  a  leading 
mam,  it  is  neoeasaiy  to  adopt  the  following  ratios  between  the  diametera 
and  the  radii: 


Dlametn. 

1  to  1  In.      3  to  4  in. 

Oinohe.. 

.Slnch...  1'"^^ 

Bidlnsr      . 

1  ft.  «  to.  j  1  ft.  1  la. 

1  ft.  S  ia. 

Jft.sin.1    ./«.. 

The  mterforence  with  the  rete  of  delivery  of  a  pipe  by  the  gurgitation 
produced  by  the  chongea  in  the  conditions  of  flow,  may  praolicaUy  be 
neglected  in  the  calculations  for  proportioning  the  detaUs  of  a  t«wn 
distribution  ;  because  it  is  easy  to  effect  the  pumping  in  the  leading 
main  with  sufficient  ragularity  to  avoid  its  serious  occurrence,  and  to 
make  the  distributing  mains  large  enough  to  destroy  its  influence. 
Attention  has,  however,  been  called  to  this  interference  on  account  of 
the  lesson  it  afi-ords  of  the  danger  of  adhering  too  strictly  to  the 
dLmensioni  of  pipes  which  would  appear  to  be  indicated  by  abstract 
theoretical  hiws ;  and  of  the  uecesaity  which  exists  for  providing  for 
irregular  disturbing  causes.  There  is  another  danger  to  be  encountered 
in  the  delivery  of  water  through  long  leading  mains,  namely,  the 
danger  arising  from  the  accumulation  of  air  in  the  benda,  especially 
when  they  are  in  a  vertical  direction,  for  the  air  then  has  a  teudeoOT 
to  accumulate  at  the  summit  of  the  bend,  and  thus  either  to  dimini^ 
the  water  way,  or  even  to  stop  the  passage  of  the  water  altogether. 
The  remedy  for  this  evil  consists  in  the  establishment  of  air-vessels 
upon  the  summit  of  the  bends,  through  which  the  air  may  escape ; 
and  any  slight  retanlation  of  flow  created  by  tie  small  quantity  of  air 
left  in  the  water,  or  by  the  dead  weight  of  the  small  column  to  be  lifted, 
must  be  provided  for  by  increaaing  the  initial  velocity  of  flow.  In 
important  works  it  ia  customary  not  only  to  introduce  air-v«gels,  but 
also  pressure  regulators  at  the  summit  of  the  large  bends,  in  onier  to 
ensure  equality  of  flow.  Pig.  I,  represents  a  vei7  simple  air-ralve 
which  h»«  been  sucoesafully  appUed, 
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The  formula  for  calculating  the  discharge  of  pipes  under  certdn 

Bied  conditions  of  head  and  diameter,  coEise  to  be  appUcable  when 

ere  is  a  series  of  branch-mains,  sub-mains,  and  service- pipes  attached 

the  leading  main,  auoh  as  always  occurs  beyond  the  service  rsser- 

iiB,  or  the  first  point  of  distribution  in  a  town  supply.     In  fact  the 

dimensions  to  be  given  to  the  distributing  pipes  csn  nsidly  be  decided 

upon  otiier  than  upon  empirioal  principles,  and  long  experience 

better  guide  tn  these  matters  thali  any  abstract  theory.     The  met 

adopted  by  Mr.   Hawkslo;^  may  perhaps  bo  cited  as  the  one  mi 

generally  aatiafactory,  and  it  has  beeo  described  by  himself  by  sayii 

that  upon  the  constant  delivery  system  (in  which  the  pipes  are  alwayii 

ier  charge,  and  no  eistems  are  used),  he  divides  the  length  of  the 

in  in  a  street  into  portions  of  about  200  yards  each,  and  be  asaigni 

every  such  portion  the  quantity  of  water  it  woijd  be  likely  to 

require,in  proportion  to  the  population  to  be  aupplied  by  it,  oi 

-.-.     .,.  .  ,i_  '-i-iiniiantitviii  to  be  delivered  within  four  h 

I  feet  in  every  200  yardi;  and 
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■dopta.  In  wlculatiog  the  diMneten  to  be  givau  to  tlie  |apN,  th« 

(ormulai=  i-V  — ;  in  wluoli  4  =  tha   number   o£   pJloiU    to   bo 

delivered  ;  I  ^  the  leDgtb  of  the  main  In  yordt ;  h  ^  the  head  in  feet ; 
and  d,  the  diameter  required.  In  Inches.  In  CUudei'i  •  Formules  b 
runage  des  lngi5nieuri,'  there  Ib  to  bo  found  a  desorlption  of  a  more 
elaborate  and  theoretically  correct  methiMl  of  aacertalnirg  the  diameters 
of  Biib-maiDB;  but  it  U  so  much  more  complicated  than  the  one  used  by 
Mr.  Hawkaley,  that  it  will  sufBce  for  the  purposes  of  thia  Cyclopedia 
to  refer  the  rwder  to  the  work  in  which  it  a  explained. 

In  carrying  into  effect  a  town  distribution  it  is  neceasacy  fo  obaerye 
numerouB  precautions,  in  order  to  protect  the  pipes  from  injury  by 
eiteroal  duseii.  Thus,  wherever  gas-  aniJ  water-piprai  are  laid  in 
proiimity  to  one  another,  the  water-pipes  should  be  laid  at  a  lower 
feTcl  than  those  conveying  gaa.  In  EngLind  it  is  sufficient  to  place 
the  gaa-pipcs  at  about  two  feet  frem  the  surfftce  of  the  pavement;  but 
In  order  to  protact  the  water-pipea  from  the  effect  of  frost,  it  ia  neces- 
saiy  to  place  them  at  least  i  feet  below  the  aame  level ;  and  in  the 
latitudes  of  Berlin,  or  of  St  Peteraburg,  it  haa  been  found  that 
water-pipes  have  been  froien  at  even  U  feet  from  the  surface  of  the 
ground.  In  towns  wherein  the  street  traffic  is  exceptionally  heavy  ths 
vibrationa  of  the  ground  may  also  require  that  the  pipes  ahould  bo 
laid  at  a  considerable  depth,  and  indeed  this  detail  ma;  be  considered 
to  vary  in  almoat  every  caae.  It  would  appear  that  when  the  ppea 
■re  l:ud  at  about  i  feet  from  the  aurfaoe  in  our  latitudes,  the  tempe- 
rature of  the  water  as  it  leaves  the  pipes  will  be  aensibly  the  aame,  at 
■U  seasons  of  the  year,  with  ita  temperature  at  the  moment  of  entry, 
provided  the  moUon  bo  msjnlained  In  the  pipes  uniformly ;  and  it 
tiience  follows  that  one  of  the  beet  jirecautiona  which  can  bo  adopted 
against  frost  is  to  maintata  a  constant  circuUtion  in  the  pipes.  The 
dilatation  of  the  pipea  from  an  increase  of  temperature  must  be  taken 
into  account  in  laying  down  any  system  of  town  distribution  ;  and  it 
would  appear  from  M.  Girard's  direct  experiments  that  the  average 
rate  of  dilatation  ia  equal  to  O'0OOOO3OO!i28  of  a  foot  for  every  addi- 
Uonal  degree  of  Fahrenheit's  scale,  when  the  nipes  are  free,  and 
ill  the  open  air.  In  the  ground  M.  Oirard  found  that  the  temperatiu^s 
of  the  pipe?  were  functions  of  the  diHerence  of  tomperati 


waters  to  produce  deposits  in  the  pipes  they  traverse  must  also  b 
taken  into  account,  as  it  may  affect  the  discharge  In  a  very  seriouo 
manner ;  in  soma  inatancoo,  m  Yorkshire,  the  bores  of  the  leading 
mains  have  been  known  to  have  been  thus  diminished  In  a  few  years 
to  one  half  their  eectional  area  by  the  depoaition  of  the  hydrous  oxide 
of  iron;  in  mains  supplied  dheclly  from  chalk  or  limoirtone  apringa 
the  aame  effect  may  be  produced  by  the  deposition  of  the  bicarbonate 
of  lime.  M.  Payen  atates  also  that  the  slightly  alkaline  and  aerated 
waters  are  those  which  are  the  most  likely  to  produce  a  development 
of  tubercides  of  the  hydrous  oxide  of  Iran  in  the  interior  of  pipes 
of  that  metal;  and  that  the  oxidation  takea  place  more  rapidly  upon 
gray  cast-iron  than  upon  the  whiter  varieties.  It  appears  from  experi- 
ment, and  from  the  results  obtwned  in  practice,  that  by  coating  the 
interior  of  water-pipes  with  a  solution  of  hydraulic  lime,  or  with  lin- 
seed oil  containing  litharge,  the  formation  of  the  tuberculea  before 
mentioned  will  be  retarded ;  and  la  London  the  precaution  of  thua 
coating  the  pipea  is  univeimlly  adopted.  The  chloride  of  sodium 
when  present  in  tlie  water  in  small  quantities,  it  may  be  added, 
facilitates  the  formation  of  the  tuberculea. 

Until  within  a  few  years  the  distribution  of  water  to  the  private 
consumers  was  eiTected  by  the  intermittent  system,  or  by  means  of  a 
supply  passed  through  the  atreet-maina,  at  certain  hours  of  the  day, 
into  cisterns  placed  in  the  houaoa,  where  it  was  atored  for  domestic 
use  as  might  be  required.  The  cisterns,  in  such  coses,  are  made  with 
float-valvea,  auch  as  the  common  ball-cock,  jig.  2,  or  the  lever-valve, 
fy.  t,  which  duH  thn  dslivary-pIpM  when  tho  water  attains  deSnite 


WATEE  8UPPLT.  '- 

1  the  first  place,  there  is  so  much  careleHnew  in  the  rrowfyw  in  wL.:!. 
he  cisterns  are  flisd  and  maintained  in  order,  that  the  quality  of  Uu 
rater  Is  very  Uible  to  be  contacoinated  in  private  housee-  The  frn: 
■  ■  ,  in  &ct,  too  often  placed  close  to  wator-closeta  iw  ti'ij ; 

'is  water-doseU  often  iorm  ■  direct  oi>Dimi.^:> 


.hese  means  of  stopping  tha  supply  when  a 
sufficient  quantity  of  water  has  been  delivered,  the  cistcnis  ore  pro- 
vided with  an  open  overflow  pipe  connected  with  the  drain.ige  of  the 
s,  through  which  the  excegs  of  water  may  psM,  if  the  machinery 
.ct.    It  ia  found,  however,  that, 


for  intercepting  the  Sow  should  n 


tdon  between  the  pans  of  tha  cloeets  and  tho  water  in  the  cistemL  s: 
that  the  gases  from  the  one  must  escape  through  the  other ;  lie 
cisterns  ore  too  often  made  of  improper  materials ;  they  are  Wi 
expo<^  for  too  often  to  receive  atmospheric  impurities,  dudt,  or  toy.: 
and,  incredible  as  it  may  sound,  it  is  very  rarely  indeed  that  eisttr^- 
are  cleaned  out  from  one  year's  end  to  another.  The  beat  water  in  ih: 
world  su  treated  muat  be  rendered  more  or  lees  unfit  for  human  c .•■ 
sumption ;  and  it  was  principally  to  avoid  this  evil  that  the  conrt^ ; 
delivery  ayatem  was  introduojd,  avowedly  because  that  ayHtem  alkiB^.i 
the  cistema  to  be  dispensed  with  altogether.  But  it  waa  also  .if^eri:-! 
that  the  conataut-de livery  system  would  effect  an  economy  in  iJ.r 
supply  of  water,  because  it  is  found  practically  timt  in  the  loner  <:]v- 
of  dwcllinge  the  ball-cocks  are  either  stolen  or  tied  up,  so  that  il^ 
excess  of  water  waa  forcedly  passed  through  tho  ivaete-  or  overt^." 
pipe  during  a  great  portion  of  the  time  tho  street  maiiiB  were  un  if; 
charged.  Uafortimately  the  economy  has  not  been  attained  :  on  tb? 
contrary,  whenever  tho  water  aupply  of  a  town  haa  remained  ii 
the  hands  of  a  municipality,  it  ia  found  to  be  so  difficult  to  mainu^ 
the  necessary  control  aud  supervision  over  the  distributory  apfiant..-. 
that  the  waste  upon  the  constant- dehvery  aystem  haa  proved  to  \e  >■:. 
enormoua  that  the  system  haa  practically  been  abandoned  in  laiii; 
cases.  It  really  would  appear  that  the  only  means  by  which  the  abu-  - 
of  the  othorwioo  perfect  method  of  delivery  under  constant  pre-i'Jr'i 
could  bs  prevented  would  be  by  enforcing  tho  sale  of  water  l>y  raetiT ; 
and,  indeed,  as  water  ia  nearly  as  valuable  as  gas,  there  can  Le  Q'l 
reason  for  selling  the  one  by  measure  and  not  the  other.  G.-ia.  ia 
London,  costs  4i.  Hd.  per  lOOU  cubic  feet;  water,  at  the  rats  of  6d.  pa 
1000  gijlons,  costs  St.  I'SSif.  per  1000  cubic  feet.  But  hitherto  n' 
water-meter  has  been  devised  by  means  of  which  the  water  can  be 
meaaured  without  intercepting  t^e  pressure  ;  so  that  at  present  thai 
appears  to  be  an  atuioat  insuperable  difficulty  In  the  way  of  the  intio 
ductjon  at  the  conatant-dehvery  syatem  in  many  towns  about  to  con- 
struct water-works  de  w>vo.  In  towns  like  London,  the  difficul(i» 
which  would  attend  the  modifications  of  the  eusting  domaatjc  arraoi*- 
menta  of  the  water-pipes  would  be  so  great,  that  it  ia  to  be  feareil  thf 
present  evils  of  ths  mtermitlent  system  will  continue  to  be  borne  l\^ 
many  years  still  to  come. 

Tha  water  supplied  to  houses  is,  generally  apeaking,  conducted  fro^o 
the  street-mains  to  the  cisterns,  and  thenoe  distributed  where  requinii 
by  means  of  leaden  pipea,  on  account  of  the  ease  with  which  they  can 
be  bent,  so  aa  to  accommodate  themselves  to  the  construction  of  llie 
house.  Some  waters,  however,  espocially  those  containing  free  carbonic 
acid  gas  In  auapenaion,  act  upon  the  lead  with  remarkable  energy  ;  and 
inatancea  of  lead  poisoning  are  by  no  meona  uncopunon  n-hen  tli! 
watera  distributed  ore  i-emarkably  soft.  When  waters  exposed  to  thu 
danger  muat  be  used,  it  ia  neceaaary  to  employ  either  WTOug:ht-Iron,  <ir 
tin,  or  composition  service-pipes ;  but  these  tvutere  are  far  from  being 
innocuoua,  even  to  these  aiibstitutes  for  the  more  flexible  material.  Ic^il 
The  only  other  general  remarks  to  be  mode  with  respect  to  huu^e- 
distjibution  of  water  are  ;  1,  that  the  apparatus  for  drawing  the  wat^ 
should  be  of  such  a  nature  aa  not  to  produce  a  hydraulic  jar  on  il£ 
being  opened  or  closed ;  2,  that  the  pipea  should  not  be  placed  so  .-u  tu 
posed  to  tlie  permeation  of  gases,  or  to  the  effects  of  heat  oi 


formula  x  =  El. ,  in  which  z  =  the  thioknees  sotight,  p  =  the  pressure 

in  Iba.  per  superficial  inch,  r  =  the  radiua  or  half  the  internal  dlamet^ 
of  the  pipe  ia  inches,  and  <^  =  the  cohc^ve  strength  of  the  metal  ivr 
auperficial  iadi.     Mr.  Uawiisley  makes  the  thicknesses  of  hin  cnEt-iiMu 

Eipes  equal  to  O'lSvrf,  or  about )  of  the  aquare  root  of  the  diamiltr. 
n  practice,  lead-pipes  aro  made  equal  to  ^rf  in  amsll  pipea,  and  to  ^/i 
in  very  large  ones. 

The  quantities  of  water  required  for  the  varioas  detaila  of  domeslie 
distribution  ore  as  follows  : — 
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WATEB-WHEELS. 


WATER-WHEELS. 
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A  bath  reqnlrefl,  «aeh  time  it  1«  oaed,  about 
A  hone  requires,  per  day    .        . 
A  two  .wheeled  priyate  carriage,  per  day   . 
A  four-wheeled  „  », 

Each  individual  in  a  house,  „    . 

A  water-clocet,  every  time  it  is  used     . 
A  yard  superficial  of  garden  ground 
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galiont. 

.  16i 

i» 

.     9 

»t 

.  17 

ft 

4to8 

tt 

.     1 

gallon. 
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A  yard  superficial  of  roadway,  every  time  it  ia  Avatcicd  0*23 
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Generally  speaking,  the  charge  for  a  house  supply  is  based  upon  its 
estimated  rental,  in  England  at  least,  and  it  very  rarely  attains  5  per 
cent,  on  that  value.  But  an  additional  charge  is  made  whenever  more 
than  one  water-closet  is  in  the  house  ;  when  fixed  baths  are  used ;  for 
coach-houses  and  stables,  according  to  the  number  of  carriages  and 
horses;  and  for  gardens.  Such  trades  as  tanners,  fellmongers, -hair- 
washers,  curriers,  glue-makera,  dyers,  halters,  brewers,  distillers,  manu- 
facturers, inns,  public  bftths,  and  steam-engines,  are  considered  as  large 
consumers,  and  are  usually  supplied  with  water  by  meter.  The  price 
under  the  latter  arrangement  is,  in  London,  about  6d.  per  1000  gallons. 
The  supply  of  water  for  the  extinction  of  fires  is,  in  this  country,  cast 
upon  water  companies ;  and  it  appears  that  in  the  New  River  district 
of  London  there  is  at  least  one  fire-plug  in  every  length  of  sub-main 
equal  to  73  yards,  on  the  average ;  on  the  great  mains  there  is  a  plug 
to  every  157  yards.  For  the  purpose  of  street- watering,  stand-pipes 
ought  to  be  placed  at  distances  of  about  500  yards  apart :  in  oiir 
climate  it  appears  that  the  streets  require  watering  between  120  and 
135  days  in  the  course  of  Uie  year,  somethnes  even  twice  in  the  day. 
The  quantity  of  water  varies  with  the  nature  of  the  road-surface ;  and 
where  nicety  of  calculation  is  required,  it  may  be  considered  that  600 
square  yards  of  macadamised  road  will  only  require  one  ton  of  water, 
where<i3  400  square  yards  of  paved  road  will  require  that  quantity. 
It  may  be  added,  that  the  street-plugs  (the  borne  fontaines)  used  in 
Paris  to  cleanse  the  channels  are  usually  placed  at  distances  of  about 
140  yards,  and  that  they  discharge  at  intervals  during  the  day  a  total 
quantity  of  water  equal  to  650  ^lons  each :  more  than  half  the  total 
t^upply  of  Paris  is  thus  poured  into  the  streets. 

It  would  be  idle  to  give  any  statistics  of  the  capital  invested  in 
water-works,  either  in  England  or  elsewhere,  because  new  works  of 
this  description  are  being  constantly  undertaken.  In  London  alone 
the  capital  invested  in  the  various  Water- Works  Companies  cannot  be 
considered  to  be  much  less  than  eight  millions  sterling;  and,  as  a 
general  rule,  it  would  appear  that  the  average  cost  of  conducting  a 
water  supply  to  the  doors  of  the  houses  in  a  town  varies  between  2/. 
and  Zl.  per  head  of  the  population  ;  whilst  the  house  distribution  gives 
rise  to  a  further  outlay  varying  from  AL  to  202.  per  house,  according  to 
it»  character  and  to  the  system  of  distribution  adopted.  In  newly- 
established  works,  the  constant-delivezy  system  admits  of  considerable 
economy  in  this  respect.  Of  late  years,  also,  it  may  be  added  that 
more  attention  has  been  paid  than  was  formerly  the  case  to  the  pressure 
imder  which  water  is  delivered  in  towns ;  and  that,  to  a  great  extent, 
the  distinction  between  high  and  low  service  has  ceased  to  exist.  In 
new  wurks  the  mains  are  always  laid  under  such  conditions  of  pressure 
upon  the  water  they  contain  as  to  cause  the  latter  to  flow  in  the  loftiest 
rooms  of  the  loftiest  houses  in  the  respective  towns. 

In  Kobison's '  Mechanical  Philosophy,'  in  Playfair's  '  Lectures,*  in 
Jamieson*s  '  Mechanics  of  Fluids,'  Weisbach's  '  Mechanics  of  Machinery 
and  Engineering,'  D'Aubuisson's  *  Hydraulique,'  Qeniey's  *  Essai  sur 
les  Moyens  de  conduire  et  Clever  les  Eaux,'  Darcy,  '  Sur  les  Fontaines 
Publiques  de  la  ville  de  Dijon/  Dupuit's  '  Essai  siur  la  conduite  et  la 
distribution  des  Eaux,'  and  dispersed  throughout  the  various  Blue- 
Books  and  Parliamentary  Evidence  upon  the  subject  of  town  water 
supplies,  much  information  upon  the  practical  details  of  that  branch  of 
the  municipal  service  is  to  be  found.  Unfortunately,  there  is  no  work 
in  English,  treating  this  subject  exclusively,  which  can  be  considered 
to  be  of  any  value ;  and  the  reader  cannot  be  too  seriously  warned 
agaiost  accepting,  absolutely,  any  of  the  doctrines  lately  promulgated 
here  "  by  authority."  The  French  writers  upon  hydraulics  are  still 
those  who  are  to  be  the  most  implicitly  followed  in  matters  of  theory ; 
the  practice  of  the  best  English  engineers  in  matters  of  working  detail 
must  be  consulted,  in  spite  of  the  official  censure  passed  by  a  class  of 
empirics  who  seem  to  have  objected  to  eminent  engineers  solely  because 
they  were  eminent.  Dwyer's  '  Hydraulic  Engineering,'  Neville's  *  Hy- 
draulic Fonnuhe,*  Dowuing's  '  Practical  Hydraulics,'  and  Beardmore's 
'  Hydraulic  Tables,'  may  also  be  consulted  with  advantage. 

WATEH- WHEELS.  The  machines,  by  means  of  which  the  weight, 
or  the  impulse  of  water,  is  converted  into  circular,  vertical,  or  hori- 
zontal motion,  are  known  in  mechanics  by  the  name  of  tDcUer-ioheels ; 
and  as  the  power  thus  employed  is  furnished  by  nature,  and  requires 
but  Uttle  outlay  to  be  rendered  available,  these  machines  have  at  all 
times  attracted  much  attention  from  the  manufacturing  interests. 
They  are  of  various  descriptions,  according  to  the  conditions  under 
which  the  waters  flow,  or  the  uses  to  which  the  power  thus  converted 
is  to  be  applied ;  but  they  are  all  alike  in  this  respect,  namely,  that 
the  motion  they  receive  is  always  circular,  whereas  in  the  other 
modifications  of  water-power,  the  motion  is  rectilineal,  and  alternate. 
Water-wheels  are  in  fa^  subdivided  into  those  with  floats  or  blades ; 
and  those  with  buckets.  The  wheels  with  floats  are  divided  into 
the  classes  which  have  either  straight  or  curved  floats;  and  into 
those  working  in  free  water,  in  races,  or  water  troughs  either  straight 


OP  curved.  The  backet-wheels  may  be  adapted  to  receive  the  water 
at  the  summit,  or  at  an  intermediate  point  of  their  height ;  but 
the  float-wheels  are  exduaivelv  of  the  kind  known  as  the  wUUnko^ 
whedi,  whilst  tiie  bucket- wheels  are  either  overflAo^  or  hreoit-wheels ; 
the  latter  distinctions  depending  tipon  the  height  at  which  the  water 
strikes  the  wheel,  for  in  the  widenhol^heeU  the  water  acta  below  the 
horiaontal  line  passmg  through  the  centre  of  the  wheel :  in  the  over- 
sM-wKed  it  acts  above  the  said  horizontal  line,  and  on  the  downside 
(to  the  current)  of  the  vertical  line  passing  through  the  centre :  and  in 
the  bretui'Vhed  the  water  acts  at  a  variable  angle  above  the  horizontal 
line  through  the  centre,  but  on  the  same  side  as  the  stream  flows 
naturally.  In  addition  to  these  are  the  horizontal  wheels,  which  are 
either  set  in  motion  by  an  isolated  vein  of  water,  or  are  phiced  in  a 
cylinder,  or  are  placed  around  a  cylinder  conducting  the  water,  in  the 
manners  already  described  imder  Tuubines.  Sometimes  a  modifica- 
tion of  the  overshot-wheel  is  used,  under  the  name  of  the  6acjk8Ao^ 
wKed,  in  which  the  water  is  carried  beyond  the  summit,  and  thence 
returns  to  strike  the  wheel  at  a  point  situated  a  little  below  that  level, 
on  the  upper  side  of  the  vertical  line  passing  through  the  centre  of  the 
wheeL 

The  parts  of  a  water-wheel  and  its  adjuncts  which  it  may  be 
desirable  to  define,  are  as  foUows.  In  the  water  channel  there  is, 
generally  speaking,  a  mUlhead,  with  tumbling  bay  and  waste  weir  to 
regulate  the  supply  of  water  to  the  fwcMy,  or  the  channel  leading  the 
water  directly  upon  the  wheel ;  this  fore-bay  has  a  hatch^  or  sluice,  by 
means  of  which  the  quantity  of  water  faUing  upon  the  wheel  can  be 
regulated  at  will.  The  mdU-race  is  the  part  of  the  channel  immediately 
under  the  wheel ;  the  tail-bay  la  the  part  by  which  the  water  escapes 
after  it  has  produced  its  eflFect.  The  wheel  conasts  of  a  shaft,  upon 
which  are  fastened  the  arms,  bearing  in  their  turn  the  periphery,  to 
which  are  attached  the  Jloats  or  the  buckets  ;  sometimes  this  periphery 
is  close  boarded,  or  soled,  sometimes  it  has  openings  for  the  purpose  of 
ventilating  the  buckets ;  the  sides  of  the  buckets  which  keep  the  water 
upon  the  wheel  are  called  the  shrouds.  The  motion  is  taken  off  from 
the  wheel  either  by  gearing  working  upon  the  segments  of  the  wheel, 
I  or  by  first  motion,  or  bevifled  wheels  fixed  upon  3ie  axle ;  the  last  are 
generally  known  by  the  name  of  pU-wheels, 

Formerly  the  vertical  wheel,  with  straight  floats  working  in  a  straight 
mill-race,  was  the  description  of  undershot-wheel  most  generally 
adopted,  but  it  is  now  seldom  used,  unless  in  cases  where  there  is  an 
abundance  of  water,  and  a  fall  not  exceeding  five  feet  {fg.  1.)     In 
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these  wheels,  the  water  acts  entirely  by  its  shock,  and  evidently  this 
must  be  proportionate  to  the  velocity  with  which  it  issues  from  the 
hatch,  under  the  pressmre  of  the  head  in  the  fore-bay.  The  distance 
between  the  hatch  and  the  wheel  must  therefore  be  made  as  small  as 
possible,  because  the  water  in  spreading  out  in  the  mill-race  is  exposed 
to  lose  a  portion  of  its  velocity.  The  fore-bay  should  be  made  with 
converging  sides,  upon  the  principle  of  ordinary  conical  ajutages,  wider 
towards  the  dam  than  to  the  sluice ;  and  from  Ponoelet's  experiments, 
it  would  appear  that  a  ^eat  increase  of  useful  effect  is  obtained  by 
making  the  hatches  inchne,  so  as  to  offer  an  angle,  towards  the  dam, 
of  45*".  Immediately  beyond  the  centre  line  of  the  wheel,  the  race 
must  fall  away,  so  as  to  leave  a  more  uninterrupted  discharge  into  the 
mill  tail ;  its  width  must  be  regulated  by  the  quantity  of  water  to  be 
discharged,  because  it  is  found  practically  that  the  depth  of  the  stream 
ought  not  to  exceed  10  finches  when  ^e  course  is  clear;  the  depth 
also  should  never  be  less  than  6  inches,  and  in  order  to  lose  as  little 
of  the  water  as  possible,  the  space  between  the  outer  edge  of  the  wheel 
and  the  mill  floor,  should  not  be  more  than  4  or  }  of  an  inch.  In  the 
most  carefully  constructed  mills  at  the  present  day,  a  great  improve- 
ment in  the  efficiency  of  the  wheels  is  obtained  by  giving  an  inclination 
to  the  floor  of  the  race  from  the  hatch,  to  the  level  of  the  lower  edge 
of  the  second  float  on  the  upside  of  the  vertical  diameter,  of  about  1 
in  12,  or  1  in  15;  the  bottom  then  curves  away  from  that  point,  oon- 
centrically  to  the  wheel,  until  it  meets  the  vertical  diameter  line 
prolonged ;  and  it  then  tilh  away  with  a  sudden  drop  of  4  inches,  and 
every  precaution  is  taken  to  ensure  the  rapid  withdrawal  of  the  tail- 
water.  The  width  of  the  race  is  made  somewhat  smaller  than  that  of 
the  floats  until  a  short  distance  before  the  position  of  the  wheel ;  and 
beyond  the  centre  line  it  widens  out  still  more  than  the  width  of  the 
floats. 

As  the  water,  on  escaping  from  the  hatch,  heaps  up  against  the  float, 
the  latter  must  be  made  deeper  than  the  normal  thickness  of  the  fluid 
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Teiu ;  uid  genenJIy  Bpnking  this  la  effeoted  by  ""^'"g  the  9<wts 
about  three  times  Uie  depth  of  the  water  in  the  noe,  provided  the 
width  doea  not  exceed  2  feet,  or  2  feet  2  inoheB.  The  dietance  from  one 
float  to  another  ehould  be  rather  len  than  the  depths  of  the  floats, 
their  Dumber  being  regulated  principally  by  the  purposes  to  which  the 
machinery  ii  to  be  spptied.  The  diameter  of  the  wheel  is  filed  in 
meet  coses  by  the  number  of  rerolutions  it  may  be  required  to  perform 
in  a  giveu  time,  in  order  to  drive  the  connected  machineiy  at  the 
desired  speed,  and  with  the  interrention  of  the  smallwt  number  of 
parte ;  and  to  a  certain  eitent  it  is  desirable  to  make  the  wheal  act  as 
a  fly-wheel,  to  reguUte  the  movement  of  the  machinery.  In  the  beat 
wheels,  the  velocity  of  the  eitremity  of  the  floats  is  made  v  ^  1'7  V^, 
in  which  v  =  the  velocity,  and  B  =  the  taU  of  water ;  and  the  diameter 

ia  made  d  =   -—  V  h,  in  which  n  =;  the  number  of  revolutions  per 

minute ;  and  j>  =  the  diameter  sought :  it  is  rarely,  however,  that  the 
diameter  of  undershot-wheeU  varies  beyond  the  respective  Umits  of  18 
and  26  feet.  The  numbers  of  floats  usually  adopted  are,  for  the  dia- 
meters given,  aa  foUows  :  they  are  multiples  of  four,  because  millwriBhta 
prefer  distributing  them  equally  upon  tlie  quadrants  of  the  wheel;  out 
it  is  to  be  understood  that  the  number  may  be  increased  without 
inconvemenca,  if  such  a  course  were  desired. 
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It  is  found  theoretically  that  an  imdenhot  water-wheel,  in  which 
the  water  thus  acts  by  its  shock  upon  Soata  working  in  a  stiaight  mill- 
race,  only  yields  an  efficient  power  equal  to  half  the  dynamical  effort 
exerted  upon  it,  even  under  the  most  favourable  circums^ncea.  But  in 
practice,  Smeston's  experiment  appear  to  show  that  the  useful  results 
rarely  attain  even  that  value ;  and  that  colling  the  weight  of  water  F, 
and  the  height  of  the  fall  a,  the  r«al  oSect  doea  not  exceed  0-25FB. 
The  useful  effect  of  these  wheels  ia,  therefore,  very  small ;  but  the 
facility  they  present  for  variotioDs  iu  the  diameters  of  ue  wheels,  and  in 
their  velodtiea,  renders  them  at  times  advantageous,  when  aD  unlimited 
Bitpply  of  water  is  at  band. 

In  tha  previous  remarks  it  was  obesrved,  that  the  useful  effect  of 
the  undeishot-wheel  waa  improved  by  making  the  nce  cODcenbic  to 
the  outer  circumference  of  the  wheeL  The  gain  thus  secured  ia  propor- 
tionate to  the  arc  enclosed ;  and  the  practice  at  the  present  day  is, 
therefore,  to  make  that  arc  as  htrge  as  the  fall  will  allow  {Jig.  2),  and 


about  half  an  inch  is  left  between  the  circumference  of  the  wheel  and 
the  aiuiace  of  the  enclonng  arc  of  the  nee  j  the  width  of  the  atrcsm 
mads  such  as  to  allow  it  to  fall  on  the  wheel  with  a  thicknna  of  abo 
8  inches,  and  the  diameter  and  number  of  the  Boats  arc  calculated 
before.  The  useful  effect  of  these  wheels  ia  said  to  range  betwe 
O'SO  and  O'GSf  U.  H.  Poncelet  has,  however,  increased  still  moro  t 
nailing  the  floats  i 
Ir  number.     He  oonSnea  the 


diSoulito  secure  from  the  best  undenhot-wheels  a  greater  uaeful 
effect  than  ia  represented  by  0-60  F  b. 

A  apecies  of  undershot-wheel  is  sometimes  used  upon  rivers,  wbicb 
oonaiBtB  of  a  vertical  Boat-wheel  worked  by  the  current  of  the  river,  or 
even  occouonolly  by  the  tide.  The  diameters  of  these  wheels  ore  rarely 
of  considerable  dimenaicns,  and  the  proportion  of  the  useful  effect  to 
the  power  actually  exerted  is  but  small ;  nevertheleas,  theee  wheels  are 
extremely  useful  in  new  countries,  and  they  present  one  great  advatn- 
tage  from  the  fact  of  their  not  interfering  in  any  way  with  the  natural 
drainage  conditions  of  a  locality,  as  the  other  classes  of  mills  with 
hewls  aud  dams  almost  iuevitably  do,  from  their  upholding  the  water. 
[Tidal  Whebl.] 

The  vertical  owrib>l-wA«&  with  buckets,  fig.  S,tin  thoaa  in  if  hich 


the  water  is  carried  over  the  lop  of  tha  wheel,  and  then  made  to  strike 
the  bucketa  upon  the  side  of  the  mill-tail,  ao  that  the  descent  of  the 
wheel  ia  caused  by  the  weight  of  the  water  on  the  unbalanced  aide ;  the 
shock  of  the  falling  wat«r  odding  slightly  to  the  motive  power.  As  io 
ordinary  undenhot-wheels,  the  ovciohot  ones  consist  of  the  nil'',  onus, 
rim,  shrouda,  sole,  and  bueketa ;  which  may  be  of  wood  or  of  iron, 
according  to  the  rceouniee  of  the  locality  where  the  mill  is  to  be 
erected  ;  the  advantage  iu  the  use  of  iron  consisting  in  the  facility  nitt 
which  the  buckets  cau  be  worked  to  the  best  thmretical  outline,  and 
in  its  durobility;  the  advantage  of  wood  oonaisting  in  ila  primary 
economy,  and  its  focality  of  repair. 

The  number  of  buckets  oa  an  overshot  water-wheel  is  determined 
upon  the  following  scale,  which  is  found  practically  to  be  the  moat 
Bucceesful,  namely,  the  diamoter?  being  given,  the  number  becomes — 
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That  ia  to  say,  assuming  the  depth  of  the  shrouds  to  be,  aa  it  uiuaUy 
is,  12  inches,  and  droning  a  circle  at  one-third  of  that  depth,  meuuring 
from  the  inside,  the  bueketa  are  apsoed  upon  that  ciicle  at  dialacces 
apart  of  13  inches,  aa  nearly  aa  maybe.  The  length  between  the  ahrouda 
will  be  determined  by  the  quantity  of  water  they  have  to  deliver ; 
and  it  ia  desirable  not  only  to  make  the  capacity  of  the  buckets  auffi' 
cient  to  receive  all  the  water  which  may  posa  into  them  from  the 
hatch,  but  alao  to  make  their  capacity  equal  to  three  timet  thil 
volume,  or  the  water  would  have  a  tendency  to  aplaah  over,  sod  lo 
escape.  Generally  apeakiug,  the  water  ia  carried  over  the  top  of  tha 
wheel,  at  a  slight  distance  from  it,  and  ia  made  to  strike  the  eecund  or 
third  bucket  beyond  tie  summit,  at  about  2  feet  from  the  vertical 
line  possiag  through  the  centre ;  because  it  ia  considered  ^t  tha 
shock  Uiua  obtained  increaaea  the  dynamical  force  ot  the  water.  A 
more  important  precaution  still  than  either  of  those  nsoied  above, 
conaiala  in  the  provision  of  means  of  escaps  for  the  air  oontainwl 
originally  in  the  bucket,  or  carried  down  by  the  falling  watar;  unl 
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one  of  the  greateot  improvQTaenU  flSect«d  of  Idita  years  in  the 
strugtion  of  oTerahot  vator-wheeU  coTuiiibed  in  the  introduction  by 
Mr.  Fairbaini  ot  the  Tentilating  buoketa.  The  diamatar  of  the  wheel, 
of  courae,  ahould  be  made  aa  nuarly  aa  poHmble  equal  to  the  height  of 
the  fall,  and  the  velocity  of  the  wheel  kept  to  about  the  rate  of  3  feet 
per  aecond,  measured  on  the  outer  edge.  A  greater  velocity  would  pro- 
duce a  centrifugal  force  ia  the  water  contained  in  the  bucket*,  which 
would  to  some  extent  diminiah  the  useful  effect  of  the  wheel.  The 
best  oversLot' wheels,  in  whioh  the  water  ia  conducted  upon  the  wheel 
carefully,tand  the  tail-bay  of  the  channel  built  ao  aa  not  to  interfere 
with  the  eecape  of  the  water,  yield  an  effective  result  of  076  pa  ;  and 
they  are,  therefore,  constantly  used  when  a  sufficient  fall  can  be 
obtained  for  their  establiahnteat.  In  some  mining  districts  overabot- 
wheelB  of  aa  little  as  S  feet  in  diametffi-are  used;  but  they  do  not  yield 
even  ao  good  results  as  the  beat  breaat-wheela  in  cloae  raoea.  A  fall  of 
16  fset  aeema,  in  fact,  to  be  about  the  minimum  fall  able  to  produce 
the  full  amount  of  dynamical  forco  an  overahot-wheel  La  able  to  yield. 
Ah  to  the  batkihol-uihali,  they  do  not  ioTolve  any  other  piindple  than 
the  DTeiBhot-whsels ;  nor,  indeed,  an  they  be  eonaidered  to  offer  any 
advantage  over  the  latter,  unleaa  in  aome  peculiar  cases,  wherein  the 
mntiun  of  thvmachinery  may  require  the  revolution  ot  the  wheel  to 
take  place  in  one  particular  directioo ;  and  wherein  the  water  is 
required  to  be  brought  upon  the  back  part  of  the  wheel-  Sometimes, 
it  may  also  be  added,  there  may  be  an  advantage  gained  by  the  use  of 
the  backahot-wheet,  if  the  tail-bay  should  be  eipoaed  to  be  Booded,  or 
to  receive  backwater;  becauae  in  auch  a  case  the  revolution  of  the 
wheel  would  atill  be  in  the  direction  of  the  natural  current,  and  the 
backwater  would  not  oppose  tie  passage  of  the  bucketa  ao  aerioualy  aa 
would  be  the  case  with  a  true  overshot- wheel. 

The  bnail-icheeU  are  those  in  which  the  water  alrikes  the  wheel  on 
the  upside,  at  a  point  Intermediate  between  the  vertical  and  tie  bori- 
zonUi!  lines  paaaing  through  its  centre ;  and  they  ore  made  with 
buckets  of  analogous  forma  to  those  of  oveishot-wheela,  in  order  to 
retain  the  load  on  the  aide  receiving  the  water  as  long  as  possible,  and 
having  the  same  provisions  for  relieving  the  air,  and  tor  obviating  the 
effects  of  the  centrifugal  force  ot  the  watar.  In  small  wheels  the 
water  strikes  the  buckets  at  an  angle  of  about  40°  from  the  vertical 
line  :  in  large  ones  the  angle  may  be  30°,  although  some  ,conatruat<ira 
make  it  aa  much  aa  52*  for  wheels  of  20  or  30  feet  in  diameter. 
Evidently,  however,  the  efficiency  of  a  hreaat-wheel  must  depend  upon 
the  lengUi  ot  time  it  can  retain  the  water  on  the  loaded  side,  and  the 
higher  the  point  of  impact,  the  greater  must  be  the  effect;  in  other 
worda,  a  wheel  receiving  the  water  only  a  little  above  the  centre  line, 
the  loaded  arc  beeomea  ao  small  se  to  prwluce  very  trifling  resull«.  If 
then  the  fall  should  not  exceed  8  feet,  it  would  be  preferable  to  adopt 
an  undershot-wheel  working  in  a  close  race,  rather  than  a  hreaat-wheel; 
beCiiuss  it  would  allow  the  application  of  a  larger  flist-motion  wheeL 
SViti  a  good  fall,  and  with  well  propoitioned  bucketa,  (he  useful  effect 
of  the  hreaat-wheel  ia  often  as  high  as  0'70  fh. 

In  aome  parta  of  southern  Europe,  where  akilled '  labour  ia  not 
eaaily  obt»ined,  and  the  work  required  to  be  performed  is  of 
a  very  aimple  nature,  a  number  of  water-mills  oiiat  in  which  the 
wheel,  instead  of  being  phwed  vertically,  is  placed  horizontally,  and 
tie  mit]-etones  for  com  or  oil  grinding  are  keyed  at  once  upon  the 
vertical  shaft  of  the  mill.  Some  of  these  machines  have  a  series  of 
blades  so  placed  upon  the  shaft,  and  with  respect  to  the  vein  ot  water 
striking  them,  (uid  it  ii  generally  the  case  that  the  water  is  oonductad 
for  this  purpose  in  a  pipe,)  that  the  shock  takes  effect  normally  to  the 
plane  of  the  blades.  The  corn-mills  ot  the  Saracena  were  made  in 
this  manner,  and  (ho  peasants  of  Oalicia  retain  them  to  the  present 
day;  but  the  efficiency  of  these  rude  machines  depends  entire^  upon 
tie  height  of  the  fi^  diapoaable,  and  Che  useftU  result  obtaoned  is 
rarely  as  much  aa  0'15  pa;  so  that  these  mills  are  never  seen  in 
highly  civilised  districts.  On  the  banka  ot  the  Garonne,  Tamo,  Lot, 
Ao!,  numerous  mills,  such  aa  those  represented  in  J^.  S,  m  tu  bo  aeuu 

Fig.  «. 


The  wheeiaare  usually  8  feet  i  inches  in  dlsmeter.and  10  inches  deep 
pl.iced  at  the  bottom  ot  s  cylinder  about  7  feet  6  inches  deep,  and 
3  feet  4]  inches  in  diameter.  A  channel  gradually  tlimini.i>||Tig  jq 
width,  aa  ahown,  admits  water  at  the  sids  of  Uie  cylinder  above  the 
wheel,  and  tho  water  escaping  from  tis  aluice  with  violence  acquirta, 
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in',itB  course  round  (he  cylinder,  a  ceDtritugal  force  which  sots  sgainst 
the  curved  blades  not  only  by  its  Imfiulse,  but  by  its  weight.  There 
are  many  localities  where  wheelsof  this  deacripdon  would  be  o(  value; 
but  even  when  the  wheels  ars  made  of  tie  best  form,  the  useful  effect 
they  produce  does  not  exceed  0'25  tu,  and  it  is  very  rarely  that  they 
attain  more  than  018  PH. 

The  rtaaum-vhttlt  are  tioas  in  which  the  water  is  allowed  to  eso^ 
through  apertures  upon  a  vertical  shaft,  in  audi  a  msnoar  as  to 
develops  a  force  in  the  reverse  direction  ot  the  outflow,  which  is  cmi- 
able  of  being  converted  into  a  movement  o(  rotation.  Barker's  ■"'", 
those  designed  by  de  la  Cour,  and  by  d'Bctor,  were  based  upon  this 
principle ;  but  the  useful  results  they  have  produoed  have  not  been 
auch  as  to  lead  to  their  practical  application.  They  are  in  &ct  little 
better  than  philosophical  toya. 

It  may  Anally  be  atuted  that  in  the  present  atate  of  the  aria  of  oon- 
■truction,  the  undershot-whesla  with  straight  floats  wor^dng  in  a  cicas 
moo  are  those  which  are  the  most  adapted  to  faUs  of  betnasn  4  feet, 
and  S  feet  6  inches ;  the  underahot-wheels  with  curved  floats  ore  the 
most  advantageous  when  the  fall  does  not  eiceed  6  feet.  Bucket- 
wheels  are  desirable  when  the  fall  exceeds  10  feet,  and  is  lees  than 
16  feet ;  and  when  tho  supply  is  variable,  it  ia  preferable  to  use  the 
breast-wheel  rather  than  tie  overshot  one :  the  breast-wheela  at  all 
times  suffsr  less  from  backwater  than  any  other  form  of  wheel.  Over- 
shot-wheels  are  generally  used  when  the  fall  ranga  between  16  and  ■ 
to  feet ;  above  the  latter  fall  there  are  decided  advantages  in  the  use 
of  the  turbine,  which  certainly  has  a  remarkable  power  of  adaptation 
to  varying  conditions.  U.  Foumeyron  executed  one  turbine  with  K 
head  ot  E>  inches,  and  another  with  a  head  ot  not  less  than  3S4  feet. 
Hr.  G.  Rennie  states  that  the  coefficients  of  the  useful  effects  of  th« 
various  desoriptiona  of  wheels  are  found  in  practice  ts  differ  slighlJy 
fiom  those,  quoted  above ;  and  that  they  cannot  vrith  safety  be 
token  at  more  than,  in  overahot-wheels,  from  0-60  to  0-80;  in 
breast-wheels  from  0-45  to  0-  SO :  and  in  undenhot-wheels  from  0-2T 
to  O'SO. 

(Smeaton,  On  At  Poaer  o/  MiU*;  Banks,  Trtalite  on  MiOt: 
Buchanan,  PractUat  Trtatit  <m  Hill  Work;  papers  by  Pairbalni, 
Glynn,  kc;  d'Aubuisson,  TraiU  d Hydrafdiqat ;  Morin,  Z<^ni  tU 
Micanique  Pratique;  Belidor,  Euler,  Navier,  Boasut,  Coriolia,  *o.; 
Reptrtoryaf  AtU:  Trantartiotu  of  Ou  Franklin  IntUatim,  ka.,  &t^) 

WATEKINQ,  in  Horticulture,  the  process  of  applying  water  arti- 
ficially to  phuits.  Water  in  a  greater  or  leas  quantity  is  necenai?  to 
the  existence  of  the  whole  vegetable  kingdom  :  not  ordy  do  the  ele- 
menta  of  water  enter  into  the  composition  of  the  tissues  of  plants,  but 
by  its  agency  the  various  saline  ingredients,  as  well  m  certain  gaae* 
that  enter  into  the  composition  of  vt^table  tissues,  are  carried  into 
the  plant.  Water  also  exerts  an  influence  on  tie  temperature  of  tie 
soil  and  of  the  plants  to  which  it  ia  applied.  It  is  on  tboe  accounts 
that  the  application  ot  water  to  plants  is  an  important  process  in  horti- 
culture, more  especially  in  the  hothouse  and  greenhouse.  During 
winter  plants  require  little  moisture,  as  the  processes  of  life  are  at  *>"*■ 
period  very  inactive,  but  at  the  same  time  a  small  quantity  ia  required 
in  order  to  meet  the  demands  of  approaching  activity.  If  plants  an 
supplied  with  too  much  water  during  winter,  their  tissues  beoome 
distended,  and  the  whole  plant  is  enfeebled.  The  largest  supply  ot 
water  is  required  when  pUnta  are  growing  rapidly  and  at  the  season 
when  they  are  putting  forth  their  leaves.  When  plants  have  ccttsed 
to  grow,  or  when  tiie  leaves  and  flowen  have  ceased  to  expand,  they 
requiro  leas  water.  When  however  the  object  in  the  culture  of  planta 
is  to  render  either  their  leaves  or  fruits  as  aucculent  aa  possible,  they 
should  be  supplied  with  abundance  of  water.  This  is  done  wiu 
spmach,  lettuce,  and  other  oleraceous  plants,  and  by  titia  means  their 
tissues  are  rendered  more  tender,  and  their  peculiar  secretions,  whioh 
are  often  disagreeable,  are  diluted.  The  same  thing  ia  done  in  tie 
cultivation  of  the  strawberry,  where  the  object  is  to  render  tie  fruit 
as  lu-ge  as  possible.  In  this  case  however  tie  large  siie  of  the  fruit  is 
obtained  at  the  expense  of  its  flavour.  Even  plants  bearing  auooulent 
fruits,  as  the  melon,  Ac,  may  be  over-watered,  and  the  flavour  ot  thur 
fruit  destroyed.  In  aupplying  water  to  all  pltmts  due  regard  should 
be  had  to  temperature,  as,  cteterit  paribut,  plants  require  more  water  ia 
proportion  as  the  temperature  is  higher. 

Although  the  supply  ot  water  ortiEoially  to  planta  cultivated  in 
houses  is  obviously  necessary,  there  is  some  doubt  as  to  whether  it  is 
required  by  plants  growing  in  the  open  air,  where  they  ars  eipooed  to 
natural  auppUea.  Professor  Lindley,  in  hia  '  Theory  ot  Horticulture,' 
says,  "  It  is  indeed  doubtful  whether  watering  plants  in  tie  open  air  is 
not  often  mors  productive  of  disadvantage  than  of  real  serrioe  to 
plants."  At  the  same  time  the  praotioe  is  at  present  very  general,  and 
there  are  some  advantages  in  it,  independent  of  supplying  plants  with 
water.  It  ia  frequently  very  effectual  for  removing  insects  from  ths 
leaves  qf  plants,  and  also  for  removing  dust  and  dirt  in  exposed  dtua- 
tiona.  Uildew  ia  also  prevented  in  annuals  by  abundant  watering. 
The  fungi  which  produce  or  are  fotmd  on  mildewed  peas,  and  those 
which  d^troy  the  spinach  and  onion,  may  be  removed  by  abundant 
watering.  Where  the  leaves  of  plants  are  watered,  this  should  never 
be  dons  whilst  the  sun  ia  ahining  upon  them,  as  this  incrsaaea  tie 
evaporation.  The  morning  and  evening  are  the  beat  times  for  watariug 
plants ;  but  where  it  is  necessary  to  do  this  in  the  middle  of  ths  3m,j, 
the  roots  alone  should  ba  watered.     After  tratuplanting,  whether  ot 
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young  or  old  pflantSy  in  pots  or  in  the  open  ground^  the  wateriiig 
of  the  plant  is  alwaye  recommended. 

In  watering  plants  Berenl  instruments  are  made  use  ai,  as  the 
engine,  the  syringe,  and  the  watering-pot.  These  sre  made  either  to 
throw  water  through  tubes  of  various  sisee  so  as  to  apply  the  water  to 
a  particular  poii^t,  or  by  means  of  a  rose  whidi  is  appended  to  the  tube 
to  distribute  the  water  orer  a  larger  surlaee.  The  former  method  is 
adopted  when  the  roots  of  a  plant  are  to  be  watered,  and  the  latter 
when  it  is  wished  to  wet  the  whole  sur&oe.  Where  a  stream  can  be 
made  use  of,  an  effectual  way  of  watering  plants  is  to  have  a  sluice  by 
which  the  water  of  the  stream  may  be  let  on  and  off  as  may  be  thought 
proper.  This  is  the  best  mode  of  watering  water-creases  and  other 
plants  requiring  abundant  moisture.  Where  there  are  water-works, 
pipes  are  sometimes  laid  for  supplying  comportments  of  a  garden. 
Lawns  and  plots  of  grass  may  be  watered  from  the  water-butt 

WATERING  OF  LAND.    [Irbioatiok.] 

WATERMAN,  one  who  rows  a  boat  on  a  river  for  the  conveyance 
of  peaseDgers.  The  only  large  body  of  watermen  in  England  are 
tiiose  employed  on  the  river  Thames  at  London.  Before  the  intro- 
duction of  coaches  they  were  a  very  essential  class  for  the  conveyance 
of  persons  not  only  between  London  and  Southwark,  but  between 
Loudon  and  Weetminster,  and  up  and  down  the  river  to  the  various 
places  on  eadi  side.  The  Thames  was  then  the  great  highway.  Stairs 
and  watergates  were  numerous  on  the  north  bank  from  London  to 
Westminster,  where  there  were  many  palaces  of  the  nobility,  eadi 
palace  having  its  landing-place,  its  barges  and  wherries,  and  its  pri- 
vate retinue  of  watermen,  or  bargemen,  as  they  were  then  commonly 
called.  Processions  on  the  river,  water-tournaments,  boat-races,  and 
other  aquatic  amusements  were  frequent.  In  the  reign  of  Richard  II. 
the  fare  for  a  passenger,  with  his  truss  or  farthefi,  from  London 
to  Qravesend  or  Milton,  was  2d.  Stow  computes  that  there  were 
as  many  as  2000  boats  in  his  time,  that  there  were  40,000  water- 
men on  the  rolls  of  the  Watermen's  Company,  and  that  they  could 
furnish  20,000  men  for  the  fleet.  No  doubt  he  included  in  this  large 
number  the  private  watermen  of  the  court  and  the  nobility.  John 
Taylor,  the  "  water-poet,"  as  he  styled  himself,  complains  bitterly  of 
the  introduction  of  coadies :  "  I  do  not  invei^  agamst  any  coaches 
that  belong  to  persons  of  worth  or  quality,  but  only  agunst  the  cater- 
pillar swarm  of  hirelings.  They  have  undone  my  poor  trade  whereof 
I  am  a  member."  Since  that  time  the  increase  m  the  number  of 
bridges  and  the  introduction  of  steam-boats  has  reduced  the  watermen 
to  a  comparatively  small  number. 

An  apprenticeBliip  of  seven  years  on  the  Thames  constitutes  a  free 
waterman.  The  watermen  and  lightermen  are  an  incorporated  com- 
pany, founded  in  1666,  and  regulated  partly  by  their  own  faye-laws  and 
partly  by  7  ft  8  Geo.  IV.,  c.  75.  With  the  exception  of  certain  flat- 
bottomed  ferry-boats  and  bargee  above  Kingston,  no  person  con  ply  in 
a  boat  for  hire  on  the  Thames  who  is  not  a  member  of  tiie  Watermen's 
Company. 

The  Trinity  House  has,  however,  power  to  license  oertun  king's 
seamen,  besides  pilots,  to  idy  on  the  river. 

WATERS,  MINERAL.    [Aebated  Watkbs.] 

WAVE.    [Waves  and  Tidm.] 

WAVES  and  TIDES  possessing  in  many  respects  the  same  charac- 
ter, it  has  been  thought  proper  to  state  in  one  article  the  phenomena 
and  the  theories  of  botL 

From  the  earliest  times  the  periodical  risings  and  fallings  of  the 
waters  on  coasts  or  in  rivers  have  been  noticed ;  and  the  recurrences  of 
the  phenomena  depend  so  obviously  on  the  positions  of  the  moon  and 
fun,  that  the  influences  of  those  celestial  ladies  in  produdng  them 
have  ever  been  assigned  as  their  cause.  The  tide  appears  as  a  general 
wave  of  water  which  gradually  elevates  itself  to  a  certain  height,  then 
as  gradually  sinks  till  its  surface  is  about  as  much  below  the  medium 
level  as  it  was  before  above  it :  from  that  time  the  wave  again  begins 
to  rise ;  and  this  reciprocating  movement  of  the  waters  continues  con- 
stantly, with  certain  variations  in  the  height  (with  respect  to  the  mean 
level),  and  in  the  ttmea  of  attaining  the  tnnxima.  (^  elevation  and 
depression. 

Ordinary  waves  are  produced  by  any  cause  which  disturbs  the  equi- 
librium of  the  particles  of  a  fluicL  Thus,  a  stone  suffered  to  fall  into 
water  at  rest  gives  rise  to  a  series  of  concentric  circular  waves  extend- 
ing to  a  great  distance  from  the  place  where  the  stone  falls ;  and  in  a 
cans!  the  fall  of  a  body  of  water  from  a  level  above  that  of  the  general 
surface  will  produce  a  series  of  waves  advancing  along  the  canal. 
Waves  are  also  produced  by  suddenly  pressing  a  solid  into  water,  or  by 
suddenly  withdrawing  it  from  thence ;  and  a  single  wave  may  be  caused 
l^  Ijartly  immersing  a  sob'd  body  in  water  and  moving  it  quickly,  for  a 
time,  in  a  horisontal  direction.  The  inequalities  of  the  pressure  of  the 
air  on  the  surface  of  water,  whether  at  rest  or  in  motion,  when  a  gentle 
wind  is  blowing,  will  produce  ripples ;  and  if  the  action  be  continued 
long,  the  ripples,  at  a  certain  distance  from  the  place  of  ttieir  origin, 
become  considerable  waves.  In  the  open  seas  the  heights  of  the  waves 
depend  on  the  force  of  the  wind ;  but  in  confined  situations  both  the 
heights  snd  forms  of  the  waves  are  affected  by  the  resistance  of  the 
bed,  by  reflections  from  the  shores,  and  other  circumstances.  WTien 
waves  are  formed  by  wind  blowing  from  the  land,  each  wave-summit 
preserves  constantlj  the  same  height ;  but  the  heighte  go  on  increasing 
with  the  distance  from  the  shore. 


Wind-wavee  i^pear  genersUy  to  be  of  a  cydoidal  fofm :  tibeir  warn- 
mits  have  a  genue  curvature,  while  the  hog^t  bean  a  small  propor- 
tion to  the  length  in  the  direction  of  the  motion ;  but  as  the  hd^s. 
increases,  the  summit  becomes  more  acute,  and  aammMS  tbe  fosm  of  a 
ridge ;  and  wh^  this  becomes  too  sharp  for  the  preservataon  ai  equi- 
libnum,  the  f6roe  of  the  wind  acting  faoricont^y  near  the  top  breaks 
it  into  foam  or  spray  [coL  788  of  the  present  article.  The  Bature  oc 
this  spray  itself  has  been  noticed  in  Watsrfalls.]  As  wares  advaner 
towai^  a  shore,  the  water  becoming  less  deep,  de  resisAanee  of  the 
bed  of  the  sea  causes  their  lengths  to  diminish,  and  at  the  same  tun* 
their  heights  to  increase,  so  that  the  front  of  the  wave  becomes  steep ; 
and  the  motion  of  the  upper  part,  towards  the  land,  being  naore  ra(*ii 
than  that  of  the  lower  part,  it  &>llows  ihat  the  sununit  is  carried  bevixid 
the  base ;  and,  falling  forward,  there  is  produced  what  is  called  a  surl 
The  breaking  of  waves  over  a  sunk  shoal  depends  thieBj  on  a  bke 
cause. 

The  surface  of  the  sea  often  present  very  compkz  phenomena.  It 
may  h^pen,  for  example,  that  while  a  long  swell  resulting  from  some 
distant  storm  is  advancing  in  one  direction,  a  breese  will  prodoee  i 
series  of  waves  moving  in  the  direction  of  the  wind ;  and  &  aeooad 
breeze  springing  up  in  another  direction  will  produce  a  new  seriei, 
whidi  win  become  mixed  with  the  former  without  destroying  them . 
a  ^ird  gale  may  also  produce  a  system  of  waves  interaectixtg  the  otba- 
systems.  When  a  breese  has  been  blowing  for  some  time  from  a  cer- 
tain quarter,  and  afterwards  changes  to  the  opposite,  two  series  of  waxies 
may  be  seen  moving  in  contrary  directions;  and  if  the  wares  ait 
nearly  of  equal  lengths,  the  vertical  ordinates  at  the  crest  of  the  com- 
pound wave  will  be  equal  to  the  sum  or  difference  of  the  ordinate^  •  f 
the  simple  waves,  according  as  the  creste  are  ooinddent,  or  fall  in  eadt 
other*s  intervals.  These  phenomena  are  indicated  in  the  first  ^J 
second  of  the  subjoined  figures,  where  a  h  represente  the  first  undulatioa 


and  u'V  the  Bsoond,  the  straight  line  ab  being  the  horicontal  surface  cf 
the  water  when  at  rest.  A^in,  when  there  exists  a  third  system  of 
waves,  caused,  for  example,  by  reflection  from  a  coast,  bo  as  to  be 
parallel  to  the  two  former  qrstems,  the  combination  of  tbe  three 
systems  has  been  observed  to  produce  a  compound  wave  of  tlie  fona 
represented  in  the  third  figure.  ('  Report  cf  the  Committee  of  the 
British  Association  on  Waves.') 

llie  wind-waves  of  the  sea  do  not  extend  to  considerable  depths. 
From  the  ezperimente  made  by  the  committee  appointed  by  the  Brititli 
Association  in  1836,  it  was  found  that  with  a  depth  of  water  equal  to 
12  feet,  waves  9  inches  high  and  4  or  5  feet  long  did  not  sensibly  affect 
the  water  at  the  bottom.  Waves  from  30  to  40  feet  long,  oscuUatiDg 
at  intervals  of  6  or  8  seconds,  produced  some  effect,  but  much  leas  tb^ 
near  the  surface  :  and  it  was  ascertaiaed  that,  in  waves  produced  by 
the  wind  on  the  surface  of  a  deep  sea,  the  velocities  were  not  a  direct 
function  of  the  depth.  In  a  storm  the  sea  is  probably  tranquil  at  the 
depth  of  200  or  300  yards.  The  most  satisfactory  measurements, 
those  of  the  late  Kev.  Dr.  Scoresby  ('  Report  of  British  AsaodLation,' 
1850, '  Journal  of  a  Voyage  to  Australia '),  give,  for  the  height  of  the 
hi^est  waves,  43  feet,  from  bottom  of  trough  to  crest. 

It  must  not  be  imagined  that  when  water  is  agitated  by  waves,  its 
whole  mass  has  the  movement  which  at  first  sight  appears  frona  tbe 
observed  progressive  motion  of  the  imdulation;  and,  in  order  to 
accoimt  for  the  formation  and  motion  of  waves,  it  is  sufficient  to  assume 
that  the  particles  of  water,  when  disturbed,  hiave  merely  small  oscilla- 
tory motions  in  horisontal  and  vertical  directions.  When,  from  any 
cause,  as  the  fall  of  a  stone  into  it^  the  water  becomes  agitated,  a  series 
of  horizontal  motions  to  and  fro  are  produced ;  and  while  in  a  slender 
vertical  column  of  water  these  motions  are  equal  and  in  one  direction, 
the  surface  neither  rises  nor  falls ;  but  if,  in  two  neighbouring  columns, 
the  particles  advance  to  meet  eaioh  other,  the  water  becoming  com- 
pressed, the  surface  rises ;  if  the  particles  recede  from  one  another, 
those  above  descending  by  gravity,  the  surface  falls.  These  different 
horizontel  movemento  ft*ia*^i»g  successively  in  the  same  vertical  column, 
and  simultaneously  in  those  which  are  adjacent  to  each  other,  the  sur- 
face of  the  water  becomes  imdulated.    In  order,  however,  to  under- 


stand the  true  movemente  of  waves,  let  the  straight  line  ah  represent 
the  sur&ce  of  water  when  undisturbed,  and,  disregarding  the  hori- 
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sontal  oflcillAtionB  by  which  the  water  is  alternate^  cempreflBed  and 
dilated,  let  the  partidea  be  conceived  to  ascend  and  descend  alternately 
izi  vertical  lines,  that  is,  in  lines  parallel  to  a' a  a*",  which  is  supposed 
to  be  perpendicular  to  air.    Now,  at  a  given  instant  let  the  suiiace  of 
the  water  have,  in  a  vertical  plane,  tiie  form,  abed,  &c,  and  let  the 
Coroe  of  aseent  cause  the  particles  in  the  line  oft  m  to  be  raised  up  to 
the  line  c^  ft'  m  in  a  portion  of  time  represented  by  T,  that  force  becom- 
ing less  as  it  is  farther  from  a  horizontally,  and  oeaong  at  m.    At  this 
place  the  force  of  descent  commencing,  the  particles  in  the  line  medn 
Call  simultaneously  with  the  rise  of  the  particles  in  a&m,  and  at  the 
end  of  the  same  time  T,  they  occupy  the  line  m<^d!n.    Here  the  force 
of  ascent  acts,  and  the  particles  in  ne/p  at  the  end  of  the  same  time 
occupy  tiie  line  ne'fp,  and  so  on.    Thus  at  the  end  of  the  time  t  the 
aurfiice  ol  the  water  has  assumed  the  form  nlb'c'd',  &c   After  this  time 
the  force  of  descent  on  the  particles  in  the  line  a'ml  causes  those  par- 
ticles to  fall  vertically,  during  a  time  equal  to  t,  into  the  line  am' ;  at 
m'  that  force  ceaiies,  and  the  force  of  ascent  raises  the  particles  in 
mfh'&n'  vertically  into  the  line  mfb^em',  and  so  on ;  thus,  at  the  end  of 
the  time  2t  from  the  given  instant  the  surface  of  the  water  has  the 
form  mlfed",  ke.    In  iSlo  manner,  at  the  end  of  the  time  3  t  the  forces 
of  descent  and  ascent  will  have  brought  the  partidee  into  the  line 
a**W'df,  ke. ;  and  at  the  end  of  the  time  4  T  the  particlea  wiU  be  again 
in  the  line  oM,  ke. :  so  that  in  this  time  every  particle  of  fluid  has 
made  one  complete  vibration  vertically,  as  aafcutfn^,  and  within  the 
same  time  the  top  of  the  wave  has  assumed  successively  the  positions 
d,  ^,  f',  ^',h.   The  horizontal  distance  from  d  to  A  ia  called  the  length 
of  a  wave;  let  it  be  represented  by  L,  and  let  r  express  the  time  4t  in 

which  the  summit  d  a  wave  has  passed  from  dioh\  then  ~  is  called 

t 

the  velocity  of  the  wave.  On  observing  the  characters  of  experimental 
waves  in  troughs  with  glass  sides,  it  is  found  that,  by  the  combinations 
of  the  horizontal  and  vertical  vibrations,  the  particles  ol  water  describe 
the  peripheries  of  eirdes  or  ellipses.  In  the  upper  parts  of  the  curves, 
near  ihe  tops  of  the  waves,  the  particlea  move  with  their  greatest 
velocities  in  the  direction  in  which  tiie  wave  is  advancing;  in  the  lower 
parts,  near  the  bottoms  c^  the  waves,  they  are  moving  with  their 
greatest  vekxnties  ba^wards ;  and  at  the  extrennties  of  the  horizontal 
diameters,  about  the  level  of  the  water's  sur&ce  when  at  reet^  the 
motion  is  almost  wholly  vertical. 

The  varying  attraction  of  the  sun  or  moon  on  the  pariadee  of  water 
in  the  ocean  is  alone  sufficient  to  produce  the  perturbations  by  which 
waves  are  formed;  and  if  it  be  assumed  that  the  solid  nudeus 
of  the  earth  is  covered  entirely  with  water,  both  nudeus  and  water 
being  originally  spherical,  those  perturbations  will  bring  the  surface  of 
the  water  to  a  spheroidal  form,  the  longer  axis  being  in  the  direction 
of  a  line  joining  the  centres  of  the  ewth  and  luminary ;  there  will 
consequently  exist,  at  the  same  instant,  two  great  waves  whose  summits 
are  at  a  distance  from  one  anoUier  equal  to  half  the  circumference  of 
the  eartk  But  the  motion  of  the  water  in  the  tide-wave  is  totally 
unlike  that  in  an  ordinary  sur&UMi-wave  such  as  the  wind  produces ; 
and  while  the  latter,  even  in  the  most  violent  storms,  agitates  the  sea 
to  a  very  trifling  depUi,  the  tide-wave  afifects  the  whole  depth  of  the 
ocean  equally,  from  the  bottom  to  the  surface. 

Very  little  attention  to  the  phenomena  of  the  tides  suffices  to  show 
that,  in  situations  where  the  recurrences  of  high-water  are  nearly 
regular,  the  greatest  elevation  of  the  water  takes  place  at  intervals  of 
ali^t  12  hours  25  minutes,  and  tiie  greatest  depressions  at  the  like 
intervals  oi.  time  from  each  other;  each  greatest  depresaion  taking 
place  about  6  hours  12  minutes  after  the  instant  of  greatest  devation. 
Now  the  interval  between  two  suocessive  culminations  of  the  moon  on 
the  same  side  of  the  geographical  meridian  of  any  place  varies  from 
about 24  hours  40 minutes  to  25  hours;  and  thus  themtervals  between 
the  times  of  high-tide  have  evidently  a  connection  with  the  <MumAl 
revolution  of  the  moon ;  moreover,  the  occurrence  of  high-water  at  any 
place  is  observed  to  have  a  dependence  on  the  podtion  of  the  moon 
with  respect  to  the  meridian  of  the  place ;  at  a  few  ports  it  coincides 
with  the  time  that  the  moon  is  on  meridian,  but  in  general  it  takes 
place  some  time  before  or  after  the  culmination.  The  position  of  the 
moon  at  the  time  is,  however,  subject  to  certain  variations  even  at  the 
same  port ;  and  it  differs  conuderably  at  different  places.  The  deva- 
tions  also  of  the  water  with  respect  to  the  mean  level  differ;  in  some 
places,  during  about  half  the  year,  the  hig^tide  which  occurs  when 
the  moon  is  above  the  horizon  is  greater  than  that  which  occurs  when 
the  moon  is  bdow,  and  during  we  other  half-year  the  phenomenon  is 
reversed.  In  every  place,  at  about  the  times  of  new  and  full  moon, 
the  high-tides  attun  their  greatest  elevation ;  and  at  about  the  times 
of  the  quadratures,  the  least :  the  former  are  cdled  iprhig-tides,  and  the 
latter  neop-tuies. 

In  bays  and  harbours,  the  time  of  high-water  coincides  with  that  at 
which  the  current  ceases  to  flow,  but  this  is  not  the  case  with  the  seas 
which  commimicate  at  both  extremities  with  the  ocean.  For,  if  it  be 
imagined  that  a  tide-wave  flows  in  at  one  of  the  extremities,  this  will 
cause  an  elevation  oi  the  waters ;  but  the  waters  which  are  pasdng  off 
at  the  opposite  extremity  cause,  at  the  same  time,  a  depresdon,  or,  at 
least,  a  diminution  of  that  elevation ;  the  surface,  therefore,  must  be 
the  highest  when  the  current  flows  with  equd  rapidity  at  botii  ex- 
tremities, and  not  at  the  moment  preceding  the  turn  of  the  tide. 


When  the  stream  continues  to  flow  up  for  three  hours  after  it  is  high- 
water,  it  is  said  to  make  tide  and  half-tide ;  if  it  continues  to  flow 
during  one  hour  and  a  half,  it  is  said  to  make  tide  and  quarter-tide, 
and  so  on.  Near  the  shores  of  the  British  Channd,  probably  in  conr 
sequence  of  the  obstructions  caused  by  the  land,  or  the  disturbances 
at  the  mouths  of  rivers,  the  progresdve  movement  of  the  tide-wave  is 
more  retarded  than  in  the  middle ;  and  in  some  places  the  current  has 
curvilinear  motions,  which  on  the  French  and  English  sides  are  in 
opposite  directions.  The  race  of  Portland  ie  a  current  produced  by 
the  tide-wave,  while  advancing  along  the  shore ;  being  arrested  by  the 
promontory  till  it  attains  a  height  which  allows  it  to  flow  off  obliqudy 
with  condderable  velodty. 

The  rise  of  a  tide-wave  near  the  mouth  of  a  river  takes  place 
rapidly  by  the  shoaling  of  the  sea  and  the  confinement  of  the  wave 
between  the  banks;  for  the  motion  of  a  body  of  water  is  capable  ol 
raising  the  partides  to  the  heights  through  which  they  must  fall  to 
acquire  their  actual  velodtiea ;  and  if  the  same  motion  is  employed 
in  raising  a  smaller  quantity  of  water,  it  is  evidently  capable  of 
raising  it  higher :  thus,  when  the  contraction  ia  considerable,  as  in 
the  Bay  of  Fundy,  the  Bristol  Channd,  and  other  places,  the  devation 
becomes  very  great ;  at  Chepstow  it  amounts  to  60  feet  When,  at  the 
mouth  of  a  river,  the  bed  has  a  long  and  gentle  dope  on  each  side, 
the  waves,  becouung  high  and  steep,  fill  over,  and  flow  up  rapidly  with 
a  surf,  constituting  what  is  called  a  bore :  the  bore-wave  which  enters 
the  Severn  is  9  feet  high,  and  that  which  occurs  in  the  Amazonas  is 
said  to  be  from  12  to  15  feet  in  height.  [Bore,  and  coL  784  of  the 
present  article.]  In  flowing  up  a  river  the  summit  of  the  tide- wave 
reaches  the  different  stations  later  as  these  are  farther  from  the  mouth; 
and  in  the  Thames  it  advances  from  Margate  to  London,  a  distance  of 
70  miles,  in  three  hours.  It  is  observed  also  that  the  current  of  a  river 
runs  upward  during  some  time  after  the  summit  has  passed  anv  station, 
and  downwards  for  some  time  after  the  surface  of  the  water  is  at  the 
lowest ;  the  intervals  between  the  times  of  low  and  high  water,  more- 
over, gradually  diminish  as  the  stations  are  farther  up,  whUe  tiie 
intervds  between  high  and  low  water  increase. 

From  the  observations  made  by  the  committee  of  the  British 
Association  in  1836,  on  the  tide-waves  of  the  river  Dee  in  Cheshire, 
it  was  found  that  the  first  wave  of  flood-tide  advanced  5*275  miles  in 
intervals  of  time  varying  from  forty-five  minutes  to  one  hour,  or,  at 
an  average,  at  the  rate  of  6*4  miles  per  hour ;  imd  tiiat  the  wave  of 
high-wtfter  advanced  the  same  distance  with  a  velocity,  hy  an  aver- 
age of  the  observations,  of  14'6  miles  per  hour.  It  is  said  however  to 
have  been  imposdble  to  determine  whether  the  wave  which  carried  the 
flood-tide  to  liie  lower  station  was  the  same  as  that  which  carried  it 
to  the  higher.  It  is  thought  probable  that  the  wave  which  passed  the 
lower  station  was  diffused  in  the  spaees  between  certain  projections 
from  the  bank  on  one  mde  of  the  channd,  and  was  overtaken  by  a  sub- 
sequent wave  from  the  sea.  The  wave  of  hi^-water,  being  above 
those  obstructions,  flowed  up  more  regularly,  and  the  observed  height 
of  the  wave  approached  very  nearly  to  that  which  is  due  to  its  observed 
vdodty :  it  being  understood  that  the  velodty  of  a  wave  is  that  which 
would  be  produced  by  a  body  falling  from  rest  through  half  the  height 
of  the  wave. 

In  order  that  the  phenomena  of  the  tides  at  different  places  may  be 
readily  compared  together,  charts  have  been  constructed,  on  which  are 
drawn  curve-lines  joining  the  points  at  which  high- water  taJces  place  at 
the  same  times.  Now,  since  tne  heights  of  the  wave  and  the  times  of 
its  greatest  elevation  vary  at  every  place  from  day  to  day,  it  is  neces- 
sary to  fix  on  the  height  attained  at  a  particular  time;  and  on  this 
account,  by  general  agreement,  the  time  of  high-water  at  every  seaport 
on  the  days  of  full  and  change  of  the  moon  is  chosen.  This  is  cdled 
the  "  Establishment  of  the  Port ;"  and  an  extensive  table  of  "  Esta- 
blishments "  for  the  ports  of  Great  Britain  and  Ireland  is  given  in  the 
'  Nautical  Almanac  ;'*  the  hours  and  minutes  indicating  the  time  from 
apparent  noon  on  the  days  of  new  and  full  moon  when  high-water 
takes  place.  Since,  on  the  first  of  these  days,  the  moon  passes  the 
meridian  with  the  sun,  the  time  of  high-wate^  on  any  other  day  may 
be  found  from  the  table  by  merely  adding  tiie  "  Establishment  **  to 
the  time  at  which  the  moon  comes  on  the  meridian  on  the  given  day. 
Finding  upon  the  surface  of  the  earth  and  sea  any  number  of  points  at 
which  the  "  Establishment,"  when  reckoned  according  to  Greenwich 
time,  is  the  same,  a  line  drawn  through  all  the  points  will  indicate  the 
summit  of  a  great  tide-wave  at  that  time :  drawing  a  curve  in  like 
manner  through  all  the  points  at  which  the  "  Establishment "  in 
Greenwich  time  is  an  hour  later,  there  is  obtained  a  new  podtion  of 
the  summit;  and  it  must  then  be  understood  that  tiie  wave  has 
travelled,  in  the  sense  above  explained,  from  the  first  line  to  the  next 
in  one  hour.  These  are  called  "  Cotidal  lines  ;**  they  were  first  indi- 
cated on  a  chart  of  the  world  by  Mr.  (now  Sir  John  W.)  Lubbock,  in 
the '  Philosophical  Transactions '  for  1881,  and  an  extensive  series  of 
such  lines  is  traced  on  the  chart  which  accompanies  Dr.  WhewelTs 
'  Essay  towards  an  approximation  to  a  Map  of  Ootidd  Lines,'  in  the 
'  Philosophical  Transaction '  for  1838. 

*  In  the  '  Nautical  Almanac '  this  information  la  now  given  in  tables  of  the 
"  Time  of  High  Water  on  the  IfuU  and  ChanKc  of  the  Moon,"  not  only  at  ports 
and  places  in  the  British  i»land9,  bnt  on  the  neighbouring  shores  of  foreign 
eotratriee. 
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The  definition  above  given  of  the  "  Eatablishment "  is  only  approxi- 
matively  true :  it  is  observed  by  Dr.  Whewell,  in  the  *  Kssay/  that  it 
would  be  correct  if  the  high-tide  always  occurred  when  the  moon's 
hour-circle  makes  equal  angles  with  the  meridian ;  but  in  fact  the  hour 
of  tide  on  any  day  is  reckoned  from  the  time  that  the  sun  is  on  the 
meridian ;  and  as  the  moon  changes  her  right  ascension  evetj  day  by 
about  forty-eight  minutes  (the  observed  hour  of  the  tide  bemg  given 
on  the  day  of  new  or  full  moon),  the  moon's  hour  angle  may  differ 
according  to  the  time  of  the  day  when  the  conjimction  or  opposition 
takes  place,  compared  with  the  time  of  day  when  the  high  tide  is 
observed.  Therefore  an  observation  of  the  hour  of  the  tide  on  the 
day  of  new  or  full  moon  may  leave  an  uncertainty  of  about  Ih.  8m.  in 
the  time  of  the  "  Establishment/'  unless  account  Ib  taken  whether  the 
morning  or  afternoon  tide  was  obsorved,  and  at  what  hour  the  syzygy 
took  place. 

The  subjoined  cut,  which  shows  the  principal  cotidal  lines  in  the 
Indian  and  Atlantic  oceans,  is  from  Dr.  Whewell's  chart  above  men- 
tioned, and  contains  the  modifications  introduced  in  that  which  is 
given  by  Mr.  Airy,  in  his  Essay  on  '  Tides  and  Waves/  in  the  *  Encyclo- 
paedia Metropolitana.' 
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low-water.  The  arrival  of  the  island  at  the  summit  a  ,  which  wckiR 
if  M  were  the  moon,  take  place  at  the  end  of  every  24  h.  60  m.  n«r:j. 
is  called  the  diurnal  tide ;  and  that  which  takes  place  when  the  ulasi 
arrives  at  the  summit  6',  that  is  12  h.  25  m.  after  the  former,  is  ca^U 
the  semidiurnal  tide.    By  this  theory  there   ought  to  be  scarcely  uy 
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I  In  investigations  relating  to  the  tides,  it  is  required  to  determine 
the  form  assumed  by  the  surface  of  the  water  when  the  particles  are 
subject  to  the  actions  of  disturbing  forces;  and  for  this  purpose  it  is 
convenient  to  assume  that  if  no  such  forces  existed,  the  earth  would 
consist  of  a  solid  spherical  nucleus  within  a  body  of  water  whose 
exterior  surface  is  that  of  a  sphere  concentric  with  the  nucleus.  Let 
the  circle  cd  represent  the  nucleus,  and  the  cireumference  ab  the  sur- 
&ce  of  the  surroimding  water  in  a  plane  passing  through  the  centre  of 
the  earth,  and  the  sun  or  moon  at  M  :  then,  in  the  theory  indicated  by 
Newton,  the  attraction  of  the  celestial  body  will  draw  the  particles  of 
water  towards  it  so  that  the  surface  ab  will  assume  the  form  a'h' ;  at 
the  same  time  the  attraction  exercised  on  the  solid  part  cd  will  cause 
the  latter  to  take  the  position  &d*.    Thus  at  the  same  instant  the  sur- 
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face  of  the  water  at  a'  and  V  is  farther  removed  from  the  centre  of  the 
earth  than  it  would  be  if  there  were  no  perturbation;  while  at  e  and 
/it  is  nearer  the  centre.  If  the  celestial  body  were  constantly  in  the 
plane  of  the  equator,  the  summit  of  the  elevated  water  would  also  be 
m  that  plane,  and  exactly  or  nearly  under  the  body.  A  section  of  the 
spheroid  of  water  passing  through  the  poles  of  the  equator  and  the 
summit  just  mentioned  would  be  an  ellipse,  and  its  periphery  would 
coincide  with  the  direction  of  a  terrestrial  meridian.  By  the  diurnal 
rotation  this  tide- wave,  as  it  may  be  called,  would  appear  to  move 
about  the  earth  from  eaiat  to  west  at  the  rate  of  above  1000  miles  per 
hour  at  the  equator ;  and  its  positions  at  the  end  of  eveiy  hour  would 
constitute  a  series  of  cotidal  lines.  Hence,  if  a  small  island  at  the 
terrestrial  equator  were  to  project  above  the  surface  of  the  water,  it 
would  arrive  successively  at  the  points  a',  e,  6',/,  a',  so  that  in  the  time 
of  a  rotation  of  the  earth  on  its  axis  with  respect  to  the  celestial  body, 
there  would  occur  at  the  island  two  states  of  high- water  and  two  of 


being  greater —  ,  *     .  •  i 

diurnal  tide  is  greater  than  the  semidiurnal  tide,  neither  of  wludiGj 
cumstances,  however,  is  conformable  to  observation. 

If  an  island  having  a  great  extent  from  the  equator  towards  t?i 
north  and  south  were  to  intercept  the  tide- wave,  the  elevated  wai^, 
passing  round  the  extremities  of  the  island,  would  on  its  western  idi 
form  two  waves,  which  would  advance  towards,  and  meet  one  anoiia 
at  the  equator,  making,  at  different  places  on  the  coast,  highway: 
successively  later,  in  the  directions  of  their  motions.  And  it  is  easy  fc 
conceive  that  the  tide- wave  of  a  great  ocean  will  send  branchakk 
any  seas  which  it  may  approach  in  its  movement  about  the  earth ;  wdi 
are  called  derived  tides. 

The  combined  actions  of  the  sun  and  moon,  when  those  lummana 
are  in  conjunction  or  opposition,  that  is,  at  new  or  full  moon,  maj  U 
readily  conceived  to  produce  what  are  called  spring-tides;  and  xk 
diminution  of  each  other's  attractions  when  in  quadratures,  to  prodno? 
the  neap-tides.  It  may  further  be  understood  that,  as  the  distances  ci 
the  sun  and  moon  from  the  earth  vaiy  by  the  ellipticity  oi  the  orinu, 
at  the  times  when  either  of  the  celestial  bodies  is  in  perigee,  its  attr«- 
tive  power  being  greater  than  at  other  times,  the  tide-wave  raised  fcr 
it  will  attain  a  greater  elevation  than  usual :  on  the  other  hand,  wheE 
in  apogee,  Uie  £gh-water  elevation  must  be  the  least. 

The  tides  are  greatly  modified  at  any  station  or  port  by  the  posftwa 
of  the  latter  with  respect  to  the  equator,  and  by  the  declination  o(  tie 
sun  and  moon.  The  two  summits  of  the  great  tide-wave  are,  at  ik 
same  instant,  diametrically  opposite  to  one  another;  and  if  thelatitorfc 
of  the  station  were  equal  to  the  moon's  declination  on  a  given  d^f, 
both  moon  and  station  being  for  example  north  of  the  equator,  tli« 
summit  of  the  wave  would  on  that  day  be  at  the  station  when  the 
moon  is  in  or  near  the  zenith;  but  about  twelve  hours  afterwards,  . 
the  station,  having  described  half  the  ciroimiference  of  a  circle  about  | 
the  earth's  axis  by  the  diurnal  rotation,  will  be  on  the  opposite  oi 
the  meridian;  and  the  summit  of  the  wave,  being  on  the  southern 
side  of  the  equator,  will  be  at  a  distance  from  the  station  equal  to 
twice  the  moon's  declination ;  consequently  the  height  of  this  tide  m 
be  much  less  than  that  of  the  former  tide.  The  contrary  phenomei^ 
occurs  when  the  moon  and  the  station  are  on  opposite  sides  of  the 
equator. 

Among  the  tide-waves  with  which  we  are  best  acquainted  are  th(« 
of  the  Indian  and  Atlantic  oceans;  and  from  the  known  times  of  high- 
water  at  different  places,  it  is  ascertained  that  the  summit  of  a  va^^ 
advances  from  the  seas  to  the  south  of  Australia  into  the  Bay  ot 
Bengal,  and  towards  the  Persian  Qtlf,  causing  the  hour  of  high-w^ 
to  be  successively  later  at  the  ports  from  Ceylon  northwards,  on  ootb 
sides  of  the  western  peninsula  of  India.     The  summit  of  a  single  ware 
seems  to  extend  from  the  mouth  of  the  Red  Sea,  along  the  eastern 
coast  of  Africa,  to  the  Cape  of  Qood  Hope,  where  it  joins  the  tidewaws 
of  the  Atlantic.    These  advancing  northwards,  cause  the  time  of  nig^- 
water  to  be  successively  later  at  the  different  ports  on  the  westera 
coast  of  Africa  and  Europe,  and  on  the  whole  eastern  coast  of  Souu 
and  Korth  America ;  so  that  the  wave  which  at  a  certain  instant  is » 
the  Cape,  in  15  hours  from  that  time  is  at  the  mouth  of  the  Engbab 
Channel  and  on  the  western  coast  of  Ireland.    This  wave,  being  ap^' 
rently  checked  in  its  progress  by  the  British  Isles,  divides  itself  into 
two  principal  branches,  of  which  one  flows  up  the  Channel,  and  pa<^8 
through  the  Straits  of  Dover,  is  off  the  mouth  of  the  Thames  id  9 
hours  from  the  time  that  it  was  at  Brest.    A  small  branch  advance* 
up  St.  QeoTge^B  Channel;  but  the  second  principal  branch  of  the  wave 
flowing  round  the  northern  extremity  of  Scotland,  proceeds  slo^i/ 
down  the  North  Sea,  and  meets  the  first  branch  off  the  mouth  of  the 
Thames  in  20  hours  from  the  time  that  it  was  at  the  entrance  of  we 
Channel. 

From  Rio  Janeiro  to  the  Falkland  Islands  a  wave  summit  seems  to 
advance  directly  from  east  to  west ;  and  from  the  form  of  the  con- 
tinent of  South  America,  the  high  tide  occurs  successively  ^^^J^ 
going  southward  from  Cape  Frio,  as  if  the  wave  came  from  the  noitb. 
The  wave  from  the  southern  ocean  sets  northward,  from  Tierra  del 
Fuego  and  the  Falkland  Islands  to  the  coast  of  Patagonia,  and  at  Port 
St.  Elena  on  that  coast  it  occurs  12  hours  later  than  at  those  ialandfl. 
On  the  western  coast  of  America  the  tide  travels  from  north  to  bouw, 
between  Acapulco  and  the  Straits  of  Magelhaens;  while  from  we 
former  place  it  travels  northwards.  In  the  Pacific  Ocean  the  ^^^ 
direction  of  the  tide- wave  is  from  east  to  west ;  but  the  heights  of  tbe 
tides  are  small,  not  exceeding  2  feet  at  the  islands  of  the  South  Sea. 
It  is  observed  however  by  Dr.  Whewell  (*  Phil.  Trans.,'  1888),  that  thj* 
must  not  be  understood  to  be  the  tide  which  would  be  raised  ir  tne 
whole  earth  were  covered  with  water,  on  account  of  the  modificatioDB 
produced  by  the  form  of  the  continent  of  South  America.  The  mos 
eastern  part  of  New  South  Wales,  between  25"  and  30'  S.  lat,  has  tue 
high-tide  earlier  than  points  which  are  situated  towards  the  north  or 
south  of  that  tract 
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Peculiarities  in  tides,  ariBing  from  the  interference  of  tide-waves^ 
occur  in  many  different  places.  In  the  middle  of  the  North  Sea  there 
is  a  considerable  space  within  which  the  tide  produced  b^  the  tide- 
waves  coming  from  the  north  and  south  takes  places  at  one  time.  And 
Dr.  Whewell  states,  on  the  authority  of  the  late  Captain  Hewett,  that 
about  ihe  Ower  Shoal  there  is  no  sensible  rise  of  the  tide  till  3  hours 
after  the  time  of  low- water;  but  when  the  ebb  stream  has  nearly 
ceased,  there  is  a  sudden  rise  of  5  or  6  feet;  so  that  nearly  the  whole 
rise  of  the  tide  occurs  in  the  last  three  hours. 

.  In  1740  the  Academic  des  Sciences  offered  a  prize  for  the  best 
memoir  on  the  theory  of  tides  :  and  the  paper  by  Daniel  Bernoulli  on 
the  flux  and  reflux  of  the  sea  shared  it  with  those  of  Euler  and  Mao- 
laurin.  In  that  paper  it  is  assumed  that  the  water  is  kept  in  equilibrio 
between  the  attractions  of  its  particles  towards  the  eurth's  centre  of 
gravity  and  the  disturbing  forces  exercised  by  the  sun  and  moon ;  and 
though  the  results  of  that  theory  are  found  to  differ  greatly  from  the 
observed  phenomena,  the  theory  itself  is  deserving  of  attention,  sinoe 
the  analytical  expressions  which  have  been  obtained  by  it  first  exhi- 
bited the  several  phenomena  distinctly  from  one  another :  those  ex- 
pressions consequently  became  guides  to  the  observer  or  experimenter 
in  his  efforts  to  ascertain  the  true  values  of  the  particular  effects  which 
they  represented. 

Tlie  attraction  exercised  by  the  solid  nucleus  of  the  earth  on  a 
{^article  of  water  at  any  distance  from  its  centre,  being  considered  the 
ti.iuie  as  it  would  be  if  all  the  matter  of  the  nucleus  existed  in  that 

centre,  is  represented  by  — ,  E  being  the  mass  of  the  earth  and  H  the 

pquare  of  the  distance  of  a  particle  from  the  centre.  But  if  x,  y,  and  z 
are  rectangular  co-ordinates  of  a  particle,  the  centre  of  the  earth  being 
the  origin,  we  have  r*=a5-»-y'  +  i*;  and  the  partial  differentials  of  the 

expression ,  relatively  to  ar,  y,  and  2,  represent  the  effects  of 

that  attraction  upon 'a  particle  in  the  directions  of  the  three  axes.  If 
the  attractions  of  the  particles  of  water  for  each  other  are  taken  into 
consideration,  there  must  be  determined  the  attraction  exerdsed  upon 
a  particle  by  all  the  water  between  the  spherical  nucleus  and  the  ex- 
terior surface  (supposed  to  be  spheroidal)  of  the  surroimding  fluid,  and 
the  expression  for  this  attraction  must  bo  added  to  that  for  the  solid. 
The  disturbing  force  of  the  sun  or  moon  upon  a  particle  of  water  is 

8 

represented  by  -;,  s  being  the  mass  of  the  celestial  body  and  b  the 

distance  of  the  particle  of  water  from  it ;  and  the  partial  differentials 
of  that  expression  relatively  to  x,  y,  and  z  give  the  values  of  the  attrac- 
tion in  the  direction  of  the  coordinate  axes :  but  the  disturbing  force 
exercised  by  the  sim  or  moon  on  a  particle  of  water  being  equal  to  the 
difference  between  its  attraction  on  the  particle  and  its  attraction 
on  the  centre  of  the  eayrth — the  latter,    which  is  represented  by 

s 

-^  (d  being  supposed  to  be  the  distance  between  the  centres  of  the 

earth  and  celestial  body),  is  subtracted  from  the  attraction  exercised  on 
the  particle  in  the  direction  of  one  of  the  coordinate  axes,  supposed  to 
be  parallel  to  the  line  joining  those  centres,  in  order  to  have  that 
difference.  The  attracting  forces  of  the  earth  in  the  directions  of  tHe 
three  axes  being  subtracted  from  the  disturbing  forces  of  the  sim  or 
moon  in  the  same  directions,  there  remain  ihree  terms  which  are 
usually  represented  by  x,  t,  and  z.  And  since  it  has  been  demon* 
strated  by  mathematicians  that  when  a  body  is  in  equilibrio  under  the 
action  of  attracting  forces,  the  expression  xdx  +  y dy  +  zdz  ia  An  exact 
differential ;  the  form  of  the  surface  of  equilibrium  is  determined  by 
making  the  integral  of  the  expression  constant. 

The  resulting  equation  being  found  to  correspond  with  the  general 
equation  to  a  spheroid,  a  comparison  of  like  terms  in  the  two  equations 
gives  the  values  of  the  constants  which  enter  into  the  former.  If  r 
represent  the  mean  distance  of  the  spheroidal  surface  of  the  water  from 
the  centre  of  the  earth,  and  +  h  represent  the  distance  of  any  point 
on  that  surface  above  or  below  the  mean  level ;  then  a^-\-y^  +  ^= (r+ A)^ 
at  the  surface ;  and  the  determination  of  h  for  any  place  gives  at  that 
place  the  height  of  the  water  above,  or  its  depression  below  the  mean 
level 

Uniting  the  effects  of  the  solar  and  lunar  disturbances  by  simply 
adding  them  together,  since  the  disturbing  forces  are  very  small  com* 
pared  with  the  force  of  gravity ;  and  introducing,  in  place  of  the 
rectangular  coordinates,  angles  which  depend  on  the  longitude  and 
latitude  of  a  station,  with  the  right  ascension  and  declination  of  the 
Bun  and  moon,  the  value  of  the  term  ±  h  may  be  shown  to  consist  of 
three  parts  :  one  of  these  depends  on  the  variation  of  the  declination 
of  the  sun  and  moon,  and  indicates  a  slow  tide  which  goes  through  its 
changes  in  about  fourteen  days;  the  second  depends  on  the  hour 
angles  both  of  the  sun  and  moon,  and  indicates  two  tides  which  go 
through  their  changes  in  a  solar  and  a  lunar  day  respectively.  These 
being  combined,  there  is  produced  a  diurnal  tide,  the  highest  state  of 
which  should  precede,  at  a  variable  interval,  the  moon's  culmination 
between  the  times  of  passing  from  syzygy  to  quadrature,  and  should 
follow  it  between  the  quadratures  and  syzygies.  It  has  been  found, 
however,  that  the  observed  accelerations  and  retardations,  and  also  the 
absolute  elevations  of  the  water,  in  very  few  cases  agree  with  the 
results  of  the  theory.    [Acceleration  and  Retardation  or  Tides.] 


The  third  part  depends  upon  the  doubles  of  the  hour  angles  just 
mentioned,  and  consequently  indicates  two  semi-diurnal  tides,  which 
being  combined  constitute  one  such  tide,  whose  highest  state  is 
variable.  The  nature  of  the  expression  shows  that  the  semi-diurnal 
tide  should  be  the  greatest  at  the  equator,  and  should  diminish  till  it 
vanishes  at  the  poles  :  it  denotes  also  that  it  is  greatest  at  new  or  full 
moon,  and  least  at  the  quadratures.  The  theory  moreover  indicates 
that  the  difference  between  two  consecutive  tides  ought  t9  bcvery 
considerable  in  Europe ;  whereas  they  are  known  to  be  nearly  equal 
to  one  another.  BoUi  Newton  and  Bernoulli  endeavoured  to  explain 
this  circumstance  by  the  hypothesis  of  a  general  oscillation  of  the  sea, 
in  consequence  of  which  the  highest  tide  gives  to  the  lowest  a  quantity 
equal  to  the  difference  between  them ;  but  the  researches  of  La  Place 
have  shown  that,  even  with  such  oscillations,  the  two  tides  could  not 
(according  to  the  theory)  be  equal  unless  the  sea  were  everywhere 
equally  deep. 

Kuler,  departing  from  the  hypothesis  that  the  sea  is  always  in  equi- 
librio under  the  action  of  the  sun  and  moon,  endeavoured  to  introduce 
the  subject  of  fluid  oscillations  in  his  theory  of  the  tides ;  but  the 
laws  of  undulation  were  not  then  known,  and  Euler  assumed  that  a 
molecule  of  the  sea  in  motion  endeavours  to  regain  the  position  which, 
in  a  state  of  equiUbrium,  it  would  occupy  in  a  vertical  line  with  a 
force  proportional  to  its  vertical  distance  from  that  position. 

The  theory  adopted  by  La  Place,  in  which  there  are  taken  into  con- 
sideration the  laws  of  the  motion  of  fluid  molecules  when  acted  on  by 
attracting  forces,  was  a  great  improvement  on  that  of  the  mathema- 
ticians before  mentioned;  and  it  is  found  to  produce  a  more  near 
agreement  with  the  observed  phenomena.  The  elaborate  investigations 
of  La  Place  will  be  found  in  the '  M^moires  de  I'Acad^mie  des  Sciences' 
for  the  yean  1775, 1776 ;  and  in  the  first  and  fourth  books  of  the 
'  M^canique  C^este.'  They  are  also  given,  so  far  as  contained  in  the 
first  book,  in  the  late  Dr.  Thomas  Young's  *  Elementary  Illustrations 
of  the  Celestial  Mechanics  of  Laplace ; '  Lond.,  1821.  As  in  the  former 
theory,  the  solid  nucleus  of  the  earth  is  supposed  to  be  entirely 
covered  with  water  of  uniform  depth;  and  the  investigations  com- 
mence with  the  proof  ('  M^c.  C^l.',  liv.  i.,  ch.  8)  that  any  portion  of  the 
water,  however  its  place  may  be  changed,  will  always  retain  the  same 
volume.  The  equation  expressing  this  law  is  called  the  equation  of 
continuity. 

A  very  small  parallelepiped  of  water  within  that  which  coven  the 
solid  nucleus  of  the  earth  is  acted  upon  by  accelerative  forces  arising  from 
pressures  estimated  in  the  directions  of  three  rectangular  coordinate 
axes  whose  origin  is  at  the  centre  of  the  earth :  the  fint  is  supposed 
to  be  parallel  to  the  axis  of  rotation,  and  the  othen  in  the  plane  of  the 
equator :  one  being  directed  to  the  equinoctial  point  and  the  other  at 
right  angles  to  that  direction.  The  pressures  are  supposed  to  arise 
from  the  attraction  of  the  earth,  from  the  angular  velocity  of  its  rota- 
tion, and  from  the  disturbing  forces,  and  to  tend  towards  the  origin  of 
the  coordinates. 

These  pressures,  which  are  expressed  by  partial  differential  coeffi- 
cients relatively  to  x,  y,  and  z,  in  the  coordmate  axes,  are  subtracted 
from  the  accelerative  forces  arising  from  the  attraction  of  Uie  earth, 
and  the  perturbations  exercised  by  the  sun  or  moon,  by  which  the 
molecule  would  be  made  to  recede  from  that  origin ;  and  the  differences 

in  the  directions  of  the  axes  are  represented  by  _£.  >  _ ^  and  —., 

dfi    dt*  dfi 

In  these  equations  of  motion  the  partial  differential  coefficients 
representing  the  pressures  are  transformed  into  othen  depending  on 
the  distance  of  the  molecule  from  the  centre  of  the  earth,  and  on  its 
latitude  and  longitude;  while  the  perturbations  of  the  sun  or  moon  in 
the  directions  of  the  coordinate  axes  are  expressed  in  terms  of  the  right 
ascension  and  declination  of  the  disturbing  body,  and  also  of  the 
distances  of  the  latter  from  the  particle  disturbed  and  from  the  centre 
of  the  earth.  The  result  is  that  the  expression  for  the  altitude  of  a 
molecule  of  water  above  the  mean  level,  in  consequence  of  the  perturba- 
tion produced  by  the  sun  or  moon,  consists  of  three  parts  (*  M^.  Cfl.*, 
lib.  iv.,  c.  1) ;  the  fint  does  not  depend  on  the  rotation  of  the  earth, 
and  indicates  a  tide  which  goes  through  its  changes  in  a  long  period ; 
it  may  consequently  be  disregarded,  ^e  second  depends  on  that 
rotation  and  on  the  hour  angle  of  the  disturbing  body :  it  indicates  the 
diurnal  tides,  or  those  which  take  place  when  the  celestial  bodies  are  on 
or  near  the  meridian,  above  the  horizon ;  and  which  follow  one  another 
at  intervals  of  twenty-four  houn  for  the  sun,  and  about  24h.  50m.  for 
the  moon.  The  thinl  depends  on  an  angle  equal  to  the  double  of  that 
on  which  the  second  depends ;  and  consequently  it  represents  the  semi- 
diurnal tide. 

But  the  subject  of  waves  and  tides  has  been  treated  in  conformity  to 
the  theory  of  undulations  by  Mr.  Airy,  the  astronomer  royal,  in  a 
valuable  essay  originally  published  in  the '  Encyclopeedia  MetropoUtana :' 
the  investigations,  though  admitting  of  general  application,  are  par 
ticularly  adapted  to  the  phenomena  of  tides  in  riven  and  arms  of  the 
sea;  and  they  are  conducted  by  an  analysis  within  the  reach  of  penons 
acquainted  with  the  ordinary  processes  of  the  differential  and  integral 
calculus. 

As  in  the  theory  of  La  Place,  there  is  formed  an  "  equation  of  con 
tinuity,"  which  is  founded  on  the  equality  of  a  rectangular  parallelo 
piped  of  water  at  rest,  to  the  oblique  parallelopiped  formed,  when  the 
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mAer  is  in  a  rtate  of  diBtarbuice,  by  the  new  pontlomi  of  the  eig^t 
partieles  constituting  the  angular  points  of  the  fonner  narallelopiped. 
But,  aa  the  water  ia  Buppoaed  to  be  in  a  rectangular  canal,  the 
3Bent  of  the  paraUelopiped  in  the  direction  of  the  breadth  of  the  ean4 
18  Boppoaed  to  be  constant ;  and  therefore  it  is  sufficient  to  assume 
the  equality  oC  the  parallelograms  whic^  form  a  side  of  each  in  the 
direction  of  the  length  of  the  canaL 

The  cf>piJ  being  of  uniform  depth,  the  "equation  ol  ocntiiMity  '  is 
expressed  by 

-r-  (between  0  and  y) 

whero  X  and  jr  are  respeotively  the  horisontal  and  vertieal  coordinates 
ol  a  particle  of  fluid,  and  where  x  and  T  are  respectiveljr  the  horizontal 
and  Tcrtical  ^splaeements  of  the  particle  by  the  aetion  of  the  dis- 
turbing forces:  the  equation  expresses  a  relation  between  those 
coordinates  and  the  disturbances  or  diqtlacements. 

An  equation  of  the  pressure  experienced  by  any  particle  from  the 
loroes  which  act  upon  it  is  next  found  in  Um  following  manner : — 
Let  p  represent  the  preunre  in  every  direction  on  the  lower  part  of  a 
disturbed  molecule  A  water  in  consequence  of  the  heig^  or  weight  of 
the  fthment  of  particles  above  it :  then,  the  yertioal  coordinaite  of  the 
particle  being  y'  or  y  -t-T,  suppose  in  the  element  dt  of  time  the  vertical 
coordinate  to  beoome  y  -i-  V  (the  vertical  height  of  the  filament  above 
the  molecule  in  that  position  being  increased  by  the  general  rising  of 
the  wave),  the  pressure  on  the  upper  part  of  the  mdeoula  will  be 

greater  than  before,  and  may  be  represented  by  j»  +  ^  V  r  <K)a«e- 
quently  the  molecule  may  be  supposed  to  be  pressed  downwards  by  a 

force  represented  by  -y-,  hf.    Now,  in  order  to  render  the  expreanon 

for  the  hydrostatical  pressure  homologous  to  that  which  is  employed 

for  the  force  of  gravii^,  it  must  be  considered  as  aocelerative,  or  as  a 

motive-power  divided  "by  the  mass;   and  therefore  the  accelerative 

dp  . 

pressure  downwards  becomes  gj-? ,  which  being  added  to  g,  representmg 

dp 

the  force  of  gravity  and  supposed  to  be  constant,  there  arises  ^  +  9 

lor  the  whole  acoeleratins  of  the  molecule  downwards :  henoe  there  is 
obtidBed  ike  equation 

d*y        ^ 

This  equation  being  integrated  between  the  limits  for  the  bottom  of 
the  molecule  and  the  top  of  the  wave,  gires  the  hydrostatical  force  by 
which  a  vertical  filament  of  vrater  descends,  or  that  by  whteh  it  is 
carried  forward  horizont^y. 

Let  the  slender  column  of  water  above  the  molecule  have  a  hori- 

sontal  breadth  eqtnl  to  A  in  the  direction  of  x ;  then  the  horisontal 

pressure  in  £ron^  by  which  the  column  is  forced  backwards,  will 

exceed  the  pressuse  by  which  it  is  carried  forwards  by  a  force  repre- 

cijp  dp 

sented  by  -j-  dh,  or  by  an  aooeleFation  represented  by  ^ ;  therefore 


the  horisontal  acceleration  forwards  is 


-^:a 


dx 


eztmieous  ftMroes,  as 


the  attraction  of  the  sun  or  moon  on  the  molecule,  and  the  effects  of 

friction,  be  together  represented  by  F,  when  estimated  in  the  direction 

dp 
of  X,  there  arises  the  expression  f—  ^z  ^o^  the  whole  acceleration 

forwards ;  then  the  "  equation  of  motion  "  becomes 


d^ 

dfi 


F  — 


dx 


c 

fare  — 

a 


to  d» 


IF» 


which  gives  relations  between  the  terms  x,  r,  x,  y,  and  t  This 
"  equation  of  equal  preasure"  and  the  "  equation  of  continuity"  con- 
stitute the  theory  of  the  motion  of  fluids  in  canals  of  uniform  breadth. 

The  general  equation  representing  the  disturbance  or  displacement 
•of  a  particle  of  water  is  the  same  as  that  which  expresses  the  dis- 
turbance of  a  particle  of  light  in  the  undulatory  theory;  and,  in 
order  to  indicate  oscillatory  motion,  both  the  horisontal  and  vertical 
displacements  are  represented  by  terms  containing  the  sines  or  cosines 
of  angles  depending  on  the  time  U 

If  it  be  assumed  that 

X =11  cos  (nt—mx)  +  a  sin  (nt—mx), 

B  and  a  being  functions  of  y,  the  above  equations  of  oontinui^  and 
of  equal  pressure  give,  on  the  supposition  that  gravity  is  constant,  that 
no  extraneous  forces  act,  and  retaining  for  the  present  only  the  first 

po^er  of  "^ ,  or  of  the  horizontal  displacement 

fx        d^x 

c/y2  "*•   dx»  ''^' 

From  these  two  equations  are  obtained  the  values  of  x  and  Y  in 
terras  of  a  cos  {nt  -ww)  and  b  sin  {nt-mx). 


These  values  will  not  be  altered  il  ma;  is  increased  or 
one,  two,  three,  fte.  whole  ciroumferences,  that  ia,  if  x  is 

diminished  by  —  ,  — ,  &c.,  while  t  remains  the  same ;    *lx< 
nil     Si 

is  the  value  of  the  incremoits  of  x  which  correspond  to 
the  particles  of  water  are  in  the  same  condition  with 

2ir  ^ 

turbance,  that  is,  —  is  the  length  of  a  wave.    Again,  th^  wml 

not  bo  altered  if  n^  is  increased  or  diminished  by  whole  ci 

2ir     ix 
that  is,  if  <  is  Increased  or  diminished  by  — ,  -jj- ,  etc,  vrml«  jr 

2ir 
the  same ;  therefore  —  is  the  increment  of  time  which  oorrespcDsL 

the  particles  of  water  being  suoeesnvely  in  the  l&e  state  aif 

Sir 
aace,  that  is,  —  is  the  period  ol  a  wave,  or  the  tune 
n 

successive  formations  of  a  waTS^rammit  at  the  same  place. 

—  is  the  velocity  of  the  wave ;  and,  from  the  value  found  lor  it  by  tbt 

theory,  it  follows  that  the  velocity  depends  on  m  and  on  tlie  dejrth  .. 
the  water:  the  latter  being  constant,  the  velocity  dependa  «i  '^' 
length  of  the  wave,  or  it  depends  on  the  time  in  which  a  parties  c. 
water  makes  a  complete  vibration.  If  the  length  of  &  vrmve  or  t^ 
time  of  its  vibration  is  given,  the  velocity  will  vary  with  the  depth  c 
the  water. 

From  a  table  of  the  computed  velocities  of  waves  of  difTerent  len^l-. 
and  witii  different  depths  of  water,  it  is  found  that  when  the  lengtb  j 
the  wave  is  not  greater  than  the  depth  of  the  water,  the  veloeit  j  of  tb> 
wave  is  proportional  to  the  square  root  of  its  length  :  also  "^faen  th.- 
lengthisnot  less  than  one  thousand  times  the  depth  of  water,tk 
velocity  is  proportional  to  the  square  root  of  the  depth,  and  ia  the  ss^^ 
as  that  which  a  body  would  acquire  in  faUing  from  rest  throi^  i 
height  equal  to  half  that  depth.    The  greatest  horizontal  and  vcrtML 
displacement  of  a  partide  being  computed  for  difforsnt  values  ol  tht 
length  of  the  wave  and  the  depth  of  the  water,  it  appears  that  vhes 
the  latter  is  great,  compared  with  the  former,  as  in  the  <^)en  aea«  tk 
molioo  of  the  water  far  below  the  surface  is  very  small  oompared  wit^ 
the  motion  at  the  surface,  and  at  a  depth  equni  to  the  length  of  wsTf 
it  is  only  about  ^  of  the  motion  at  the  surface.    On  the  same  suppo- 
sition, we  greatest  horizontal  motion  is  equal  to  the  greatest  vertsA 
motion.    When  the  length  of  the  wave  is  great  compared  with  tJbe 
depth  of  the  water,  as  in  tide-waves,  the  horizontal  motion  of  tb» 
particles  is  nearly  the  same  from  the  surface  to  the  bottom,  and  the 
vertical  motion  varies  with  the  distance  from  the  bottom.    On  the  saasr 
supposition,  the  vertical  motion  of  the  superior  particles  ia  much  ka 
than  their  horizontal  motion. 

The  movement  of  a  particle  of  water  near  the  surface  may  be  deter* 
mined  from  the  values  given  by  the  theory  to  X  and  t  :  if  the  waves 
are  small,  so  that  a  may  be  considered  as  equal  to  B,  we  have 
(x"  +  T*)  >=  0,  a  constant;  which,  being  the  equation  of  a  drde,  it 
follows  that  the  particles  move  in  the  circumference  of  a  circle  -whom 
sadius  is  a  ;  but  if  the  length  of  the  wave  is  great  compared  with  tbe 
depth  of  water,  the  equation  is  that  of  an  ellipse.  These  last  deductioos  j 
from  the  theoiy  are  conformable  to  what  has  been  observed  in  expoi- 
mental  waves,  as  above  mentioned.  It  follows  that,  in  a  long  tide-wave 
flowing  up  a  channel,  the  horizontal  velocity  in  tiie  direction  of  the 
wave's  motion  is  the  greatest  at  the  summit  of  the  wave — that  is,  at 
high-water  :  at  the  place  of  greatest  depression — that  is,  at  low-water 
— the  motion  is  most  rapid  downwards ;  and  at  the  mean  level  the 
water  is  for  a  time  stationaiy. 

In  investigating  theoretically  the  phenomena  of  waves  by  whatever 
cause  nroduced,  if  the  lengths  of  the  waves  are  very  great  compared 
with  the  depth  of  the  canal  in  which  they  move,  it  becomes  necessajj 

to  retain  the  second  and  even  higher  powers  of  — ,  or  of  thehorizontii 

dx 
displacement,  in  the  equations  of  continuity  and  of  equal  pressun; 

but  the  vertical  oscillations  being  then  small,  the  value  of  ?H  may  be 

n^ected.  Then,  if  the  perturbating  actions  of  the  sun  and  moon  are 
not  considered,  the  integration  of  the  differential  equation  of  equl 
pressure  gives  a  value  of  the  vertical  displacement  at  the  surface,  or 
the  height  of  the  wave  above  the  mean  elevation,  in  terms  wfaidi 
contain  k  sin  (nt—mx)  and  kx  sin  {2nt—2mx),  k  being  the  depth  d 
water  in  the  canal.  Tracing  an  undulating  line  whose  ordinate^  are 
the  values  of  that  vertical  height,  corresponding  to  different  values  of 
X,  the  horizontal  distance  from  the  mouth  of  the  eanal,  which  is  sop- 
posed  to  open  to  the  sea;  it  is  found  that,  near  the  opening,  the  froot 
and  rear  slopes  of  the  waves  are  of  equal  lengths  and  of  similar  forms; 
but  as  the  distance  from  the  sea  becomes  greater,  the  front  idope  is 
shorter  and  steeper,  and  the  rear  slope  longer  and  more  genUe.  At  a 
great  distance  the  latter  becomes  nearly  horizontal  in  the  middle, 
and  at  length  it  divides  into  two  parts,  so  that  the  wave  becomes 
double.  Near  the  sea,  also,  the  time  occupied  by  the  rise  of  the  wave 
is  equal  to  the  time  occupied  by  its  descent :  at  a  certain  distance  the 
rise  takes  place  in  less  time  than  the  descent ;  and  at  a  still  greater 
distance  the  descent,  after  having  been  rapid,  is  cheeked,  ^r  ohaoged 
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into  a  riae,  to  wMch  another  rapid  doacent  auooeedi ;  io  that  there 
seem  to  be  two  tidei,  or  elevations  of  the  water,  in  the  upper  part  of 
the  canal^  correspont^g  to  one  elevation  at  the  mouth. 

Tho  value  of  — ,  or  the  velocity  of  the  partides  of  water,  ia  found 

dt 
also  to  contain  the  sines  and  cosines  of  the  angles  above  mentioned ; 
and,    substituting  in  these  the  greatest  positive   and    the  greatest 
nef^ative  values  of  the  elevation,  it  is  found  that  the  velocity  corre- 
Biioiiding  to  the  first  of  these  values— that  is,  at  the  top  of  the  wave — 
IB  less  than  the  velocity  corresponding  to  the  other;  but  the  motion, 
in  tlie  firat  case,  is  up  the  canal,  and  in  the  other  down  it,  and  these 
are  nearly  the  same  as  the  greatest  velocities  of  the  water :  conse- 
quently, the  velocity  of  the  flow  of  the  wave  in  the  canal  is  less  than 
that  of  the  ebb.    The  preceding  conclusions  relate  to  the  case  in  which 
the  water  was  at  rest  in  the  canal  previously  to  the  formation  of  the 
wave  :  in  the  event  of  the  water  having  a  general  movement  towards 
the  sea,  the  time  in  which  the  wave  rises,  or  the  time  from  low- water 
to  high- water,  is  still  less  than  the  time  of  the  descent;  but  the 
difference  between  the  two  times  is  greater  than  in  the  former  case. 

If  a  section  of  the  bed  of  the  canal,  instead  of  being  rectangular,  has 
the  form  of  an  isosceles  triangle,  the  investigations  show  that  the 
velocity  of  the  wave  would  be  equal  to  that  of  a  wave  in  a  rectangular 
bed  whose  depth  is  equal  to  half  the  perpendicular  of  the  triangle.  If 
the  section  were  a  parabola,  the  velocity  would  be  two-thirds  of  that 
vrhich  the  waves  would  have  in  a  rectangular  bed  of  equal  breadth 
and  depth. 

When  the  water,  still  supposed  to  be  in  a  canal  of  uniform  breadth 
and  depth,  is  distiurbed  by  extraneous  forces,  as  the  attraction  of  the 
Bun  or  moon,  the  term  F  in  the  equation  of  equal  pressure  is  conceived 
to  consist  of  two,  one  represented  by  H  sin.  {it—mx)  f or  the  horisontal 
intensity  of  such  force  in  the  d^ection  of  x,  and  the  other   by 

Q  COB.  {it—mx)  for  the  vertical  intensity;  and  the  equation  for  ■--- 

being  then  satisfied  by  the  equation  x=^'  (y)  sin.  {it—mx),  in  which 

^"  iy)  ropres^ts  the  second  differential  coefficient  of  a  function  of  y, 

ihere  is  obcSned  a  value  of  x  at  the  surface  of  the  fluid  in  terms  of 

sin.  {it—mx),  and  a  value  of  the  height  above  the  level  of  still  water 

in  terms  of  cos.  (it—mx).    The  wave  thus  indicated  depends  upon  the 

continuance  of  the  actions  of  the  extianeous  disturbing  forces,  and  is 

designated  by  Mr.  Airy  the  forced  tide-wave.     This  wave,  he  observes, 

would  cease  to  exist  if  those  forces  were  to  cease;  but  other  waves 

resulting  &om  the  previous  action  would  still  continue  to  exist,  and 

these  he  distinguishes  by  the  name  of  free  tide-waves.    If  the  canal  be 

supposed  to  surround  the  earth  at  the  equator,  the  length  of  the  forced 

tide- wave  iei  equal  to  half  the  drciunferenoe  of  that  great  circle;  and 

from  the  expressions  for  x  and  T,  it  appears  that  the  effect  of  the 

vertical  disturbing  forces  on  the  phenomena  of  the  tides  is  insignificant, 

almost  the  whole  sensible  effect  bemg  due  to  the  horizontal  force. 

Taking  into  account  the  effects  of  friction,  which  may  be  considered 
as  a  horizontal  retarding  force  proportional  to  the  velocity,  and  which 

may  consequently  be  represented  by  —  /  -j-  ;  the  value  of  x  contains 

dt 

terms  involving  the  sines  and  cosines  of  angles  represented  by  it—mx 
and  t<  +  90;,  and  the  expression  for  the  vertical  elevation  contains  the 
sine  and  cosine  oi  it—mx.  The  analytical  expression  arising  from  the 
introduction  of  this  additional  pertivbation  mdicates  the  fact  that 
the  liighest  tides  take  place  later  than  t^e  times  at  which  the  disturb- 
ing forces  arising  from  the  action  of  the  sun  or  moon  are  the  greatest ; 
and  this  circumstance  gives  to  the  wave  theory  an  important  advantage 
over  those  of  Newton  and  La  Place ;  for  in  both  these  theories  the 
greatest  tides  take  pdaoe  when  the  force  is  the  greatest. 

In  the  case  of  a  canal  bounded  at  both  extremities,  the  expression 
for  X,  the  horisontal  disturbance  of  a  partide,  is  found  to  consist  of 
two  parts,  one  of  which  is  the  horizontal  movement  due  to  the  disturb- 
ing forces,  and  the  other  a  combination  of  free  tide-waves,  probably 
caused  by  reflexions  of  the  forced  tide-waves  from  the  opposite  ends  of 
the  canal.  When  a  canal  so  bounded  jb  of  small  extent,  the  horizontal 
motion  of  the  particles  is  found  to  be  the  greatest  in  the  nnddle  of  its 
length,  and  to  diminish  gradually  to  the  «nds,  where  it  vanisfaes. 
There  is  proved  to  be  no  variation  of  level  in  the  middle  of  the  lengtii, 
and  the  vari<ation  in  other  parts  is  proportional  to  the  duitance  from  the 
middle,  the  elevation  at  one  end  taking  place  at  the  same  time  as  the 
depression  at  the  other.  It  results,  also,  that  the  greatest  horizontal 
and  vertical  displacements  of  the  particles  take  place  at  the  same  time ; 
ihhereag  in  other  droumstances,  from  the  circular  or  elliptical  motions 
of  the  particles,  the  greatest  horizontal  displacements  take  place  when 
the  vertical  displacements  are  zero,  and  vice  vereA. 

In  a  deep  gulf  open  to  the  sea  at  one  end  and  closed  at  the  other, 
and  iu  which  the  waters  have  a  tidal  fluctuation,  the  termination  of 
the  flow  upwards  takes  place  at  the  mouth  a  considerable  time  after 
high-water;  but  near  the  bottom  of  the  guH  the  difference  between 
the  times  is  very  small.  When  a  tide-wave  is  propagated  up  a  river, 
the  analysis  shows  that  the  vertical  elevations  of  the  wave,  and  also  the 
horizontal  motion  of  the  particles  of  water,  diminish  continually  as  the 
^ve  advances  :  also  the  direction  of  the  tide-current  changes  sooner 
after  the  instant  of  high-water  than  it  would  if  friction  were  not  con> 


sidered.  When  a  river  runs  on  a  dedivity  towards  the  sea,  the  latter 
being  affected  by  tides,  it  is  shown  that  the  low-water  at  certain  points 
up  the  river  may  be  higher  than  the  levd  of  high-water  on  the  sea. 

The  theory,  of  which  a  brief  outline  has  just  been  stated,  applies  to 
what  are  called  negative  waves  by  a  mere  diange  in  the  sign  of  the 
ooeffidents  of  tiie  trigonometrical  factors.  These  waves  are  depressions 
below  the  general  surface  of  the  water,  and,  like  the  others,  they  have 
a  progressive  motion.  Such  waves,  for  example,  are  those  which  are 
formed  by  the  paddles  of  a  steam-boat 

All  the  theories  concur  in  showing  that  the  difference  between  the 
diurnal  and  semidiurnal  tides  is  great  in  middle  latitudes,  and  small  at 
the  equator  and  poles ;  and  in  this  respect  they  are  at  variance  with 
the  actual  phenomena.  From  observations  it  ia  found  that  this  differ- 
ence is  as  great  at  certain  places  near  the  equator  as  near  the  latitude 
of  either  tipple  :  it  has  also  been  found  to  be  great  at  Petropaulowski 
and  in  Norfolk  Sound,  while  in  Europe  it  is  small.  It  has  been 
attempted  to  account  for  the  latter  circumstance  by  assuming  that 
eadi  tide^wave  in  this  part  of  the  world  is  oomposed  of  two,  which 
flow  towards  the  same  place  in  opposite  directions  at  intervals  of  about 
twelve  hours.  It  is  supposed  that  tiie  senoidiumal  waves  of  these 
tides,  being  in  the  same  state  or  phase,  produce  together  a  like  effect, 
but  that  the  diurnal  waves  are  in  opposite  states ;  so  that  the  superior 
hi^  tide  of  one  wave  coinciding  with  the  inferior  high  tide  of  the  other, 
they  together  produce  a  mean  height  of  water  differing  but  littie  from 
that  of  the  united  semidiurnal  tides. 

We  cannot  here  enter  into  the  details  of  the  investigations  relating 
to  the  theories  of  the  osdUations  of  water,  or  the  discussion  of  the 
experiments  whidi  have  been  made  on  waves  m  arti8cial  canals,  the 
methods  of  making  observations  on  tides,  and  accounts  of  the  par- 
ticular tides  in  rivers  and  seas;  but  the  experimental  researches  of 
Mr.  Scott  Russell  have  made  so  important  an  accession  to  our  know- 
ledge of  waves,  in  its  relation  to  practical  as  well  as  theoretical  science, 
that  this  artide  would  be  defective  without  a  summary  of  their  results. 
The  details  of  his  experiments  will  be  found  chiefly  in  the '  Trans- 
actions of  the  Royal  Sodety  of  Edinburgh,'  vol.  xiv.,  and  in  the 
'  Report  of  the  Seventh  Meeting  of  the  British  Association  for  the 
Advancement  of  Sdence.' 

At  the  time  when  Mr.  Russell's  hydrodynamical  researches  were 
commenced,  the  celestial  mechanics  of  the  tides,  as  we  have  seen  in 
the  preceding  portion  of  this  artide,  had  been  analysed  and  explained 
in  a  manner  satisfactory  both  to  astronomers  and  mathematical 
physicists,  but  a  great  variety  of  considerations  relating  to  the  pro- 
pagation of  the  tides  along  the  surface  of  the  globe— constituting  their 
terrestrial  mechaniam — remained  without  explanation.  The  solar 
and  lunar  attraction  having  generated  the  tides,  exercise  little  or  no 
influence  over  the  subsequent  propagation  of  theuL  It  is  not  until 
60  or  00  hours  after  their  creation  that  the  tides  readi  our  shores, 
having  moved  in  the  interval  in  every  possible  direction,  and  with 
every  velodty  from  100  down  to  10  miles  an  hour.  "  This  moving 
elevation  of  fluid,"  in  the  words  of  the  committee  on  waves,  appointed 
by  the  British  Association  in  1886,  "  may  be  conveniently  designated 
a  vKive,  and  its  history  will  be  the  history  of  the  tidnU  wave  ;  but  to 
confer  upon  it  tiie  name  of  wave  does  not  imply  that  its  laws  are 
those  which  belong  to  any  other  similar  elevation  with  which  we  are 
acquainted.  It  was  necessary  to  investigate  the  nature  of  this  tide- 
wave — ^to  examine  the  hydrodynamical  mechanism  by  which  it  is 
transferred  from  one  place  to  another — ^to  determine  the  laws  which 
regulate  its  form  and  its  velodty — ^to  ascertain  if  any  relations  exist 
between  the  form  and  dimensions  of  its  bed,  and  its  own  form  and 
rate  of  transference.  Theae  and  many  similar  points,"  including  also 
the  effect  of  the  wind  upon  the  tide-wave,  "  were  still  unknowzL*' 
Laplace,  Lubbock,  and  Whewell  had  severally  pointed  out  how  mudi 
was  required  to  be  known,  and  the  last  had  shown  that  a  great  number 
of  curious  facts  in  fluid  motion  had  been  established  by  the  tide 
researches,  some  of  which  had  been  discussed  and  others  instituted 
and  pursued  by  himself,  of  which  he  expressed  a  hope  that  tiie  theory 
of  hydrodynamics  would  one  day  be  able  to  render  a  reason. 

Such  having  been  the  condition  of  sdence  on  the  subject  when  Mr. 
Russell  began  his  inquiries,  the  following  is  a  condensed  statement, 
but  nearly  m  the  words  of  the  Committee,  of  the  "  General  Besulti* 
he  obtained,  and  which  have  eventually  been  found  to  possess  much 
more  than  the  value  which  had  been  antidpated. 

1.  The  existence  of  a  great  primary  wave  of  fluid,  differing  in  its 
origin,  its  phenomena,  and  its  laws,  from  the  undulatory  and  oscillatory 
waves  which  alone  had  been  investigated  previous  to  tne  researches  of 
Mr.  Russell,  have  been  confirmed  and  established.  This  wave  was  first 
observed  by  him  in  1884. 

2.  The  velocity  of  this  wave  in  channels  of  uniform  depth  is  inde- 
pendent of  the  breadth  of  the  fluid,  and  equal  to  the  velocity  acquired 
by  a  heavy  body  falling  freely  by  gravity  through  a  height  equal  to 
half  the  depth  of  the  fluid,  reckoned  fr^m  the  top  of  the  wave  to  the 
bottom  of  the  channd. 

8.  The  velocity  of  this  primarv  wave  is  not  affected  by  the  velodty 
of  impulse  with  indiich  the  wave  has  been  originally  generated,  neither 
does  its  form  or  velocity  appear  to  be  derived  in  any  way  from  the  form 
of  the  generating  body. 

4.  This  wave  has  been  found  to  differ  from  everv  other  spedes  of 
wave  in  the  motion  which  is  given  to  the  individual  partides  of  the 
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fluid  through  which  the  wave  is  propagated.  By  the  transit  of  the 
wave  the  particles  of  the  fluid  are  raised  from  their  places,  transferred 
forward  in  the  direction  of  the  motion  of  the  wave,  and  permanently 
deposited  at  rest  in  a  new  place  at  a  considerable  distance  from  their 
original  position.  There  is  no  retrogradation,  no  oscillation;  the 
motion  is  all  in  the  same  direction,  and  the  extent  of  the  transfer- 
ence is  equal  throughout  the  whole  depth.  Hence  this  wave  may 
be  d^criptively  designated  the  great  primary  wave  of  translation.  The 
motion  of  translation  commences  when  the  anterior  surface  of  the 
wave  is  vertically  over  a  given  series  of  particles;  it  increases  in 
velocity  until  the  crest  of  the  wave  has  come  to  be  vertically  above  them, 
and  from  this  moment  the  motion  of  translation  is  retanled,  and  the 
particles  are  left  in  a  condition  of  perfect  rest  at  the  instant  when  the 
posterior  surface  of  the  wave  has  terminated  its  transit  through  the 
vertical  plane  in  which  they  lie.  This  phenomenon  has  been  verified 
up  to  the  depth  of  5  feet. 

5.  The  elementary  form  of  the  wave  is  cycloidal;  when  the  height 
of  the  wave  is  small  in  proportion  to  its  length  the  curve  is  the  pro- 
late cycloid,  and  as  the  height  of  the  wave  increases  the  form 
approaches  that  of  the  common  cycloid,  becoming  more  and  more 
cusped  until  at  last  it  becomes  exactly  that  of  the  common  cycloid, 
with  a  cusped  summit ;  and  if  by  any  means  the  height  be  increased 
beyond  this,  the  curve  becomes  the  curtate  cycloid,  the  summit 
assumes  a  form  of  unstable  equilibrium,  totters,  and  falling  over  on  one 
side  forms  a  crested  wave  or  breaking  surge. 

G.  A  wave  is  possible  in  forms  of  channel  where  the  depth  is  not 
uniform  throughout  the  whole  depth.  It  appears  however  that  where 
the  difierence  between  the  depth  of  the  sides  is  considerable,  one  part 
of  the  wave  will  continue  during  the  whole  period  of  propagation  in 
the  act  of  breaking,  so  as  to  show  that  in  these  circumstances  a  con- 
tinuous wave  is  impossible.  In  other  cases  the  ridge  of  the  wave 
rises  so  much  higher  on  the  shallower  part  of  the  fluid  as  to  produce 
a  given  velocity  without  exceeding  the  limits  of  equilibrium,  and  in 
those  cases  the  wave  becomes  possible,  and  the  velocity  appears  to 
coincide  closely  with  that  which  we  obtain  by  supposing  the  wave 
resolved  into  vertical  elements,  each  having  the  velocity  due  to  the 
depth,  and  then  integrating.     It  results  that : — 

In  the  rectangular  channel  the  velocity  is  that  of  gravity  due  to  half 
the  depth. 

In  the  sloping  or  triangular  channel  the  velocity  is  that  due  to  one- 
third  of  the  greatest  depth. 

In  a  parabolic  channel  the  velocity  is  that  due  to  three-eighths  or 
three-tenths  of  the  greatest  depth,  according  as  the  channel  is  convex 
or  concave. 

The  velocity  of  the  great  primary  wave  of  translation  of  a  fluid  is 
that  due  to  gravity  acting  through  a  height  equid  to  the  depth  of  the 
centre  of  gravity  of  the  transverse  section  of  the  channel  below  the 
surface  of  the  fluid. 

7.  The  height  of  a  wave  may  be  indefinitely  Increased  by  propaga- 
tion^ into  a  channel  which  becomes  narrower  in  the  form  of  a  wedge, 
the  increased  height  being  nearly  in  the  inverse  ratio  of  the  square 
root  of  the  breadth. 

8.  If  waves  be  propagated  in  a  channel  whose  depth  diminishes 
uniformly,  the  waves  will  break  when  their  height  above  the  surface  of 
the  level  fluid  becomes  equal  to  the  depth  at  the  bottom  below  the 
surface. 

9.  The  great  waves  of  translation  are  reflected  from  surfaces  at  right 
angles  to  the  direction  of  their  motion,  without  suffering  any  change 
but  that  of  direction. 

10.  The  great  primary  waves  of  translation  cross  each  other  without 
change  of  any  kind,  in  the  same  manner  as  the  small  OBcillations  pro- 
duced on  the  surface  of  a  pool  by  a  falliDg  stone. 

11.  The  waves  of  the  sea  are  not  of  the  firat  order ;  they  belong  to 
the  second  or  oscillatoiy  order  of  waves ;  they  are  partial  displace- 
ments at  the  surface  which  do  not  extend  to  considerable  depths,  and 
are  therefore  totally  different  in  chuactcr  from  the  great  waves  of 
translation,  in  which  ihe  motion  of  displacement  of  the  particles  of  the 
fluid  in  the  waves  of  the  sea  is  greatest  at  the  surface  and  diminishes 
rapidly.  There  are  generally  on  the  surface  of  the  sea  several  co- 
existent classes  of  oscillations  of  varying  direction  and  magnitude, 
which  by  their  union  give  the  surface  an  appearance  of  irregularity 
which  does  not  exist  in  natiure. 

12.  When  waves  of  the  sea  approach  a  shore  or  come  into  shallow 
water,  they  become  waves  of  translation,  and  obeying  the  laws  already 
mentioned,  always  break  when  the  depth  of  the  water  is  not  greater 
than  their  height  above  the  level. 

13.  Waves  at  the  surface  of  the  sea  do  not  move  with  the  velocity 

due  to  the  whole  depth  of  the  fluid ;  may  they  not  move  with  the 

velocity  due  to  that  part  which  they  do  agitate,  or  to  some  given  part 
of  it?  rf        "o        *  o         r^ 

\}\'^  ^circumstance  frequently  observed  when  the  waves  break  on 
the  shore,  has  been  satisfactorily  accounted  for  by  the  examination  of 
the  constitution  of  the  waves  of  the  sea.  It  has  been  frequently  ob- 
served that  a  certain  wave  is  the  lai^gest  of  a  series,  and  that  these  large 
waves  occur  periodically  at  equal  intervals,  so  that  sometimes  every 
third  wave,  every  seventh,  or  every  ninth  wave,  is  the  largest.  Now  as 
there  are  almost  always  several  co-existent  series  of  waves,  and  as  one 
of  these  is  a  long,  gentie  "  under  swell,"  propagated  to  the  ahoi^  from 


the  deep  sea  in  the  distance,  while  the  others  are  abort  and  more «. . 
ficial  waves,  generated  by  a  temporary   breeze  of  reflectiona  t ._ 
neighbouring  shore  ;  so  it  will  follow^  that  when  the  smaller  vrar^ 
Jrd,  or  ^th,  or  Jth,  or  in  any  other  g-iven  ratio  to  the  length  of :  - 
ones,  those  waves  in  which  the  ridg^es  of  the  two  aeries  are  cuin . : 
will  be  the  periodical  large  waves ;  and  if  there  be  three  gj-fte^ 
coexistent  waves,  or  any  greater  number,  their  coincidences  i»ii  r 
periodical  large  recurring  waves,  having^  ma'xfma  and  minima  of  Tir 
ordera. 

15.  The  tide- wave  appeara  to  be  the  only  wave  of  the  ooeazi  ^L 
belongs  to^the  fint  order,  and  app>ears  to  be  identical  with  the  -. 
primary  wave  of  translation ;  its  velocity  dimininhes  and  iucr&s^T; 
the  depth  of  the  fluid,  and  appears  to  approximate  cJoselj  tf  j 
velocity  due  to  half  the  depth  of  the  fluid  in  the  rectangular  cbzi- 
and  to  a  certain  mean  depth  which  is  that  of  the  centre  of  gnnt; 
the  section  of  the  channel.  It  is,  horwever,  difficult  to  determii^  i- 
limits  within  which  the  tide-wave  retains  its  unity ;  where  potty:.- : 
the  same  channel  differ  much  in  depth  at  points  remote  tot.  r^ 
other,  the  tide-waves  appear  to  separate. 

16.  The  tide  appears  to  be  a  compound  wave,  one  elemeiitaiT7<-> 
bringing  the  firat  part  of  flood  tide,  another  the  high  water,  and «  : 
these  move  with  different  velocities  according  to  the  depth,  it. 
preaching  shallow  shores  the  anterior  tide- waves  move  more  slo^h: 
the  shallow  water,  while  the  posterior  waves  moving  mare  n:;  J 
diminish  the  distance  between  successive  wares.  The  tide-viTv  t 
comes  thus  dislocated,  its  anterior  surface  rising  more  rapidly  ..sti .: 
posterior  surface  descending  more  slowly  than  in  deep  water.  f 

17.  A  tidal  bore  [Bobe]  is  formed  when  the  water  is  sosh^'i.T- 
low  water  that  the  firat  waves  of  flood  tide  move  with  a  ve!>  t  r 
much  less  than  that  due  to  the  succeeding  -part  of  the  tidal  ware.  -.^ 
be  overtaken  by  the  subsequent  waves ;   or  wherever  the  tide  ris-.; 
rapidly,  and  the  water  on  the  shore  or  in  the  river  is  so  shallow  l 
the  height  of  the  firat  wave  of  the  tide  is  greater  than  the  dtfl 
the  fluid  at  that  place.     Hence  in  deep  water  Vessels  are  safe  f^•mti; 
waves  of  rivere  which  injure  those  on  the  shore. 

18.  The  identity  of  the  tide-wave  and  the  great  ware  of  tns-^ 
tion,  shows  the  nature  of  certain  variations  in  the  establishinert  c 
ports  situated  on  tidal  riven.  Any  change  in  the  depth  of  the  ri-? 
produces  a  corresponding  change  between  the  moon's  inDsatind^  i 
high  water  immediately  succeeding.  It  appears  from  the  ob9emtic& 
in  this  report,  that  the  mean  time  of  high  water  has  been  rendere*!  :1 
minutes  earlier  than  formerly,  by  deepening  a  portion  o!  about  l: 
miles  in  the  channel  of  a  tidal  river,  so  that  a  tide-ware  rhX 
formerly  travelled  at  the  rate  of  10  miles  an  hour,  now  trarels  attiit 
rate  of  nearly  15  miles  an  hour. 

19.  It  also  appears  that  a  large  wave,  or  a  wave  of  high  vat^c 
spring  tides,  travels  faster  than  a  wave  of  high  water  of  neap  tid^ 
showing  that  there  is  a  variation  on  the  estabUshmeot,  or  on  tisr 
interval  between  the  moon's  transit  and  the  succeeding  high  water,  >i-' 
to  the  depth  of  the  fluid  at  high  water,  and  which  would,  of  co'^^^ 
enter  as  an  element  into  the  calculation  of  tide  tables  for  an  ul^ 
port  on  the  sea  shore.  The  variation  of  the  interval  will  vary  withtK 
square  root  of  mean  depth  of  the  channel  at  high  water. 

*'  These  results  give  us  principles,"  the  committee  on  waves  conoid^ 
"  1,  for  the  construction  of  canals ;  2,  for  the  navigation  of  cod^In 
for  the  improvement  of  tidal  rivere ;  4,  for  the  navigation  of  v.^ 
rivera;  5,  for  the  improvement  of  tide  tables."  But  an  aqu-/ 
valuable  application,  not  however  foreseen  when  these  results  had  l>^^ 
obtained  and  examined,  unless  by  Mr.  Russell  himself,  was  to  t!^ 
improvement  of  naval  architecture.  Of  this,  a  brief  account  hs 
already  been  given  in  the  article  Ship-Buildino. 

After  the  publication  of  the  report  by  the  committee  on  ^t«. 
which  contained  the  experimental  investigation  of  which  ^^^^^f 
given  the  principal  results,  the  phenomena  of  waves  engag^^^ 
attention  of  eminent  mathematicians,  who  endeavoured  to  <l^^j^ 
from  first  principles  the  curious  facte  which  Mr.  Scott  Russell  aa^i^' 
associates  had  observed,  so  as  to  reconcile  theory  with  experiiDco*- 
Among  these  were  the  Astronomer-Royal  (a  summary  of  whose  con 
elusions  has  been  given  in  this  article),  Mr.  Green,  and  ^^J*^ 
Kelland,  who  also  succeeded  in  obtaining  from  analysis  many  ot  t^ 
very  singular  experimental  resulte.  Their  researches  were  pubbsbw 
in  the  Transactions  of  the  Cambridge  Philosophical  Societ/,  ^ 
those  of  the  Royal  Society  of  Edinburgh ;  and  Professor  Kelland  a^ 
gave  a  view  of  the  actual  state  to  which  the  theory  of  ^*^^.lf 
been  brought  in  the  Report  of  the  tenth  meeting  of  the  Bna* 
Association.  ^^ 

The  theory  of    waves,  regarded  as  forming  a  part  of  ^J^l 
mechanics,  as  well  as  in  certain  applications,  has  been  considered  ^ 
in  the  articles  AcousTioa;  Inteefebence  ;  Vibration;  and  ^^'^^^j 
TORY  Theory  of  Liqht.    An  excellent  familiar  explanation  ot  vi^ 
subject,  especially  as  regards   tiie  coincidence   and  interference 
waves,  will  be  found  in  Professor  Tyndall's  '  Glaciers  of  the 
pp.  230-233. 

WAX.    There  are  several  varieties  of  this  substance,  but  "i^/^ 
used  by  itoelf  means  Bees'  Wax,  under  which  heading  will  be  J"^^ 
an  account  of  the  manner  in  which  it  is  secreted,  its  °^®^^\lijl 
stitution,  and  the  means  employed  in  preparing  it  for  comm^'^ 
puzpoaeiu 
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"Wax  is  oaed  to  a  oonsiderable  extent  in  the  making  of  candlea, 
cerates,  ointmentB,  and  plaBteiB.  The  so-called  seaUng-wax  has  no  wax 
in  ita  compoaition.  [Sbalino-Wax.]  Spurioua  wax  \a  sometimeB 
made  and  sold  for  cheap  purposes ;  consisting  of  yellow  resin,  mutton 
suet,  and  palm  oil,  or  turmeric  instead  of  palm  oil.  Etching-toax  is 
made  of  bees'-wax  and  linseed  oil ;  or  white  wax,  gum  benzoin,  and 
lixkseed  oil ;  or  white  wax,  Buigundy  pitch,  and  powdered  asphaltum. 
AfodelUng-vsax  is  described  under  Wax-Modbllino. 

Vegetable  Wax,    Various  plants  yield  a  substance  like  wax,  which  ib 
obtained,  like  the  yegetable  butter,  by  bruising  and  boiling  them  in 
'water,  when  the  wax,  melting,  floats  to  the  sur&oe,  and  there  concretes 
on  cooling.    Of  these  the  most  remarkable  instance  is  the  Ceroxylon 
andicoia,  the  Wax  Palm  (Palma  de  Oera  of  the  American  Spaniards). 
Myriea  Qaie,  Candleberry  Myrtle,  or  Sweet  Qale,  a  native  of  this 
country,  yields  a  substance  resembling  bees'-wax  when  its  catkins  or 
oonea  are  boiled  in  water.    Myriea  cerifera,  a  native  of  North  America, 
yields  a  similar  substance  when  its  berries  are  thus  boiled :  candles  are 
made  of  it  also,  whence  the  plant  is  commonly  called  Tallow-shrub  or 
Candlebeny-tree.    M.  querafolia,  a  native  of  Uie  Cape  of  Qood  Hope, 
is  another  species  whicn  yields  a  vegetable  wax.     It  grows  along  the 
coast,  on  dry  sandy  plains  exposed  to  the  sea-air,  where  hardly  any 
other  plants  will  vegetate.    The  wax  invests  the  berries  in  the  form  of 
a  rougn  crust,  which  is  separated  by  means  of  boUing  water.    It  is  of  a 
greenish  colour,  but  may  be  bleached.    When  made  into  candles  it 
grives  a  very  fine  light    A  vegetable  wax  is  also  obtained  in  China 
from  JAffuknim  Iwidum,  which  is  frequently  mentioned  as  the  wax- 
tree  in  Dr.  Abel's  and  other  travels. 

Japan  is  now  known  to  be  the  chief  country  whence  vegetable  wax 
is  imported.  Small  parcels  have  been  brought  to  market  for  many 
years  past ;  the  wax  being  at  first  in  the  form  of  small  thin  oval  cakes 
stamped  with  Japanese  characters.  Afterwards  it  came  over  in  cases 
containing  ISO  lbs.  each.  In  1859  a  cargo  arrived  direct  from  Nagasaki, 
in  Japan,  of  nearly  9000  cases.  It  conmianded  a  ready  sale  at  the 
price  of  the  best  Russian  tallow  at  that  time,  (57t.  per  cwt),  but  went 
off  slowly  at  the  required  price  of  709. 

Dr.  M'Qowan,  in  a  paper  read  before  the  Society  of  Arts  in  1860,  on 
the  productive  industry  of  Japan,  said : — '^  One  of  the  most  remarkable 
products  is  the  vegetable  wax,  several  cargoes  of  which  have  already 
arrived  in  this  oountir  from  Japan.  It  is  said  that  the  first  adven- 
turer in  this  article  sold  his  caxgo  at  100  per  cent,  profit.  The  Japanese, 
having  discovered  this  wax  to  be  a  Suable  article  of  commerce, 
seemed,  when  I  was  in  the  countiy,  to  be  making  arrangements  for 
cultivating  more  largely  the  trees  producing  the  berries  from  which 
the  wax  is  expressed;  and,  with  improved  machinery,  this  artide 
could,  no  douH,  be  product  more  abundantly  and  more  cheaj^y. 
The  product  requires  protracted  bleaching  before  it  arrives  at  tiie 
white  state  in  wMch  it  is  sent  to  our  markets." 

Manv  other  plants  yield  a  substance  similar  to  vegetable  wax,  some 
from  the  stem,  but  mostly  from  the  berries.  The  Skui  iuceedanea,  a 
plant  of  the  same  species  as  the  mnMch,  might  (it  has  been  suggested) 
be  profitably  cultivated  in  Australia  or  at  the  Cape  of  Good  Hope.  It 
yields  a  wax  residue,  in  quality  between  bees'-wax  and  vegetable  tallow, 
softer  and  fatter  thim  bees'-wax,  and  easily  kneaded.  It  has  already 
come  into  use  in  Eng^d  in  the  candle  manufacture.  If  combined 
with  any  cheap  tallow  or  &t,  it  makes  a  mixture  useful  for  many 
purposes. 

WAX-MODELLINQ.  Wax  has  been  in  all  ages  an  important  agent 
in  the  art  of  statuary ;  and  in  the  formative  art  generally,  whether  as 
a  fine  art,  or  for  the  purposes  of  science.  In  statuary  it  is  used  in 
making  the  models  for  the  metal  cast,  but  more  foimerly  than  at 
present,  for  now  clay  is  frequently  substituted  in  its  place:  it  is, 
however,  still  used  by  silversmiths  in  casting  cups  and  other  cylindrical 
or  spherical  objects,  especially  such  as  are  required  to  be  kept  free 
from  the  markings  of  joints,  to  avoid  injury  to  the  design  or  embossed 
work.  In  fine  art  it  is  used  in  forming  images,  and  iconic  portraits, 
small  busts,  and  bassi-rilievi ;  and  it  is  also  very  usefully  and  largely 
applied  in  the  preparation  of  anatomical  models,  espedaUy  in  patho- 
logy, and  in  the  preparation  of  fruit,  flowers,  and  many  objects  of 
natural  history.  Wax-modelling,  when  applied  as  above  described,  as 
a  fine  art,  is  frequently  termed  the  Oeroplattic  art  (mipovAaffTud^;  from 
inip6s,  wax,  and  wXaarue^,  the  art  of  fashioning  into  forms). 

Wax  was  formerly  incUspensable  in  metal-casting,  though  when  and 
how  it  was  first  used  is  wnoUy  unknown.  It  may  have  been  used  for 
the  modds  of  solid  casts  even  in  the  earliest  periods,  but  was  almost 
certainly  used  in  hoUow  casting,  which  was  a  later  invention,  and  which 
will  presently  be  described ;  though  of  an  art  so  entirely  practical,  no 
description  can  convey  more  than  a  general  idea. 

Di£ferent  writers  of  different  ages  give  various  directions  for  the  pre- 
paration of  the  wax  to  be  used.  Vasari,  who  doubtless  mentions  that 
lued  in  his  own  time,  reconmiends  the  admixture  of  a  little  tallow, 
turpentine,  and  pitch,  with  the  common  yeUow  wax,  but  he  does  not 
specify  any  particular  quantities.  The  tallow  renders  it  more  soluble 
Kod  fluid,  the  turpentine  more  adhesive,  and  the  pitch  colours  it,  and 
aasiits  it  in  hardening  after  Uie  operation  is  complete :  it  may  also  be 
coloured  with  a  little  red  ochre  in  powder,  which  must  be  mixed  with 
the  wax  in  its  liquid  state.  It  may  be  made  any  other  colour  in  the 
same  way.  A  fVenoh  mixture  is — ^to  one  himdred  pounds  of  yellow 
wax,  ten  pounds  of  turpentine,  ten  of  pitch,  and  ten  of  hogs'-lard, 
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which  probably  would  be  similar  in  its  properties  to  the  mixture  de- 
scribed by  Vasari.  When  the  wax  is  melted,  great  care  must  be  taken 
that  it  does  not  boil,  or  it  cannot  be  repaired  when  cold.  M.  Hquet  in 
his  *  Art  du  Mouleur  en  Pl&tre,*  gives  the  following  compound  for 
founder's  wax— to  four  of  wax,  mix  one  of  tallow  and  two  of  Burgundy 
pitch  (poix  de  Bowrgogne),  which  when  melted  together  are  fluid  and 
manageable.  This  was  probably  the  composition  used  by  J.  B.  Keller 
and  Qirardon  in  preparing  the  mould  for  Qirardon's  equestrian  statue 
of  Louis  XIV.,  which  was  oast  entire;  or  in  whole  getto.  Several  other 
mixtures  were  and  are  probably  employed  by  different  sculptors;  the 
above,  howev^,  were  those  employed  in  France  and  Italy  in  the  great 
ages  of  founding,  when  the  wax  method  was  generally  in  use.  We 
may  now  proceed  to  describe  the  methods  of  its  application. 

Andrea  Verrocohio,  a  celebrated  sculptor  of  the  15th  century,  is  said 
by  Vasari  to  have  been  one  of  the  first  among  the  modems  to  introduce 
casting  from  moulds  taken  from  life,  or,  in  Vasari's  words,  to  bring  the 
pactice  into  general  use—"  che  f  u  de'  primi  che  cominciasse  a  metterlo 
m  uso  "  (ed.  1568).  These  casts  he  made  in  wax  and  in  plaster;  and 
some  writers  have  spoken  of  him  as  the  inventor  of  moulding  from  the 
human  figure,  and  others  even  as  the  inventor  of  casting  in  plaster ; 
neither  of  which  is  said  nor  could  have  been  intended  tobe  conveyed 
by  Vasari.  Many  arts  have  been  known,  and  occasionally  practised, 
before  they  have  been  applied  to  the  ordinary  uses  to  which  they  were 
well  adapted.  There  is  in  Florence  still  preserved  in  the  cathedral  a 
cast  thus  formed  from  the  head  of  Bnmelleschi,  which,  as  Bottari  has 
reouirked,  must  have  been  taken  when  Verrocchio  was  only  fourteen 
years  of  age.  And  with  regard  to  casting  in  plaster,  if  metal  casts  were 
made  long  before  the  time  of  Verrocchio,  it  is  more  than  probable  that 
plaster  casts  were  also  made.  The  first  distinguished  Italian  founder 
of  modem  times  was  Andrea  Pisano,  who  modelled  the  gates  of  the 
Baptistery  of  St.  John  at  Florence,  which  were  cast  by  some  Venetian 
founders  in  1880.  The  same  sculptor  had  previously  sent  by  Giotto  a 
present  of  a  bronze  crucifix  to  Pope  Clement  V.  (1805-1814)  at  Avignon, 
which  must  have  been  about  120  years  before  Verrochio  was  bom. 
This  craoifix  is  represented  as  having  been  of  excellent  workmanship ; 
it  must  have  been  fashioned  consequentiy  bv  an  artist  or  artists  well 
acquainted  both  with  mould-making  and  with  casting,  and  the  idea, 
therefore,  that  either  art  can  have  been  ever  first  pnetUed  at  so  late  a 
period  as  Verrocchio  is  quite  untenable.  The  fact  of  bringing  artists 
from  Venice  to  east  the  gates  of  the  Baptistery  of  St.  J^n  does 
not  BO  much  show  that  Florence  was  without  good  metal-founders, 
as  that  Venice  had  obtained  celebrity  for  its  artists  of  this  ckss. 
William  Austen,  a  celebrated  English  founder,  was  anterior  to  Ver- 
rocchio. [Austen,  William,  in  Bioo.  Div.]  However,  at  whatever 
period  and  by  whatever  process  the  early  Italians  first  prepared  their 
moulds  for  metal-casting^  they  most  probably  in  all  works  of  con- 
sequence used  wax  in  the  preparation  of  the  model  for  the  casting. 
The  ancient  Greeks  and  Romans  also  most  probably  used  wax  for  the 
same  purposes.  There  are  few  ancient  bronzes  of  a  large  size  now 
extant;  the  principal  of  them  is  the  equestrian  statue  of  Marcus 
Aurelius  before  the  Capitol  at  Rome.  This  monument  is  hollow,  and 
was  cast  in  two  parts;  and  probably  the  ancient  method  was  not  very 
different  from  that  described  by  Vasari ;  some  ancient  works  were  cast 
solid.  The  ancients  were  also  in  the  habit  of  m^ng  plaster  moulds 
of  objects ;  in  fact  the  Qreeks  and  Romans  were  more  or  less  familiar 
with  almost  every  method  and  contrivance  known  to  the  modem 
statuary.    (Miiller,  'Handbuch  der  Archaologie  der  Kunst,'  §§  805,  6.) 

It  is  generally  allowed  that  the  triumph  of  casting  in  modem  times 
was  Qirardon's  colossal  statue  of  Louis  XIV.,  cast  by  J.  B.  Keller;  it 
stood  on  the  Place  Venddme  at  Paris  until  1792,  when  it  was  destroyed 
by  the  French  populace.  The  weight  of  the  monument  is  said  to  have 
been  60,000  lbs.,  and  its  height,  including  the  bronze  pedestal,  21  feet 
This  enormous  mass  of  metal  was  cast  at  once,  or  m  a  single  geUo. 
The  preparation  of  the  model  and  mould  was  on  the  following  plan :~ 
When  the  model  of  the  statue  was  finished,  a  safe  mould  of  plaster  and 
brickduat  was  made  from  it  in  many  parts.  [Modsllino.J  Each  of 
these  parts  being  marked  and  numbered,  and  removed  from  the  model, 
was  then  oiled,  and  carefully  filled  on  the  inner  side  to  a  certain  thick- 
ness, an  inch  or  two,  with  the  modelling- wax  already  described ;  the 
thickness  depending  upon  the  height  or  position  of  tiie  part,  the  lowest 
parts  being  the  thickest,  for  the  metal  is  destined  to  fill  exactly  the 
space  ocouiaed  by  the  wax.  When  all  the  parts  of  the  mould  were 
tiius  prepared,  the  whole  was  again  put  together  in  a  pit,  around  a 
simple  framework  of  i^n  bars,  so  as  to  support  it  firmly  in  each  direc- 
tion ;  the  lowest  parts  of  the  mould  being  first  placed,  and  the  joints 
of  the  wax  of  the  various  contiguous  parts  being  filled  in,  and  the 
j^eces  carefully  united  together  with  melted  wax  with  a  brush,  as  the 
work  proceeded.  When  the  whole  was  put  together,  it  was  bound  on 
the  exterior  with  strong  bars  of  iron  attached  to  the  extremities  of  the 
bars  of  the  interior  framework.  The  mould  is  now  a  hollow  shell, 
?rith  a  thick  coating  of  wax  all  over  the  interior,  the  whole  being  kept 
together  by  iron  supports,  inside  and  outside.  The  next  stop  is  to  fill 
thu  hollow  shell,  uurQugh  an  aperture  left  at  the  top,  witn  a  com- 
position of  plaster  and  brickdust,  which  is  fire-proo£  This  fire-proof 
body  is  termed  in  English  a  care,  by  the  French  noyau,  by  the  Germans 
ieem,  and  by  Vasari  the  cmima.  Air-vents  must  be  made  in  the  shell 
before  the  casting  of  the  core. 

When  the  core  is  fixed,  the  original  mould  or  shell  is  taken  off,  and 
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a  wax  modd  of  the  statue  appears  to  the  egre.  Q^he  aculptor  now  ex- 
amines his  wax  modei,  and  muproveB  it  where  there  is  occaeioii  and 
repairs  or  makes  good  all  imperfections.  When  it  is  perfectly  finished, 
the  preparation  for  the  founding  oommenoes.  Oyer  this  wax  statue  a 
new  fire-proof  mould  is  made  oi  plaster,  brickduat  or  sand,  oow-hair, 
and  horse-dung,  and  sometimes  very  &Be  ashea.  This  corapositioo, 
used  at  first  as  a  fine  liquid  planter,  is  put  on  in  many  coats  with  a 
brush,  and  care  must  be  taken  that  every  particle  of  wax  is  oovered 
with  the  finer  plaster :  each  ooat  is  allowed  to  dry  before  the  suooeseive 
coat  is  put  on,  and  the  eompoaition  may  be  gradually  made  of  a  ooanser 
mixture.  When  this  new  shell  or  mould  is  of  a  sufficient  thickness 
and  is  properly  strengthened  by  iron  bare,  a  coal  fire  must  be  kindled 
roimd  it  and  be  allowed  to  bum  until  the  whole  of  the  wax  is  burnt 
out,  pn^MT  vents  being  made  for  its  escape.  This  burning  out  of  the 
wax  is  a  most  tedious  and  difficult  process,  lasting  sometimes  as  much 
as  four  or  even  six  weeks.  (Soltl,  '  Bildende  Kunat  in  Mjiinchea,' 
Stiglmayer,  p.  484.)  The-great  difficulty  and  long  process  of  melting 
out  the  wax  was  the  xsause  of  what  is  called  the  wax  method  going 
comparatively  out  of  use,  but  it  is  only  recently  that  the  day  and  sand 
modelling  as  its  substitute  has  been  generally  establiahed.  Untii  1824 
Stiglmayer,  one  of  the  moat  successful  of  recent  foimders,  used  the 
wax  method ;  from  that  time  the  clay  method.  The  largest  sin^  «ast 
by  Stiglmayer  did  not  amount  to  one-hall  of  the  given  weight  ol 
this  enormous  oast  by  Keller :  it  is,  however,  now  no  longer  con- 
sidered desirable  to  cast  a  monument  in  a  single  ff^Uo.  (Bronzb; 
Sculpture.] 

When  the  wax  is  at  length  melted  out,  the  mould  must  be  strength- 
ened by  bri<d:work,  and  the  whole  pit  must  be  doaely  filled  with  sand. 
A  diaonel  is  now  made  from  the  furnace,  and  is  divided  in  its  course 
into  three  smaller  channels  or  duots  whidi  lead  to  three  openings  in 
the  now  hollow  mould,  which  is  buried  in  the  earth  a  little  below  the 
furnace.  The  vacuum  m  the  mould  caused  by  melting  out  the  wax  is 
to  be  filled  with  metal ;  the  original  iron  franiework,  which  was  con- 
structed betfore  the  casting  of  &e  core,  keeps  both  ^e  core  and  the 
mould  in  their  proper  plaoes ;  and  air- vents  in  various  parts  of  ihe 
mould  preclude  any  great  probability  of  accident.  When  all  is  ready, 
the  furnace  is  opened  at  a  given  aignal,  the  liquid  fire  runs  in  the 
channels  simultaneously  into  the  mould,  and  that  part  bf  the  woxk 
which  was  previously  soft  wax  becomes  perennial  bronze.  The  cast  is 
accomplished  when  the  metal  poure  out  irooi  the  vents.  When  cool, 
the  mould  is  broken  away  piecemeal,  and  the  metal  is  exposed.  The 
core  is  then  removed  from  the  inside  tiirough  an  ^>erture  made  on 
purpose;  the  whole  is  then  repaired  and  finiahed  by  the  bronze- 
workers.  [Bronze.]  Johann  Balthasar  KeUer,  who  oast  in  this  method 
the  statue  of  Louis  XIV.,  was  a  Swiss,  and  originally  a  goldsmith. 
He  was  bom  at  Zurich,  in  1688,  and  died  at  Paris,  superintendent  of 
the  royal  foundry,  in  1 720.  There  is  a  print  of  the  statue  by  O.  Simo- 
neau  :  it  was  cast  in  1899. 

Vasari  {Introduzione,  L  c)  describes  a  very  simple  method  for  casting 
small  figures  in  bronze.  When  the  mould  (cappa)  is  made,  it  must 
be  reversed  in  water ;  melted  wax  is  then  poured  into  it,  that  coming 
in  contact  with  the  cold  wet  surface  of  the  mould  oools  immediately, 
while  the  intericn'  portion  ^mains  liquid ;  the  mould  must  be  sgain 
turned  over,  when  the  still  liquid  wax  in  the  centre  wiU  immediatdy 
run  out>  leaving  in  the  mould  a  hollow  wax  shell.  The  aheU  must  now 
be  filled  with  &ie  proper  plaster,  aod  this  constitutes  the  core  of  the 
object.    The  wax  is  then  burnt  out,  and  the  cast  is  made  as  usuaL 

It  remains  to  treat  of  that  department  of  wax-modelling  termed 
CeropUutic.  Under  this  term  is  comprehended  modelling  and  casting 
in  wax,  thoiigh  not  in  the  manner  already  described.  iThe  art  of 
casting  in  wax  from  nature  was,  according  to  Pliny  ('  Hist  Nat.'  xxxv. 
44),  invented  by  Lysiataratus,  oi  Sioyon,  the  brother  of  Lysippus,  about 
300  B.O.,  who,  he  says,  first  of  all  men  took  plaster  moulds  from  the 
&ce  and  made  wax  casts  from  them.  These  wax  portraits  became 
eventually  very  common,  and  eapecii^ly  amoi^  the  Romans.  It  is 
however  very  unlikely  that  the  many  treasured  wax  portraits  we  read 
of  in  ancient  writera  were  made  from  moulds  taken  from  the  face 
itself.  Such  would  be  the  mere  resemblance  of  death,  for  they  would 
be  without  eyes  and  otherwise  void  of  expressioa  They  were 
probably  cast  from  moulds  taken  frcun  models,  though  such  maAlra 
may  have  been  used  in  the  formation  of  the  models. 

From  Pliny  (xxxv.  2),  we  learn  that  the  Romans  were  in  the  habit 
of  having  wax  images  of  themselves  made,  to  be  handed  down  to  their 
posterity.  Many  writers  notice  and  praise  the  custom.  Viderius 
MaximuB  (v.  8.  3),  alludes  to  the  advantages  of  the  .practice  by  virtue 
of  example.  It  was  indeed  a  privilege  to  which  only  some  were 
entitled.  None  could  make  them  but  those  who  had  themselves,  or 
whose  ancestora  had,  borne  some  curule  magistracy.  Cicero  speaks  of 
the  right  of  handing  down  your  image  to  posterity.  The  number  of 
ancestral  images  therefore  became  an  object  of  pride  and  an  evidence 
of  ancient  nobility,  and  the  antiquity  of  a  family  was  sometimes 
expressed  by  applying  the  epithet  smoky  to  its  images,  "fumosse 
imagines."  (Cicero  in  '  Ver»  *  vi  14. ;  in  '  Pisouem,*  1. ;  and  '  Pe  Leg. 
Agrar.'  ii.  1.) 

The  most  striking  passage  concerning  these  images  is  in  Polybius 
(vi.  52),  who  as  a  Greek  and  a  straQger  would  be  more  impre&jed  by 
BO  peculiar  a  custom  as  be  describes.  He  says,  "  Upon  solemn  festivals, 
these  images  are  unooveredj.  and  adorned  with  the  greatest  care.    And 


when  any  other  perB(»i  of  the  same  family  dies,  they  are  carried  al^s  . 
the  funeral  procession,  with  a  body  added  to  the  bust,  that  Ube  r^.^-r 
sentatioD  may  be  just,  even  with  regard  to  size.     They  aT9   drea:- 
likewise  in  the  habits  that  belong  to  the  ranks  which  they  a^vr-r... 
filled  when  they  were  alive.     If  they  were  consula  or  praetors,  ii 
gown  bordered  with  purple  j  if  censors,  in  a  purple  robe ;  and.  if  *± 
triumphed  or  obtained  any  similar  honour,  in  a  veafc  embroidered  r-. 
gold.    Thus  apparelled  they  are  drawn  along  in  chariots  preceded    - 
the  rods  and  axes,  and  other  ensiffns  of  their  former  dignity.  _  Az 
when  they  arrive  at  the  forum,  they  are  all  seated  upoa   ciiairr 
ivory;  and  then  exhibit  the  noblest  object  that  can  b«  o0ere«l  t*.' . 
youthful  mind  warmed  with  the  love  of  virtue  and  of  glozy.*^ 

This  ¥WC-modeUing  has  continued  apparently  from  the  time  of  ri. 
Romans  until  the  present  day.    In  the  middle  ages  it  was  used  for  d 
images  of  saints  and  votive  images.    The  first  modelXar  howerer   : 
this  class  noticed  in  the  histoiy  of  art  is  Orsino,  the  conterapporarr  .- 
Andrea  del  Verrocchio,  in  the  middle  of  the  15th  century.     V  Ada- 
represents  (kvino  as  a  wax-modeUer  (ceraiuolo)  of   good    repute  r 
Florence,  and  that  he  attained,  throu^  the  advice  of  Verrocchio,  :L' 
highest  excellence  in  his  art.    Verrocchio  and   Oreono   made  e-.ci; 
interesting  figures  together,  of  which  three  of  Lorenzo  de*  Medici  i- 
worth^  of  especial  notice :  they  are  described  by  Vasari  as  aoixietJb-:^ 
remarKable.    The  conspiracy  g2  the  Pazzi  in  1478  was  the  cause  of ::. 
production  ol  these  figures :  they  were  voted  by  his  friends  in  coc 
memoration  of  his  escape.      Orsino  made,  under  the   dlrecti<>z}    ; 
Yerroodluo^  three  wax  images  of  Lorenzo  of  the  size   of  life.    T: 
framework  or  skeletons  of  these  figures  were  made  of  'wood  aztd  C3:i-, 
and  the  h^sds,  h«Ads,  sad  feet  were  cast  in  wax,  of  considerable  thL-1    " 
ness,  but  hollow ;  they  were  then  furnished  with  hai^  and  glass  ert  . 
and  painted  in  oil-coiours  to  the  exact  imitation  of  liie;  and  v.^-    \ 
draped  in  clothes  which  had  been  worn  by  Lorenzo  ;  to   give  tl    / 
draperies  a  fixed  character  they  were  waxed.     These  figures  vrer    * 
altogether  so  successful,  says  Vasari,  that  they  appeared  to  be  livic; 
One  of  them  was  placed  in  the  church  of  the  Mouache  di  Chiariw,  L 
the  Via  di  San  Gailo;  another  in  the  Servitant  church  of  the  Anou::- 
oiation;  and  the  third  in  the  church  of  Santa  Maria  deg^  AngeL  -: 
AssisL    In  this  Servitant  church  were  many  other  wax  figures  '7 
Orsino,  all  of  which  were  marked  with  an  0,  in  which  was  an  R,  asi 
above  it  a  cross ;  but  they  have  all  long  since  perished.     Vasari  »dui 
that  few  works  of  later  wax-mod^ers  were  to  be  compared  with  those 
of  Orsino,  and  complains  that  the  art  had  declined.    A  few  years  bov. 
ever  after  the  deaJOji  of  Vasari,  Jacopo  Vivio  distinguished  himself  bj 
a  model  on  slate,  in  coloured  wax,  of  Michel  Angelo's  Last  Judgm«st 
in  the  Sistine  ChapeL    It  was  engraved  by  Ambrosio  BrambUla,  aol 
a  particular  description  of  it  was  published  m  Rome  in  1590 — '  Discone 
sopra  la  mirabil  opera  di  Basao-Rilievo  di  cent  stuccata  con  coI<»i 
scolpita  in  pietra  nera,  da  Jacopo  Vivio.** 

Two  centuries  after  Verrocchio,  and  one  after  Vasari,  this  art  vns 
very  usefully  and  with  the  utmost  skill  applied  bv  Gaetano  GiuLi' 
Zummo,  bom  at  Syracuse  in  165(5,  to  the  preparation  of  anatomiol 
models  and  pathological  examples.  Zummo  obtained  a  KuropcAo 
celebrity  for  his  two  groups  of  figures  representing  the  various  Btagvs 
oi  corruption  of  the  human  bodv  and  the  effects  of  the  plague.  He 
modelled  also  an  anatomical  head  at  Paris,  which  is  described  in  tLe 
Mdmoires  of  the  French  Academy  of  Sciences,  of  1701,  the  year  of  las 
death. 

The  first  collection  of  anatomical  preparations  which  was  made  for 
the  purposes  of  science  is  that  of  the  Institute  of  Bologna,  established 
by  Benedict  XJV.  It  was  commenced  under  the  direction  of  Ercole 
Lelli,  but  the  greater  part  of  the  preparations  were  made  by  GiovMim 
Manzolini  of  Bologna  and  his  wife  Anna  Morandi  Manzolini.  Manzolisi 
died  at  Bologna  in  1755,  aged  55.  There  are  some  of  his  models  in 
London  and  m  many  other  cities  of  Europe.  Anna  Manzolini  obtained 
still  greater  celebrity  than  her  husband  :  she  executed  all  or  the  greater 
part  of  the  obstetric  models  in  the  Stanza  Ostetricia  of  the  Institnte 
which  were  prepared  under  the  direction  of  Dr.  Antonio  Galli.  She 
also  gave  public  lectures  on  anatomy  in  Bologna,  illustrating  her 
discourse  by  appropriate  models.  She  died  in  1774,  aged  57.  (Crecpi, 
"  Felsina  Pittrice,*'  whore  there  are  portraits  of  both  the  Manzolini.) 

There  is  a  still  more  extensive  and  remarkable  collection  ot  wax 
anatomical  models  in  the  Museum  of  Natural  Uistory  at  Florence :  it 
was  established  by  the  Gxand-Duke  Leopoldo,  and  occupies  fifteen 
chambers.  It  contains  the  works  of  various  artists,  but  the  principal 
contributors  to  its  treasures  were,  Felice  Fontana  and  Clemente  Susdm. 
The  works  of  the  earlier  modellers  in  wax  are  set  apart  in  a  chamber 
by  themselves :  here  are  some  of  the  models  of  Zummo,  among  which 
is  one  showing  the  whole  anatomy  of  the  human  head,  similar  probably 
to  the  one  made  at  Paris. 

The  Musde  Dupuytren  at  Paris  is  celebrated  for  its  morbid  speci- 
mens ;  it  is  perhaps  the  richest  }>athologica1  collection  in  the  world 
It  was  purchased  by  the  University  of  Paris,  of  the  heirs  of  M. 
Dupuytren,  the  celebrated  anatomist  Most  of  the  principal  cities  of 
Europe  have  now  their  collections,  and  some  of  them  very  fine  ones, 
and- good  wax-modellers  are  numerous. 

In  this  department  of  modelling  none  but  the  purest  wax  is  used, 
which  is  the  case  aUo  in  all  works  where  the  wax  is  the  final  substance 
of  the  work.  Different  modellers  use  different  compositions;  and 
some  allowance  must  be  made  for  hot  and  cold  weather^  as  ^lat  wooU 
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V>e  "well  adapted  for  auinmer  weather  might  be  too  brittle  for  winter 
use.  Some  modellers  use  dmply  wax  and  a  small  proportion  of 
Venetian  turpentine;  others  wax,  resin,  common  turpentme^  and  a 
little  oliTe-oil ;  the  wax  being  at  least  two-thirds  of  the  whole  compo* 
Bit  ion.  It  is  seldom  if  ever  used  pure,  as  in  all  objects  to  be  modeUed 
ivlii  e  or  some  oolour  must  predominate :  for  instance  in  modelling  the 
V>Tain,  white  in  powder  must  be  mixed  in  the  oomposition,  and  the 
Bame  respect  must  be  had  with  regard  to  the  predominant  colour  of 
every  object  to  be  modelled. 

^o  strict  rules  can  be  given  for  the  process  of  modelling,  as  each 
modeller  will  soon  acquire  methods  of  his  own,  and  generaUj  speaking 
artists  of  this  class  object  to  disclose  their  peculiar  processes,  imagining 
it  to  be  detrimental  to  their  interests.    However,  we  may  speak  of 
general  principles.    Nearly  all  wax  models  are  cast  from  moulds,  and 
the  casts  only  in  some  cases  require  the  assistance  of  modelling :  these 
moulds  are  generally  taken  from   the  objects  themselves,  either  in 
plaster  of  Paris  or  in  a  composition  of  bees'-wax,  Bui^gundy  pitchy  and 
Venice  turpentine,  with  a  very  small  quantity  of  olive-oiL      The 
advantage  of  this  latter  composition  is,  that  even  when  cold,  if  pro- 
perly mixed,  the  mould  is  elastic  or  flexible ;  and  if  made  thin,  when 
cut   on  the  edges  can  be  peeled  ofif  the  cast  in  pieces  without  any 
danger  to  the  cast :  in  taking  moulds  in  plaster  of  Paris,  the  object 
moulded  must  sometimes  be  destroyed  to  render  the  mould  available. 
Gelatine  is   now  sometimes  employed  for   making  elastic  moulds. 
Hound  objects  must  be  moulded  in  two  or  more  parts.    Sometimes 
when  the  object  is  cast  in  the  mould,  the  mould  must  be  destroyed 
before  the  cast  can  be  removed,  and  in  destroying  the  mould  there  is 
danger  of  destroying  the  cast  also;  the  dattic  mould  therefore  has 
great  advantages  m  such  cases  over  the  plaster  mould.    When  only  one 
view  of  an  object  is  presented,  and  it  is  only  slightly  convex,  the 
plaster  mould  is  quite  sufficient,  except  the  object  itself,  as  the  brain, 
presents  a  very  uneven  and  delicate  surface.  •'  When  the  cast  is  to  be 
taken  from  the  plaster  mould,  the  mould  must  be  moist  with  water, 
but  not  absolutely  wet,  or  the  water  woidd  injure  the  very  delicate 
surface,  which  occurs  in  some  pathological  cases :  the  mould  may  be 
moistened  by  allowing  it  to  stand  with  the  interior  or  face  uppermost 
in  a  dish  of  water,  when  it  will  soon  absorb  sufficient  moisture  for 
the  purpose.    The  mould  must  not  be  oiled  when  anv  delicate  work  is 
to  be  done,  as  the  oil  will  dissolve  the  sur&ce  of  the  wax,  and  thus 
perhaps  counteract  the  principal  aim  of  the  cast.    The  wax  composi- 
tion mould  must  be  slightly  touched  with  a  soft  hair-tool  with  oil,  to 
enable  it  to  peel  away  afterwards  without  the  slightest  danger  to  the 
cast :  being  of  a  perfectly  smooth  surface,  the  small  quantity  of  oil  it 
retains  is  immaterial. 

When  the  cast  is  made,  and  what  they  call  backed  up  (that  is, 
streugthened  with  a  coarser  composition  within),  the  process  of  paint- 
ing commences ;  but  all  e£fS9cts  cannot  be  given  by  mere  colour,  some 
morbid  deposits  and  effects  require  to  be  expressed  by  adding  wax  of 
the  proper  colour  with  a  hair-pendl  or  other  tool.     The  colouring  is 
done  from  the  natural  object  represented,  with  fine  hair-pencils  and 
powder  colours  moistened  with  turpentine  and  tempered  with  a  little 
wax ;  simple  water  is  also  sometimes  used  as  the  colouring  vehicle. 
When  the  colouring  is  finished,  the  whole  is  covered  with  mastic 
varnish.    In  cases  where  the  morbid  eflfects  or  evidences  of  disease 
are  of  a  distinct  substance  from  the  healthy  texture,  different  coloured 
wax  should  be  used  in  casting  the  healthy  and  diseased  portions,  and 
the  parts  may  be  corrected  by  modelling.    The  same  process  must  be 
employed  in  modelling  fruit  and  other  objects  of  natural  history,  as 
in  preparing  anatomic^  models :  but  fruit,  which  is  generally  in  full 
or  nigh  relief,  will  require  piece-moulds,  that  is,  to  be  moidded  in 
several  pieces,  which  is  done  naif  or  part  at  a  time.    Flowers  are  not 
all  cast ;  they  are  prepared  from  leaves  of  coloured  wax  made  expressly 
for  the  purpose,    l^ese  leaves  are  cut  the  required  shape ;  they  then, 
with  the  necessary  colour  and  a  hair-pencil,  receive  their  local  tints ; 
and  are  finaUy  joined  and  fashioned  into  the  required  flower.    Insects 
are  modelled  by  combining  the  two  processes.    In  moulding  objects 
with  hair  ordehcate  raised  parts,  a  litUe  oil  must  be  carefully  put  over 
the  parts,  imless  they  are  wet.      Dry  firm  objects  ma^  be  moulded 
without  oil ;  the  plaster  must  be  removed  as  soon  as  it  is  set 

It  remains  yet  to  speak  of  the  mode  of  making  images.  These  like- 
wise are  made  in  various  ways ;  but  the  essential  process  is  casting.  A 
head  may  be  simply  cast,  and,  when  the  hair  and  eyes  have  been  added 
to  it,  the  local  tints  be  given  with  turpentine  and  colour.  This 
method  however  uses  a  considerable  quantity  of  wax,  and  various 
devices  have  been  had  recourse  to  to  save  wax.  One  mode  is  to  cast 
the  pure  wax  thin,  and  to  back  up  or  fill  in  to  a  considerable  thickness 
with  a  coarse  composition  of  bees'-wax,  resin,  and  cow-hair  or  tow ;  in 
castmg  images  the  mould  may  be  oiled.  Ordinary  heads  however  may 
be  made  in  this  manner : — Let  a  thin  block  head  be  fiishioned  in  a 
mould  or  otherwise,  of  coarse  paper  pulp  and  size ;  when  diy  it  must 
be  coloured  all  over  with  flesh-tint,  the  local  colours  being  put  on,  a 
higher  degree  than  is  natural,  as  also  the  colours  of  the  cheeks,  lips, 
and  eyebrows ;  the  whole  may  then  be  covered  with  wax,  which  must  be 
poured  over  it  two  or  three  times,  imtil  the  surface  is  well  covered ;  its 
regularity  may  be  secured  by  retarding  the  cooling  of  the  wax  and 
assisting  it  to  run,  by  means  of  a  hot  iron  or  burner  (called  cauterium 
by  the  ancients),  which  must  be  held  near  it  until  the  whole  has  a 
uniform  surface.    The  colour  originally  painted  on  the  paper  block 


will  show  through  the  wax,  and  the  head  will  require  bnt  the  hair, 
the  eyes,  and  a  few  local  touches  to  finish  it.  Masks  may  be  also 
dipped  in  wax,  or  the  wax  may  be  put  on  with  a  hair-tool,  if  the  mask 
be  kept  warm ;  or  a  wax  cast  may  be  backed  up  or  strengthened  witb 
strong  paper  pulp.  There  are  however  other  methods  of  modelling 
wax  figures,  but  no  method  can  be  properly  explained  by  a  verbal  de- 
scription ;  such  mechanical  processes  must  be  witnessed  to  be  under- 
stood :  for  this  reason  this  article  has  been  limited  to  mere  general 
principles,  which  ia  as  much  as  the  general  reader  can  require  or 
understand. 

Sculptors  are  hi  the  habit  of  malring  wax  models  of  small  objects 
in  the  round,  or  for  bassi-rilievi  to  be  cast  in  metal,  in  the  same  manner 
and  with  the  same  tools  that  common  clay  models  are  made  of  :  the 
same  wax  is  used  as  is  required  for  casts.  [MoDELLiNa.]  Medab  and 
small  bronzes  are  generally  modelled  in  wax.  Impressions  from  seals, 
engraved  gems,  and  cameos  are  taken  with  wax.  The  wax,  which  is 
prepared  with  a  little  powdered  sugar-candy,  turpentine,  and  lamp- 
black, after  being  melted,  is  preserved  in  small  cakes.  These  cakes 
when  wanted  are  softened  by  repeated  pressure  of  the  fingers,  and  are 
then  compressed  into  or  upon  the  seals  or  cameOs,  previously  wetted, 
from  which  the  impressions  may  be  required. 

WAX,  SEALING.    [Sealino-Wax.] 

WAY,  C^vun  (from  tke  French  Ohemin),  is  a  term  used  to  denote 
either  a  right,  in  one  person  or  more,  of  passing  over  the  land  of  another, 
or  the  space  over  which  such  right  is  exercisable.  In  the  former  sense 
a  way  is  an  incorporeal  right  of  the  class  called  Easehekts. 

There  are  five  kinds  of  way  : — 1.  A  foot- way,  for  persons  passing 
on  foot  only ;  2.  A  horse-way,  for  persons  passing  on  horseback,  but 
including  a  foot-way ;  3.  A  drift-way,  for  dnving  cattle ;  4.  A  carriage- 
way, for  leading  or  driving  carts  and  other  carnages,  always  including 
a  foot-  and  horse-way,  and  usually^  but  not  necessarily,  including  a 
drift-way ;  5.  A  water-way  for  ships  and  boats.    [River.] 

All  these  may  be  either  private  or  public  ways.  Private  ways  are 
enjoyed  by  particular  persons  or  classes ;  public  ways  are  open  to  all 
persons ;  nenoe  such  a  way  is  said  to  be  communis  strata,  or  aUa  via 
regia — in  the  language  of  pleading,  a  common  and  public  queen's 
high-way. 

I.  The  proper  origin  of  a  private  right  of  way  is,  a  grant  from  the 
owner  of  the  soil 

Such  a  grant  may  be  made  to  a  party,  or  to  him  and  his  heirs  in 
gross;  that  is,  without  respect  to  any  land  or  house  of  which  he  may 
be  the  owner  or  occupier :  or  to  the  grantee,  his  heirs,  and  assigos, 
being  owners  of  such  a  house  or  dose ;  m  whidi  case  the  right  granted 
will  be  appurtenant  to  the  house  or  dose  to  which  ^e  grant  is 
annexed,  and  the  right  will  pass  with  the  house  or  close. 

The  giunt  of  a  way  may  be  either  express  or  implied;  and  in  the 
case  of  an  express  grant,  the  grantor  may  impose  such  restrictions 
upon  his  grant  as  he  thinks  proper.  If  a  man  at  the  time  when  he 
conveys  fMurt  of  his  land  to  another,  has  no  access  to  the  land  con- 
veyed, except  over  the  land  which  he  reserves,  the  grant  of  a  right  of 
way  over  the  land  reserved  is  implied.  If  a  man  conveys  part  of  his 
land,  and  has  no  access  to  the  part  reserved,  except  over  the  land 
conveyed,  a  right  of  way  over  the  land  conveyed  is  impliedly 
reserved.  The  way  so  impliedly  granted  or  reserved  is  called  a  **  way 
of  necessity .'* 

Where  no  deed  can  be  produced  whereby  a  way  is  expressly  or  im- 
pliedly created,  the  party  who  claims  the  way  may,  in  the  case  of  a 
long-continued  user  of  the  right  without  evidence  of  commencement 
or  interruption  within  the  period  of  legal  memory,  plead  that  it  has 
been  immemorially  enjoyed  bv  him  and  his  ancestors  in  the  case  of  a 
way  in  gross,  or  by  him  and  all  those  whose  estate  he  has,  in  the  house 
or  close  to  which  the  way  is  annexed,  in  the  case  of  a  way  appendant 
(that  is,  inmiemorially  appurtenant). 

Until  lately  also,  alost  grant  would  be  presumed  in  ordinary  cases, 
after  an  uninteirupted  and  unexplained  user  of  twenty  years.  The 
rule  of  law  as  to  prescription  for  ways  is  settled  by  2  &  8  Will.  IV. 

C.  71,  S.  2.     ppBESCBIPTION.] 

A  grant  of  a  right  of  way  made  by  a  person  who  has  only  a  limited 
estate  in  the  land  over  which  the  way  passes,  is  effectual  only  during 
the  continuance  of  the  estate  of  the  grantor.  If  a  claim  to  a  right  of 
way  is  set  up  in  respect  of  the  twenty  years'  or  the  forty  years'  enjoy- 
ment mentioned  in  the  statute,  if  it  appear  that  the  land  over  which 
the  right  is  claimed  has,  during  the  whole  or  part  of  the  twenty  or 
forty  years,  been  in  the  occupation  of  a  party  who  had  a  Umited  estate 
in  such  land,  not  only  is  no  right  of  way  acquired  against  the  rever- 
sioner, but  no  right  whatever  U  gained  by  the  user. 

The  party  to  whom  a  private  road  is  allotted  under  the  general 
enclosiu'e  act,  has  a  statutory  right  of  way. 

If  the  party  entitled  to  a  way  becomes  the  owner  of  the  land  over 
which  it  passes,  the  right  of  way  is  extinguished  if  the  party  has  the 
same  extent  of  interest  in  the  land  and  in  the  way.  But  if  the  one  be 
held  for  an  estate  different  in  extent  of  duration  from  the  other,  the 
right  is  only  suspended  during  the  union  of  the  two  interests.  Even 
ifmere  a  right  of  way  is  extinguished  by  unity  of  possession,  it  will,  in 
some  cases,  revive  upon  a  severance  of  that  imity,  as  by  partition 
among  parceners,  &c.  A  private  right  of  way  mav  also  be  extiDguished 
by  a  deed  of  release  executed  by  the  party  who  is  entitled  to  such 
way;   and  such  a  release  may  be  presumed  from  a  non-user  for 
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twenty  yean  or  from  a  dedaratioa  made  by  the  pftrty  that  he  has  no 
such  right. 

A  way  of  neceaaity  is  limited  by  the  necessity  out  of  which  it  has 
arisen.  If  the  party  to  whom  such  a  way  is  impliedly  granted,  or  by 
whom  it  ia  impliedly  reSierved,  becomes  entitled  to  some  other  access  to 
his  land,  equally  direct,  the  way  of  necessity  is  gone. 

The  particular  rights  of  the  grantee  of  a  pnyate  way  continue  to 
exist  notwithstanding  the  owner  of  the  land  may  have  dedicated  it  to 
the  public  as  a  high-way.  The  grantee  cannot  throw  the  burden  of 
repairing  the  way  upon  the  grantor,  unless  by  the  terms  of  the  grant, 
evidenced  by  the  deed  or  by  user,  the  grantor  has  engaged  to  enable  the 
grantee  to  use  the  way. 

If  the  occupier  of  the  land  over  which  a  private  way  passes,  or 
any  other  person,  obstruct  the  way,  the  party  entitled  to  the  way  may 
remove  the  obstruction,  and  he  may  also  bring  an  action  [on  the  case, 
or,  in  some  cases,  an  action  of  covenant  against  the  obstructor. 
On  the  other  hand,  if  the  occupier  of  the  land  resisting  the  claim 
of  a  right  of  way,  bring  an  action  of  trespass  against  the  person 
exercising  the  alleged  right,  the  defendant  may  plead  in  justification 
a  title  founded  upon  prescription,  grant,  reservation,  or  statute. 

II.  Between  private  ways  and  public  ways  stand  what  may  be  called 
quasi  pubUc  ways,  which  partake  of  the  qualities  of  both,  but  differ  in 
some  respects  from  each.  By  some  writers  these  are  classed  among 
private,  by  others,  among  public  ways ;  th^  seem  more  properly  to 
constitute  a  distinct  intermediate  class.  Such  are  ways  which  the 
inhabitants  of  a  town,  &c.,  have  immemorially  used  from  their  town, 
&c.,  to  a  church  or  market.  A  right  of  this  descripti<Ni  cannot,  in 
modem  times,  be  created.  It  cannot  be  the  subject  of  a  grant,  inas* 
much  as  inhabitants,  as  such,  are  not  at  this  day  capable  of  taking  any 
interest  by  gnmt ;  nor  can  it,  like  a  public  way,  be  created  by  dedica- 
tion, as  a  dedication  of  a  way  can  omj  be  to  the  public  at  large.  Such 
a  right  therefore  can  exist  only  as  the  consequence  of  an  ancient 
custom. 

III.  A  highway  is  created  where  the  owner  of  the  soil  has,  by 
express  words  or  by  some  act  done  or  forborne,  declared  his  inten- 
tion that  the  public  shall  have  the  use  of  a  way  over  such  soiL  The 
dedication  of  a  way  to  the  public  may  be  by  writing  or  by  words ;  so 
that  it  may  be  inferred  from  the  acts  of  the  party,  as  the  throwing 
down  of  fences,  or  from  mere  tacit  acquiescence  where  the  acquiescing 
party  is  in  posseasion  of  the  land,  and  therefore  has  the  means,  if  dis- 
ix>8ed  so  to  do,  of  preventing  the  use  of  the  way.  In  all  cases,  how- 
ever, it  is  necessary  that  the  party  dedicating  should  have  a  sufficient 
interest  in  the  laud  to  warrant  sudb  dedication.  If  he  has  a  less 
estate  than  a  fee-simple,  his  dedication  will  not  bind  the  reversioner. 
But  it  would  also  appear  that  the  owner  of  such  a  limited  estate  could 
not  even  dedicate  a  highway  to  the  pubUc  for  the  limited  period  of 
his  interest  in  the  soil,  and  that  his  attempted  dedication,  however 
distinctly  and  formally  made,  would  amount  to  nothing  more  ^Mn  a 
licence  revocable  at  pleasure. 

When  there  is  no  express  dedication,  the  presumption  of  an  inten- 
tion to  dedicate,  arising  out  of  the  conduct  of  the  party,  may  be 
rebutted ;  as  by  showing  that  when  the  public  were  first  admitted  a 
bar  or  a  chain  was  occasionally  placed  across  the  road,  whereby  passen- 
gers might,  at  times,  be  excluded ;  although  it  d^ould  also  appear 
that  the  bar,  &c.,  had  long  been  omitted  to  be  used,  or  that  it  had 
been  suffered  to  fall  into  decay,  or  had  been  actually  broken  down, 
and  that  no  attempt  had  afterwards  been  made  to  restore  it. 

A  highway  is  frequently  created  by  statute,  principally  under  in- 
clofiure  acts. 

Whatever  may  have  been  the  origin  of  a  highway,  it  cannot,  at  com- 
mon law,  be  destroyed  or  altered,  except  after  an  inquisition  taken 
upon  a  writ  of  cul  quod  damnum. 

By  the  common  law  the  burden  of  maintaining  highways  is  thrown 
upon  the  occupien  of  lands  and  tenements  within  the  parish,  or  rather 
within  the  township  in  which  the  way  is  situated.  But  particular 
persons  may  be  botmd  to  repair  a  hi^way.  This  special  liability  may 
exbt  by  reason  of  enclosure  {ratione  coarcfafe'cmu),  against  parties  who 
have  enclosed  the  sides,  or  one  side  of  the  road,  and  have  thereby 
lessened  the  facilities  for  breaking  out  into  the  adjoining  limds  where 
necessary ;  or  bv  reason  of  the  possession  of  lands  {ratume  tenura 
terra  swx),  which  have  by  some  means  become  chargeable  with  the 
burden.  In  the  case  of  a  corporation  aggregate,  a  liability  to  repair 
may  also  be  established  by  prescription  on^,  or  ancient  usage,  without 
enclosure  or  tenure. 

Any  obstruction  or  other  nuisance  in  a  highway  may  be  abated  or 
removed  by  any  person  who  chooses  to  undertake  the  task.  The 
wrong-doer  may  also  be  proceeded  against  by  indictment  as  for  a 
misdemeanor ;  but  he  is  not  liable  to  an  action,  as  he  is  in  the  case  of 
nuisance  to  a  private  or  to  a  quasi-public  way,  except  in  respect  of 
special  damage. 

The  regulation  of  highways  has  frequently  been  made  the  subject  of 
legislative  interference.  The  general  statute  now  in  force  is  the  6th 
and  6th  Wia  IV.  c.  50. 

In  the  case  of  a  way  over  water,  either  private,  quasi-public,  or 
public,  if  the  course  of  the  water  alter  by  sudden  or  gradual  change, 
the  way  is  continued  over  the  new  course.  Every  navigable  river, 
arm  of  the  sea,  or  creek,  is  a  highway  for  ships  and  boats.    rRiYEB.l 
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WAYS,  BOMAN.    Our  old  chroziicleFB  and  writers  ghs  tiiii  uc 
to  four  principal  ancient  highways  wbicli  the^r  sappooe  to  hare  b« 
either  originally  formed  by  the  Romans  in  Biitam  during  their  oeo 
patioB  of  the  ootmtry,  or  at  least  to  liave  been  completed  and  po&eti 
by  that  people  upon  lines  of  road  for  tlie  g^reater  part  already  tna 
and  used  by  the  former  inhabitanta.      The  names  however  by  vijd 
the  four  highways  are  distinguished    appear  to   be  Saxon  in  for: 
although  they  may  b^  Roman  or  Britiali  in  etymology :  Watlio^-stne 
IkenieM-street,  Ermine-street,  and  the    Fosse- way.      The  Saaam  &, 
doubt  adopted  the  Roman  highways,  but  probably  gave  them  aev,? 
altered  their  existing  names.    WaUin^-atreet  ia  held  to  have  exte^. 
from  Dover  to  Chester ;  or,  acocnding  to  another  hypothesiB,  to  Ch«$e- 
le-street,  in  Durham,  passing  through  Canterbtiry,  London,  and  Vst 
lam,  from  which  last-mentioned  town  it  had  also  the  name  of  \Veria& 
street!    Its  remains,  or  supposed  remains,  are  still  known  ia  tvl> 
places  by  the  names  of  High  Dyke,   Hi^^h  Ridge,  Ridge  Wgj,  asi 
Forty-Foot  Way.     There  has  indeed   been   much  oontroveny  a  v< 
whe&er  Watling-street  did  actually  paaa  through  London;  batt^ 
received  opinion  is,  that  it  passed  along  the  line  of  what  is  still  ok 
Watling-s&eet  in  the  City,  meeting  the  other  three  great  roads  ? 
branches  trom  them  at  the  central  miUiarium  in  Cannon-street,  potcte. 
out  by  the  site  of  London  Stone,  and  croaaing  the  river  at  Dowgttti. 
'what  is  still  called  Stoney-street  on  the  Surrey  mde.     The  nortbn?: 
course  of  Watling-street,  after  leaving  London  or  its  neighbourijoi 
is  supposed  to  have  been  over  Hampetead  Heath,  to  £4gewafv,iK 
hence,  through  Yerulam  (or  St.  Alban's),  and  I>u2istable  in  Bedfod- 
shire,  to  Stoney  Stratford  in  Buckinghamahire,  whence  it  sksted 
Leicestershire  on  the  west  to  Bosworth,  and  thence  proceeded  k  i 
north-western  direction  to  Chester.    Ikenield  or  IcheniM-street  ii  s^ 
to  have  been  so  called  from  its  commencing  on  the  eastern  side  of  tis 
island  in  the  oountrv  of  the  Iceni,  mentioned  by  Tacitus,  and  supfUMd 
to  be  the  same  with  the  Simeni  of  Ptolemseus,  who  appear  to  hn 
occupied  Norfolk,  Suffolk,  and  Cambridge.     On  the  supposition  hu^- 
ever  of  London  Stone  having  been  the  central  milliarium  where  iHtk 
great  roads  of  the  country  met,  a  branch  of  the  Ikenield  must  hit 
extended  to  this  point ;  it  is  supposed  to  have  passed  through  A\dp:e, 
and  to  have  been  otherwise  known  by  the  name  of  the  Yicwal  Ha; 
The  course  of  the  Ikenield  to  the  westward  is  extremely  ob6cui« :  it 
appears  to  have  crossed  Watling-street  at  Dunstable,  and  thence  cx 
tended  first  south-by-west  to  Dorchester,  and  thence  westward  throasliL 
Devonshire  and  ComwalL    Ermine  or  Hermin-atreet,  agaia,  is  eco- 
jectured  by  some  to  have  extended  from  St.  David's,  at  the  soatb- 
western  extremity  of  Wales,  to  Southampton ;    by  others,  to  btn 
stretched  more  directly  across  the  country  to  London,  which  it  oaj 
have  entered  by  what  is  now  called  Holbom.     From  London  it  pro- 
ceeded northwud  by  Qodmandbester  to  Lincoln,  and  thence  to  Winter- 
ton  on  the  Humber,  where  was  a  ferxy :  beyond  the  Humber,  roods 
proceeded  northwards  to  Whitby,  ana  north-by-west  to  York;  ud 
thence  to  the  border,  and  later  into  Scotland.     Finally,  the  Foa^  a 
supposed  to  have  taken  its  course  from  south-west  to  north-east,  begin* 
ning  near  Totnes.in  Devonshire,  and  passing  through  Bath,  Cirencester, 
Chipping  Norton,  Coventry,  Leicester,  and  Kewa»,  to  Lincoin,  when    | 
it  united  with  Ermine-street.    The  courses  of  these  and  the  other  Idd-     I 
ing  Roman  roads  through  the  several  counties  will  generally  be  foond 
described  more  particuhirly  under  the  several  counties  in  tfaa  Geoq. 
Div.    The  whole  subject  of  these  supposed  Roman  highways  is  how- 
ever obscure  and  undetermined.    Yet  it  is  certain  that  the  entire  face 
of  the  country  was,  during  the  Roman  occupation,  covered  with  sbH- 
work  of  roads,  and  these  four  would  seem  to  have  been  the  main  liiK«> 
while  others  branched  from  them  at  various  points,  so  as  to  cooneci 
every  important  military  station  with  London  and  other  pmd^ 
towns,  and  with  each  other.    Generally  the  main  or  military  roa^ 
were  marked  by  directness  of  course ;  in  many  cases  they  are  almo» 
coincident  with  or  parallel  to  the  present  roads,     l^e  braoch  or  croa 
roads  {via  vieinalet),  the  private  roads  {vice  privcUct),  and  the  bye-rcw 
{dena),  were  of  course  less  elaborate  in  construction  and  leas  direct  m 
course.    Itineraries  of  the  chief  Roman  roads  in  Britain  have  coae 
down  to  us ;  that  called  of  Antoninus  is  probably  of  the  4th  centuiyi 
that  of  Richard  of  Cirencester  of  the  14th  centuiy  (of  which  however 
there  are  doubts  as  to  the  genuineness),  and  a  less  complete  one  com- 
piled in  Ravenna  in  the  7th  century :  each  is  believed  to  have  been  coo* 
piled  from  more  ancient  materisJs.    The  four  great  roads,  with  one  or 
two  more,  such  as  Akeman-street,  extending  westward  from  Lod^<^  ^ 
Bath,  may  have  been,  as  commonly  supposed,  the  old  British  highwftpi 
but  there  can  be  little  doubt  that  they  were  re-formed  and  recon- 
structed by  the  Romans.    Yitruvius  has  left  a  full  aocount  of^ 
Roman  system  of  making  paved  ways  [Roads],  and  ^®'^.  ^'t^ 
roads,  though  less  elaborate  in  construction  than  those  diverging  fr^ 
Rome  itself,  seem,  from  the  appearance  presented  by  their  foQ^'      i 
tions  wherever  they  have  been  dug  up,  to  have  been  formed  on  Utf      \ 
same  substantial  principle.    Where  they  remain,  they  are  Btill  caX^      1 
in  'good  order,  although  they  were  doubtless  adopted  by  the  S»x<«*      J 
and  continued  to  be  used  for  a  long  period  subsequently.  ,   . 

WAYWODE,  or  WOYEVODA,  is  a  Skvonian  appellation,  denw 
from  voyna,  **  war,"  and  vodit,  "  to  lead ; "  and  consequently  it  htf*''* 
same  etymology  as  the  Latin  Dux,  the  Saxon  Meretog,  and  the  modem 
Qerman  Hensog.  ,^^, 

This  name  was  originally  given  to  military  oomma&den  is  ^iSereo 
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Blavonian  ooimtriea.  In  Poland  each  palatinate  or  provinoe  had  its 
^voyovoda,  whose  duty  was  to  oommand  in  time  of  war  the  pospolite, 
OT*  axridre  ban  of  his  province.  The  woyevodes  had  in  time  of 
pearce  a  certain  administrative  authority,  and  composed  the  first 
claas  of  the  senators.  By  a  rather  improper  comparison  with  the 
Coznites  Palatii  of  the  empire^  they  were  translated  in  Latin  by 
**  palatine." 

In  the  earliest  times  of  Russian  history  the  appellation  of  woyevoda 
is  given  to  high  military  ofELcers.  In  Muscovy  there  were  military 
and  civil  woyevodes:  ihe  first  were  simply  generals,  and  Peter  the 
Qreat  abolished  this  ancient  Slavonian  appeUation  and  introduced  that 
of'  general  The  civil  woyevodes  were  divided  into  provincial  and 
'town  woyevodes,  and  they  were  governors  of  provinces  and  towns : 
and  this  appellation  was  changed  only  under  the  reign  of  Catherine  II. 
into  that  of  governors,  commanders,  &c. 

The  appellation  of  waywode  was  assumed  for  some  time  by  the 
rulers  of  Moldavia  and  Wallachia,  who  substituted  for  it  afterwards 
the  Qreek  title  of  dapota,'  and  finally  its  Slavonian  translation,  hos- 
podar.  The  princes  of  Transylvania  had  likewise  sometimes  the  title 
of  waiwode,  which  was  also  given  to  some  minor  Turkish  officers. 
W  is  here  pronounced  as  the  English  Y. 

WEALTH  is  the  means  of  obtaining  the  products  of  labour.    An 
individual  is  rich  or  poor  according  to  the  quantity  of  the  necessaries 
and  luxuries  of  life  which  he  can  purchase ;  and  a  nation  ia  rich  or 
poor,  in  the  aggregate,  according  to  its  means  of  enjoying  such  advan- 
tages.     Labour  is  the  source  of  wealth,  and  eveiy  addition  to  its 
productivenesB  tends  to  increase  wealth,  by  lowering  the  cost  of  com- 
modities,  and  rendering  them  more  easy  to  be  obtained.^    Political 
economy  treats  mainly  of  the  means  of  promoting  the  increase  of 
national  wealth,  and  of  removing  obstructions  to  its  development;  and 
it  is  the  purpose  of  this  article  very  briefly  to  enumerate  and  explain 
some  of  the  chief  principles  of  that  science  which  bear  directly  upon 
the  production  of  wealth.    The  first  object  is  to  encourage  industry. 
This  is  best  done  by  leaving  it  free  to  obtain  an  adequate  reward,  by 
protecting  all  persons  in  the  enjoyment  of  such  reward,  and  in  reducing 
the  amount  or  value  of  it  as  little  as  possible.    These  encouragements 
can  only  be  efiectually  given  in  a  free  state,  and  under  a  civilised 
government,  where  property  is  secure,  and  labour  free  from  restraint. 
Insecurity  of  person  or  property,  arbitrary  and  oppressive  taxes,  mono- 
polies, restrictions  upon  the  free  exercise  of  skill  and  enterprise,  are  all 
impediments  to  the  increase  of  wealth :  they  discourage  industry  by 
diminishing  the  inducement  to  exert  it,  and  they  restrain  its  pro- 
ductive powers  when  exerted  by  thwarting  the  natural  intelligence  and 
activity  of  man  in  the  pursuit  of  his  own  interests. 

Whatever  gives  the  best  direction  to  industry,  and  facilitates  its 
operations,  is  favourable  to  the  increase  of  wealth.    Thus  the  separa- 
tion of  men  into  different  employments  is  highly  useful,  as  it  peHeots 
their  skill  and  ingenuity  in  their  respective  arts,  and  causes  a  general 
economy  of  time.    Still  more  useful  is  capital,  without  which  division 
of  labour  cannot  be  extensively  practised.    It  puts  labour  in  motion ; 
combines  the  work  of  many  hands ;  gives  means  and  power  to  inven- 
tion ;  creates  mechanical  aids  to  human  labour,  and  finally  distributes 
by  degrees  what  it  has  asristed  in  producing.    It  is  capital  that  incites 
aud  utilises  improvements  in  machinery.     Without  capital,  the  in- 
ventor could  not  afford  to  give  his  time  nor  produce  the  improvement 
he  had  made.     These  improvements  always  occasion  the  employment 
of  a  more  skilled,  and,  therefore,  a  better  paid  labour.    And  if  they 
materially  reduce  the  cost  of  the  article  produced,  and  it  is  one  in 
large  demand,  they  necessarily  tend  to  the  increase  of  the  number  of 
labourers,  however  much  their  first  introduction  may  threaten  the 
contrary.    Facilities  to  the  ready  and  effective  application  of  capital 
obviously  add  to  its  utility;  as  credit,  for  example,  which  lends  to  one 
man  the  capital  of  another  when  he  can  employ  it  more  profitably 
and  the  various  descriptions  of  money  (the  representatives  of  capital) 
which  facilitate  and  cheapen  the  exchange  of  labour  and  its  products 
between  man  and  man.    The  higher  the  general  rate  of  profits  in  a 
country  may  be,  the  more  rapidly  is  capital  likely  to  be  accumulated ; 
because  the  majority  of  men  are  usually  desirous  of  accumidating,  and 
the  means  of  doing  so  are  evidently  increased  by  high  profits.    If  a 
profit  of  five  per  cent*  upon  a  man's  capital  engaged  in  business  enabled 
him  to  live  in  comfort,  and  to  continue  his  business  without  any 
diminution  of  his  capital ;  a  profit  of  ten  per  cent,  would  enable  him, 
at  the  same  time,  to  add  to  it  five  per  cent,  annually,  to  be  employed  in 
further  production  and  accumulation.    It  is  clear  that  there  can  be  no 
increase  of  capital  in  any  country  in  which  the  rate  of  profits  does  not 
leave  a  surplus  beyond  the  necessaiy  expenses  of  living.  In  such  a  case 
capital  would  be  stationary,  while  the  population  to  be  supported  by  it 
would  be  on  the  increase. 

The  advantages  of  division  of  labour  have  been  already  noticed. 
The  enriching  properties  of  commerce  are  of  a  similar  character.  By 
distinct  employments  labour  is  made  more  productive ;  by  commerce, 
the  natural  products  and  the  peculiar  arts  of  different  coimtries  are 
exchanged  with  mutual  benefit  and  economy  of  labour  to  all.  In 
France  and  Spain  the  grape,  grown  in  the  open  air,  provides  delicious 
wine :  in  England,  to  make  such  wine  (if  it  could  be  made  at  all),  the 
grape  must  be  grown  in  hothouses.  In  England  cotton  goods  can  be 
maou^tured  more  cheaply  than  in  any  country  in  the  world.  If  France 
and  Spain  would  buy  them,  they  would  save  annually  whatever  excess 


of  price  they  pay  for  shnilar  goods  made  by  themselveft;  while  the 
capital  and  labour  now  applied  to  such  manufactures  could  be  added 
to  their  means  of  production.  To  understand  the  effects  of  free  com- 
mercial intercourse,  it  is  only  necessary  to  keep  in  view  its  analogy  to 
the  conmion  dealings  of  life.  No  man  thinks  of  making  anything 
himself  if  he  can  buy  it  for  less  than  it  would  cost  him  to  make  it.  He 
continues  working  at  his  own  employment,  and  buys  the  article  he 
wants.  If  he  did  otherwise,  he  would  lose  his  own  profitable  time  and 
labour,  and  the  article  made  by  himself  would  take  still  more  out  of 
his  pocket  than  if  he  had  bought  it;  while  its  quality  would  most 
probiskbly  be  inferior,  by  reason  of  his  own  want  of  skill  and  practice  in 
that  particular  work.  The  same  principle  applies  to  nations.  Com- 
merce extends  to  all  countries  the  happy  results  of  division  of  labour, 
instead  of  confining  them  to  particular  communities. 

The  last  circumstance  directiy  favourable  to  the  increase  of  wealtii, 
which  need  be  noticed,  is  a  cheap  and  expeditious  communication,  both 
in  the  interior  of  a  country  and  with  SSi  parts  of  the  world,  for  the 
transit  of  merchandise  and  for  the  carriage  of  passengers.  Evoy 
deduction  from  the  cost  of  an  article  is  an  addition  to  the  national 
wealth,  and  the  expense  of  transit  forms  no  inconsiderable  part  of  the 
ultimate  chaise  upon  the  consumer.  A  saving  of  time  also  is  an  addi- 
tion to  the  labour  and  productive  enei^es  of  a  country.  The  extra- 
ordinary resources  added  to  labour  by  fitcilities  of  travelling  by  the 
railways  in  Great  Britain  is  felt  by  every  one.  The  importance  of 
cheap  and  rapid  modes  of  commercial  intercourse,  in  other  points  of 
view,  need  not  be  pointed  out. 

In  conclusion,  we  advancement  of  general  knowledge  and  intelli- 
gence must  be  noticed  as  an  agent  in  the  production  of  wealth.  It  is 
the  mind  and  the  disciplined  will  of  man  which  render  all  the  circum- 
stances of  the  world  available  for  his  benefit;  and  in  viewing  education 
chiefly  as  a  social  blessing,  we  should  never  forget  to  urge  its  merits  as 
a  producer  of  wealth,  upon,  those  who  woidd  r^pird  its  other  recom- 
mendations with  less  favour. 

WEANING,  the  act  of  separating  a  child  from  the  partaking  of  its 
mother's  milk  as  food.  A  few  hours  after  the  birth  of  a  child,  the 
breast  of  the  mother  secretes  milk  for  its  nourishment.  The  milk 
that  is  secreted  at  first  differs  in  some  of  its  properties  from  the  milk 
subsequentiy  secreted,  and  has  been  called  eoloatrum.  Healthy  milk 
under  the  microscope  is  found  to  contain  globules  of  various  sizes, 
which  are  perfectly  spherical  in  form,  swimming  in  a  fluid  in  which 
are  suspended  no  other  particles ;  whilst  the  globules  of  colostrum  are 
irregular  and  disproportioned,  some  of  them  being  very  large  and 
others  very  small.  There  are  aJso  in  colostrum  particles  of  a  yellowish 
colour,  wluch  are  very  minute,  and  which  consist  of  fatty  matter  and 
a  peculiar  mucus.  The  nulk  retains  Uiese  characters  for  several  days, 
and  it  has  been  supposed  at  this  period  to  possess  a  purgative  pro- 
perty, which  excites  the  intestines  of  the  young  infant  to  throw  off 
the  accumulated  meconium.  When  the  mother  is  healthy,  the  secre- 
tion of  milk  goes  on  abundantly  till  the  ninth  or  tenth  month,  at 
which  time  the  infant  is  generally  able  to  take  some  other  kind  of  food, 
and  the  process  of  weaning  may  commence  at  this  period.  It  how- 
ever often  happens,  from  iU  health  or  other  causes,  that  the  mother  is 
not  able  from  the  first  to  suckle  her  child.  In  tbds  case  the  child  must 
be  either  transferred  to  another  nurse  or  fed  artificially.  The  former, 
where  possible,  should  always  be  preferred.  In  the  choice  of  a  nurse 
care  should  be  taken  that  the  infant  is  transferred  to  one  whose  age, 
size,  and  temperament  resemble  its  own  mother.  There  should  aLso 
be  an  absence  of  actual  disease  or  a  tendency  to  hereditary  disease,  and 
of  all  habits  likely  to  interfere  with  a  due  secretion  of  healthy  milk. 
Where  children  are  artificially  fed  or  reared  from  birth  by  the  hand, 
the  greatest  care  and  attention  are  required.  The  first  requisite  is 
that  the  child  should  have  a  food  as  nearly  resembling  its  natiual  food 
as  possible.  For  this  purpose  the  milk  of  various  animals  has  been 
employed.  That  of  the  cow,  as  being  most  easily  obtained,  is  most 
frequently  used ;  but  it  would  appear  that  the  milk  of  the  ass  most 
nearly  resembles  human  milk,  and  on  that  account,  where  it  can  be 
obtained,  is  to  be  preferred.  The  following  is  the  latest  analysis  by 
Dr.  Playfair,  of  the  milk  of  woman,  the  cow,  and  the  ass,  and  may 
serve  as  a  guide  in  the  preparation  of  the  food  of  children : — 
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The  milk  of  the  cow  contains  a  much  hirger  quantity  of  the  casein, 
or  nitrogenised  principle,  than  that  of  woman  or  the  ass,  and  requires 
dilution  previous  to  its  being  administered  to  new-bom  children.  At 
first  two-thirds  pure  fresh  water  and  one  of  cows'  milk,  with  a  small 
quantity  of  sugar,  may  be  employed.  As  the  child  grows  older,  the 
quantity  of  water  should  be  graduidly  decreased  till  it  takes  nulk  alone. 
This  food  should  be  admimstered  to  the  child  at  a  temperature  of 
about  98**,  the  heat  at  which  the  milk  is  supplied  from  the  mother. 
When  children  are  thus  fed,  a  spoon  should  not  be  used,  but  some 
means  should  be  had  recourse  to  for  administering  the  milk  slowly,  as 
the  sucking-bottle,  artificial  nipple,  &c.  In  feeding  a  child  artificially, 
as  in  suckling,  the  first  sign  of  indifference  may  be  regarded  as  a  sign 
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that  the  chilcl  haa  liad  enough.  On  no  account  should  children  be  fed 
a^iin  immediately  after  Tomiiing,  a  practice  that  is  often  extremely 
injurious. 

As  a  child  increases  in  size  and  strength,  it  requires  other  food  in 
addition  to  mllk«  and  at  last  ceases  to  require  supplies  from  its  mother. 
AlihoQgh  this  is  a  perfectly  natural  process,  it  is  often,  from  want  of 
skill,  or  rather  want  of  knowledge  of  natural  laws,  a  source  of  painful 
disease  to  the  another,  and  sometimes  even  loss  of  life  to  the  child. 
As  a  general  rule,  it  may  be  stated  that  a  child  should  never  be 
suddenly  weaned,  and  that  the  more  gradual  the  separation  between 
mother  and  child  the  better  will  it  be  for  both.  The  time  for  weaning 
most  depend  in  some  measure  both  on  the  development  and  health  of 
the  ohila  and  the  state  and  health  of  the  mother.  With  regard  to  the 
child,  one  of  the  first  indications  that  weaning  may  be  commenced  is 
the  appearance  of  teeth.  This  is  indicative  of  preparation  for  other 
kind  ol  food,  and  generally  occurs  in  healthy  chlldmi  about  Ihe  sixth 
or  Beventh  month ;  and  it  is  at  this  period  that  a  gradual  abstraction 
of  the  breast  may  commence.  If  thia  be  done,  it  is  seldom  that  a 
child  will  require  suckling  beyond  the  first  year ;  although,  where  no 
ill  consequences  result  to  the  mother,  there  is  no  objection  to  the  child 
continuing  at  the  breast  till  it  is  eighteen  months  or  two  years  old. 
Where  children  are  backward  in  the  development  of  their  teeth,  and 
present  other  signs  of  want  of  strength  and  deUcaoy  of  constitution,  it 
IS  frequently  advisable  that  they  should  remain  a  lengthened  period  at 
the  breast.  It  is  always  necessary  to  take  into  consideraiJon  tne  health 
of  the  mother  during  suckling,  as  children  may  suffer  much  more 
severely  from  an  itnperfectly  secreted  or  diseased  state  of  the  milk  than 
they  would  from  immediate  weaning,  and  under  these  circumstances 
of  course  the  least  evil  is  to  be  preferred. 

In  order  that  the  weaning  should  be  gradual,  the  child  should  be 
induced  at  the  fifth  or  sixth  month  to  take  some  light  food  once  or 
twice  a  day,  and  its  supply  from  the  breast  should  be  proportionately 
diminished.  If  such  a  plan  is  pursued,  the  quantity  of  food  adminis- 
tered by  hand  being  increased  whilst  the  supplv  from  the  nurse  is 
decreased,  it  will  be  generally  found  that  Uttle  difiBculty  will  bo 
experienced  in  entirely  weaning  the  child  at  ten  or  twelve  months  old. 
After  a  child  has  been  weaned  its  food  ought  principally  to  consist  of 
liquid  or  semifluid  substances.  Asses'  and  cows'  mUk  alone,  or  boiled 
with  bread,  thickened  with  barley  or  baked  flour,  may  be  given  for  the 
first  few  months.  To  these  may  be  added,  for  the  sake  of  variety,  rice, 
tapioca,  sago,  and  arrow-root,  which  may  be  made  up  with  mOk  or 
water,  or  boUi ;  and  when  water  alone  is  used,  sugar  should  be  added. 
Where  children  cannot  take  milk,  light  broUis  riiould  be  administered. 
As  solid  food  for  the  first  year  after  weaning,  there  is  nothing  better  than 
bread  and  butter  :  but  in  all  cases  in  the  diet  of  children  a  due  regard 
should  be  had  to  the  relation  between  asotised  and  non-azotised 
aliments.  If  the  former  are  given  in  too  great  quantity,  congestion 
and  inflammation  are  frequently  the  result;  whilst  if  the  latter  prevail 
in  the  diet,  the  child  gets  fat  and  loses  strength,  and  becomes  subject 
to  diseases  of  debility.  Neither  the  one  kind  nor  the  other  should  be 
withheld,  and  it  is  only  by  their  judicious  combination  that  the  fatal 
effects  of  improper  diet  can  be  avoided. 

(Qardien,  Dietimnairt  da  Sciences  MHicaUi ;  Combe,  On  the 
Matiagement  of  Infancy ;  Maunsell  and  Evanson,  On  the  Biseaset  of 
Children.) 

WEAa    [Weib.] 

WEARING.    [VEERiNa.] 

WEATHER  is  a  term  used  to  denote  the  state  of  the  earth  and  of 
the  atmosphere  with  respect  to  heat  or  coldness,  dryness  or  humidity, 
wind,  rain,  ftc. 

In  some  countries  the  variations  of  the  atmospherical  phenomena 
occur  in  an  order  which  is  nearly  constant ;  and  in  those  regions,  pre- 
dictions concerning  the  weather  for  several  days,  and  even  for  months 
to  come,  may  be  made  with  almost  a  certainty  that  they  will  be 
verified  by  the  event.  On  the  opposite  sides  of  the  chain  of  the 
Ghauts,  which  extends  along  the  western  peninsula  of  India  nearly 
from  north  to  south,  the  phenomena  during  each  half  of  the  year  are 
constantly  and  exactly  reversed :  thus,  along  the  Kalabar  coast  there  is 
a  clear  sky  from  September  to  the  foUowmg  April,  and  on  the  coast  of 
Coromandel  the  fair  season  continues  from  April  to  September;  while 
durmg  each  following  six  months,  in  the  two  regions,  it  rains  almost 
incessantljr.  Alternations  of  fair  weather  and  rain  also  take  place 
regularly  in  the  interior  of  Africa;  and,  according  to  Humboldt,  it 
rains  constantly  during  five  or  six  months  in  every  year  from  the  coast 
of  Guiana  to  the  Andes.  But  in  insular  situations  generally,  and  in 
Europe  and  North  America  particularly,  the  winds,  varying  in  direction 
and  intensity  aocording  to  no  constant  known  law  applicable  to  the 
purpose,  mingle  together  at  intervals  of  time  apparently  irregular,  the 
masses  of  air  which  abound  with  vapour  raised  from  the  ocean,  and 
thus  cause  clouds  to  cover  the  horizon,  and  showers  of  rain,  hail,  or 
Anow  to  descend.  The  wind  which  is  most  prevalent  at  any  one  pkce, 
generally  when  it  begins  to  blow  affords  an  indication  of  the  kind  of 
weather  which  may  be  expected;  but,  frequently,  no  circumstance 
occurs  by  which  a  change  from  a  clear  to  a  cloudy  sky,  or  the  contrary, 
can  be  predicted  even  a  few  hours  before  its  occurrence. 

The  periodical  changes  of  the  moon's  phases  often  coinciding  with 
changes  in  the  phenomena  of  the  atmosphere,  it  was  very  natural  that 
the  latter  should^  by  many  persons,  be  thought  to  have  some  dependence  I 


on  the  former  [Rxnr,  ool  929] ;  an  cfpfnlan  apparonily  strea^gtbeae^ 
the  known  fact  that  the  tides  of  tlie  ocean  and  atmoephere  are  pn^i.^ 
by  the  attractions  which  the  moon  and  sun  ezerdse  on  the  [wt^c^ 
water  and  air.  It  is  certain,  however,  that  the  inflaences  ot  the:^ 
in  changing  tiie  state  of  the  atmosphere  are  oi  ahort  dun^on,  acd  ta 
place  gradually  according  to  constant    laws  :  they  are  coosequf/ 

r'te  incompetent  to  the  production  of    those  sudden  and  imr^ 
nges  to  which  the  atmosphere  im   subject.  ^   There  are  not,  hosl..- 
wanting  men  who  have  formed  tables   in  which  the  pirobable  stir«  ■ 
the  weather  is  stated  in  connection   -with  the  hour  of  the  day  or  a-i 
at  which  the  new  and  full  moons  take  place ;  and  that  which  ntssi- 
possess  most  the  confidence  of  persons  to  whom  an  aoticipatiaii  rA^c. 
or  fair  weather  is  of  importance,  is  one  "which  Dr.  Samuel  Clarb;,- 
fessed  to  have  formed  from  along  series  of  observations.   It  is  so&s^ 
here  to  mention  that  in  this  table  rain  is  predicted  when  tlie  ik?  * 
full  moon  takes  place  between  noon  and  2  P.M.,  or  betiveeo  4  iodSn 
and  fair  weather  is  announced  when  either  takes  place  between  i  zl 
6 P.M.,  or  between  10  P.M.  and  2  a.m.      An  opinion  has  prevailed  ±' 
seasons  of  a  like  character  return  in  like  order  after  each  revoiutj*:: 
the  moon's  nodes ;  Uiat  is,  at  the  end  of  every  1 8  or  10  years,  at  flj 
times  the  earth  and  moon  are  nearlv  in  like  situations  with  ne^^.: 
the  nodes ;  but  though  seasons  distinmished  by  more  or  less  dan  (ii 
usual  quantities  of  rain  have  been  obsenred  to  return  at  cerUk  z 
tervals,  there  appears  to  be  no  ground  for  connecting  them  with  tk 
astronomical  period.    The  existence  of  a  "  Cycle  of  ^gbteen  Tar^i 
the  Seasons  of  Britain,**  has  been  maintained  by  Mr.  Luke  How3riL< 
his  work  having  that  title ;  but  the  validity  of  the  evidence  idikpf 
has  been  subs^uently  denied  by  the  Rev.  L.  JenjBB,  in  a  ro/ome  a  > 
Meteorology. 

The  only  indications  of  rain  or  fair  weather  open  which  any  fafea? 
may  be  placed  are  those  which  have  been  noticed  by  the  kit  &: 
Humphrey  Davy,  in  Ids  '  Salmonia ; '  and  as  his  explanation  v* 
founded  on  physical  conditions,  a  brief  statement  of  them  majvi 
propriety  be  introduced  in  this  place. 

One  of  the  speakers  in  the  Dialogue  inquiring  why  the  douds  iotb 
west  being  red,  with  a  tinge  of  purple,  should  portend  fair  weakest 
answered  that  the  air,  when  diy,  refracts  more  of  the  red  and  t* 
making  rays  than  when  moist ;  and  as  dry  air  is  not  perfect]/  trai» 
parent,  those  rays  are  reflected  in  the  horizon.  It  is  s^ded  tktt 
coppery  or  yellow  sunset  foretells  rain;  but  thal^  as  an  indicaUsa <( 
approaching  wet  weather,  nothing  is  more  certain  than  a  halo  rocs-. 
the  moon,  since  it  is  produced  l^  precipitated  water :  the  Urgcr  tb 
circle  is,  the  nearer  are  the  clouds ;  consequently  the  more  rea(fj » 
descend  in  rain. 

In  explaining  why  a  rainbow  in  the  morning  betokens  rain,  W^ 
in  the  evening  fair  weather,  it  is  stated  that  the  bow  can  only  be  sem 
when  the  clouds  deporting  the  rain  are  opposite  to  the  sun ;  thiuiotu 
morning  the  bow  is  in  the  west,  and  in  the  evening  in  the  east :  and  a 
the  rains  in  this  countrv  are  usually  brought  by  westerly  winds, » bo* 
in  the  west  indicates  that  the  rain  is  coming  towards  the  spectator; 
whereas  a  bow  in  the  east  indicates  that  the  rain  is  pasnng  aw</  ^ 
him.  ,     . 

The  indications  of  fine  weather  from  swallows  flying  high  u  ex- 
plained by  stating  that  the  insects  on  which  these  birds  feed  d^tto 
fly  in  a  warm  stratum  of  air ;  but  warm  air,  being  l^ter  than  «» 
which  is  moist,  occupies  a  higher  part  of  the  atmosphere,  and,  ther^ 
fore  the  birds  then  find  their  prey  in  the  upper  regiona    On  «» 
contrary,  when  the  warm  air  la  near  the  surface  of  the  earth,  the  ins*" 
and  birds  are  there  also ;  and  then,  as  the  cold  air  from  above  desct^ 
into  it,  a  deposition  of  water  takes  place.    The  opinion  that  *®'^Y^ 
come  to  land  in  order  to  avoid  an  approaching  storm  is  ^^^^ 
erroneous ;  and  the  cause  assigned  is  that,  as  the  fish  upon  which  t^ 
birds  prey  go  deep  into  the  water  during  storms,  the  birds  oomf  R' 
land  merely  on  account  of  the  greater  certainty  of  finding  io^  »"^ 
than  out  at  sea.  .      , 

It  may  be  observed  here,  that  the  kind  of  cloud  which  is  desgnvta 
cirrostratus  [Clouds],  in  which,  when  the  particles  of  wafer  com^oss^ 
it  are  in  a  state  of  approximate  coalescence  into  drops,  the  balo  u 
formed,  is  almost  always  followed  by  a  depression  of  temperatur^i^ 
the  atmosphere,  and  by  wind  or  rain.  For  indications  of  the  weatber, 
which  are  afibrded  by  the  oscillations  of  a  mercurial  coIoniD,  «< 
Barometeb;  and  for  those  which  precede  cyclones,  or  revoW 
storms,  see  that  subject  in  the  article  Wind. 

The  observations  of  Principal  Forbes  (stated  in  the  article  TapouJ,      , 
Opalescent)  have  shown  that  the  red  colour  of  the  clouds  is  refemWe      . 
to  a  different  cause  from  that  to  which  it  is  ascribed  by  Davy, intn«      | 
citations  above.    But  the  red  evening  and  gray  morning  ^^^^      .' 
regarded  as  the  surest  and  most  consistent  signs  of  fine  weather.  Thv       | 
would  naturally  be  observed  from  the  earliest  periods,  and  ^^^^'^li      \ 
they  appear  to  be  ^e  most  ancient  of  prognostics,  having  been  ^^^^       1 
in  the  verses  of  the  Greek  poet  Aratus,  who  was  contemporaiy^'^       ' 
Euclid ;  in  the  New  Testament  (Matt.  xvi.  2,  8) ;  and  in  one  of  oui 
most  familiar  proverbs.     The  purple  tinge  alluded  to,  **^'^°?, 
Principal  Forbes,  probably  arises  from  a  mixture  of  the  ^^^.}T 
of  the  pure  sky,  which  is  always  present  when  purple  is  seen,  witn  tne 
yellow-orange  of  the  opalescent  vapour.  , 

"  The  modified  hues  of  the  sky,  and  of  the  sun  and  moon  near  ti||) 
horijx>n,  have,  for  so  many  ages  and  in  so  many  countries,  been  regarded 
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the  surest  indications  of  atmospheric  changes,  that  we  cannot  doubt 
tliat  it  is  to  the  variety  of  conditions  in  which  vapour  exists  in  the  air, 
more  or  less  nearly  condensed,  that  these  phenomena  are  due.     Hum- 
boldt  describes  the  colour  and  form  of  the  sun's  disc  at  setting  in 
tropical   regions,   as  the   most   infallible  prognostic,  and  elsewhere 
ascribes  these  variations  '  to  a  particular  state  of  the  vesiciilar  Vigour.' 
Since  the  red  steam  [opalescent  vapour]  occurs  only  during  the  critical 
stage  of  its  partial  condensation  (and  perhaps  conversely  during  evapo- 
ration),  it  IS  evident  that  it  must  correspond  to  a  critical  state  o|! 
ditfnsed  vapour  in  the  atmosphere.  ....  Every  accurate  observer  of 
nature  in  alpine  countries  will  confirm  me  in  stating  that  fine  weathef 
is  almost  invariably  accompanied  by  the  formation  of  dew  on  exposed 
surfaces,  and  by  the  progressive  depression  of  the  moister  strata,  until 
at  length  visible  fogs  are  formed  in  the  bottom  of  the  valleys,  and  espe- 
cially over  water.     (For  the  reason  why  over  water,  see  Davy  [MiSTj). 
This  is  the  surest  sign  of  a  following  fine  day  in  mountainous  regions. 
....  The  inflamed  appearance  of  the  morning  sky,  considered  indi- 
cative of  foul  weather,  is,  I  have  no  doubt,  o.ving  to  such  an  excess  of 
humidity  being  present  that  clouds  are  actually  being  formed  by  con- 
densation in  the  upper  regions,  contrary  to  the  direct  tendency  of  the 
rising  sun  to  dissi^iate  them,  which  must  therefore  be  considered  as 
indicating  a  speedy  precipitation  of  rain."     ('Phil.  Mag.,'  series  2, 
vol.  XV.,  pp.  84-37.) 

Principal  Forbes  expresses  a  strong  doubt  aa  to  the  formation  of 
any  "  vesicular  **  vapour  in  the  process  of  the  condensation  of  atmo- 
spheric vapour ;  on  which  it  may  be  remarked  that  the  existence  of 
such  vapour  (that  is,  in  fact,  of  vesicles  of  water  produced  by  the  con- 
densation of  vapour)  under  any  circumstances  is  altogether  hypo- 
thetical, as  noticed  in  considering  the  nature  of  the  spray  of  Water- 
falls.  According  to  observation,  when  vapours  become  liquids,  minute 
globules  geometrically  solid  are  formed :  the  globules  of  dew  are  such. 
Principal  Forbes,  also,  as  we  have  seen,  ^  of  opinion  that  the 
opalescent  vapour  occurs  "  perhaps  conversely  during  evaporation,"  as 
well  as  condensation.     This  we  are  able  to  confirm  from  our  own 
observations,  made  long  before  he  had  enabled  us  to  understand  them. 
It  may  be  proved  by  a  ready  experiment     If  a  plate  or  a  saucer  be 
plunged  into  nearly  boiling  water  and  withdrawn,  it  will  be  covered 
with  a  film  of  water,  which  the  heat  acquired  by  the  porcelain  will 
immediately  convert  into  vapour,  rendering  the  plate  dry.     If,  on 
withdrawing  it  from  the  water,  it  be  immediately  held  up  to  the  light, 
a  pmk  blush,  as  it  were,  will  be  seen,  momentarily,  before  the  stc»m- 
cloud  resulting  from  entire  condensation.      During  evaporation  in 
nature  the  same  phenomenon  must  of  course  take  place :  it  may 
readily  be  observed  on  Derwentwater,  looking  northward,  on  a  summer 
rooming,  when  Skiddaw  and  the  adjacent  mountains  may  be  seen 
through  8  transparent  mist,  having  a  pale  pink  or  rose-coloured  hue; 
the  evaporating  water  below  constantly  supplying  opalescent  vapour,  the 
appearaaoe  is  persistent  so  long  as  the  sun  is  acting  and  the  atmospheric 
circumstanoes  are  unajlteired,  ac^withstanding  the  perpetual  resolution 
of  the  opajj^escent  into  invisible  vapour  above.    This  connects  the  sub- 
ject with  the  colours  of  the  sky  and  the  prognostics  of  the  weather 
derivable  from  thiejn.    A  part  of  this  subject,  also,  is  considered  in  the 
article  just  referred  to.    In  tiie  article  on  Opalescent  Vapour  itself 
we  have  expressed  our  dissent  from  Principal  Forbes  as  to  the  process 
by  which  the  colours  of  the  morning  sky  are  produced,  deeming  it  to 
be  merely  the  reverse  of  that  occurring  in  the  evening.    We  think  it 
might  be  shown  "  that  the  slowly  progressive  transition  of  vast  masses 
of  air  through  the  temperature  of  liie  dew-point "  must  occur  at  sunrise 
as  well  as  at  sunset;  of  this,  the  "  beautiful  rosy  tint^  shooting  far  up 
into  the  heavens,"  described  as  preceding  the  dawn,  when  observed 
from  Mont  Blanc,  is  one  of  many  examples  that  might  be  mentioned 
in  evidence,  according  entirely  with  the  facts  already  noticed,  which 
the  distiogidahed  physicist  whose  views  we  have  been  considering  first 
recognised  in  their  due  importance.    {Clzvatx;  Met^qrolqot.] 

WEAVIKG.  If  we  take  the  term  toeaving  in  its  broadest  sense,  (Vi 
applied  to  the  process  of  combining  longitudinal  threads  into  a  super- 
ficial fabric,  it  will  have  relation  to  the  whole  series  ol  textile  mani^- 
f actures ;  ^ot  only  those  which  are  prepared  in  the  loom,  but  likewise 
net-woik,  lace-work,  and  hosieiy.  We  shall  endeavour  therefore  in  the 
present  article  to  complete  the  detaUs  of  manufacturing  n[iany_ textile 
tabricB  which  have  been  partially  described  in  former  articles. 

HUtQfv/  of  Weaving. — ^From  xnany  passages  in  the  Bible,  and  from 
the  general  character  of  dress,  it  is  apparent  that  woven  fabrics  were 
known  in  very  early  times.  In  all  probability  weaving  was  practise^ 
before  spumiiiig;  that  is^  the  combination  of  reeds,  stripe  of  leather,  or 
rude  fibres  into  a  mt^tenal  for  di:ess,  by  a  process  analogous  to  that  of 
weaving,  preceded  the  practice  of  spinning  yam  from  a  congeries  of 
elementary  fibres.  Sir  ),  G.  WUkinson  ('Maimers  and  Customs  of 
the  Ancient  Egyptians  *)  observes, — *'  The  f^ptians,  from  a  most 
remote  era,  were  celebrated  for  their  manufacture  of  linen  and  other 
cloths ;  and  the  produce  of  thcor  looms  was  exported  to,  and  eagerly 
purchased  by,  foreign  nations.  The  fine  linen  and  embroidered  work, 
the  yam  ana  woollen  stu£&,  of  .the  upper  and  lower  country,  are  fre- 
quently mentioned,  and  were  highly  esteemed."  The  same  authority 
states  that  the  looms^  found  depicted  on  the  tombs  at  Thebes,  are  of 
an  exceedingly  rude  construction;  but  )ie  does  not  think  that  this 
circumstance  militates  against  the  production  of  fine  fabrics,  since  it  is 
known  at  the  jpre^ent  da^  that  the  ^indu  produces  exquisite  muslins  on 


his  rude  loom.  In  a  specimen  of  mummy-cloth,  examined  by  Mr.  Thomp- 
son of  Clitheroe,  the  texture  was  close  and  firm,  yet  elastic ;  the  yam 
of  both  warp  and  weft  was  remarkably  even  and  well  spun;  the  weft 
was  single,  while  the  warp-yam  consisted  of  two  fine  threads  doubled; 
and  it  was  observable,  in  that  as  well  as  in  other  specimens,  that  the 
number  of  threads  to  an  inch  in  the  warp  uniformly  exceeded  that  in 
the  weft,  a  difference  not  pommonly  observable  in  European  fabrics. 
Mr.  Thompson  examined  ancient  Egyptian  cloths  brought  to  England 
by  Salt  and  Belzoni,  and  found  that  the  selvages  were  well  made,  that 
striped  goods  similar  to  modem  ginghams  were  often  made  by  the 
Egyptians,  and  that  indigo  was  used  as  one  of  the  dyes.  Wilkinson 
gives  copies  from  some  of  the  pictures  at  Theh^,  Beni  Hassan,  and 
Eileithyas,  representing  weavers  at  their  looms ;  in  one  iastanise  the 
loom  appears  to  be  horizontal,  while  in  another  it  is  vertical,  with  the 
weft  driven  upwards ;  and  from  representations  of  five  different  sorts 
of  shutUes,  it  would  appear  that  tbjsy  were  generally  about  half  a  yard 
in  length. 

Weaving  appears  to  have  been  carried  on  as  a  distinct  trade  in  the 
j  larger  towns  of  Greece ;  but  every  considerable  private  establishment 
had  also  a  loom  at  which  the  females  of  the  family  were  employed ; 
the  weaving  being  carried  on  chiefty  by  female  slaves,  while  the  super- 
intendence rested  with  the  mistiness  and  her  daughters.  In  large 
houses  a  particular  room  was  set  ap^rt  for  this  occupation. 

Plsjto  mentions  one  of  the  most  important  differences  between  the 
warp  and  the  weft,  namejlyf  that  the  threads  of  the  former  are  strong 
and  j&rm  in  consequence  of  being  more  twisted  in  spinning ;  whili^ 
those  of  the  latter  ar;e  comparatively  soft  and  yielding ;  a  comparison 
which  is  strictly  applicable  $1  the  p-eaent  day.  The  Greeks  evidently 
understood  much  of  what  is  now  termed  "  mounting  a  loom,"  that  is, 
arranging  strings  In  such  •  inanner  as  to  separate  the  warp-thread  into 
two  or  more  groups,  between  which  the  weft  may  be  introduced  :  the 
leash  (jjuTot)  being  one  such  strings  and  a  woven  pattern  being  termed 
BtfUTos  (from  which  the  word  dimity  appears  to  oe  derived),  rpifuros, 
or  ico\6fUTos,  according  as  it  contained  two,  three,  or  more  groups 
of  strings,  or,  as  we  should  now  say,  leaves  of  heddles.  After  the 
weft  was  thrown,  it  was  driven  up  close,  either  by  a  kind  of  bat, 
called  a  spatha,  or  by  a  kind  of  comb ;  both  of  wnich  appear  to  be 
combined  in  the  batten,  or  lay,  of  the  modem  loom.  The  checks  pro- 
duced by  having  different  coloured  warp  threads,  and  stripes,  formed 
of  multi-coloured  wefts,  were  known  to  the  Greeks  and  Homans ;  as 
were  likewise  numerous  kinds  of  fancy  weaving  derived  from  these 
two  combined.  Among  the  Romans,  as  among  the  Greeks,  weaving 
was  a  f eniale  employment,  and,  as  with  them,  it  was  carried  on  in  most 
towns  and  in  many  large  private  establishments.  Weaving/as  practised 
among  t^e  ancients,  may  be  illustrated  by  the  proceedings  of  the 
weavers  among  existent  imperfectly  civilised  nations.  The  Hindu 
weaver  takes  lus  station  under  the  trees,  where  he  stretches  his  warp- 
thread  between  two  bamboo  rollers,  which  are  fastened  to  the  turf  by 
wooden  pins.  He  digs  a  hole  in  the  earth  lai^ge  enough  to  contain  his 
legs  when  in  a  sitting  posture ;  and  then,  suspending  to  a  branch  of  a 
tree  the  cords  which  are  intended  to  cause  the  raising  and  depressing 
of  the  warp-threads,  he  fixes  underneath  two  loops  for  lus  toes,  by 
which  he  produces  a  substitute  for  treadles.  His  shuttle  aots  also  as 
a  batten,  or  lay,  and  completes  his  simple  arrangements. 

We  shall  now  proceed  to  describe  the  weaving  processes,  classifying 
tiiem  under  the  names  of  Plaxn-tDeaving,  Pattem-iDeaving,  IhubU- 
weaving,  Orau-ioeaving,  Chain-^Deaving,  Pile-weaving ,  and  Power^weaving, 
— ^giving  cross  references  to  former  articles,  in  which  some  of  these 
subjects  have  been  treated. 

Plain-weaving. — ^By  this  term  we  mean  the  weaving  of  all  varieties 
of  textile  manufacture,  in  which  the  weft-threads  interlace  uniformly 
among  the  warp-threads  without  producing  twills,  checks,  stripes, 
sprigs,  or  any  variety  of  figures.  Calico,  Irish  linen,  and  plain  silk  are 
good  representatives  of  this  kind  of  weaving. .  If  we  examine  any  of 
these,  we  shall  find  that  the  cross  threads  pass  alternately  over  and 
imder  the  long  threads,  no  one  tiburead  passing  over  or  under  two  other 
threads  at  once.  In  the  language  of  weavers,  the  long  threads  are 
called  VHirp,  tvnst,  caine,  or  arganzine;  while  the  cross  threads  are 
called  v)rft,  woof,  thoot.  or  trqaii.  Twist  is  the  general  term  applied  to 
the  kind  of  vam  used  for  cotton  warp  :  organzine  to  that  for  silk  vrarp ; 
and  some  of  the  other  terms  have  in  like  manner  only  partisd  applica- 
tion :  if  ther^ore  we  speak  simply  of  worp  and  weft,  we  shall  avoid 
ambiguitv,  0^  be  sufficiently  correct  for  the  object  in  view.  The 
warp  is  always  ^iffixed  to  the  loom  or  weaving-machine ;  while  the  weft 
is  contained  }f^  the  4iuttie,  a  small  boat-like  instrument. 

The  first  operation  oonsists  in  laying  the  requisite  number  of  threads 
together  ^  form  the  width  dl  the  cloth  :  this  is  called  warping.  Sup- 
posing there  to  be  1000  itireads  in  the  width  of  a  piece  of  doth ;  then 
the  yam,  woimd  on  the  bobbins  as  it  leaves  the  hand  of  the  spinner, 
must  be  so  unwoimd  and  laid  out  as  to  form  1000  lengths,  constituting 
when  laid  parallel  the  warp  of  |the  intended  doth.  The  ancient  method 
was  to  diuw  out  title  warp  from  the  bobbins  at  full  length  in  an  open 
field;  and  this  is  stiU  practised  in  India  and  China :  but  the  climate  of 
Europe  is  too  uncertain  for  such  a  method,  and  hence  the  worptn^- 
frame  was  devised.  This  is  a  large  wooden  frame  fixed  up  vertically 
against  a  wall,  the  upright  sides  being  pierced  with  holes  to  receive 
wooden  pins,  which  project  sufficiently  to  receive  the  due  or  grovq;»  of 
yams.    The  warper,  having  placed  the  bobbins  of  yam  in  an  adjaoenl 


fts 


WEAVIHG. 


WBAVINO, 


fruiM,  Uca  the  eada  of  oil  the  threads  togetber.  and  sttachai  them  to  ]  ia  at  A,  Capable  of  revolTing  ott  il«  Rzifl,  and  ot  aUawing  it«  I 
one  of  the  pini ;  thea  gathering  all  the  threads  ia  bis  hand  into  una  be  drown  out  id  a  horkonlAl  layer  B.  At  O  are  two  leavee  n 
clue,  and  permitting  them  to  sUp  through  the  fingen,  be  walki  to  the  |  or  bealda,  each  leaf  coniuling  of  s  number  i>l  BtringH  ranged 
other  end  of  tbe  frame,  where  he  psHee  the  yama  over  the  fixed  pin.  He  attached  at  bottom  to  two  tmdlea  b  b,  aod  aX  tup  to  a  cr 
nallu  from  end  to  end  of  the  frame,  attaching  the  clue  of  jama  to  the  pina    At  about  the  middle  of  ever;  heddia  or  Btriiig'  ' 


a,  until  ha  ba«  unwound  from  the  bobbina  enough  jara  to  form 
tiie  warp.  But  thi«  method,  although  still  followed  in  aome  placea,  hoa 
yielded  to  the  use  of  the  ttarping-mill,  a  much  more  convenient  piece 
uf  apparatus.     Tha  bobbina  am  placed  in  a  frame  B  (Jig,  1).    The 


warper,  Bitting  at  a,  rotates  the  fertical  reel  or  cjhnder  b,  hj  means 
'of  the  wheel  o  and  the  rope  D.  The  yams  from  all  the  bobbins, 
collected  together  in  a  group  at  r,  there  paM  through  a  sliding  piece, 
which  through  the  intervention  of  the  cord  0  and  the  revolrmg  afaaft 
a,  riaee  and  falls.  By  this  arrangement  it  la  easy  to  aee  that  when  the 
handle  ia  turned  by  the  warper,  the  clue  becomes  wound  apirollj  an 
the  reel  The  diameter  of  the  reel  is  Ho  regulated,  that  when  tiie 
■piral  equals  the  intended  length  of  the  warp,  the  clue  of  yams  ia 
twisted  round  pins  at  1 1,  and  then  by  a  reverse  motion  of  the  handle 
is  wound  spirally  down  sgoin ;  and  so  on  up  and  down  alternately 
until  the  grouped  clues  of  yams  constitute  a  sufficient  number  for  the 
width  of  the  warp.  Certain  minor  adjustments  are  at  (he  same  time 
mode,  to  facilitate  the  subsequent  operations  of  the  weaver.  The 
more  modem  warping-machinea  we  shall  have  to  mention  when  we 
come  to  power-weaving. 

When  Uie  warp  is  completed  on  the  warping-mill,  the  warper  takes 
it  off  and  winds  it  on  a  stick  into  a  ball,  preparatory  to  the  process  of 
btaming,  or  winding  it  on  the  beam  of  the  loom.  The  threads,  In  this 
latter  process,  are  wound  as  evenly  as  postdble  on  the  beam ;  a  aepa- 
nioT,  ravel,  or  coiub  being  used  to  lay  them  parsllel,  and  to  spread 
them  out  to  about  the  intended  widUi  of  the  cloth.  ArraogementB 
are  tbeu  made  for  dravnTig,  or  attaching  the  warp-threads  individually 


through  each  eye ;  lai  ^. 
passing  of  the  jama  through  these  loopa  cooftitutea  the  fmr* 
draKtng.  Half  of  the  worp-yams,  tfa&t  ia,  every  alternate  ;ini.  ;b 
through  tha  loops  in  one  leaf  of  bedciles,  and  the  other  half  iW 
the  other  leaf;  and  as  the  two  leaves  are  bo  connected  bffiu^ 
that  one  liies  when  the  other  sinka,  the  warp  becomes  dividfll^^ 
two  portions,  one  above  the  other,  near  tlie  anterior  end  of  lit  b; 
The  weaver  sits  at  a,  driw  the  shuttle  by  means  of  the  hamUd.ii 
drives  up  every  suocesaive  weft-thread  by  the  batten,  lay,  or  htii  i 
Buspended  from  r.  However  complicated  the  loom,  the  jniadpe  . 
action  ii  nearlv  as  here  described. 

There  are  three  movements  attending:  every  thread  of  teft  ^-, 
the  weaver  throws  across  the  warp.    In  the  6rvt  place  he  prrmfs  i.t\ 
one  of  the  two  treadles,  by  which  one  of  the  two  halves  of  the  t-j-, , 
depresaed,  thereby  forming  a  kind  of   opening  colled  the  iM.  k 
thia  ahed,  at  the  second  movement,  he  throws  the  shuttle  couOill 
the  weft-thread,  with  lufficient  force  to  drive  it  across  the  wbiil^  i. 
Then,  at  the  third  movement,  he  grasps  the  batten,  which  is  .  ' 
frame  canyiug  at  its  lower  edge  a  comb-like  piece  having 
teeth  as  there  are  threads  in  the  warp  ;    and  with  thia  hi    ' 
thread  of  weft  close  to  thoae  previously  thrown.     One 
is  thus  completed,  and  the  weaver  proceeda    to   throw 
similar  way,  but  in  a  revetae  order,  that   ie,   by  deprei     „ 
treadle  insteiad  of  tha  right,  and  by  throwing  the  shuttle  from  M 
right,  instead  of  from  right  to  left.     In  the  commoDeHt  mode  a!  ns 
ing  the  ahuttle  ia  thrown  by  both  huids  alternately;  but  liii: 
century  ago  John  Kay  invented  the  Jty-ihuttie,    in  which  a  etrinc  u 
handle  are  ao  placed  that  the  weaver  can  work  the  shuttle  ixH  nj 
withonahand     The  By-shuttle  ia  illustrated  in  CaxcE;  wbile^. 


se  having  u  am 
ja  he  drira  np  1-  I 
One  threw)  ol'rr  I 
irow  anotlwBi  i 
lepreasuig  ti(  M 


will  show  more  clearly  the  mode  in  which  the  weft  is  w"^.'™?f 
the  aiandle  or  pim  of  the  ahuttle,  and  the  arrangement  for  dn™"8  "* 
shutUe  into  the  open  sh^  of  the  web.  The  spindle  of  the  sbutUe  cm- 
tains  enough  weft  for  several  shoots  or  throws  ;  the  weft  """"{T!" 
the  shuttle  travab  along,  and  forining  the  aslvage  of  Ih"  a™  ■ 
the  shuttle  returns  in  the  opposite  direction.  j^_Ji. 

In  cotton  and  some  other  fabrics,  the  warp-yams  must  W  "^^"^ 
the  weaver  proceeds,  that  is,  rubbed  over  with  some  kind  of  vegs"* 
mut^age,  such  as  paste  or  wie,  tor  the  purpose  of  giving  thno  I*""-^' 
of  dim'"' "b ing  friction  by  smoothing  down  the  little  hajiy  '^™^, 
the  yarn,  and  of  imparting  a  mnoothnera  or  gloss.  In  '^''""°'  JJ 
the  weaver  suspends  hia  operations  from  time  to  time,  in  older ic  »PPJ 
diwnng  to  hia  warp.  He  Brat  applies  a  kind  of  comb  to  tie  "^'i 
•      away  tnota  and  burrs  ;  then  Uys  on  the  paste  with  a  braw ;  r" 


'canaat  of  air  oldted_  l^  a  large  1^, 
and  oompl 
ith  power-weaving. 
In  weaving  plain  sills,  calicoes,  and  other  weha  of  moderals  ww" 
there  a«  two  leaves  of  heddles  and  two  treadles,  for  dividing  'ifi  "^ 
■  ■    ■       poicela.    In  weavinir  brooder  webs,  auoh  as  fioor-cloth  w    - 
,'     ._  J  .  ..  1, „_  .; 1.  v.... >^«.j  jna  !»'■ 

eight  yards.  In  weaving  very  ourow  «  ■ 
such  as  libboQH,  galloons,  *c.,  there  would  be  a  waate  of  power  ^ 
time  if  only  one  ahuttle  were  thrown  across  a  distance  c(  ''"."''.'"ii 
inchea  at  each  movement ;  and  there  ha«  conaequentlj  been  ""^ 
kind  of  loom  oaUed  the  mgiiK-toon,  in  which  several  »l»'*™Jj  j, 
several  webs  at  one  time  in  each  machine :  this  has  been  "KjTad 
Ribbon.  Various  details  concerning  plain  woven  goods  wiU  M 
under  Cottoh;  Usm;  Mwbus;  Sili;  Wooixm.  ,^ 

PatUnnPtavitiff.—'The  number  of  woven  webs  which  can  «*>»  '^ 
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the  designation  of  plain-weaying  ib  much  noaaller  than  that  of  those 
xiow  to  be  considered.  Whenever  the  warp  and  weft  are  of  the  same 
colour^  and  interaeot  each  other  in  regular  order,  so  as  to  produce  a 
ixnif onn  surface  totally  divested  of  pattern,  we  may  deem  that  plain- 
%Deaving;  but  eveiy  day  s  experience  shows  that  pattern,  of  some  kind 
or  other,  is  a  more  prevailing  characteristic  of  woven  fabrics. 

In  the  first  place  we  may  take  the  case  in  which  all  the  threads  of  the 
warp  are  of  one  colour,  and  all  those  of  the  weft  another  colour :  this  pro- 
duces the  peculiar  efiect  ctdled  thot  patterns,  but  involves  no  new  arrange- 
znenta  as  to  weaving.    Next  come  the  two  varieties  known  respectivdy 
as  stripet  and  checks,    A  stripe  is  a  pattern  in  which  parallel  lines  nm 
either  along  or  across  the  warp ;  while  a  check  is  an  alternation  of 
rectangles  like  a  chess-board,  or,  more  properly,  like  the  varieties  of 
Scotch  plaid.    The  production  of  a  stripe  depends  either  upon  the 
vrarper  or  the  weaver ;  the  production  of  a  check  depends  upon  both. 
If  the  stripes  are  of  different  colours,  and  extend  lengthwise  of  the 
clotii,  then  the  warper  so  disposes  the  threads  of  his  warp  that  the  two 
colours  shall  succeed  eadi  other  at  regular  intervals ;  but  if  the  stripes 
are  of  the  same  colour,  but  of  different  quality  as  to  fineness,  then  the 
"warper  uses  two  quidities  of  warp  in  alteniate  succession.    If  the 
stripes  extend  across  the  doth,  the  warper  arranges  his  threads  as  for 
plain-weaving;  but  the  weaver  uses  two  or  more  shuttles,  carrying 
two  or  more  coloured  wefts,  and  throws  the  shuttles  at  regular  intervals 
in  Buocession.    If  a  check  is  to  be  produced,  the  warper  first  produces 
his  alternation  of  colours  in  the  warp,  and  the  weaver  then  throws  in 
wefts  of  different  colours  by  using  two  or  more  shuttles,  so  that  the 
interlacing  of  the  long  stripes  with  the  cross-stripes  produces  the  check, 
the  pattern  of  which  depends  on  the  comparative  width  of  the  various 
stripes.    The  manner  of  using  the  combined  shuttles  is  described  under 
Check. 

The  next  to  be  noticed  is  the  production  of  the  twill,  a  veiy  exten- 
sively adopted  variety  of  woven  work,  since  it  comprises  satin,  bomba- 
zeen,  kerseymere,  and  numerous  other  kinds.  In  the  twill,  the  weft- 
threads  do  not  pass  over  and  under  the  warp-threads  in  regular  suc- 
cession, but  pass  over  one  and  under  two,  over  one  and  under  three,  or 
over  one  and  under  four,  six,  &c.,  according  to  the  kind  of  twllL  The 
effect  of  this  is  to  produce  a  kind  of  diagoxial  ribbed  appearance,on  one 
side  of  the  cloth,  and  a  smooth  aUd  glossy  appearance  on  the  other, 
according  as  the  one  thread  is  crossed  above  or  below  by  the  weft. 
Fig.  i  wul  assist  our  comprehension  of  this  point.    If  we  suppose  the 

Fig.  4. 


round  dots  to  be  sections  of  successive  warp-threads,  and  the  white 
double  line  to  be  one  thread  of  weft,  we  shall  see  that  the  weft  passes 
over  four,  under  one,  over  four ;  then  under  four,  over  one,  under 
four ;  and  if  the  specimen  were  continued,  we  should  see  that  these 
cycles  of  changes  succeed  each  other  in  regular  order.  This  arrange- 
ment furnishes  the  twill  for  some  particular  varieties  of  cloth ;  and  the 
weaver  has  thus  a  kind  of  numerical  formula  for  diaper,  dimity,  dor- 
nock,  damask,  bombazeen,  satin,  kerseymere,  ftc. ;  each  one  having  a 
certain  order  of  succession  in  which  the  weft  crosses  the  warp.  [Bom- 
bazeen; Damask;  Diafkr.] 

Now  in  order  to  allow  the  weft  to  pass  under  four  or  more  threads 
at  once,  some  mechanism  must  be  devised  for  elevating  all  those  four  at 
one  movement,  or  keeping  them  stationary  while  every  fourth  thread 
is  depressed.  If  the  weft  always  passed  under  the  same  four  threads, 
no  doth  would  be  produced,  for  no  reticulation  would  be  made ;  but 
the  groups  of  four  passed  under  by  one  weft-shoot  are  not  the  same  as 
those  crossed  at  the  next  following  shoot  Hence  more  than  two  leaves 
of  heddles  are  required,  and  more  than  two  treadles  to  work  them. 
There  must,  in  such  a  case  as  we  have  above  supposed,  be  five  leaves 
of  heddles,  to  each  of  which  every  fifth  warp-thread  lb  attached ;  and 
to  each  of  these  leaves  a  treadle  is  appropriated ;  so  that  when  one 
treadle  is  pressed  down,  one-fifth  of  the  warp-threads  becomes  drawn 
out  of  the  horizontal  plane ;  when  another  treadle  is  depressed,  another 
fifth  is  affected ;  and  so  on.  The  weaver,  by  the  management  of  his 
treadles,  has  the  power  of  raising  or  depressing  four-fifths  of  his  warp- 
threads,  in  groups  of  four  each,  leaving  every  fifth  thread  stationary ; 
and  in  this  state  of  things  he  throws  his  shuttle.  By  various  combina- 
tioDB  among  lus  five  treadles,  he  can  produce  many  varieties  of  move- 
ment, which  give  rise  to  different  kinds  of  twilL 

When,  instead  of,  or  in  additiqn  to,  a  twill,  the  weaver  has  to  pro- 
duce sprigs,  flowers,  spots,  or  any  kind  of  figure,  a  great  increase  of 
complexi^  oocurs.  The  weft  may  pass  over  four  and  under  one  at 
one  part  of  the  width  of  the  doth ;  over  two  and  imder  two  at  another ; 
over  one  and  under  four  at  another — ^according  to  the  part  of  the  figure 
which  may  happen  to  occur  at  any  particular  part  of  the  width  of  the 
doth.  Hence  the  order  in  which  the  warp-threads  must  be  depressed 
or  devated  varies  continually,  and  the  number  of  leaves  of  heddles 
would  become  so  numerous  that  the  loom  could  not  hold  them,  nor 
could  the  feet  of  the  weaver  move  the  requisite  treadles  This  diffi- 
culty gave  rise  to  the  invention  of  the  draw-loom,  in  which  strings  are 
BO  arranged  that  a  boy  can  draw  down  the  requisite  warp-threads 
preparatory  to  the  movement  of  the  shuttle.  The  warp-threads  pass 
through  eyes  or  loops  in  vertical  strings,  eadi  thread  having  one  string ; 
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and  these  strings  are  so  grouped  that  the  attendant  boy,  by  pulling  a 
handle,  draws  up  all  those  warp-threads  which  are  necessarily  elevated 
for  one  particular  shoot  of  weft ;  and  when  a  different  order  of  suc- 
cession is  required,  he  pulls  another  handle.  Hence  it  follows  that  the 
arrangement  of  the  strings  and  handles  must  be  preconcerted  with 
espe^  reference  to  one  particular  pattern ;  and  this  is  called  cording  the 
loom.  The  cording  would  sometimes  take  one  man  three  or  four  months, 
and  would  then  only  serve  for  one  particular  pattern.  Early  in  the  pre- 
sent century  two  inventions  were  made  with  the  view  of  rendering  the 
draw-loom  more  automatic.  One  of  these,  called  the  draio-hoy,  not 
only  superseded  the  necessity  of  employing  a  boy  to  pull  the  handles, 
but  removed,  by  the  unerring  certainty  of  its  operation,  all  possible 
ohanoe  of  mistake  in  pulling  the  wrong  handle.  This  was  a  veiy  inge- 
nious arrangement  of  mechanism  by  which  a  treadle,  worked  by  the 
foot  of  the  weaver,  gave  a  vibratory  motion  to  a  curved  lever  which 
drew  down  some  of  the  warp-threads  and  elevated  others ;  and  the 
skiU  consisted  in  so  causing  the  lever  to  travel  along  a  rack  or  toothed 
bar  as  to  act  upon  different  warp-threads  in  successipn.  The  draw-boy 
has  been  very  much  employed;  while  another  invention,  equally  inge- 
nious perhaps,  has,  from  various  causes,  £uled  to  come  into  use.  This 
latter  was  the  aiUomatie  carpet4oom  of  Mr.  Duncan.  Here  the  warp- 
threads,  instead  of  being  elevated  and  depressed  by  the  handles  as  in  a 
draw-loom,  or  by  the  reciprocating  lever  as  in  the  draw-boyy  were 
moved  by  pins  inserted  in  a  rotating  barrel,  the  pins  being  placed  in 
an  order  of  succession  according  to  the  pattern  to  be  produced,  just  as 
those  on  the  barrel  of  a  street-organ  or  a  musical-box  are  disposed 
according  to  the  tune  to  be  played.  But  the  draw-loom,  the  draw-boy, 
and  the  barrel-loom  have  been  alike  eclipsed  by  the  exquisite  apparatus 
of  M.  Jacquard,  which  is  yeiy  properly  named  after  the  inventor. 
[Jacquard  Appaeatus.] 

Double  Weaving, — In  all  the  fabrics  hitherto  noticed,  there  is  but 
one  layer  of  threads,  formed  by  the  intersection  of  the  weft  among  the 
warp,  both  weft  and  warp  being  individually  single.  But  there  has 
long  been  practised  the  weaving  of  a  kind  of  douUe  cloth,  composed 
of  two  webs,  each  consisting  of  separate  warp  and  weft,  but  both  sets 
interwoven  at  intervals.  The  junction  of  the  two  webs  is  formed  by 
passing  each  of  them  occasionallv  through  the  other,  so  that  each 
particular  part  of  both  is  sometimes  above  and  sometimes  below. 
Kidderminster  or  Scotch  carpeting  is  one  of  the  few  kinds  of  double- 
fabric  now  woven  in  this  country ;  and  it  will  therefore  be  sufficient 
for  us  to  refer  for  details  to  the  article  Carpet  Majtufacturs. 

Cross  Weaving.  This  term  may  conveniently  be  applied  to  those 
varieties  of  woven  fabric  in  whidh  the  warp-threads,  instead  of  lying 
oonstanUy  parallel,  as  in  aU  the  cases  hitherto  noticed,  cross  over  or 
twiit  around  one  another,  thus  forming  a  plexus  or  interlacing  inde- 
pendent of  that  produced  by  the  weft.  Oatue  and  bobbin  net  are 
perhaps  the  most  remarkable  examples  of  this  kind  of  fabric,  [Gauze; 
Lace  Manufaoture.] 

Chain  Weaving. — This  is  a  term  usefully  applied  to  a  mode  of 
using  threads  in  which  a  series  of  loops  is  formed  by  a  continuous 
thread,  each  loop  or  link  being  so  connected  with  others  as  to  form  a 
kind  of  chain;  and  this  chain  work  may  either  be  worked  upon  a 
groimd  woven  at  the  loom,  or  may  constitute  the  woven  material  itself. 
Sampler  work,  BerUn  work,  sewed  nuulin  work,  tambowing,  embroidery, 
tapestry,  pillow  lace,  and  hosiery,  are  all  examples,  more  or  less  varied, 
of  this  chain-weaving.  [Embroidery;  Hosiery  Maeufaoture ; 
Laoe  Hakufaoture;  Tapestry.] 

PHe  Weaving. — If  we  examine  a  piece  of  silk  velvet,  or  any  kind  of 
fustian,  such  as  velveteen,  moleskin,  or  doeskin,  or  a  Turkey  or  Wilton 
carpet,  we  shall  find  that  in  any  or  iJl  of  these  fabrics  the  warp  and  weft 
thx^ads  are  almost  concealed  by  a  kind  of  down,  nap,  or  pile,  whidi 
imparts  a  peculiarly  soft  and  smooth  texture  to  them.  It  may  seem 
strange  to  class  together  such  very  different  materials  as  silk  velvet, 
fustian,  and  Turkey  carpeting ;  but  the  classification  is  strictiy  correct, 
because  all  of  them  owe  their  characteristic  beauty  to  the  downy  sur- 
face which  they  presents  Fustians  are  in  fact  a  kmd  of  cotton  velvety 
as  Turkey  carpeting  is  a  woollen  velvet.  The  weaving  of  these  pile- 
fiibrics,  so  far  as  re^uds  the  decussation  of  the  warp  uid  weft  threads 
by  means  of  the  shuttie,  resembles  that  of  plain  fabrics,  or  of  pattern- 
fabrics,  according  to  the  nature  of  the  design.  But  there  is,  besides 
the  warp  and  weft  proi>erly  so  called,  another  kind  of  waip,  whose 
threads  are  left  standing  in  loops  above  the  general  surface  till  cut,  and 
the  cutting  of  which  constitutes  the  pile.  Li  some  kinds  of  fustians 
the  pile  is  cut  so  as  to  give  a  smooth  velvet  surface ;  while  in  other 
kinds  it  is  cut  into  parallel  cords,  forming  corduroy  and  such  like 
fabrics.  The  cutting  used  formerly  to  be  done  by  peculiarly  shaped 
knives  held  in  the  huid ;  but  some  very  ingenious  machines  have  been 
contrived  for  effecting  it  more  quickly  and  coixecUv.  For  the  applica- 
tion of  this  peculiar  manufacture  to  different  nbriosy  see  Carpet  ; 
Fustian;  Velvet. 

Power-Weaving. — In  all  the  kinds  of  weaving  hitherto  noticed, 
whether  of  plain  goods,  figured  goods,  double  cloth,  bobbin-net,  stodL* 
ings,  or  velvet  fabrics,  we  have  uniformlv  spoken  of  the  weaving- 
machine  as  being  worked  by  hand,  or  rather  by  hand  and  foot,  for 
the  treadle  is  an  almost  invariable  component  of  such  a  machine.  We 
have  however  now  briefly  to  notice  the  important  steps  by  which  the 
steam-engine  has  been  bit>ught  to  bear  on  this  department  of  industry. 

In  t^e  <  Philosophical  Transac^ons'  for  If 78,  a  loom,  invented  by 
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U.  de  Oenoea,  It  deaaibeA  as  "  a  new  engliiD  to  mako  linen  cloth  witb- 
Out  the  aid  oi  an  aitiflccr,''  b;  applying  waiter  power  ae  the  moving 
forco.  The  ndvantaeeH  are  thus  enumerated  :  "  1,  That  one  mijl  alona 
will  set  ten  or  twelve  of  these  looms  at  work ;  2,  the  cloth  ma;  be 
made  of  what  breadth  f  on  pleaae,  or  at  leoat  much  broader  than  any 
which  has  been  hitherto  mode:  S,  there  vill  be  fewer  knots  In  the 
cloth,  idnce  the  threads  wUl  not  break  so  fast  aa  In  otiier  looms,  because 
tbe  shuttle  that  breaks  the  greater  part  can  never  touch  them.  In 
short,  the  .work  will  be  carried  on  quicker  and  at  less  expense,  since, 
instead  of  several  Workmen,  which  are  required  in  making  up  of  very 
large  cloths,  one  boy  wlU  serve  to  tie  the  threads  ol  several  looms  as 
fast  OS  the;  break,  and  to  order  the  quills  in  tbe  shuttle."  This  de- 
■Cription  remarkablj  well  expresaee  the  eicellcnces  of  tbe  power-loom 
of  the  present  day ;  but  we  have  no  evidence  that  De  Oennes'  mad^ioe 
ever  came  Into  use.  At  varjous  times  during  the  Inst  century  H. 
Dolignon,  H.  Vaucanson,  Mr.  Austin,  and  Mr.  Miller  contrived  looms 
wbi^  were  to  be  worked  by  a  winch,  by  W3l«r-power,  or  b;  some  con- 
trivanco  more  expeditious  than  the  common  hand-weaving.  The  first 
power-loom  (or  weaving  cotton  fabrics  was  put  up  by  Mt.  Austin  in 
the  factory  of  Mr.  Mooteith,  near  Glasgow,  in  1708  ;  but  before  that 
time  another  machine  hod  been  Invented,  whose  historj  is  curious  and 
Interesting. 

The  Rev.  Dr.  Cartwright,  brother  of  the  tato  Major  (irtwright, 
happened,  in  1T84,  to  be  in  conversation  with  some  gentlemen,  con- 
cerning Arkwright's  siiinning  machinery.  It  was  observed  that,  so 
BOOD  as  Arkwright^s  patent  expired,  so  many  mills  would  be  erected, 
and  so  much  cotton  spun,  that  hands  would  not  be  found  to  weave  it. 
Cartwright  remarked  thatArkwright  must,  in  that  case,  invent  weaving 
machinery;  and  the  idea,  thus  suggested  by  himself,  seems  to  have 
token  hold  of  his  mind ;  tor  he  soon  afterwaitis  endeavoured  to  form  a 
machine  wLich  should  imitato  the  three  movemonte  in  wearing.  He 
succeeded  so  far  ss  to  produce  a  machine,  which  he  patented  in  1785  ; 
and  another,  for  which  a  patent  was  obtained  in  1787.  He  trieJ  to 
establish  a  power-loom  weaving  factory  at  Doncnster,  but  failed ; 
Messrs.  Qrlmshaw  also  endeavoured  to  set  Cartwriglit's  machines  at 
work  at  Manchester,  but  similarly  failed  from  various  causes ;  and, 
after  many  yean  bf  labour,  many  patents,  and  an  expenditure  of 
iOfiOOl,  Dr.  Cartwright  was  compeUed,  in  1808,  to  ask  for  a  grant 
from  Parliament  aa  a  return  for  bis  losses  and  exertions.  Parlloinent 
awarded  him  10,0001.  One  cause  which  thus  delayed  the  adoption  of 
power.looms  was  the  necesrity  for  stopping  tbe  machine  frequently,  in 
order  to  dreaa  the  warp  as  it  unralled  from  the  beam,  which  operation 
required  a  man  to  be  employed  for  each  loom,  so  that  there  was  no 
saving  of  expense.  In  the  year  1802,  Mr.  BadcliSe,  a  cotton  maou- 
fscturer  of  Stockport,  aided  by  a  workman,  Thomas  Johnson,  mode 
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many  contnTancea  with  a  view  to  reiii€M3y  tbifl  inconveruence,  ai 
length  produced  the  admirable  drcs^inff-marAiae  of  modem  tut-, 
by  which  the  warp  is  dreaiei!  before  it  goes  into  the  loom,  A:  -.  - 
sequent  period  Mr.  Horrocks  and  Mr.  Marsland,  biith  of  Sfc.l.- 
made  other  improvements,  which  brought  the  flteam-engine  fiirij  j 
use  tor  weaving  operations,  and  thus  power-loonis  became  ertil  Li 
Still  more  recentiy,  Mr.  Hoberts,  of  the  firm  of  Sharp  and  Bt-bTj 
Manchester,  brought  the  power-loom  to  a  state  of  high  perft,', 
and  every  year  adds  more  and  more  to  the  number  of  sucil...; 
employed  in  manufacturing  districts. 

The  application  of  the  power-loom  renders  neceasary  the  re- 
munt  of  other  machines  likewise,  to  efi^t  thoaa  preparatvij  op^r^L 
which,  in  hand-loom  weaving,  are  efl^^ted  by  very  simple  laeiu.  . 
we  tnke  a  piece  of  calico  as  the  representatire  of  plain  fabrics  p.ri-r.- 
tbe  mode  of  proceeding  in  power-loom  f  actorlea  may  be  shortly  ^^ 
as  foUows : — 

The  tcarpin^-frame,  instead  of  being  finptoyed  on  the  same  {<rj): 
aa  the  warping-mill  sketched  in  a  former  page,  ifl  bo  amaged  s  :■  . 
worked  by  steam-power.    Several  bobbins,   arranged   with  tbrii  u, 
parallel  and  horizontal,  in  a  compartment   at   one  end  of  the  frc:  | 
yield  the  yam  which  is  to  be  collected   into  a,  warp.     ThejaTs;.;- 
ceeding  from  the  bobbins,  pass  under  some  rollers  and  over  (.it- 
until  all  ore  brought  into  a  parallel  layer,  a  comb  of  line  vim  k 
employed  to  separate  the  yams  equidiatantly.      The   yams  ur  ^^■ 
collected  and  colled  on  a  cylindric^  beam,  n-hich  is  removed  frra';  1 
tror/n'nj-fronie,  and  transferred  to  the  dtvggiiir/-ntacA>n<,     This  litis.  J 
alarge  piece  of  mechanism,  by  which  tbe  contente  of  eight  rolltrti'i  f 
the  warping-frame  are  collected  on  one    roller  or  boam,  wbiti  f. 
form  tlie  warp-beam  of  the  loom  ;  and  in  U)efr  paasage  the  yam-iiiM. 
are  coated  with  the  paste  or  mucllage-drM^Aairig,   and  driud.    F^-'. 
the  rollers  are  placed  at  one  end  of  the  m.^chine,  and  four  at  lh(  <^  1 
and  the  yarns,  proceeding  from  thence,  pass   betivoan  rollers,  ol  itt-i  j 
the  lowermost  dips  into  the  paste,  and  becomes  thua  coated  mli-  f 
they  then  pass  under  and  over  bruslies,  by  whicli  tlie  pas6e  is  r  " 
into  the  fibres;  then  over  a  steam-heated  copper  box,  by  whict 
are  dried ;  and,  lastly,  ore  wound  on  the  warp-bcam. 

The  preparation  of  the  n-orp  in  (ho  loom,  comprisii)^  what  are : 
the  dmving  and  moanlhig,  is  more  simple  for  the  power-loom  tha 
the  band-loom,  but  is  still  somewhat  intricate.  When,  hotrenr. 
IS  etfected,  irt«am-power  does  all  tbe  rest :  it  forms  tbe  shod  or  dir 
of  the  warp  into  two  parts;  it  throws  the  shuttle;  it  drives u^ 
weft  with  the  liatten;  it  unwinds  tlie  war]>  from  the  warp-rolkr;  »»l 
winds  the  woven  material  on  the  cloth-roller.  Part  ol  these  operafeo 
nta;r  he  illustrated  by  fi^.  6,  in  which  soma  of  the  mechaniiu  i^ 
omitted  to  render  the  rest  more  clear.    Tbe  warp,  univindiii^  froo  t^ 


beam  x,  and  bending  round  the  roller  b,  pasoei  through  tbe  two  leaves 

of  heddles  0  c,  by  which  the  shed  is  formed  for  receiving  the  shuttle  at 
d;  and  after  the  action  of  the  batten  {not  here  shown)  the  finished 
doth  s  resulta. 

The  prcsamg,  finiihuig,  dreeaing,  Ac,  which  the  woven  goods  reoBive, 
whether  woven  by  the  power-loom  or  Uie  hand-loom,  depend,  of  eourwe, 
on  the  nature  of  the  fabric.  One  (^  the  most  important  of  these  pro- 
ceaaas,  by  which  lie  plain  goods  become  diveraifiod  with  ornament, 
is  described  under  Calico  namiKi. 

Weaving,  Uke  all  other  parts  of  textile  mtuu&ctnte,  has  been 
rnarked  by  the  introduction  of  many  new  tdnns  of  apparatus  within 
the  last  few  years.  We  will  briefly  mention  the  names  of  a  few,  aa 
samples  of  the  whole.  Hesara.  Tatton  and  Hod^inson  have  a  new 
imaU.ware  loom,  for  weaving  all  kinds  of  narrow  work,  such  as  ribbons, 
pJloons,ehinU-laoe,bed-Uce,carp8t.bindmg,  tapes,  Ac  Mr.  Somerrille 
has  introduced  a  new  (onn  of  steam-power  loom  for  twill,  diaper,  and 


worsted  goods,  especially  intended  for  varying  the  effoote  in  tte  saw 
web  by  varying  the  sLcd-action.  Mr.  Macfarlane,  of  Comrie,  introduo^ 
an  arrangement  in  1 858  for  enabling  a  loom  to  supply  its  ofh  liu"'' 
vrith  fredi  warp  when  exhausted  or  broken,  and  also  to  atop  ifwif 'i*" 
any  definite  number  of  warp-threads  have  become  broken.  Mr.  InjiW 
of  Bradford,  patented  in  ]8(i0  mechanism  for  obtaining  coDliu"""' 
aotion  in  looms;  that  is,  a  method  of  supplying  tbe  loom  »ili"f 
without  stopping  it  to  change  tbe  bobbin  or  cop ;  or  of  gif  isg  "^  *^^' 
Uonol  supply  of  weft  while  the  loom  is  in  action,  and  whether  the  f^ 
be  all  used  up  or  only  broken.  Mr.  Schwabe  has  invented  sn  iusa""* 
way  of  weaving  Jhvnivil  dresses.  To  effect  this  there  is  ta  idiilii™ 
warp-beam  laid  beside  the  usual  one ;  the  warp  from  tlii  1«'°'  ' 
brought  into  use  m  producing  the  body  of  the  dress;  bu'  i*™  ' 
fringe,  cording,  Ac,,  is  wanted  for  a  flounce,  a  portion  of  the  cltet  *"t 
is  brought  forward  by  itself ;  or  else  this  second  warp  may  onlj  1*  »» 
in  the  floonce,  and  cut  off  at  regular  intervals. 
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ConcerxujQg  the  application  of  the  arts  of  design  to  weaving,  Professor 
Willis,  in  a  report  on  the  Paris  Exhibition  of  1855,  gives  on  interesting 
account  of  the  duties  of  a  French  functionary  called  the  '  Professeur  de 
la  Thdorie  des  Fabrications ' : — "  This  is  a  class  of  instruction  which 
appears  to  be  peculiar  to  Lyons,  and  to  the  want  of  which  our  defi- 
ciency in  that  respect  may  greatly  be  attributed.    Their  business  is 
not  to  teach  artistic  drawing  as  a  branch  of  fine  art,  but  to  teach  the 
connection  of  design  with  the  machinery  which  must  be  employed  to 
realise  it ;  to  explain  the  entire  construction  and  management  of  the 
looms,  the  mode  of  mounting  and  adjusting  them,  the  dilferent  tissues 
or  textures  of  which  they  are  capable ;  the  application  of  these  to  the 
respective  parts  of  a  given  design,  either  as  grounds  or  as  means  of 
bringing  out  details  with  the  greatest  effect,  and  at  the  same  time  with 
the  necessary  economy — seeing  that  contrast  and  variety  of  textures  in 
the  dilferent  details  of  a  woven  picture  occupy  the  place  of  the  painter's 
handling  in  works  of  fine  art.    A  design  may  manifestly  be  exceedingly 
beautiful  in  itself  as  a  work  of  art,  but  wholly  inapplicable  to  weaving. 
No  artist,  therefore,  can  be  qualified  to  make  a  weaver's  design  which 
shall  combine  in  itself  the  beauty  of  art,  applicable  to  produce  efiective 
results  when  translated  from  oil-paint  or  water-colours  into  silk  or 
-worsted,  unless  he  be  familiar  with  the  mechanism  of  the  looms  in 
their  infinite  variety,  with  their  practical  adjustment,  and  with  the 
characteristic  suiface-effects  of  the  difierent  tissues.    Every  designer, 
in  short,  should  be  able  to  put  his  own  designs  into  the  loom.    Accord- 
ingly, artists,  after  having  studied  in  the  School  of  Design  at  Lyons, 
put  themselves  in  the  next  plAce  under  the  Instruction  of  one  of  these 
so-called  Professors  of  the  Theory  of  Fabrics,  for  six  months  or  more, 
t4>  learn  the  application  of  the  design  to  the  machine.    This  is  the 
system  which  has  enabled  the  manufacturers  of  that  city  to  produce 
the  magnificent  and  beautiful  specimens  which  were  displayed  in  the 
galleries  of  the  French  Exhibition." 

BoneUis  BUctric  Loom, — There  is  one  modem  invention  in  weaving 
of  so  remarkable  a  character  as  to  deserve  special  notice.    The  theory  is 
sound,  although  there  may  not  at  present  be  obtained  a  mastery  over  the 
mechanical  details  for  carrying  it  out.    M.  Bonelli's  Electric  Loom  has 
been  describ^  by  Dr.  Faraday  at  the  Roval  Institution,  and  by  Mr. 
Le  Neve  Foster  at  the  Society  of  Arts.    The  following  is  a  slight  out- 
line of  its  origin  and  nature.    In  1844  the  Society  of  Arts  prize  was 
given  to  Mr.  Biding  for  certain  improvements  m  uie  Jacquiuid  Appa- 
ratus ;  he  employed  an  index-machine,  something  like  Duncan's  barrel 
described  in  an  earlier  paragraph,  with  shifting  pegs  for  changing  the 
patterns,  the  pegs  acting  in  connection  with  wires  in  the  apparatus. 
In  later  years  other  improvements  were  introduced,  many  of  wliich 
have  been  noticed  in  JACi^UABO  Apparatus.    This  subject  attracted 
the  attention  of  M.  Bonelli,  an  Italian  Civil  Engineer,  and  Director 
General  of  the  Sardinian  telegraphs.    He  employed  a  long  period  of 
.  -  time  in  developmg  the  theory  and  details  of  an  electric  apparatus  which  * 
might  dispense  wi^  the  cards  necessary  in  the  Jaoquard  looms  for 
weaving  figured  goods ;  and  brought  his  machine  to  England  in  1859. 
Bonelli's  apparatus  will  suit  any  existing  looms.    It  consists  principally 
of  an  endless  hand  of  paper  covered  with  tinfoil.    The  design  or  pattern 
is  painted  on  the  tinfoil  with  a  brush  and  hlaok  varnish.    The  band 
passes  under  a  series  of  thin  metal  teeth,  all  in  connection  with  a 
galvanic  battery.    Whenever  the  foil  touches  a  tooth  a  current  passes 
through  it,  and  tiience  through  coils  of  wire  surrounding  small  bars  o' 
soft  iron,  making  tiiem  temporary  magnets;  but  whenever  ^e  vamisi 
touches  a  tooth,  no  such  current  is  produced.    Numerous  small  rods 
are  placed  opposite  the  ends  of  the  small  bar  magnets;  they  pass 
horizontally  to  and  fro,  through  a  plate  in  front  of  a  moveable  fnune. 
When  any  of  the  bars  are  actively  magnetic,  they  retain  or  attract  th^ 
rods  when  in  contact  with  them.    When  the  frame  is  swung  or  moved 
so  as  to  bring  the  rods  in  contact  with  the  bars,  some  are  drawn  a 
little  distance  through  the  holes  in  the  plate,  while  the  others  are  not 
80  affected  :  according  as  the  particular  bars  are  at  that  moment  in  ^ 
magnetic  state  or  not.    The  rods  are  like  pistons,  for  each  exactly  fits 
one  hole  without  tightness ;  and  thus  it  happens  that,  when  the  fram^ 
recedes,  some  of  the  holes  are  open,  while  oUiers  are  filled  with  the 
rods.    The  p^te  acts  the  part  of  a  Jacquard  card ;  each  movement  of 
the  frame  opens  a  distinct  series  of  holes,  and  thus  changes  the 
pattern.    A  treadle  moves  the  frame,  at  each  th^ow  of  the  shuttle. 
When  the  design  is  to  be  in  several  colours,  it  ub  in  like  manner 
painted  on  the  tinfoil ;  but  each  separate  colour,  by  removing  a  very 
thin  strip  of  foil  at  the  margin,  is  insulated  from  its  neighbouring 
colour.    AH  the  pieces  of  foil  thus  insulated,  each  representing  one 
colour  or  shade,  are  connected  by  small  strips  of  tinfoU,  which  pierce 
through  the  paper  and  are  fastened  at  the  back,  whence  they  are  con- 
ducted U  another  strip  of  tinfoil  which  runs  along  the  edge  of  the 
band :  there  being  as  many  such  strips  of  tinfoil  as  there  are  colours. 
Thus  each  special  colour  of  the  design,  in  all  its  parts,  is  connected  by 
a  conductor  with  its  own  separate  strip  of  tinfoil.    By  bringing  the 
wire  from  the  galvanic  batterv  successively  into  contact  with  the 
several  strips,  a  current  of  electricity  may  be  made  to  pass  in  succession 
through  the  several  parts  of  the    design  representing  the   several 
colours.    Thus,  assummg  four  colours ;  there  would  be  four  strips  of 
tinfoil  running  the  length  of  the  band,  insulated  one  from  another, 
each  in  connection  with  its  own  peculiar  colour  only.    At  any  given 
moment,  thin  plates  of  metal  resting  on  the  design  would  touch  it  in  fk 
line  which,  as  it  passes  over  the  width  of  the  design,  would  run  through 


all  or  any  one  of  the  colours;  but  the  current  would  pass  only 
through  those  plates  which  rest  on  the  one  colour  represented  by  the 
strip^  connected  at  that  moment  with  the  pole  of  the  battery.  The 
shifting  of  the  band  does  not  in  this  case  take  place  with  every 
throw  of  the  shuttle,  but  after  an  interval  depending  on  the  number 
of  colours. 

Such  is  Bonelli's  electric  loom.  The  inventor  states,  that  two  cells 
of  a  small  Bunsen's  battery  will  sufiBce,  consuming  ope  pennyworth  of 
chemicals  per  day.  The  cost  of  the  whole  apparatus  is  about  20/.  An 
elaborate  damask  design  wiU  sometimes  require,  on  the  Jacquard 
system  4000  cards  and  400  wires,  which  would  cost  24/.,  and  five 
weeks  of  a  man's  labour  to  set  up.  On  tlie  Bonelli  system,  we  are  told, 
the  expense  would  be  62.,  and  the  time  one  week.  A  Jacquard  design 
has  been  known  to  take  20,000  cards,  costing  150/.,  and  an  amount  of 
labour  equal  to  one  whole  year  of  one  man's  time ;  the  figures  on  the 
Bonelli  ^stem  would  be  29/.  and  one  month.  Several  advantages  are 
claimed  for  the  system : — 1.  The  great  facility  with  which,  in  a  very 
short  time,  and  with  precision,  reductions  of  the  design  may  be 
obtained  on  the  fabric  by  means  of  the  varying  velocity  uriSi  which  the 
design  may  be  passed  under  the  teeth.  2.  'ShsX  without  damaging  the 
mounting  of  the  loom  or  the  design,  fabrics  thinner  or  thicker  may  be 
produced  by  changing  the  number  of  the  weft,  and  making  a  cor- 
responding change  in  the  movement  of  the  design.  8.  The  loom  and 
its  mounthog  remaining  unchanged,  the  design  may  be  changed  in  a 
few  minutes  by  the  substitution  of  another  metallised  paper  having  a 
different  pattern.  4.  The  power  of  getting  rid  of  any  part  of  the 
design,  if  required,  and  of  modifying  i£  The  validity  of  these  claims 
remains  for  the  future  to  show. 

WEB.    [Weavino.] 

WEDGE,  in  Mechanics,  is  a  prism  of  wood  or  metal  whose  base  is  a 
triangle :  it  lb  employed  to  remove  two  objects  from  one  another 
laterally,  or  to  rend  asimder  the  parts  of  a  body ;  an  edge  which  is 
parallel  to  the  geometrical  axis  of  the  prism  being  introduced  between 
the  objects,  or  parts  of  the  body,  and  the  wh^e  wedge  being  then 
driven  forward  by  a  percussive  force,  as  the  stroke  of  a  hammer.  The 
nature  of  percussive  force,  and  of  the  resistance  which  a  yielding 
material  opposes  to  the  motion  of  the  wedge  being,  however,  imper- 
fectly known,  it  is  usual  to  consider  the  motive-power  and  the 
resistance  as  sim^e  pressures,  or  weights,  in  estimating  the  conditions 
of  equilibrium  when  a  wedge  is  employed  as  a  machine. 

Let  480  represent  the  section  of  a  wedge  perpendicularly  to  the 
mathematical  aads ;  aiid  for  simnlicity,  suppose  this  section  to  be  an 


iaosoeles  Mftngl?.  The  plane  pfiSBing  though  ab,  peipep^cular  to 
ABO  and  to  the  paper,  is  called  t^e  bead  or  back  of  the  wedge :  the 
planes  passing  ^pugh  ao  and  bo  perpendicnlar  to. the  paper  are 
called  the  sides ;  and  their  line  of  aeciion,  passing  through  o,  is  called 

the  edge. 

The  motive-power  is  applied  to  the  head  of  the  wedge ;  and  may  be 
supposed  to  act  in  ilie  dn^ction  tf  o  perpendicularly  to  that  plane,  and 
passing  through  o  in  the  edge.  Let  the  material  which  is  to  be  rent 
asunder  be  in  contact  with  the  sides  of  the  wedge  in  Ijnes  passing 
through  a  and  h  perpendicularly  to  the  paper ;  'and  let  the  two  parts 
yield  as  if  they  wero  capable  of  fuming  about  some  pomt  c  in  the 
direction  of  M  o,  produced  if  necessary  :  then  it  lb  evident  that  the  effect 
of  the  wedge  wUl  be  the  same  as  if  a  section  of  the  latter,  perpendicuhkrly 
to  the  axis,  were  abc.  Imagine  (u2,  &</  to  be  drawn  perpendicularly  to 
ac  and  he  ;  then  those  lines  wiU  meet  at  a  oertam  point,  as  d,  in  the 
line  mo:  imagine  also  the  parallelogram  ac/6D  of  forces  to  be  con- 
structed; then  cfD  or  2c/h  will  represent  the  motive  force,  and  da  or 
db  the  pressure  which  that  force  exerts  at  a  or  6  perpendicularly  to 
ac  and  6c.  Let  p  represent  the  motive  force,  and  b  the  pressure  at 
o  or  6 ;  then,  in  a  state  of  equilibrium,  the  latter  will  represent  the 
reaction  of  the  material  in  the  direction  odKald;  and  we  have 

^ : »  : :  2c{n  :  dtk 
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But  the  triangle  and  is  umilAr  to  eva ;  therefore 

dv  :  da  :  :  av  :  ae, 

and  consequently  p  :  B  : :  2aM(aa&) :  ac 

The  position  of  the  point  e  where  the  separation  of  the  material  is 
supposed  to  take  place  varies  for  different  materials,  and  can  only  be 
estimated,  or  found  from  experiment :  if  it  were  supposed  to  coincide 
with  0,  we  should  hare 

p  :  R  :  :  2aN  :  aC ; 

or  by  similar  triangles  abo,  abo, 

p  :  B  :  :  AB  :  ao. 

If  the  force  of  the  wedge  at  the  points  a  or  &  were  to  be  estimated 
in  the  direction  va  or  n6  ;  as  when  it  is  required,  neglecting  friction, 
to  find  the  force  with  which  a  giTcn  pressure  f  in  the  direction  uo, 
on  the  head  of  the  wedge,  wouH  make  a  body  at  a  or  (  slide  in  a 
direction  perpendicular  to  uo :  then,  b'  representing  that  force,  and  e 
coinciding  wiUi  o,  or  ad  being  now  perpendicular  to  ao,  we  should 
have 

p  :  b'  : :  2d]X  :  va,  or  as  2as  to  no,  or  ss  ab  to  eo. 

The  point  c  still  coinciding  with  o,  let  B  represent  the  angle  aob,  or 
half  the  angle  of  the  wedge :  then 


also 


«N.       .  ab       ^   . 

—  »  am  0»  or  •—  =  2  mn  $i 
oo  •         ao        *«"•'> 

ab  :  so  ::  2  sin  0  :  cos  0  : 


TOP 

let 


it  follows,  radius  being  unity,  that 

p  :  B  :  :  2  sin  0  : 1,  or  p=2b  sin  $; 
also  p  :  b'  :  :  2  sin  0  :  cos  0,  or  f=2b'  tan  0 ; 

where  b  and  b'  represent  the  pressures  perpendicular  to  ao  and  to  lo 
reepectiyely. 

If  it  were  required  to  find  an  equation  for  the  motion  of  a  wedge 
when  acted  upon  by  a  force  of  percussion,  a  process  oorresponding  to 
that  whidi  follows  must  be  employed. 

Let,  as  before,  abo  be  a  section  of  the  wedge,  which  may  be  sup- 
posed of  iron :  let  it  be  introduced  between  the  parts  of  a  body  whioi 
can  yield  only  in  a  lateral  direction ;  and  let  it  be  driven  by  a  maas  of 
iron  falUng  upon  it  from  a  point  at  some  given  height  above.  Both 
the  wedge  and  tiie  hammer,  or  falling  body,  must  be  understood  to  be 
elastic;  and  it  will  be  convenient  to  represent  the  latter  by  a 
parallelopiped  of  iron  whose  base  is  equal  to  the  rectangular  head  of 
the  wedge :  let  the  height  of  such  solid  be  renreaented  hy  p,  and  let 
the  space  through  whidi  it  is  supposed  to  faU  be  represented  by  A  / 
then,  by  dynamics,  2gh  will  be  equal  to  the  square  of  the  velocity  of 
impact.  In  like  manner,  let  the  friction  of  the  wedge,  estimated  in  a 
direction  parallel  to  oh,  be  represented  bv  the  weignt  of  a  parallelo- 
iped  of  iron  whose  base  is  the  rectangular  head  of  the  wedge ;  and 
the  height  of  such  parallelopiped  be  represented  by  Q. 

When  the  collision  takes  place,  both  the  falling  body  and  the  wedge 
will  be  compressed  in  the  direction  of  their  length.  Let  the  linear 
contraction  of  p  be  represented  hyp,  and  that  of  the  wedge,  supposed 
at  present  immoveable  by  q  (both  p  and  q  coinciding  in  direction  with 
M  0).  Then  if  c  represent  the  modulus  of  elasticity  (or  the  height  of  a 
vertical  colunm  of  iron,  having  a  base  equal  to  the  head  of  the  wedge, 
whose  weight  would,  by  the  oompresaion  it  causes,  reduce  the  height 
p  or  Q  of  the  supposed  masses  of  iron  to  aero)  and  the  forcea  of  com- 
preasion  be  assumed  proportional  to  the  contractions  whidi  they 

produce,  we  shall  have  ^  and  ^  for  the  forces  by  which  the  falling 

body  and  the  wedge  are  respectively  compressed  in  consequence  of 
the  collision;  or  the  forces  by  which  they  tend  to  recover  their 
ori^pal  state :  let  these  be  represented  by  mp  and  nq  respectively ; 
or,  in  terms  of  the  force  of  gravity,  by  mgp  and  fi^.  Then  ngq  ynH 
represent  the  motive  force  by  which  the  movement  ot  the  falling  body 

is  resisted  after  the  impact,  or  —  —  will  represent  the  retaidattve 

force  against  that  body. 
But  from  the  equality  of  action  and  re-action  we  have  mp»  119; 
nq 
whence jp«  ~,  and  p+q,  or  the  sum  of  the  compreasions,  is  equal 

to     ^-  q :  let  this  be  represented  by  « ;  then  q »    ■         and  -^ 

mng$ 
»  (n+jii)p*    Now,  by  dynamios, aooelerative  or  retardative  force  is 

dv 
represented  by  v  ^ ,  v  here  being  the  velocity  of  the  falling  body  at 

any  time  t  between  the  instant  of  impact  and  that  at  which  its  motion 
is  extinguished  by  the  resistance :  therefore 


vdv 
d$ 


mn(,i 


and  integrating,  v  representing  the  velocity  at  the  instant  of  impa^ 
at  which  time  «=:  0, 


«»-▼«- 


mng 


(m  +  »)  P 


j». 


But  when  the  wedge  begins  to  move,  the  friction  is  equal  to  thfr 
force  by  whidi  the  feuling  body  is 


equal  to  (=«•?)  we  have  t  ■- 


n  +  m 


compressed ;  therefore,  msking  <» 
;  which  being  sabstitofted 


in  the  above  equation,  we  have 

«»=v«- 


nm 


(i»+iit)sr<^ 


mnp 


Now  the  wedge  being  uniformly  resisted  by  friction,  while  moving 
in  consequence  of  the  impact,  the  retardative  force  /,  expressed  in 

times  of  gravity,  will  be  rrr:,  w  representing  the  weight  of  the 
wedge  in  terms  homologous  to  p.     Therefore  since,  by  djnamici^ 

«  =  2/  *  ^  we  represent  the  space  through  which  the  wedge  moves  in 

the  direction  uo  by  s,  we  have,  on  substituting  for  1^  and  /  their 
values,  and  for  v'  putting  its  equivalent  2gh,  where  h  is  the  hei^t  doe 
to  the  velocity  v, 

(h        (m  +  ii)Q> 
s=(p  +  w).^-  --gi^^^J 

The  values  of  m  and  11,  that  is,  of  r;  and  - ,  may  be  found,  since  c^ 

the  modulus  for  iron,  1b  known  to  be  about  10,000,000  feet;  an  I 
consequently  the  relation  between  2  and  Q  can  be  determined  in 
numbers, 

WEDNESDAY.    [Wbek.] 

WEEDS.     Every  plant  which  grows  in  a  field  other  than  that  of 
which  the  aeed  has  been  sown  by  the  husbandman  is  a  weed,  and« 
inasmuch  as  it  interferes  with  the  intended  crop,  should  be  carefully 
eradicated.    One  of  the  principal  uses  of  summer  fallows  is  to  destroy 
the  weeds,  which  come  up  in  spring,  and  which  would  shed  their  seeds 
in  summer,  if  they  were  not  destroyed  before  the  seeds  ripen.    Wheo 
roots  are  sown  in  drills,  and  carefullv  hoed,  they  produce  the  same 
cleansing  effect,  and  supersede  the  fallow ;  but  in  heavy  loams  which 
have  been  n^lected  and  overrun  with  weeds,  a  clean  fallow  is  some 
times  indispensable  before  any.  improved  method  can  be  adopted. 
When  a  farmer  enters  on  lands  which  are  in  a  foul  state,  it  is  the 
cheapest  way,  in  the  end,  to  sacrifice  a  crop,  and  thoroughly  purge  hia 
fields  from  weeds,  especially  those  which  bave  vivadom  roots,  and  can- 
not be  extirpated  by  simple  ploughing.    The  mode  of  doing  this  must 
depend  on  the  nature  and  duration  of  the  weeds,  whether  their  roots 
are  perennial  or  die  off  after  the  pluit  has  borne  seed.     Annual 
weeds  are  most  readily  extirpated  by  repeated  hairowings,  by  which 
the  seeds  are  brought  within  tine  influence  of  the  atmosphere,  and  when 
they  have  fairly  vegetated  may  be  buried  or  rooted  out,  and  by  ex- 
posing their  roots  to  the  influence  of  a  hot  sun  they  are  effectuaUy 
destroyed.    The  seeds  of  annual  weeds  are  chiefly  brought  on  the  land 
in  the  manure  which  is  made  in  the  yards,  wh«re  the  cattle  fed  on  hay 
or  straw  swallow  the  seeds,  whidi  pass  through  them  undigested. 
They  sre  also  laigely  sown  by  the  farmer  hinoself  in  foul  seed  which 
he  buys  of  the  seednnan. 

One  of  the  great  advantages  of  straw,  of  artificial  manures,  and  of 
composts  made  with  human  excrementa  mixed  with  earths  and  mineral 
substances,  is  that  they  introduce  no  weeds  into  the  soU  It  is  re- 
ported that  in  China,  where  the  dung  of  cattle  is  little  used,  in  com- 
parison with  human  excrements,  no  weeds  are  to  be  found  in  the 
fields;  and  if  more  attention  were  paid  to  the  preservation  of  this 
highly-enriching  manure,  and  ita  proper  application  to  the  soil,  much 
expense  would  be  saved  which  is  now  unavoidably  incurred  in  destroying 
weeds.  Feeding  sheep  on  roots  and  com,  while  they  are  folded  on  the 
land,  is  another  mode  of  manuring  a  fidd  without  introducing  weeds, 
especially  if  no  hay  is  given  them,  except  dover-hay  of  the  second  crop, 
which  is  general^  most  free  from  the  seeds  of  weeds. 

Perennial  weeoB,  such  as  various  thistles,  docks,  fta,  are  very  difficult 
to  eradicate,  as  the  roots  strike  deep  in  the  ground,  and  throw  up 
fresh  shoots  every  year.  The  most  effectual  mode  of  destroying  them 
is  to  draw  them  whenever  the  stem  is  grown  suffldently  to  give  a  good 
hdd  of  the  crown  of  the  root. 

Beddes  the  common  couch  grass,  TriHwrn  repent,  which  is  the 
pest  of  farmers  on  light  soils^  there  are  a  variety  of  planta  which  spread 
both  by  the  roota  and  by  creeping  along  the  surface.  Of  this  kind  are 
the  different  sorts  of  quUehet,  as  they  are  provincially  called,  which 
grow  in  wet  soUs.  The  only  mode  of  extirpating  these  last  is  <fraining 
and  carefuL  tiUage.  The  most  effectual  means  of  destroying  common 
couch  is  by  the  fork.  If,  after  the  ground  has  been  once  ploushed,  it 
be  forked  up  carefully  in  drv  weather,  and  the  tufts  of  couch  with 
their  roots  be  exposed  to  the  hot  sun,  they  may  be  raked  off  and 
burnt. 

There  are  many  other  weeds,  both  in  arable  and  pasture  land,  which 
indicate  dovenly  culture,  and  which  disappear  on  careful  cultivation ; 
such  are  brian,  f  una,  broom,  and  rushes ;  the  last  being  *  weU-known 
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aiga.   of  Buperabundaiit  moisture,  and  only  to  be  destroyed  by  under- 

cbraining.     The  whole  procen  of  cultivation  ia  a  continual  struggle 

"between  the  fiurmer  and  the  weeds  natural  to  the  soil  he  cultivates. 

Tlie  Booner  he  subdues  them  entirely,  the  leas  will  be  his  subsequent 

^roiil>le  ;  and  the  perfection  of  agriculture  is  to  produce  crops  of  such 

ve^^etables  as  are  useful  and  profitable,  and  are  suited  to  the  soil  which 

is  oultiYated,  while  all  others  are  excluded  which  might  interfere  with 

the   crops  to  be  raised.    The  almost  universal  adoption  of  the  sjratem 

of  drilling  and  hoeing  the  crops,  tends  greatly  to  the  destruction  of 

useless  plants  on  arable  land;  much  yet  may  be  done  by  way  of 

improving  the  produce  of  meadows  and  pastures  by  the  destruction  of 

all  noxious  and  useless  plants,  and  the  introduction  of  those  which  are 

nutritious  and  improve  the  herbage,  whether  depastured  or  made  into 

hay ;  and  nothmg  is  so  likely  to  do  so  as  a  good  system  of  alternate 

husbandly,  where  the  best  grasses  are  cultivated  as  carefully  as  the 

plants  wmch  are  immediately  applied  to  the  food  of  man. 

Annual  and  biennial  weeds  are  easily  got  rid  of  in  comparison  with 

those  which  have  perennial  roots,  and  some  of  which  increase  the 

faster  the  more  the  roots  are  divided.    It  may  be  proper  to  observe 

that  too  litUe  attention  is  paid  to  the  weeds  in  our  upland  meadows 

and  pastures,  many  of  which  are  detrimental  when  they  are  eaten  for 

want  of  better  food.    Of  this  kind  are  butter-cups,  which,  where  the 

cows  are  forced  by  hunger  to  eat  them,  may  be  very  injurious  to  their 

health  and  to  the  production  of  good  nulk.    As  these  plants  have 

strong  i>erennial  roots,  they  take  possession  of  rich  moist  soils  to  the 

exclusion  of  good  grasses.    When  not  very  abundant  the  plants  mav 

be  weeded  out  by  means  of  a  shaip  spud  or  hoe,  and  the  expense  wiU 

be  well  repaid  in  the  quality  of  the  hay  or  pasture. 

WEEK.  This  well-known  period  of  seven  days,  now  universally 
adopted  over  the  Christian  and  Mohammedan  world,  appears  to  be  of 
Hebrew  or  Chaldasan  origin.  It  has  been  commonly  regarded  as  a 
memorial  of  the  creation  of  the  world,  according  to  the  Mosaic  account, 
in  that  space  of  time ;  but  it  is  besides  the  most  obvious  and  conve- 
nient division  of  the  lunar  or  natural  month ;  and  it  is  also  more 
nearly  than  any  other  short  term  would  be,  an  aliquot  part  of  the 
solar  year  of  865  days ;  so  that  its  commodiousness  in  these  two  ways 
would  seem  to  have  been  sufficient  to  recommend  its  adoption. 

Dion  (^«us  attributes  the  invention  of  the  week  to  the  Egyptians, 
from  whom  he  seems  to  say  it  was  borrowed  in  later  times  by  the 
Greeks  and  other  nations  ('  Hist  Rom.,'  xxxvii.  18, 19,  and  the  note  in 
Reimai's  edition).  It  is  certain  that  the  week  was  unknown  to  the 
Qreeks  of  the  ckssical  ages,  and  also  to  the  Romans,  till  it  was  gradu- 
allyadopted,  along  with  Christianity,  under  the  later  empcurors. 

The  curious  passage  we  have  referred  to  in  Dion  Cassius  is  the  source 
of  all  that  is  known  ss  to  the  origin  of  the  names  that  have  been  given 
to  the  days  of  the  week.    The  Ptolemaic  arrangement  of  the  heavenly 
bodies,  according  to  their  distances  from  the  earth,  is  in  this  order : — 
Saturn,  Jupiter,  Mars,  the  Sun,  Venus,  Mercury,  the  Moon  (Saturn 
beuig  the  most  distant) ;  and  it  was  a  principle  of  the  ancient  astrology 
that  these  planets  predded  in  this  succession  over  the  hours  of  the  day. 
Upon  this  notion,  it  the  first  hour  be  assigned  to  Saturn,  it  will  be  found 
that  the  25th  (or  first  hour  of  the  second  day)  will  fidl  to  the  Sun ;  the 
49th  (or  first  of  the  third  day)  to  the  Moon ;  the  78rd  (or  first  of  the 
fourth  day)  to  Mars;  the  97th  (or  first  of  the  fifth  day)  to  Mercury ; 
the  121st  (or  first  of  the  sixth  day^  to  Jupiter ;  and  the  145th  (or  first 
of  the  seventh  day)  to  Venus.    Ihet  Saiumi  (Uie  dsy  of  Saturn),  Dies 
SoUi  (the  day  of  the  Sun),  Ac.,  sre  aocordinglv  the  Latin  designations 
that  have  been  given  to  the  days  of  the  week ;  and  from  these  have 
been  formed  the  modem  names  used  in  different  countries  either  by 
Hteral  translation  (in  the  Italian,  Spanish,  French,  and  other  languages 
of  the  Latin  stock)^  or  (in  the  Teutonic  tongues)  by  the  substitution, 
in  some  cases,  for  the  classical  god  of  the  corresponding  deity  of 
northern  paganism.    Thus,  the  deity  of  the  Old  Saxons  most  resem- 
bling Mars,  being  held  to  be  Tiw,  or  Tiu,  the  day  of  Mars  was  sailed 
by  them,  after  their,  conversion  to  Chritiuanity,  Tiwes  daag,  whence 
our  Tuesday  (and  probably  also  the  modem  Qerman  Dienstag) ;  for  a 
similar  reason  the  day  of  Mercury  received  the  name  of  Wodnes  daeg 
(that  is,  Woden's  day),  whence  our  Wednesday  (and  the  old  Qerman 
Odinstag,  for  which  Mlttwoche,  "  Mid-week,"  is  now  used) ;  Uie  day  of 
Jupiter,  Thunres  daeg,  or  Thorns  day  (whence  our  Thursday,  and  the 
modem  Qerman  Donnerstag) ;  and  the  day  of  Venus,  Frige  daeg,  or 
FViga's  day  (whence  our  Fridav). 

Dion  Cassius,  however,  further  states  that  the  planetary  theory  from 
which  the  denominations  of  the  days  of  the  week  have  thus  been 
derived  is  itself  founded  upon  tiie  doctrine  of  musical  intervals.  A 
hi(i^  curious  exposition  of  this  idea  has  been  given  by  the  Abb^ 
Roiusier^  in  a  Memoir  on  the  Music  of  the  Ancients,  printed  in  the 
'M^mcnres  de  Trtfvoux/  for  November  and  December,  1770,  and 
August,  1771. 

It  is  a  remarkable  hot  that  the  week  of  seven  days  is  not  onlv  a 
recognised  space  of  time  in  the  ancient  Brahminical  astronomy,  but 
that  the  days  (beginning  with  Soucravaram,  "  the  day  of  Venus,"  or 
our  Friday)  are  named  in  succession  after  the  same  planets  or  heavenlv 
bodies  as  among  the  Qreeks  and  Latins.  Upon  this  subject  see  Baill/s 
'Astronomic  Indienne  et  Orientale,"  and  various  papers  by  Mr.  Cole- 
brooke  and  others  in  the  '  Asiatic  Researches.'  The  subject  of  the 
week  ii  also  discussed  by  Bohlen, '  Das  Alte  Indien,'  ii  214. 
WEHRQELD  or  WEHRE  (m  Latin  "  Werigeldum,"  and  in  some 


cases  *'  Compositio "),  was  a  kind  of  fine  for  manslaughter,  wounds, 
fta,  in  use  among  the  ancient  Teutonic  nations,  by  paying  which  the 
offender,  if  a  freeman,  got  rid  of  every  further  obligation  or  punish- 
ment The  serf  ^r  unfree  had  no  right  to  wehrgeld ;  but  by  a  law  of 
the  emperor  Henry  II.  (1022)  the  lord  of  the  serf  had  a  claim  against 
the  slayer.  The  punishment  of  death  was  almost  unknown  among  the 
Teutonic  nations,  and  was  never  inflicted  for  crimes  against  individuals, 
but  only  for  crimes  and  misdemeanours  by  which  tJbe  community  as 
such  was  injured.  Tacitus  ('Qermania,'  12)  says  that  traitors  and 
deserters  were  hanged  on  trees,  and  that  cowards  and  such  as  were  of 
infamous  lives  {ajrpare  infatnet)  were  smothered  in  marshes ;  hurdles 
were  thrown  over  them,  by  which  their  bodies^  were  kept  down. 
Several  bodies  of  Qermans  who  were  buried  in  that  way,  with  the 
hurdles  still  over  them,  have  been  found  in  the  great  marshes  of 
Northern  Qermany.  It  is  very  likely  that  death  mflicted  for  such 
crimes  was  less  a  punishment  than  a  means  of  getting  rid  of  persons 
the  sight  of  whom  was  a  disgrace  to  the  community,  and  for  whom 
there  were  no  prisons.  Crimes  committed  by  one  individual  against 
another  were  considered  not  directly  to  concern  the  community.  The 
wounded  man,  or  the  relations  of  him  who  had  been  slain,  pursued 
the  culprit  till  they  found  him  readv  to  satisfy  their  vengeance  by 

fivlng  them  a  certain  number  of  cattle  and  arms.  (Tacitus,  ib,,  21.) 
f  the  parties  belonged  to  different  communities,  the  consequence  was 
a  feud  between  them  and  their  adherents,  no  community  having  the 
slightest  authority  over  another ;  but  if  the  parties  belonged  to  the  same 
community,  the  matter  was  soon  settled.  The  plaintiff  called  the 
offender  before  the  community,  and  if  the  defendant  was  found  guilty, 
he  was  sentenced  to  pay  a  certain  fine,  the  wehrgeld  or  wehre.  if  the 
defendant  would  not  or  could  not  pay,  his  relations  were  bound  to  pay 
for  him ;  the  father  paid  for  his  cUldren,  the  master  for  his  serfs,  and 
he  who  received  a  stranger  in  his  house  was  liable  for  the  misconduct 
of  his  guest.  The  plaintiff  was  not  obliged  to  summon  the  offender 
before  the  meeting :  he  could  pursue  his  cause  with  his  sword,  and 
thus  compel  the  defender  to  pay  the  wehrgeld,  which  was  always  pro- 
portionate to  the  offence.  If  the  cause  was  brought  before  the 
community,  the  plaintiff  only  received  part  of  the  wehi^eld ;  the  com- 
munity, or  the  long,  when  there  was  any,  received  the  other  parts 
(Tacitus,  ib,,  12.)  The  part  paid  to  the  conmmnity  must  be  considered 
as  a  fine  for  the  breach  of  peace,  and  the  consequence  of  the  reciprocal 
obligation  of  the  members  of  the  commuxuty  to  maintain  order.  If 
the  wehi^eld  were  not  paid,  the  right  of  taking  personal  revenge  was 
resumed.  Laws  therefoi*e  were  nassed  enabling  the  community  to 
enforce  a  wehrgeld  even  when  the  defaulter  was  unable  or  refused 
to  pay. 

We  learn  from  the  written  laws  of  the  Teutonic  nations  that  the 
wehigeld  was  for  various  crimes  and  misdemeanoiuv,  such  as  murder, 
manslaughter,  infliction  of  wounds,  and  grievous  bodily  harm,  robbery, 
theft,  incendiarism,  plagiary,  rape,  sodomy,  verbal  and  real  injuries, 
and  several  others,  such  as  the  violation  of  a  grave  ('  Lex  Salica,'  tit. 
xvii.),  by  which  is  understood  not  only  the  injury  done  to  the  tomb, 
such  as  taking  the  tombstone  from  one  grave  and  putting  it,  on 
another,  but  also  stealing  a  dead  body,  or  its  clothes  and  ornaments. 
The  general  Latin  name  for  the  fine  paid  for  such  crimes  is  "  com- 
positio ;"  wehi^d  designating  merely  the  fine  for  a  crime  committed 
against  the  person  of  a  freeman.  The  amount  of  the  fine  was  in  pro- 
portion to  the  nature  of  the  crime,  to  the  loss  of  property  or  damage 
resulting  from  it,  and  it  varied  according  to  the  rank  of  the  injured 
person  as  well  as  of  the  offender.  In  case  of  theft  or  damage,  the  fine 
did  not  exclude  either  the  restitution  of  the  stolen  object  or  of  the 
damaged  thing,  if  possible.  In  England  the  laws  relating  to  wehrgeld 
received  many  modifications  from  Alfred  downward. 

The  wehrgeld  was  not  the  same  among  the  different  Teutonic  tribes, 
as  may  be  seen  by  a  comparison  of  their  laws.  The  laws  of  the  Anglo- 
Saxons  deserve  particular  attention.  Mr.  Kemble  calculates  that  in 
Kent  the  wehigeld  of  the  noble  was  360  shillings,  and  of  the  freeman 
(or  ceorl)  180  ■hilUnga.  In  Northumberland  it  seems  to  have  been 
somewhat  hi^er.  In  Wessex  that  of  the  freeman  was  200  shillings 
and  the  noble  1200.  The  clergy  were  rated  high—  an  archbishop  with 
a  prince,  a  bishop  with  an  ealderman. 

(Eichhom,  DaUi^Staatt  und Bdehit  Qefchichic;  Kemble,  Saxotu 
inEng^d,) 

WEIQHINQ-MACHINE  is  any  contrivance  by  which  the  weight 
of  an  object  may  be  ascertained.  Under  Balance  the  principles  of 
the  machmes  by  which  materials  of  comparatively  small  magnitude  are 
weighed  are  expkined.  The  scales  with  equal  arms  and  equipoised 
weights  require  no  further  elucidation ;  but  a  short  notice  may  be 
given  of  some  others.  The  tUdyard  is  a  kind  of  balance  or  weighing- 
madiine,  consisting  of  a  lever  of  unequal  arms.  The  most  common 
kind  of  steelyard,  which  is  often  called  the  Roman  balance,  is  a  lever 
of  the  first  order,  and  is  used  by  suspending  the  article  to  be  weighed 
from  the  end  of  the  shorter  arm,  and  sliding  a  determinate  weight 
along  the  longer  arm,  to  a  greater  or  less  distance  from  the  f ulcrum, 
until  tiie  instrument  remains  in  equilibrium  in  an  horizontal  position ; 
the  weight  of  the  substance  attached  to  the  short  arm  of  the  lever 
being  indicated  by  observing  the  position  of  the  moveable  balance- 
weight  with  respect  to  a  graduated  scale  marked  upon  the  long  arm  of 
the  steelyard.  In  the  common  steelyard  a  hook  or  hooks  are  usuallv 
suspended  from  t^e  short  arm,  to  hold  the  article  the  weight  of  whica 
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a  be  ascertained ;  but  aometimea  a  Bcale-platd  ar  (iiali  auBpendad  by 
Lina  ia  added.  The  mOTeabte  weight  is  cammDnly  attached  to  a  ring, 
\  f^irm  of  which  enables  it  to  rest  in  uotchea  cut  on  the  upper  edge 
the  steelyard,  correspoDdiug  with  the  gradufttiona  engraved  on  ila 
e.  A  ring  or  hook  is  alao  attached  t«  the  fulcrum,  so  that  the 
nent  ma;  ba  cod veiiiently  bung  upou  afiied  Bupport,  or  if  email, 
[1  the  bond ;  and  a  Teitical  index  or  pointer,  aimilar  to  that 
D  the  beam  cf  common  ecules,  is  aomotimee  added.  The 
fulcrum,  and  the  oita  from  which  the  weight  ia  auspended,  ehould, 
when  much  nici^tT  is  required,  be  provided  with  knife  edgee  or  bear- 
ings resembling  those  used  in  other  levcr-balancea  Uaoy  ateelyanls  | 
are  supplied  with  a  second  fulcrum ;  the  two  being  placed  at  difiereiit 
distances  from  the 'point  to  which  the  hook  or  Bcab  ia  attached,  and  [ 
having  their  respcctiTo  pointers  and  auspending-hooks  on  opposite  sides 
of  the  lever,  or  rather,  when  held  in  the  poaition  for  use,  one  above 
and  the  other  below  it,  aa  shown  in  the  following  cut  of  an  ancient 
Koman  steelyard.  In  using  a  steelyard  of  this  kind,  capable  of  weigh-  ; 
ing  from  one  ia  sixty  pounds,  the  fulcrum  which  is  Qeorest  to  the  i 
middle  ia  used  if  the  article  be  under  fifteen  pounds;  while  if  it 
exceed  that  weight,  the  instrument  must  ba  inverted,  and  suspended 
from  the  fulcrum  which  divides  the  lever  most  unequally. 

Several  ingenious  bent-lever  balances  have  been  conbived,  some  of 
'which,  from  the  circumstance  of  the  levers  being  of  unequal  arms, 
roaemhlo  the  steelyard  in  principle ;  and  various  modifications  of  the 
steelyard  have  been  invented  for  delicate  scientific  purposes,  or  for 
adapting  it  to  the  purpose  of  weighing  very  heavy  bodies.  Of  the 
latter  class  is  that  which  is  employed  usually  at  the  toU-gates  on 
roads  tor  the  purpose  of  determiiiing  the  weights  of  laden  carriages. 
In  order  to  prevent  the  roads  from  being  too  much  cut  up,  tho  burdezis 
allowed  to  be  conveyed  along  them  by  carts  or  waggons  are  mads  to 
depend  on  the  breadth  of  the  wheels;  and  a  fine  is  imposed  for  any 
excess  above  the  regulated  quantity. 

The  usual  weighine-machine  may  be  described,  in  s  general  way,  aa 
a  platform  sunk  on  a  level  with  the  road,  and  made  to  rest  at  four 
points  on  a  double  lever  of  the  second  kind.  The  eitremitjes  of  the 
arms  of  these  levers  rest  upon  a  third  lever,  which  may  be  of  the  first 
or  second  kind ;  and  tliis  lost  lever  may  either  lerre  u  a  iteelyard,  or 


2  feet  deep,  tbe  udea  and  bottom  beinx  lined  witb  brick,  wurli  o 
and  let  MH)tE  repreaent  a  lonsitudiniu  section  of  *>>'•    nil-.  ivi-n> 

larly  to  the  ground  :  aicd,  rfiVd' are  two  trapea 
acting  OS  Uven;  and  each  of  the  aide  bars,  aa  a 


may  be  connected  with  one  arm  of  an  ordinary  balanoo,  or  with  tho 
extremity  of  a  steelyard. 

But  to  be  more  farticukr,  let  a  B  c  c  be  the  plan  of  a  rBotongular  pit 
»unk  ia  the  ground,  from  8  to  12  feet  long,  8  feet  brMd,  and  about 
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vertical  position,  the  form  which  ii  represented  by  ae,  a'^  in  the  aa- 
tion.  At  each  extremity  a,  b,  a',  b',  in  the  plan,  the  fnunefl  have  a 
oonicsJ  steel  point,  which  appeara  at  a,  a'  in  Urn  section  ;  this  rests  id 
a  hemispherical  cavity  made  in  a  die  or  cylinder  of  the  same  uietA, 
which  is  either  attached  to  tho  iron-work  forming  the  sides  of  the  pit. 
or  is  supported  on  a  block  of  stone  sunk  in  the  ground  at  eacfa  of  (he 
four  interior  angles ;  and  under  the  shorter  side,  cd  ar  di£,ol  eacb 
frame  there  is  a  wedge-like  priam  of  tempered  steel,  having  its  edge 
parallel  to  that  side.  The  ends  of  these  prisms  ^pear  at  e  and  ^  in 
the  section. 

The  bar  pq  ia  an  iron  lever,  which  in  the  above  diagram  is  of  tbt 
second  kind,  having  at  F  a  pin,  mn,  like  that  of  a  balance,  turning  ii 
two  ited  rings  on  a  pillar  of  stone  sunk  in  llie  ground,  or  of  irm 
resting  on  the  bottom  of  the  box;  a  steel  pin,  p},fonued  alio  like  that 
of  a  balance,  with  ita  edge  upimids,  paaaes  thraujji  the  bar  rn ;  and 
upim  this  rest  the  edges  of  the  priama  at  cd  and  e'er,  aa  shown  iu  the 

The  [dattonn  supporting  the  csniage  which  is  to  be  weif^ied,  and 
which  ia  represented  at  mn  in  tlie  section,  has  bdow  U  four  iron  feet, 
of  which  two  appear  at  x  and  Y ;  and  the  under  sur&caa  of  theas  fast 
are  formed  with  bemiapberical  caviljea  which  rert  on  the  poinls  of  foor 
conical  sted  pins  at  I,  u,  f ,  u',  oa  the  two  lever.frames ;  eonaeqnently 
the  weight  on  the  platform  presaing  at  these  four  pointa,  the  pnsmt  at 
ed,  tfd^i  are  forced  down  upon  the  ^npg  i  and  this  last  tiien  presses 
down  the  extremity  q  of  the  lever  f  q.  iliis  lever  itself  may  b«  made 
to  aot  as  a  steelyard ;  or,  by  a  rod  or  chain,  the  extremity  q  mar  be 
connected  with  one  arm  of  a  balance  or  steelyard  above  the  machios ; 
in  cdther  case  the  weight  of  the  carrisgs  may  be  aaoartained. 

It  ia  evident,  from  the  nature  of  the  lever,  the  preasure  of  ths  plat- 
form itself  being  balanced  by  a  constant  weight  at  q,  that  if  wrspteamt 
the  weight  of  the  carriage,  w.  —  .  ^  will  eqiress  the  prassuie  at  n, 

or  the  weight  by  which  that  of  the  carriage  ia  determined ;  and  this  is 
independent  of  the  power  oblamed  Iw  a  steelyard  whiidi  may  be  con- 
nected with  q.    If  ^  =  — 


It 


fs" 


weight  equal  t< 


at  q'  will  balance  a  weight  ei^uat  to  1  ton  upon  the  platfonn. 

The  Spring  Balaaee  is  a  machine  in  whidi  the  ebsUcity  ol  a  niring 
of  tempered  steel  is  employed  as  a  means  of  measuring  wei^l  or  force. 
The  name  is  most  commonly  applied  to  macblnea  for  the  former  pur- 
pose ;  those  employed  to  ascertain  the  muscular  strength  of  men  and 
AnimaTa^  thc  amount  of  power  required  to  move  a  curisge  or  i  boat, 
or  any  other  force  ^pUed  in  the  form  of  a  pull,  being  railed  dyna- 
mometers.   [Dthauouetes.] 

One  of  the  simplest  kinds  of  spring-balanoe  is  that  which,  whea 
employed  as  a  weighing-machine,  is  known  aa  the  spring  or  pocbet 
steelyard.  It  consists  of  a  helical  spring  formed  by  bending  a  trteel 
wire  spirally  round  a  cylindrical  mandril  or  axis,  so  as  to  form  m 

jjnsive  eeriea  of  convolutions.    This  spri 

a  tulw  of  brass  or  iron,  closed  at  both  e  ,     „ 

abutljng  against  the  plate  which  closes  the  lower  end  of  the  tube.  A 
rod,  having  a  hook  or  loop  at  its  lower  extremity,  to  hold  Ihi  ulicle 
to  ba  weighed,  passes  through  a  hols  in  the  bottom  ol  tlie  lulie, 
and  up  the  inside  of  the  spring.  At  the  upper  end  of  thii  rod 
is  a  small  plate,  which  slides  up  and  down  like  a  pislvu  iu  Uu 
tube,  and  rests  upon  the  upper  or  free  end  of  the  spring;  tiienii} 
causing  it  to  collapse  when  a  heavy  body  is  attached  to  the  book  >t 
tho  bottom  of  the  sliding-iod.    The  machine  is  suppcstedliynieut  of 
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A  liook.  or  ring  attaohed  to  the  upper  end  of  the  tube ;  and  the  extent 
of  tlie  motion  of  the  spring,  and  consequently  the  weight  of  the  body 
Buapended  from  it,  are  indicated  by  the  degree  to  which  the  rod  is 
dra^ii  out  of  the  tube.    For  this  piu*pose  a  graduated  scale  is  engrayed 
upon  the  rod ;  the  divisions  indicating  the  extent  of  compression  pro- 
duced,   in  the  spring  by  the  application  of  known  weights.    Several 
8x>riiig-balance8  on  the  same  principle  are  made  for  various  purposea 
That  known  as  Salter's  balance  has  a  brass  plate  attached  to  the  tube 
or  cylinder,  within  which  the  spring  is  enclosed,  and  a  vertical  slit 
through  the  plate  and  tube.    A  scale  is  engraved  on  the  face  of  the 
brass  plate,  and  the  weight  is  indicated  by  a  pointer  which  moves  up 
and  down  witii  the  spring,  with  which  it  is  connected  through  the 
vertical  slit  in  the  tube.     Martin's  "index  weighing-machine"  acts 
upon  the  same  principle,  but  has  a  circular  dial-plate  and  a  revolving 
pointer  or  index,  resembling  the  hand  of  a  clock.    On  the  axis  of  the 
index,  bat  at  the  back  of  the  dial-plate,  ia  a  toothed  pinion,  which  is 
turned  by  a  straight  rack  attached  to  the  vertioal  rod,  which  rises  and 
falls  with  the  spring.    The  index  remains  in  a  vertical  position  when 
the  balance  is  unloaded,  and  deviates  more  or  less  from  it  when  a 
Avcight  ia  attached  to  the  hook.    One  advantage  of  this  construction 
is  that  the  point  of  the  index  traverses  a  much  greater  space  than  the 
Bpriug  itself,  so  that  a  small  movement  of  the  spring  becomes  readily 
diHcernible. 

Spring-balances  with  helical  springs  are  applied  to  several  useful 
jjurposes  besides  that  of  ascertaining  the  weight  of  bodies.    A  spring 
of  this  character  is  sometimes  used  to  hold  down  the  lever  oi  the 
safety-vcdve  in  a  steam-engine  boiler,  the  movement  of   the  index 
also  'showing  the  pressure  of  the   steam.      Such  an   apparatus   is 
useful  in  a  locomotive  engine,  the  shaking  motion  of  which  might 
derange  a  valve  loaded  with  moveable  weights.      A  helical  spring- 
balance  forms  also  a  good  cable-stopper.    When  applied  to  the  measure- 
ment of  muscular  force,  the  tractive  power  of  a  locomotive  carriage, 
&c.,  one  end  of  the  cylinder  in  which  the  spring  is  enclosed  is  made 
fast  to  an  immoveable  object,  and  the  power  to  be  measured  is  applied 
to  the  sliding-rod.     If  used  to  ascertain  the  force  necessary  to  draw  a 
carriage,  the  spring  is  placed  between  the  carriage  to  be  drawn  and  the 
power  employed  to  draw  it.    In  using  a  spring-dynamometer  for  this 
purpose,  especially  when  the  carriage  is  moved  by  animal  power,  some 
inconvenience  is  occasioned  by  the  vibration  of  the  index  with  every 
trifling  variation  in  the  force  applied,  to  remedv  which  Mr.  H.  K. 
Palmer  contrived  an  apparatus  m  which  the  quick  vibration  of  the 
spring  is  checked  by  means  of  a  piston  moving  in  a  cylinder  fiUed  with 
oil.    A  very  narrow  space  is  allowed  for  the  oil  to  pass  between  the 
edge  of  the  piston  and  the  cvlinder,  so  that  a  considerable  resistance  is 
opposed  to  the  motion  of  uie  piston  and  the  springs,  and  the  index 
consequently  represents  the  mean  amount  of  force  applied  without 
being  affected  by  sudden  variations. 

The  ingenious  method  adopted  by  Mr.  Martin  for  transmitting  the 
motion  of  a  spring  to  an  index  moving  upon  a  circular  dial-plate,  is 
applicable  to  spring-balances  of  other  than  the  helical  construction.    It 
was  used  by  M.  Hanin,  a  French  gentleman,  who  was  rewarded  by  the 
Society  of  Arts,  in  1790>  for  an  apparatus  for  showing  at  one  view  the 
weight  of  an  object  according  to  several  different  scales  or  systems  of 
weights.    His  machine  whicm,  is  described  and  figured  in  the  ninth 
volume  of  the  Society's  'Transactions,'  consiBts  of  a  dial-plate,  on 
which  are  marked  several  concentric  chtdes,  divided  according  to  the 
systems  of  weights  used  in  different  countries,  and  an  index  moved  by 
a*  rack  and  pinion,  as  before  described.    The  spring,  instead  of  being 
of  a  helical  form,  is  semicircular ;  its  upper  extremity  being  firmly 
attached  to  the  back  of  the  dial-plate  by  means  of  screws,  while  its 
lower  end  is  attached  to  the  hook  which  carries  the  weight,  and  the 
slidingrack by  whidh  the  index  is  moved.    Marriott's  patent  weighing- 
machine  is  similar  to  that  of  M.  Hanin,  but  the  spring  is  a  perfect 
ellipsis,  with  its  longer  axis  laid  horizontally.    The  stem  to  which  the 
ring  for  holding  the  apparatus  Is  attached  is  fastened  by  a  nut  and 
screw  to  the  middle  of  the  upper  side  of  the  spring ;  and  the  rack, 
with  the  hook  which  holds  the  article  to  be  weight,  to  the  correspond- 
ing point  on  the  lower  side  of  the  spring.     The  spring,  rack,  and 
pillion  are  enclosed  in  a  circular  box  at  the  back  of  the  dial-plate,  the 
periphery  of  which  serves  as  a  stop  to  prevent  the  spring  from  being 
overstrained.    A  similar  apparatus,  contrived  by  M.  Rognier,  has  been 
used  as  a  dynamometer,  as  well  as  a  weighing-machine. 

A  Bcale-plate  or  dish  may  be  added  when  necessary  to  any  of  the 
spring  weighing-machines  which  have  been  described.  On  account  of 
the  absence  of  weights,  and  the  great  simplicity  of  their  application, 
spriog-balanceB  are  usefnl  in  cases  where  extreme  accuracy  is  not 
required,  e^^ecially  when  a  portable  weighing-machine  is  desirable. 
Machines  for  ascertaining  the  weight  of  the  human  body  are  often 
made  on  this  principle,  a  kind  of  chair  being  sospended  from  the 
spring. 

WCIIOHT.  There  is  nothing  to  say  on  the  feeling  of  weight  after 
what  has  been  said  in  Pressure  ;  nor  is  it  possible  to  give  any  idea 
which  will  be  half  so  good  as  that  which  presents  itself  in  raising  a 
heavy  body  from  the  ground.  The  measure  of  weight  is  weight  itself 
[Baukce],  and  two  weights  are  equid  which  coimterpoise  each  other 
when  pkced  at  the  ends  of  equal  anns  of  a  self -poising  lever. 

The  weight  of  a  body,  tiiat  is,  of  a  given  bulk  of  known  substance, 
is  referred  to  that  of  water  by  what  is  called  the  Sfecifio  Gbatitt  0{ 


the  substance.  It  is  said,  for  example,  that  the  specific  gravihr  of 
ivory  is  1826,  when  that  of  water  is  1000.  This  means  that  any  bulk 
of  ivory  is  more  weighty  than  the  same  bulk  of  water  in  the  proportion 
of  1826  to  1000.  When  the  specific  gravity  of  water  is  calted  1,  that 
of  ivory  is  1*826.  Since  a  thousand  ounces  avoirdupois  of  water  are 
nearly  a  cubic  foot,  a  more  popular  notion  of  the  meaning  ojf  specific 
gravity  may  be  given,  in  this  way : — ^To  say  that  the  specific  gravity  of  a 
substance  is  1*826,  that  of  water  being  1,  is  to  say  that  a  cubic  foot  of 
it  weighs  1*826  x  1000,  or  1826  ounces  nearly.  More  correctly,  from 
1000  times  the  specific  gravity  (water  being  1),  subtract  three  times 
that  specific  gravity,  and  add  its  78rd  part :  the  last  step  may  be  left 
out  for  common  purposes.  Thus,  the  specific  gravity  being  4*817, 
4*817  X  1000  -  4*817  x  3  is  4802*549,  the  number  of  ounces  in  a 
cubic  foot. 

But  it  is  to  be  remembered,  when  weight  is  to  be  very  accurately 
taken,  that  everybody  is  buoyed  up  to  a  certain  extent  by  the  air ;  and 
the  weight  of  a  body  in  air  is  less  than  it  would  be  in  a  vacuum  by 
the  weight  of  its  own  bulk  of  air.  Now  the  air  varies  in  weight  [Air] 
in  a  manner  which  may  be  ascertained  nearly  by  the  indications  of  the 
barometer.  Properly  speaking,  it  varies  in  a  manner  depending  upon 
the  superincumbent  pressure,  the  temperature,  and  the  quantity  of 
moisture  contained  in  it.  A  hundred  cubic  inches  of  dry  air,  when  the 
barometer  is  at  30  inches  and  Fahrenheit's  thermometer  at  60°,  weigh 
81*012  grains.  In  measuring  standards  of  weight,  therefore,  close 
attention  must  be  paid  to  the  state  of  the  air  at  &e  time  of  weighing 
and  to  the  substuice  weighed.  If  an  iron  weight  balance  a  wooden 
one  in  a  given  state  of  the  atmosphere,  for  that  veiy  reason  there  can- 
not be  sMct  equilibrium  in  any  other  state  of  the  atmosphere;  wood 
being  at  least  seven  times  as  bulky  as  iron,  the  effect  produced  on  the 
weight  of  the  wood  by  the  alteration  of  the  state  of  the  air  is  at  least 
seven  times  as  much  as  that  produced  on  the  iron. 

WEIGHT  OP  THE  AIR.    [Air.] 

WEIGHT  OF  THE  EARTH.    [Earth,  Mean  Density  op  the.] 

WEIGHT  OP  OBSERVATIONS.  This  article  is  only  for  the 
reference  of  the  mathematical  student;  in  Mean  will  be  found  as 
much  of  it  as  an  arithmetician  can  use  by  rule. 

This  term  was  fint  applied  in  the  manner  stated  in  the  article  Mean. 
An  observer  decided  the  relative  merit  of  his  observations  by  his 
unassisted  recollection  of  the  impression  made  by  them  upon  his  mind 
at  the* time,  and  affixed  lodgkta  to  them ;  that  is,  supposing  a^,  a,,  &o,, 
to  be  the  n  results  of  observation,  he  attached  numbers  c^,  c,,  &c.,  pro- 
portional to  their  presumed  goodness,  and  used  Sca-^Sc  instead  of 
2A-i-9i,  for  the  average.  Instead  of  c.,  c^,  &c.,  any  numbera  propor- 
tional to  them  may  obviously  be  used :  and  hi  applying  the  higher 
branches  of  the  theory  of  probabilitiea,  it  was  found  that  a  certain 
mode  of  obtaining  c^  c^  &c.,  while  it  gave  the  above  mode  of  using 
these  numben  in  the  formation  of  an  average,  made  them  applicable 
to  other  important  uses.  We  here  give  a  sketch  of  the  results  of  this 
method  in  its  simplest  parts. 

1.  When  a  number  of  discordant  observations,  made  under  circum- 
stances in  which  positive  and  negative  erron  are  equally  likely,  do  not 
differ  much  from  each  other,  and  when  it  is  exceedingly  unlikely  that 
the  truth  can  differ  much  from  the  observations,  it  may  be  presumed 
that  the  chances  of  the  error  of  any  one  of  those  observations 
lying  between  x  and  x  +  dx,  and  between  a  and  b,  are  severally  of 
the  forms 


V;- 


"*dx      and 


V;/! 


€-«»»cfe. 


where  c  is  a  constant  dependent  on  the  goodness  of  the  observations, 
and  » = 8*1 4169 . . . ,  «  =  2-71 828. . . . ,  as  usual  Even  if  this  law  of  error 
do  not  exist,  it  is  found  that  the  treatment  of  a  comiderable  number  of 
observcUions,  whatever  *  may  be  the  law,  is  reducible  to  the  same  rules 
as  those  derived  from  tins  law,  which  is  now  universally  assumed 
by  those  observera  who  apply  &e  theory  of  probabilities  to  their 
results. 

2.  The  constant  e  is  called  the  weiyht  of  the  observations,  and 
depends  upon  the  various  circumstances  which  determine  their  good- 
ness or  badness.  The  greater  it  is  the  better  the  class  of  observa- 
tions to  which  it  applies.  It  is  approximately  found,  for  a  given  class 
of  observations,  as  followB : — Subtract  each  of  the  observations  from 
thbir  mean,  and  let  f.,  e„  kc.,  be  the  results ;  then  (;=n-i-22e*.  The 
sum  of  the  squares  oi  the  departures  from  the  average  may  be  found 
by  diminishing  the  sum  of  the  squares  of  the  observations  by  n  times 
the  square  of  the  mean;  and  before  doing  tins  any  convenient  quantity 
may  be  struck  off  from  aU  the  observations,  provided  it  be  also  struck 
off  from  the  mean. 

8.  The  probable  error  is  that  within  which,  taken  positively  and 
negatively,  there  is  an  even  chance  an  observation  shall  lie.  Thus  if 
tiiere  be  an  even  chance  (a  being  the  true  result)  for  the  result  of  an 
observation  lying  between  A— a  and  a  +  a,  then  a  ia  the  probable  error 
of  an  observation.  To  find  the  probable  error,  divide  '476936  by  the 
square  root  of  the  weight. 

*  That  is,  proTided  the  law  he  ineh  as  oommon  sense  can  admit,  as  repre- 
senting what  actually  takes  place  in  human  observations.  It  would  not  apply, 
for  example,  to  a  case  in  which  the  larger  the  error  the  more  likely  was  it  to 
happen. 
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4.  The  weight  of  the  average  of  observatioiiB  is  the  sum  of  the 
weights  of  the  component  obserratioiis.  U  n  observations,  a^,  a,,  &c., 
be  mode,  all  of  ^e  same  weight  c,  the  average  is  XJL-i-n,  the  weight 
of  the  average  is  nc,  and  its  probable  error  is  '476936 -r  V(wc)'  ^^^  ^ 
the  weights  DO  different,  say  c,,  e^  ko,,  then  2cA-f-2c  is  the  average, 
2c  is  its  weight,  and  '476936-^  V(2c)  its  probable  error.  In  the 
former  case  the  probable  error  of  IJie  average  may  be  directly  fowid 
from  the  sum  of  the  squares  of  the  reputed  errors,*  by  the  formula 

•67449  V(38r)H-n. 

5.  Caieria  parilnu,  ttie  probable  error  of  an  average  will  not  be  in- 
versely OS  the  number  of  observations,  but  as  the  s(^uare  root  of  that 
number.  If  p  be  the  probable  error  of  an  observation,  and  p  that  of 
the  average  of  n  such  observations,  then  p=  V^^  •  p>  An  observer  who 
takes  such  a  mode  as  gives  the  probable  error  of  an  observation  twice 
as  great  as  it  need  Im,  must  not  hope  to  indemnify  himself  for  his 
carelessness  bv  making  twice  as  many  observations  as  would  otherwise 
be  necessary,  but  must  make  four  timet  as  many. 

6.  If  p  be  the  probable  error  of  an  observation,  an  average,  or  other 
result,  the  following  table  will  be  sufficient  to  connect  Uie  probable 
en  or  with  other  errors,  for  any  rough  purpose  of  estimation  : — 


Odds. 

Afainst. 

For. 

Odds. 

Against. 

For. 

1| 

•79 

1-25 

H 

•23 

232 

2 

•64 

1*43 

8 

•21 

2*36 

n 

•54 

1-58 

«i 

•20 

2*40 

•47 

1-71 

9 

•19 

2-44 

H 

•12 

1^81 

H 

•18 

2-47 

•38 

1-90 

10 

•17 

2-50 

44 

•34 

1^98 

20 

•09 

2-94 

•81 

2^05 

80 

•06 

817 

H 

•29 

2*1 1 

40 

•05 

3-34 

6 

•27 

2»17 

50 

•04 

8*50 

6| 

•25 

2-22 

100 

•02 

8-90 

7 

•28 

2*27 

1000 

•002 

4*00 

This  table  is  to  be  interpreted  as  follows : — If  j)  be  the  probable 
error  above  mentioned,  it  is  1^  to  1,  or  8  to  2,  against  the  error  turning 
out  less  than  '79  xp,  and  it  is  I4  to  1  for  the  error  turning  out  less 
than  1*25  x  v.  It  is  8  to  1  against  the  error  being  less  than  '21  x  p, 
and  8  tol  for  its  being  less  than  2'86  x  j>.  It  is  1000  to  1  against  the 
error  being  less  than  '002  xp,  and  1000  to  1  for  the  error  being  less 
than  4-90  x  p. 

WEIGHTS  AND  MEASURES.  The  subject  of  weights  and 
measures  is  one  the  actual  state  of  which  is  prosperous  in  the  inverse 
ratio  of  the  number  of  books  or  the  length  of  artictes  which  are  written 
upon  itb  There  is  nothing  in  it  which  might  not,  if  the  most  natural 
and  simple  sr^stem  were  adopted,  be  described  in  a  very  few  pages. 
We  are  si>eakmg  of  course  only  with  reference  to  a  possible  time ;  for, 
let  that  time  arrive  when  it  may,  the  history  of  the  past  must  be  a 
confused  and  repulsive  subject. 

'  In  the  article  Weight,  ftc.,  Standard  of,  we  shall  give  some  idea  of 
the  recent  history  of  the  attempts  which  have  been  made  in  England 
to  secure  a  permanent  measure  of  length.  These  have  only  succeeded, 
at  least  until  very  recently,  somewhat  farther  than  to  the  extent  of 
making  it  possible  to  restore  to  the  merchant  a  svstem  sufficiently 
near  to  that  which  now  exists,  if  the  latter  should  be  lost ;  but  they 
have  all  confessedly  failed  in  perpetiutting  sufficient  exactness  for 
scientific  purposes.  The  same  may  be  said  of  the  French  endeavour  to 
create  a  recoverable  standaxd  by  the  measurement  of  the  earth. 
[Tbioonometrical  Survey.]  So  that  in  fact  we  are  now  come  back 
again  to  the  old  notion,  that  the  true  way  to  maintain  a  measure  is  to 
construct  accurate  copies  out  of  durable  material,  and  to  preserve  those 
copies  with  care. 

The  measures  of  time  (of  which  we  speak  more  particularly  in  Tear, 
Time,  Periods  of  Revolution)  are  the  only  usual  ones  in  which  a 
natural  standard  exists ;  to  which  we  may  add,  that  in  the  kindred 
operation  of  counting  there  is  something  of  the  same  kind.  The 
phenomena  of  the  daily  revolution  of  the  earth,  and  the  ten  fingers  on 
the  two  hands,  have  secured  to  the  whole  human  race,  above  the  degree 
of  the  lowest  savages,  oue  mode  of  assigning  periods  of  duration  and 
lai^  collections  of  number.  But  even  in  tiiese  two  subjects  details 
have  di£fered  considerably  in  difierent  times  and  countries ;  and  much 
more  has  this  happened  with  respect  to  measures  in  which  the  choice 
of  a  standard  is  purely  arbitrary,  as  in  the  case  of  length,  surface, 
capacity,  and  weight.  The  angle  is  another  magnitude  which  has  a 
natural  measure  [Angle]  ;  and,  as  this  has  never  been  out  of  the  hands 
of  geometers,  a  greater  uniformity  has  prevuled  in  the  measurement 
of  angular  magnitude  than  of  any  other  whatsoever.  The  measures  of 
length  obviously  regulate  those  of  surface  and  capacity.  There  is  no 
other  way  of  defining  an  area  or  a  solidity,  except  by  describing,  for 
the  area,  lengths,  and  for  the  solidity,  surfaces,  by  which  the  area  or 
solid  may  be  bounded  in  a  given  manner.  Measures  of  weight  may  be 
obtained  by  defining,  as  standards,  given  bulks  of  given  substances ; 
and  as  water  is  the  most  common  and  most  easily  purified  of  all 
substances,  it  has  been  chosen  by  common  consent  as  the  referee  for 

♦  The  departures  from  the  average  above  menUoned ;  the  avenge  being 
taken  Ibr  the  truth,  these  departures  are  taken  for  the  errors. 


such  standards.  A  measure  of  length  then  is  all  thai^  is  wanted  a  tb 
first  instance ;  and  most  nations,  ancient  and  modem,  bswe  been  is  tke 
habit  of  referring  aU  the  resulting  measures  to  those  of  leQg;t^  aW 
Nevertheless,  there  is  no  small  difficultv  in  obtaining  »  oomparisoQ  a 
a  measure  of  wei^^t  deduced  from  length  with  one  already  exiwHng.s 
such  a  manner  as  to  perpetuate  the  latter,  if  the  utmoat  aociin^ :» 
required.  (Eater, '  Construction  and  Adjustment,'  &e.,  '  PhiL  Ttol. 
1826.)  So  that  the  coounissioners  who  last  reported  on  the  eubj«& 
advise  that  the  standard  of  weight  shall  no  longer  be  cledooed  frca 
that  of  length,  but  shall  be  simply  a  piece  of  metal  €ur  otl&er  dunbk 
substance. 

It  is  not  our  object  in  this  article  to  consider  wei^lita  suod  meuesm 
in  a  scientific  point  of  view,  but  simply  to  give  some  liiatorical  aoooeat 
of  the  measures  actually  in  use,  and  some  tables  of  tlie  prmcipaJ  fiso. 
ancient  and  modem.    There  is  no  subject  whose  hmtory  ia  mete  <b> 
tinctly  divided  into  three  periods,  ancient,  middle,  and  modem,  thu 
that  of  weights  and  measures.    The  ancient  period,  ending  with  xa 
decline  of  the  Roman  empire,  during  which  the  daaaical  ataodari' 
were  preserved  and  emploved ;  the  middle  period,  during  iprhich,  irb£t 
the  names  and  relations  of  the  classical  measures  were  poieaerred  axoaf 
the  learned,  the  standards  were  lost,  and  the  varioua   differeoea  <c 
national  measures  began  to  exist  among  the  people ;  the  modem  panod, 
which  hardly  begins  before  the  17th  century,  m  which  tlie  diaaef^ 
cies  of  national  measures  were  noted,  and  tiie  attempta  at  a  syrtoe 
foimded  upon  natural  philosophy  b^gan  to  be  made. 

The  origin  of  measures  of  length  is  unquestionably  to  be  found  a 
the  parts  of  the  human  body;    both  their  usual  loogths,   roug^r 
speaking,  and  their  names,  establish  this  beyond  a  doubts.     The  kv. 
the  digit,  the  palm,  the  span,  the  cubit,  &c.,ai« in  all  laognagee  doivni 
from  tile  same  source ;  nor,  in  the  popular  view  of  mfiannrrmfnt,  d' 
they  materially  differ  in  length  :  the  yard  is  but  a  variety  of  the  word 
rod,  and  has  no  intrinsic  meaning.    It  is  also  unquestionable  that  ia 
former  times,  when  authentic  measures  were  not  so   eaaily  to  be 
obtained,  the  hands,  arms,  and  feet  were  much  more  frequently  used 
than  they  are  at  present,  when  every  workman,  however  humble,  k  ia 
possession  of  a  measure.    Qeoige  Agricola,  presentiy  named,  aays  that 
in  his  time  (the  beginning  of  the  16th  century)  the  French  woikmec 
commonly  measured  a  foot  by  joining  the  extremities  of  the  thumbs, 
clenching  the  fingers,  and  keeping  tiie  thumbs  as  widely  ezt^idecf  a 
they  could:  "vulgo  pedem  metiuntur  opifices  manibos   in   pugpoi 
contractis  et  porrectis  pollicibus  altrinsecusque  obverais : "  nor  is  this  a 
bad  measure  of  a  French  f  oot^    At  what  period  the  slightly  raiubk    f 
measures  derived  from  the  living  man  were  first  exchanged  fcr  a  fixed     . 
and  legal  average  or  other  conventional  value,  whether  among  the 
Greeks  or  Romans,  is  unknown.    All  that  can  be  said  is,  that  none  ol 
the  earlier  writers  enter  otherwise  than  incidentally  upon  the  questioD, 
and  that  the  fixed  and  legal  measures  were  of  early  date.    Host  authon 
give  some  littie  information  upon  tiie  subject;  even  the   poets  an 
n^e^uentiy  cited  for  their  aUusions.    Fixing  the  end  of  the  ancieirt 
penod  about  the  middle  of  the  6th  century  (simply  becauae  the  cham 
of  writers  who  are  cited  on  ancient  weights  and  measures  ends  there), 
and  omitting  names  as  well  known  as  Homer  or  Viigil,  Heaychius  or 
Suidas,  Pliny  or  Vitruvius,  there  is  direct  information  on  the  subject 
in  the  works  or  fragments  of  Cato^  Cdsus,  Columella,  Dioecoridea; 
Oalen,  Hero,  Julius  Frontinus,  Julius  Pollux,  Martianua    Capdla, 
Modestinus,  Oribasius,  Palladius,  Paulus,  Pomponius,  Priacian  (who 
wrote  expressly  on  the  subject),  Produs,  Rhemnius  Fannius  (who 
wrote  a  poem  on  the  subject,  often  attributed  to  Priacian),  Scriboniaa, 
Boetius,  Festus  Pompeius,  Ulpianus,  Volusius  Msedanus,  and  Varra 

It  may  be  convenient  to  end  the  middle  period  and  commence  the 
modem  with  the  work  of  Lucas  Pstus  (1673),  as  being  the  earliest  of 
the  writers  who  are  frequentiy  cited  for  success  in  their  attempts  to 
restore  the  almost  forgoUen  viJues  of  the  Roman  measures.     But  this 
middle  period  may  be  divided  into  that  which  preceded  and  followed 
the  invention  of  printing.    All  that  took  place  in  the  former  part  of  it 
is  a  blank ;  we  know  but  the  result,  namely,  the  (probably  gradual) 
introduction  of  measures  differing  from  those  of  Rome  in  maginitude, 
though  retaining  the  same  names.    JNevertiieless  the  writers,  as  we 
have  seen  in  Mile,  retained,  besides  a  uniformity  of  expresaion,  »b 
intended  uniformity  of  meaning :  if  they  had  not  the  Roman  foot  and 
nule,  they  thought  they  had.    When  the  Oerman  mile  was  introduced, 
whidi  was  about  four  Roman  miles,  the  latter  were  »lled  Italiao 
miles.    An  abundance  of  passages  might  be  cited  from  writers  of 
different  countries  about  the  b€^;uming  of  tiie  16th  oentuiy,  when 
books  bc^gan  to  be  plentiful,  all  coinciding  in  requiring  the  following 
explanation,  namely,  that  the  learned   had  among   themselves,  or 
beueyed  they  had,  a  system  of  measures  in  terms  of  whidi  they  com* 
munioated  with  each  other,  not  reoogmsing  nor  in  any  wa^  alluding  to 
the  common  or  vernacular  measures.    It  is  our  supposition  that  thii 
system  began  in  ignorance  that  the  national  measures  really  did  differ 
horn  one  another  at  aU,  and  was  continued  under  the  impression  that 
a  common  i^stem  was  desirable,  attainable,  and,  by  keeping  to  the 
Roman  measures,  attained. 

As  this  point  in  the  history  of  measures  is  not  alluded  to  by  aoy 
metrologist^  and  as  some  of  its  consequences  are  remarkable,  it  will  be 
desirable  to  state  some  proofs  of  our  assertion.  So  far  as  we  can  find, 
it  was  hardly  thought  necessary,  even  after  the  16th  century  had  com* 
menoed,  and  oertiSnly  not  bdore,  to  mention  the  scale  d  measura; 
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-the  Roman  system  was  taken  for  granted.     Roger  Bacon,  when  speak- 
ing of  a  foot  or  a  mile,  compares  statements  of  Ptolemy,  Pliny,  and 
ivriters  of  his  own  time,  without  a  word  of  suspicion  that  there  could 
be  any  difference  between  Uie  several  measures ;  though  his  own  state- 
ments from  modem  travellers  [Mile]  prove  that  they  had  a  mile 
very  different  in  length  from  that  of  the  Romans.    In  the  Geography* 
of  Laurentinus  Corvinus  (Basel,  1496),  all  that  he  says  on  measures  is 
in  six  words,  explaining  the  single  addition  which  had  been  made  to 
the  Roman  system  :  "  Italorum  quatuor  unicum  miUare  nostrum  men- 
surant."     Lebriza  or  Antonius  Nebrissensis  (' CosmographiaQ  Intro- 
ductio,'  Paris,  1533),  lays  it  down  that  his  own  foot  and  his  own  pace 
are  those  of  the  Romans,  he  being  a  man  of  moderate  stature ;  and 
having  once  arrived  at  a  conclusion  respecting  the  Roman  pace,  he 
takes  it  for  granted  he  has  the  proper  foot  of  his  own  time  :  he  adds 
that  he  has  made  some  verifications  on  itinerary  distances.    This  idea 
of  the  actual  use  of  the  human  members  was  a  vezy  conunon  one : 
George  Agricola,  whose  work, '  De  Ponderibus  et  Mensuris,'  was  much 
in  use,  and  several  times  reprinted  (Paris,  1533 ;  Venice,  1535 ;  Basel, 
1550,  and  perhaps  oftener),  would  almost  seem  to  hint,  in  addition  to 
what  we  have  already  cited,  that  the  actual  measures  of  his  day,  as 
used  among  merchants,  were  taken  from  the  body :  the  measures  of 
length,  he  says,  are  "membra  humani  corporis,  perticse,  arundines, 
funiculi.''    This  can  hardly  mean  that  measures,  such  as  the  foot,  the 
cubit,  &c.,  were  only  originaUy  derived  from  llie  human  body ;  for 
Buch  an  explanation  would  require  us  to  say  that  the  arundo  and  the 
funiculus  were  names  of  measures,  which  was  certainly  t  not  the  case. 
The  word  pertica  is  ambiguous;  it  is  both  a  pole  and  the  measure 
derived  from  that  pole :  had  it  not  been  from  the  double  meaning 
of  that  word,  we  should  have  been  quite  positive  of  wliat  we  now  think 
by  far  most  probable,  namely,  that  Agricola  means  to  say  that  people 
in  his  time  measured  by  the  parts  of  the  bod^,  poles,  reeds  or  canes, 
and  strings.    This  work  of  Agricola,  though  mtended  to  be  on  the 
weights  and  measures  of  his  own  time,  is  in  reality  wholly  occupied  by 
discussions  on  the  Greek  and  Roman  measures.    He  is  the  first,  he 
says,  who  in  modem  times  recovered  the  distinction  between  the  Greek 
and  Roman  measures,  which  had  been  entirely  lost,  or  at  least  never 
mentioned,  by  his  immediate  predecessors.    It  was  not  uncommon  to 
illustrate  the  table  of  measures  by  drawings  of  the  human  body,  with 
descriptions  of  the  foot,  palm,  &c.,  as  in  t£e '  Cosmographia*  of  Peter 
Apian,  reprinted  several  times  in  the  first  half  of  &e  16th  century. 
No  other  reference  to  a  standard  of  length  is  given ;  and  the  table  and 
drawings  are  made  in  such  a  manner,  that  nothing  but  our  habit  of 
using  other  modes  of  measurement  would  make  any  one  doubt  for  a 
moment  that  actual  reference  to  the  human  body  is  intended.    The 
complete  table  of  the  16th  century  is  as  follows : — the  breadth  (not  the 
length,  as  is  particularly  stated)  of  four  barleycorns  makes  a  digit,  or 
finger-breadth ;  four  digits  make  a  palm  (measured  across  the  middle 
joints  of  the  fingers) ;  four  palms  are  one  foot ;  a  foot  and  a  half  is  a^ 
cubit ;  ten  palms,  or  two  feet  and  a  half,  are  a  step  (gressus) ;  two 
steps,  or  five  feet,  are  a  pace  (passus) ;  ten  feet  are  a  perd^ ;  a  hundred 
and  twenty-five  paces  are  an  Italic  stadium ;  eight  stadia,  or  a  thou- 
sand paces,  are  an  Italic  mile ;  four  Italic  mUes  are  a  German  mile ; 
and  five  Italic  nules  are  a  Swiss  mile.    It  will  appear  most  probable 
from  the  preceding  statement,  that  the  foot  was  considerably  less  even 
than  the  ancient  B^man  foot  of  1 1  *6  English  inches.  The  average  human 
foot  certainly  has  not  that  length ;  the  average  foot  of  an  adult  English- 
man is  10*26  inches.    The  table  just  mentioned,  derived,  as  we  shall 
see,  from  the  Romans  in  most  of  its  x>arts,  is  founded  upon  a  notion 
which  is  veiy  near  the  truth  in  a  well-proportioned  man,  namely,  that 
the  breadth  of  the  palm  is  the  24th  part  of  the  height;  the  length  of 
the  foot,  the  sixth ;  and  the  length  of  the  cubit,  or  from  the  elbow  to 
the  ends  of  the  extended  fingers,  the  fourth. 

It  was  the  practice  of  the  16th  century,  in  which  books  were  written 
for  all  Europe,  and  not  for  that  part  of  it  alone  in  which  the  writer 
lived,  to  set  down  on  the  page  printed  lines  representing  the  length  of 
a  foot,  or  palm,  according  to  what  the  page  would  admit.  The  term 
frequently  used  was  "  figuratio : "  thus  a  long  line  extending  down  the 
pcoge,  marked  **  figuratio  pedis,"  means  that  tiie  length  of  Uub  line  at 
the  time  it  was  printed  is  that  of  which  the  author  speaks.  No 
instance  was  evert  produced  in  which  such  a  line  was  merely  a  repre- 
sentation, put  down  for  the  purpose  of  showing  subdivisions,  or  in 
which  it  was  treated  by  any  succeeding  writer  as  other  than  an 
absolute  facsimile. 

The  figured  foot,  or  paper-foot  as  we  may  call  it,  requires  to  be 
lengthened,  as  an  allowance  for  the  shrinking  of  the  paper.  The 
surest  case  in  which  we  can  accurately  ascertain  in  what  proportion 
this  shrinking  has  taken  place,  is  in  the  plate  of  Dr.  Bernards  work  on 
English  weights  and  measures,  in  which  a  line  which  is  described  as 
7  English  inches  has  shrunk  to  6  inches  and  |gths,  or  in  the  proportion 


*  Kemarkable  as  being  probably  the  last  work  in  which  America  is  not 
mentioned. 

t  We  do  not  forget  the  canna,  but  this  was  only  an  isolated  Italian  measure, 
not  likely  to  be  named  as  a  technical  term  by  Agricola,  writing  in  France,  and 
pnttin;  all  measnies  under  four  heads. 

I  We  have  found  one^  in  the  work  of  Neander  (1555),  in  which  the  ratioa  of 
the  measures  are  represented  by  arbitrary  lines.    But  as  if  to  show  what  was 
intended,  the  words  next  following  the  figured  measures  are  "  Hactenus  | 
perseenti  sumus  nomma  mensurarum,"  Sec, 
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of  42  to  41.  Other  instances  give  smaller*  amoimts  of  shrinking  :  in 
two  difierent  copies  of  one  work  we  find  the  difference  between  l^o 
impressions  of  the  same  foot  agreeing  within  ^Ayth  of  an  inch  in  about 
ten  inches.  It  is  very  unlikely  that,  if  the  shxinking  had  been  percep- 
tible, two  copies  should  have  shrunk  so  equ^y.  We  adopt  this  ratio 
of  42  to  41,  and  the  more  readily,  because  the  larger  allowance  we 
make  the  more  is  our  final  conclusion  weakened  :  this  final  conclusiou 
being,  that  the  geometers  of  the  16th  century  used  a  much  shorter  foot 
than  the  lioman. 

That  the  mathematicians  just  named  did  tise  a  set  of  measures 
among  themselves,  in  order  to  avoid  the  diversities  of  popular  measures, 
is  established  by  the  express  assertion  of  Clavius,  who  died  in  1612, 
aged  75,  and  is  therefore  a  contemporary  authority.    He  says,  in  lus 
commentary    on    Sacrobosco,   "EnumerandiB  sunt  mensuras  quibus 
matheznatici,  maxim6  geometne,  utuntur.    Mathematici  enim,  ne  con- 
fusio  oriretur  ob  diversitatem  mensurarum  in  variis  regionibus  (quselibet 
namque  regio  proprias  habet  propemodum  mensuras)  utiliter  excogi- 
tArunt  quasdam  mensuras,  qu»  certoe  ac  ratos  apud  omnes  nationes 
haberentur."    He  then  g^ves  the  same  table  as  that  above.    On  looking 
at  some  of  the  earlier  writers  of  the  16th  century,  we  find  a  foot  which 
is  figured  as  ten  English  inches  in  length,  after  the  shrinking  of  the 
paper  is  allowed  for.     First,  Femel,t  who  measured  a  degree  of  the 
earth,  speaks  of  the  foot  which  he  used  in  two  distinct  works,  the 
^Monalosphajrium*  (Paris,  1526)  and  the  '  Cosmotheoria  *  (Paris,  1628), 
in  which  last  the  degree  is  described.    In  the  first  work  he  gives  his 
foot,  or  "  figuratio  pedis  geometric!,"  which  he  says  is  to  be  chosen 
with  great  care,  on  account  of  the  great  diversity  of  measures.    This 
paper-foot  is  now  within  a  sixtieth  of  an  inch  of  nine  inches  and  two- 
th&ds  (EngUsh),  which,  increased  in  the  proportion  of  41  to  42,  is  nine 
inches  and  nine-tenths.     In  the  second  work,  he  says,  that  five  of  his 
own  paces,  or  those  of  ordinary  men,  make  six  geometrical  paces. 
Now  the  pace  of  an  ordinary  man,  or  two  steps,  is  almost  exactly  five 
English  feet,  which  is  the  double  of  the  regulation  step  of  the  army 
in  England.    Paucton  (p.  187),  from  actual  experiment,  gives  what 
amounts  to  59  inches  and  7-tenths  EngUsh.    At  sixty  inches  per  pace, 
Femel's  foot  ia  then  ten  inches  (EngUsh)  exactly ;  at  59 '7  inches  it  is 
9*95  inches.    The  two  descriptions  agree  so  well,  that  Femel's  foot 
may  be  considered  as  very  well  determined;  nevertheless,  Picard, 
Cassini,  Montucla,  Lalande,  and  Delambre  have  all  taken  it  for  granted 
that  by  a  foot  Femel  could  have  meant  nothing  but  the  Parisian  foot 
(12*8  English  inches),  and  have  therefore  considered  him  as  having  (by 
accident,  they  suppose),  measured  his  degree  wiiJi  very  great  correct- 
ness, whereas,  in  fkct,  he  is  fifteen  miles  wrong.    Budseus  (followed  by 
Glareanus  and  others)  had,  a  few  years  before  (1515),  in  lus  treatise, 
'  De  Asse,'  the  earliest  work  on  Roman  measures,  &c.,  declared  that  the 
Roman  foot  was  the  same  as  the  Parisian ;  and  Picar^,  &c.  seem  to 
have  taken  it  for  granted  that  Femel  followed  Budseus.    They  might 
have  learnt  from  Lucas  Paetus  that  this  foot  of  Budseus  was  "  repro-' 
bated  by  all  as  having  nothing  in  common  with  the  Roman  foot." 
The  treatise  of  Stoffler,  'Elucidatio  Fabrica)    Usuaque  Astrolabii' 
(Oppenheim,  1524),  contalnB  his  configuration  of  the  digit,  palm,  and 
foot,  separately,  the  foot  being  also  divided  into  palms.    These  agree 
exceedingly  well  with  one  another,  and  the  foot  on  the  paper  is  pre- 
cisely nine  inches  and  three-quarters  ^nglish).    This  increased  in  the 
ratio  of  41  to  42,  gives  9*98  inches.    The  author  speaks  of  the  digit, 
&c.  as  being  the  celebrated  measures  which  are  used  by  all  or  most, 
and  gives  no  hint  whatever  of  his  having  made  a  measure  for  hinnnfllf. 
It  may  here  be  noted  that  the  English  writers  of  the  period  make  little 
mention  of  this  book-system,  and,  when  they  do  mention  it,  sometimes 
confound  it  with  the  common  and  popular  system.    Thus  Blimdevil, 
in  his  '  Exerdses,'  tells  us  that  the  German  foot,  according  to  Stofiler, 
is  two  inches  and  a  half  less  than  ours ;  alludiog,  no  doubt,  to  the  foot 
we  have  just  cited. 

Since  the  '  Penny  Cyclopsodia  *  appeared,  we  have  examined  several 
other  figured  feet ;  for  some  of  which  see  De  Morgan, '  Arithmetical 
Books,'  pp.  8,  9.  The  results  accord  very  well  with  those  given  above ; 
and  the  mean  of  the  whole  gives  a  foot  of  9*85  inches.  But  Femel  and 
Stoffler  are  the  best  authorities,  because  they  are  the  best  names,  have 
given  the  whole  foot,  and  have  taken  the  greatest  pains  with  the  sub« 
divisions.  The  mean  of  their  results,  before  allowance  for  shrinking, 
is  9*7  inches  :  that  of  the  barley,  presently  mentioned,  is  9 '8  inches. 
The  allowance  for  shrinking  is,  as  above  given,  perhaps  too  great ;  and 
9*8  inches  is,  it  may  be,  as  good  an  estimate  as  can  be  given  of  this 
once  well-known  measure. 

There  is  little  reliance  to  be  placed  on  the  barley  standard ;  never- 
theless, this  addition  to  the  Roman  system  of  measures  must  have  been 
made  by  some  who  had  tried  it :  we  can  hardly  suppose  that  writers 


*  We  have  taken  the  one  which  is  most  against  us :  in  the '  Pathway  to 
Knowledge,'  (1596;  not  the  work  of  Becorde  under  that  name,  but  a  trans- 
lation Arom  the  Dutch,  of  which  we  can  find  no  mention  in  bibliographers)  a 
line  of  six  English  inches,  figured  in  the  translator's  preface,  has  shrunk  only 
by  one  part  out  of  sixty.  With  rtoferenee  to  our  (Sequent  sutnequent  citations 
from  this  *  Pathway,'  we  may  observe  that  Jeake,  whose  ample  and  laborious 
accounts  of  weights  and  measures  (in  his  '  AoyurrucriKoyia,  or  Arithmetick, 
Surveighed  and  Reviewed,'  London,  1696,  but  finished  in  1674)  makes  him  a 
very  respectable  witness,  considers  it  as  a  first-rate  authority, 
f  See  a  discussion  on  this  case  in  various  numbers  of  the  '  Philosophical 
I  Magazine'  for  1841  and  1842. 
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would  in  all  cases  carefully  state  that  four  grains  of  barley  placed  side 
by  aide  give  their  first  and  lowest  measure,  unless  they  were  at  least 
repeating  a  well-established  tradition,  founded  upon  an  actual  mode  of 
measurement.  According  to  this  mode,  64  grains,  placed  side  by  side, 
ought  to  give  their  foot :  we  believe  it  will  be  found  very  difficult  to 
make  any  barley  of  our  day  give  more  than  10  inches.  On  trying  the 
first  grains  we  obtained,  we  found  that,  bv  picking  out  the  largest 
grains,  83  of  them  just  gave  more,  and  32  less,  than  five  inches  :  but 
that,  taking  the  grains  as  they  came,  38  gave  only  five  inches.  Not 
wishing  howeverto  trust  to  one  trial,  we  procured  the  largest  speci- 
mens of  barley  which  could  be  got  from  two  different  and  distant  parts 
of  England,  and  from  these  specimens,  already  selected  as  choice 
samples,  we  picked  out  the  largest  graina.  In  a  first  sample,  83  grains 
placed  side  by  side  gave  five  inches ;  in  a  second,  33  grains  gave  five 
inohes  and  one-tenth ;  in  a  third,  83  grains  gave  also  5  inches  and  one- 
tenth.  And  yet  these  samples  differed  apparently  in  bulk ;  but  on 
examination  we  found  that  the  lengthi  of  the  grains  differed  materially, 
their  breadths  very  little.  So  that  the  ancient  English  standard 
whioh  depended,  or  was  said  to  have  depended,  upon  the  lengths  of 
barley-corns  placed  end  to  end,  was  not  founded  upon  so  sure  a  method 
as  that  above  described,  which  depended  upon  the  breadths.  The  foot 
of  64  barley-ooms  derived  from  the  average  of  the  preceding  (rejecting 
that  from  the  smaller  grains  of  the  London  sample)  is  9  inohes  and 
eight-tenths  of  an  inch,  rather  smaller  than  might  be  supposed  from 
the  other  methods  of  judging,  which,  however,  it  must  be  remembered, 
have  been  pushed  to  their  utmost. 

We  feel  persuaded  from  all  that  precedes,  not  only  that  at  the 
beginnhag  of  the  16th  century  there  was  no  distinction  made  between 
the  measures  of  tho  learned  and  the  Iloman  measures,  but  that  the 
Roman  foot,  the  foundation  of  all,  was  taken  to  be  considerably  shorter 
than  the  truth,  having  been  probably  recovered  from  the  himian  body. 
Long  after  the  introduction  of  sounder  notions,  we  see  traces  of  the 
same  sort  of  thing.  For  instance,  in  the  second  edition  of  the  mathe- 
matioal  Lexicon  of  Vitalis  (1690),  the  first  edition  (1668)  being  silent 
on  the  matter,  an  article  on  measures  is  introduced  in  which  the  only 
authorities  alluded  to  ar«  the  <  Dies  Geniales '  of  Alexander  ab  Alex- 
andre, in  which  there  is  nothing  but  description  of  ancient  measures, 
and  the  work  of  Qeoiige  Agricola  ahready  cited.  The  Roman  foot  was 
recovered  with  tolerable  ease  as  soon  as  it  was  looked  for.  Leonard  di 
Portis,  an  Italian  lawyer,  gave  its  length  from  the  Colotian  foot  here- 
after noticed ;  and  Lucas  P&etus,  another  lawyer,  wrote  elaborately  on 
the  ancient  weights  and  measures  in  1573.  Those  who  would  see  more 
of  this  subject  in  the  16th  century  must  search  for  the  writings  of 
Aleiatus,  Alcasar,  Geo,  Agricola,  Budeeus,  Budelius,  Capellus,  Mon- 
tanus,  Mariana,  Lebrixa  (Nebrissensis),  Neander,  Pasl,  Psetus,  Fortius, 
Villalpandus,  &c. 

As  soon  as  the  middle  period  is  past,  the  history  of  weights  and 
measures  down  to  our  own  time  ceases  to  be  European,  and,  with  the 
exception  of  those  of  England  and  France,  we  need  not,  in  so  short  a 
sketch  as  the  present,  give  any  veiy  dose  account  of  the  various 
national  measures. 

In  England,  it  seems  as  if  the  standards  were  tolerably  well  settled 
and  widely  diffused  4t  so  early  a  period  that  the  writers  of  this  country 
took  comparatively  little  notice  of  the  system  which  the  continental 
mathematicians  used  for  their  own  communications.  That  tho  ear  of 
barley  and  of  wheat  were  actually  used  in  determining  the  standards, 
seems  ♦  to  sdmit  of  no  doubt.  The  statute  61  Henry  III.  (a.d.  1266) 
enacts,  **  that  an  English  penny ,t  called  the  sterling,  round,  without 
clipping,  should  weigh  32  grains  of  wheat,  well  dried  and  gathered  out 
of  the  middle  of  the  ear;  and  twenty  pence  to  make  an  ounce,  twelve 
ounces  a  pound,  eight  pounds  a  gallon  of  wine,  and  eight  gallons  of 
wine  a  bushel  of  London,  which  is  the  eighth  part  of  a  quarter." 
Again,  17  Edward  II.  (a.d.  1324)  provides  that  three  bariey  corns, 
round  and  diy,  make  an  inch,  1 2  inches  a  foot^  Ac,  And  the  interpreta- 
tion of  the  older  scientific  writers  on  measures  is  agreeable  to  the 
common  meaning  of  the  words.  "  Look  to  the  first  grounde,"  says 
Oughtred,  "and  principle  of  our  English  measuring,  from  Barley- 
oornes."  But  it  is  so  difficult  to  know  how  much  of  the  sharp  end  of 
a  barley-corn  must  be  cut  or  worn  away  before  it  becomes  what  was 
called  "round,"  that  this  mode  of  measuring  by  the  Unffths  of  barley- 
corns is  very  indefinite.  Standards  were  made  at  early  periods  and 
enforced  by  various  statutes ;  one  of  the  earliest  is  one  of  Edward  I. 
of  uncertain  date,  which  directs  that  a  standard  of  bushels,  gallons, 
and  ells,  shall  be  kept  in  every  town,  agreeing  with  the  king's  measure. 
With  regard  to  the  measure  of  length,  this  country  has  been  fortunate, 
and  its  standards  have,  for  commercial  purposes,  fully  deserved  the 
mune.  But  the  measure  of  capacity  [Gallon]  remained  various  in 
spite  of  all  acts  of  Parliament.  In  the  year  1650  there  were  three 
distinct  modes  of  determining  a  whie  gallon  :  1,  From  general  opinion, 
which  gave  281  cubic  inches,  and  with  which,  in  fact,  the  gallons  in 
common  use  agreed,  as  was  proved  by  the  measurements  of  Oughtred, 
Qunter,  Briggs,  and  others.  2,  The  /justomary  standard  at  the 
Guildhall,  which,  though  not  a  legal  standard,  was  considered  as  such, 
even  by  the  law-officers  of  the  crown,  and  which,  though  in  reality 
only  224  cubic  inches,  was  always  taken  to  be  231  inches.    3,  The  real 

♦  We  do  not  beUcve  the  story  of  Henry  I.  ordering  that  the  yard  should  be 
of  the  length  of  his  arm. 
t  A  silver  penny,  j 


legal  standard,  preserved  at  the  Treasury,  containing^  232^  cubic  incL-. 
Oughtred  says  that  the  difference  between  the  ale  aixd  -wine  galltjn?  i-, 
**  that  because  of  the  frothing  of  the  ale  or  beer,  the  quantity  becoo^-'ji 
lease,  and  therefore  such  liquors  as  did  not  so  yield  frotli,  aa  wine,  vi- 
and the  like,  should  in  reason  have  a  lesser  measure.'*      The  Bep  >n  •: 
one  of  the  Committees  states  that  the  wine  gallon  \xjaudL  been  grad-.C; 
shrinking  in  capacity,  imtil  it  was  arrested  at  231   cubic  inches  bj  a 
fiscal  *  definition.    That  this  value  was  laid  down  hy  tUe  statute  .:  ;• 
Anne,  cap.  27*  is  certain ;  and  the  origin  of  this  definition  (wliidi  ii 
inserted  into  a  statute  having  nothing  to  do  with  weigbta  and  meae^ir.^ 
seems  to  have  been  as  follows  : — A  little  after  1700>  an   iniOTm;^::.^ 
was  tried  in  the  Exchequer  against  one  Barker,  for  hAvin^  imf'^rt-Z 
more  of  Alicant  wine  than  he  had  paid  duty  for.     On  the  part «.  f  tL- 
crown  it  was  contended  that  the  sealed  gallon  at  Guildhall  (dati  \j 
contain  231  cubic  inches)  was  the  standard.    But    the    defenicj) 
appealed  to  the  law  which  required  that  a  standard  gallon  abouli  Se 
kept  at  the  Treasury,  proved  that  there  was  such  a  gallon  at  'Jj.- 
Treosury  containing  282  cubic  inches,  and  established,  by  the  evider^.v 
of  the  oldest  iiersons  in  the  trade,  that  the  butts  and  h^^^paheads  ^laJi 
came  from  Bpaiu  had  always  contained  the  proper  number  of  iLe  zsL 
standard  gallons.    A  juror  was  withdrawn,  and  the  law-officers  cf  iL. 
crown  took  no  further  proceedings  except  procuring  the   above  i.l 
A  better  instance  of  confusion  could  hardly  be  imagined  :  the  \.rl 
gallon  had  gradually  been  diminished  more  tlum  50  cubic  inches ;  iL. 
merohants  in  one  particular  trade  continued  to  import  and  to  pay  >'!q:t 
by  the  real  gallon,  and  were  finally  called  to  account  by  the  att4.rL£T- 
general,  who,  in  common  with  the  rest  of  the  world,  had  forgt>ac& 
what  the  real  gallon  was,  and  sued  for  penalties  upon  appeal  to  ikLu 
was  no  more  a  legal  standard  than  the  measure  in  a  private  shop. 

There  is  something  ciuious  about  the  history  of   the   experim.c: 
[Gallon]  mentioned  by  Ward,  who  was  an  eyo-witness,  and  ^vrrote  ji-n 
after  the  statute  of  Anne,  when  his  account  could  do  no  harm.    Thi; 
gallon  was  found  to  be  224  (WoUaston  afterwards  found  it  to  be  2i4  < 
cubic  inches,  that  is,  the  sealed  gallon  at  Guildhall :  but,  "  for  several 
reasons,  it  was  at  tiiat  time  thought  convenient  to  continue  the  fon^a 
supposed  content  of  231  cubic  inches.*'    TMs  means,  as  explained  b; 
the  Conunittee  of  1758,  that,  the  Lords  of  the  Treasury  direct  u 
authority  to  be  drawn  for  gauging  according  to  the  Guildhall  gallvio; 
the  merchants  immediately  petition  to  be  allowed  to  sell  aa  they  wen 
gauged ;  the  conuniasioners  of  customs  do  ndt  follow  the  order  (which 
however  it  does  not  appear  was  ever  signed) ;  and  when  the  Lordfi  oi 
the  Treasury  tske  the  attorney-general's  opinion  upon   it,  thej  are 
recommended  to  make  no  change :  "  For  if  the  usage  of  gauging  is 
departed  from,  he  knows  not  where  we  shall  be,  because  resort  cauaU 
be  had  to  the  Exchequer  for  a  standard  to  which  almost  all  the 
statutes  refer ;  for  there  is  none  there  but  what  the  king  will  be  vastly 
a  loser  by." 

The  old  division  of  the  gallon  into  that  of  wine  measure,  ale  and 
beer  measure,  and  dry  f  measure,  was  not  only  unknown  to  the  law, 
but  even  to  the  writers  on  arithmetic,  till  the  beginning  of  the  17th 
century.    Nor  when  Briggs,  Ouffhtred,  Ac.  measured  the  gallons,  did 
they  divide  them  into  more  than   two   kinds — for  ale    and  wine. 
Oughtred,  who  measured  pecks,  bushels,  &c.,  and  thence  found  27*2| 
cubic  inches  for  the  deduced  gallon,  imagines  this  to  be  the  ale  gallon. 
It  was  undoubtedly  the  old  Winchester  gallon,  before  its  content  was 
a  little  reduced  by  the  statute  of  1607 ;  this  gallon  still  continued  in 
use  in  Ireland  ^up  to  the  introduction  of  the  imperial  measures  i  and 
even  in  England,  as  late  as  1727,  Arbuthnot  takes  it  for  the  existing 
dry  measure.    Perhaps  we  have  the  first  time  in  which,  and  the  first 
person  by  whom,  the  distinction  of  the  com  and  ale  gaUoa  waa  made, 
in  the  following  citation  from  Wyberd  ('  Tactometria,'  1650,  p.  266) : 
— ''  Now  as  to  Mr.  Oughtred's  ale  gallon  of  272^  indies,  the  said  Mr. 
Reynolds  "  (John  Reynolds,  a  clerk  in  the  Mint,  often  referred  to  by 
Wyberd  as  a  mathematician  and  experimenter) "  indeed  alloweth  of 
such  a  Gallon  measure,  but  not  for  any  liquid  thing,  but  for  drie 
things,  as  Come,  Coals,  Salt,  and  other  dry  things  measurable  by  this 
kind  of  Measure,  and  so  calleth  it  the  drie  Gallon  measure  :  and  there- 
upon he  wil  have  to  be  8  sevenill  Gallons  (or  other  like  Measures),  one 
for  }\inu  (which  also  serveth  for  oiles,  strong-waters,  and  the  like), 
another  iot  Ale  and  Beer,  and  a  third  for  Come,  CoaUt,  and  the  like.** 
Wyberd,  rejecting  the  distinction  of  the  dry  and  ale  gallons,  made  his 
wine  and  ale  gallons  to  be  224  and  266  cubic  inches,  by  a  aeries  of 
carefully  conducted  experiments :  it  is  singular  that  a  good  experi- 
menter, with  access  to  existing  standards,  and  as  good  an  experimenter 

•  Wc  were  ■wTong,  we  believe,  In  stating  in  Oallox  that  the  vine  gallon 
was  determined  by  statutes  of  1689  ond  1697  :  these  related  to  the  other  gallons. 
Bttt  there  is  Bingular  ooafusion  in  the  Reports  of  the  Committee,  which  nothing 
bvt  a  new  search  into  the  aetusl  statutes  will  remove. 

t  We  do  not  mean  that  there  was  no  divtinotion  between  liquid  and  dry 
measure,  but  that  there  was  no  distinction  between  the  gallons  of  those  measures. 
Thus  Mellis,  in  the  arithmetio  appended  to  his  treatise  on  book-keeping  (U88}, 
▼cry  distinctly  separates  the  liquid  and  dry  measures,  but  uses  only  one  gallon, 
namely  that  of  which  the  pint  is  one  pound.  It  may  be  worth  while  to  add 
that  the  mile  of  1760  yards  is  mentioned  by  this  writer  four  years  b2fore  it 
became  the  slahtie  mile. 

The  preface  to  the  *  Pathway  of  Knowledge,'  already  cited,  makes  no  distinc 
tlon  between  the  ale  and  wine  gallon ;  it  says  that  the  wine  gallon  is  the  same 
as  that  of  ale,  and  oontains  eight  pounds  of  wine ;  it  also  makes  the  corn  gaUoa 
contain  eight  pounds  of  wheat. 


I 


WEIGHTS  AND  MEASURES. 


WEIGHTS  AND  MEASURES. 


dfls 


-to  suggest  something  like  the  actaal  truth,  should  not  haye  been  able 
to  find  out  the  mere  existence  of  the  largest  or  ale  gallon,  and  it  sho^ra 
tlie  extreme  confusion  in  which  the  subject  was  thtin  enveloped. 

There  has  been  in  various  quarters  a  disposition  to  suppose  that  the 
varieties  of  gallons  arose  from  the  varieties  of  pounds,  since  the  original 
definition  of  the  gallon  depended  upon  the  pound.    This  we  think 
exceedingly  likely :  we  do  not  imagine  that  it  was  done  of  set  pur- 
pose, but  only  by  oonfounding  one  species  of  poimd  with  the  other,  in 
the  -way  of  common  mistake.    There  is  among  most  antiquarians  a 
perverse  unwillingness  to  admit  himian  frailty  among  the  explanations 
of  the  phenomena  of  former  times,  which  has  caused  many  an  hour  to 
be  thrown  away  in  trying  to  reconcile  the  Greek  musical  s«iles  [Tetra- 
chord],  and  many  more  in  finding  out  for  the  rude  forefathers  of  all 
kinds  of  nations  an  accurate  and  sdf-consistent  system  of  weights  and 
measures.    Though  even  in  our  day,  a  learned  body,*  legislating  for 
educated  men,  after  declaring  in  one  paragraph  that  none  but  troy 
^weight  is  to  be  used,  has  introduced  averdupois  weight  in  the  very 
next  paragraph, — we  never  permit  ourselves  to  suppose  that  such  a 
thing  could  have  taken  place  in  the  reign  of  Henry  YIII.  or  Elisabeth. 
Kow  it  certainlv  does  happen  that  there  is  a  close  relation  not  only 
between  the  ola  gallons  and  the  weights,  but  even  between  the  different 
versions  of  the  old  gallons  and  the  weights.    There  was  a  gallon  of  282 
cubic  inches,  in  the  Exchequer  as  a  standard ;  there  was  one  of  272} 
inches,  in  common  use ;  there  was  one  of  281  inches,  in  common  use ; 
and  there  was  one  of  224  inches,  in  the  QuildhalL     Now  282  and  232 
are,  as  near  as  integers  will  show  it,  in  the  proportion  of  the  pound 
averdupois  to  Uie  pound  troy,  and  272|  and  224  are  as  nearly  in  the 
same  proportion.    It  is  unlikely  that  this  should  have  been  accidental. 

Common  usage,  in  the  16th  century,  made  more  distinctions  of 
measures  than  have  lasted.   The  editor  of  the  '  Pathway  of  Knowledge' 
gives  four  sorts  of  pounds  as  in  use  :  the  Tower  pound  (already  men- 
tioned in  Tbot),  the  troy  and  "  haberdepoys,"  the  subtill,  and  the 
foyle.    The  word  subtill  was  not  the  one  mentioned  in  Tare,  at  least 
one  would  suppose  so ;  let  the  reader  try  to  understand  it  himself : — 
**  The  poundes  subtiU,  so  tearmed  for  that  in  in  small  quantitie  it  may 
bee  made  ratable  to  represent  anye  other  greater  waight  whatsoever,  as 
foure  penny  waight  troy,  or  less  to  answere  in  due  proportion  unto  the 
whole  pound  Troye,  with  all  Ws  parts,  every  parte  sensible  and  seve- 
rally to  be  handled.    This  waight  is  private,  to  assaye  Maisters  and 
such  as  can  make  triaU  of  minerals,  and  not  knowne  to  many  other, 
neither  is  there  any  use  thereof,  in  ordinarie  accompts."    This  seems 
to  mean  that  any  small  piece,  such  as  an  assayer  would  cut  off  for  trial, 
was  made  to  represent  a  pound,  and  the  fineness  expressed  in  ounces 
of  that  small  pound  would  of  course  represent  that  of  the  actual  pound. 
The  pound  foyle  was  less  than  the  poimd  troy  by  its  fifth  part,  and  was 
used  for  gold  foil  and  for  wire,  and  for  pearls.     In  the  two  former  cases 
it  obviou^y  means  that  the  workman  paid  himself  for  labour  and  loss 
by  selling  four-fifths  of  a  pound  of  wire  or  foil  at  the  price  of  a  pound  of 
bullion.    And  many  varieties  of  measure  arise  in  this  way,  namely, 
by  varying,  not  the  price  of  a  given  amount,  but  the  amount  of  a  given 
name  at  a  given  price.    A  wholesale  bookseller  now  says  that  he  sells 
25  08  24,  meaning  that  he  who  buys  two  dozen  shall  have  one  more ; 
but  in  the  16th  century,  had  this  usage  existed,  it  would  have  been  put 
down  that  two  dozen  of  books  are  twenty- five. 

It  is  needless  to  give  an  account  of  the  old  standards  of  weight 
mentioned  by  the  committee  of  1758,  as  many  of  them  are  lost;  a 
much  greater  agreement  was  found  to  exist  between  those  made  at 
various  times  than  was  observed  in  regard  to  the  standards  of  capacity. 
The  origin  and  history  of  the  different  weights  is  alluded  to  in  Aver- 
dupois and  Trot  ;  of  the  standards  of  length  in  Weights  aitd 
Measures,  Standard,  in  which  last  article  will  be  found  an  account 
of  the  transition  to  the  now  established  imperial  measures.  The  day  is 
probably  distant  when  the  English  public  shall  enjoy  the  advantages  of 
a  uniform  decimal  system  of  weights  and  measures — ^the  only  one  which 
is  sure  of  stability.  An  opinion  is  gaining  ground  that  the  best  method 
of  ultimately  attaining  tins  end  is  by  beginning  with  the  coinage,  and 
this  was  recommended  by  the  commissioners  who  reported  on  the  sub- 
ject [Weights  and  Measures,  Standard.]  Nothing,  as  it  fortu- 
nately happens,  can  be  easier  than  this  change :  the  introduction  of 
coins  of  two  shillings  each,  in  place  of  the  half-crown,  might  be  followed 
by  that  of  coins  of  twopence-halfpenny  each,  without  requiring  any  alter- 
ation in  the  habits  or  calculations  of  any  one.  It  is  the  advantage  of  this 
proposition  that  the  two  new  coins  might  be  learnt  as  parts  of  the  old 
system,  before  the  subsequent  alteration  of  the  copper  is  made.  As  soon 
as  these  coins  are  well  established,  an  alteration  of  four  per  cent,  in  the 
copper  coinage,  or  the  enactment  that  twclvepence-halfpenny  shall  pass 
for  the  silver  shilling,  is  the  whole  step  requisite  to  complete  the  process; 
and  the  pound  will  then  consist  of  ten  two-shUHjig  coidb  (under  their  pro- 
per name),  the  two-shilling  coin  often  tioopencc-halfpenny  coins(also  under 
their  proper  name),  and  the  twopence-halfpenny  of  ten  farthings  as  at 
present.  As  soon  as  this  change  is  made,  and  the  convenience  of  its 
arithmetic  found  by  experience,  it  will  not  be  long  before  there  is  a 
demand  for  the  extension  of  the  principle  to  weights  and  measiu'es. 
And  it  would  be  well  if  those  who  endeavour  to  \maig  about  a  reform 

*  We  allade  to  the  College  of  Phyfieians,  in  the  matter  of  the  fluid  apothe. 
earics'  measure,  presently  mentioned.  The  mistake  was  exceedingly  natural, 
almofit  iaeyitable,  but  it  ahows  what  extreme  ears  is  neeaasary. 


in  this  matter  would  remember  that  change  of  coinage  is  the  only 
change  which  a  government  can  immediately  command — that  for  one 
calculation  which  is  made  upon  goods,  hundreds  are  made  upon  money 
— and  that,  if  the  small  alteration  which  is  required  to  make  the 
coinage  ^  purely  decimal  cannot  be  attained,  there  is  little  chance  of 
the  more  extensive  changes  which  the  weights  and  measures  will 
require. 

We  now  describe  the  English  weights  and  measures  as  they  stood  on 
the  last  day  of  the  year  1825,  immediately  before  the  introduction  by 
law  of  the  imperial  measures,  with  some  remarks  on  their  states  at 
different  times.  As  it  is  not  to  such  an  article  as  the  present  that  the 
young  arithmetician  will  refer,  it  will  not  be  necessary  to  give  more 
than  a  condensed  set  of  tables.  For  the  modem  continental  measures 
which  follow,  we  have  to  acknowledge  great  assistance  from  Dr.  Kelly's 
'  Cambist,'  the  standard  work  on  the  subject. 

Troy  WeigJU, — TUs  weight  is  said  to  have  always  been  the  standanl 
w^ght  of  the  country :  on  this  assertion  we  have  some  doubts ;  but 
this  is  not  the  place  to  enter  on  them  at  length.  The  pound  is  12 
ounces;  the  ounce  is  20  pennyweights ;  tiie  pennyweight  is  24  grains. 
The  pound  is  5760  grains.  There  is  but  one  grain  in  use,  whether  troy 
or  averdupois,  and  a  cubic  inch  of  pure  water  is  252'458  grains  (baro- 
meter 30  inches,  thermometer  62°  Fahr.).  A  cubic  foot  of  water  is 
75*7374  pounds  troy.  Wheat  and  bread  were  once  measured  by  tUs 
weight,  but  latterly  only  gold  and  silver.  It  is  usual  to  say  that  pre- 
cious stones  are  also  measured  by  troy  weight;  but,  as  may  be 
supposed,  the  measure  of  these  is  the  grain.  The  diamond  is  measured 
by  carats  of  151 4  to  the  ounce  troy ;  so  that  the  carat  is  3 J  grains,  very 
nearly.  In  pearls,  the  old  foil  measure  already  noticed  still  exists ;  for 
the  pearl  grain  is  one-fifth  less  than  the  troy  grain.  In  the  17th 
century  the  goldsmiths  divided  the  ounce  troy  into  24  carats  of  fotn* 
grains  each  for  gold  and  silver :  so  that  the  pound  troy  contained  1152 
gold-carat  grains.  They  also  divided  the  ounce  into  150  carets  of  four 
grains  each,  for  diamonds :  so  the  pound  troy  contained  7200  diamond- 
carat  grains.  But  now  the  Carat  has  only  the  sense  noted  under  that 
word,  for  gold  and  silver ;  and  is  altered  as  above  for  diamonds. 

According  to  the  old  statutes,  the  pound  troy  is  7680  grains ;  for 
32  grains  are  to  make  a  pennyweight,  20  pennyweights  an  ounce,  12 
ounces  a  pound.  It  is  not  known  when  or  why  the  pennyweight  was 
first  t  made  24  grains.  In  some  old  books  a  grain  is  20  mites,  a  mite 
24  droites,  a  droite  20  peroites,  and  a  peroite  24  blanks.  This  divj&ion 
of  the  grain  into  230,400  parts  must  of  course  have  been  book-learning: 
it  is  said  to  have  been  confined  to  the  mojieyers. 

In  Swallow's  Almanac  for  1673,  we  find  tiie  trov  weight  given  as  for 
'*  pearls,  precious  stones,  gold,  silver,  bread,  and  att  manner  of  com  and 
grain ;  and  this  weight  the  apothecaries  ought  to  use." 

Apothecaries  Wdghi, — In  dispensing  medicines,  the  pound  troy  (Does 
that  weight  ever  occur  in  prescriptions  ?)  is  divided  into  12  oimces,  the 
ounce  into  8  drams,  the  dram  into  3  scruples;  consequently  each 
scruple  is  20  grains.  But  in  buying  and  selling  medicines  wholesale, 
averdupois  weight  is  and  always  h^  been  used.  The  '  Patiiway,'  so 
often  cited  (1596),  says,  "all  physical  drugges"  were  weighed  by  aver- 
dupois, and  Jeake  (1674)  says  that  "many  "  (only  many)  of  the  "  physical 
doses "  are  weighed  by  what  we  now  call  apothecanes*  weights  The 
fact  seems  to  be  that  m  the  first  instance  the  more  precious  drugs,  as 
musk,  were  weighed  by  troy  weight,  in  the  same  manner  as  the  more 
precious  metals ;  and  that  the  common  medicines  were  dispensed  by 
fractions  of  what  was  then  the  conunon  pound,  as  we  shall  see  under 
the  next  head. 

ApotTiecarieS  Jluid  measure, — In  1836,  in  the  new  edition  of  the 
'  Pharmacopoeia,'  the  College  of  Physicians  prescribed  the  use  of  the 
following  measure  : — 60  minims  make 'a  fluid  dram ;  8  fluid  drams  a 
fluid  ounce ;  20  fluid  ounces  a  pint.  For  water  this  is  actual  weight 
as  well  as  measure,  since  the  imperial  pint :}:  is  20  ounces  averdupois  of 
water ;  but  for  other  liquids  the  fluid  otmce  §  must  merely  bo  con- 
sidered as  a  name  given  to  the  20th  part  of  a  pint.  The  minim  of 
water  is  as  nearly  as  possible  the  natural  drop ;  but  not  of  other  sub- 
stances, the  drops  of  which  vary  with  their  several  tenadtieB. 

According  to  Dr.  Toung  (who  has  reduced  them  from  Vega),  the 
apothecaries^  grains  used  in  different  countries  are  as  follows : — 1000 
English  grains  make  1125  Austrian,  956  Bemese,  981  French,  850 
Genoese,  958  German,  978  Hanoverian,  989  Dutch,  860  Neapolitan, 

*  We  leare  these  remarks  as  they  stood  in  the  '  Penny  Cyclopeedla,'  without 
any  allusion  to  reeent  dlseusslons. 

f  Cocker,  Wlngata,  See.,  say  that  a  pennyweight  is  83  real  grains,  and  S 
artificial  gn^, 

X  The  old  pint  was  more  nearly  a  poand,  and  some  of  oar  readers  will 
remember  the  old  sajrlng,^ 

'*  A  pint's  a  poand 
All  the  world  roand." 

The  second  line  of  this  was  certainly  not  trae,  and  the  first  only  approximately. 
Bat  onder  the  imperial  system  the  following,  which  ia  UteriUly  troe,  may  bs 
aabetitutcd, — 

•  "A  pint  of  pare  water 

Weighs  a  pound  and  a  quarter." 

§  It  Is  not  noted  in  the  <  FharmacopcBia '  that  the  fluid  ounce,  when  It  <*  an 
ounee.  Is  an  ounce  arerdopois :  a  preceding  sentence  in  that  work  implies  that 
medical  men  are  never  to  use  anything  but  troy  weight. 
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824  Piedmontese,   864  Portuguese,  909  Roman,  925  SpaniBh,  955 
Swedish,  809  VenetiaD. 

Tbe  recent  alterations  in  the  goremment  of  the  medical  profession 
have  produced  proposals  to  alter  the  method  of  weighing  medicines. 
A  committee  of  the  General  Council  of  Medical  Education  has  given  a 
recommendation  to  the  following  effect.  The  pound  averdupois  is  to 
have  its  ounce  divided  into  dnichms,  scruples,  and  grains,  as  in  the 
present  troy  ounce.  To  effect  this,  a  new  grain  is  invented,  being 
'91145  of  the  present  grain  :  and  the  pound  is  to  be  7680  grains,  as  of 
old.  What  purpose  1^  change  can  answer,  or,  supposing  a  purpose, 
now  it  can  bring  benefit  enough  to  counterbalance  the  alteration  of  the 
grain  in  which  all  doses  are  now  remembered,  and  all  prescriptions 
written,  we  cannot  imagine. 

Averdupois  weight, — The  pound  is  16  ounces,  and  the  ounce  16 
drams :  the  modem  pound  is  7000  gnuns  (the  same  as  the  troy  grains) ; 
whence  the  dram  is  27  grains  and  ll-32nd8  of  a  grain.  The  hundred- 
weight is  112  pounds,  and  the  ton  20  hundredweight.  The  cubic  foot 
of  water  is  62*8210606  poimds  averdupois.  The  stone  *  is  the  8<h  part 
of  the  hundredweight,  or  14  pounds.  The  ton  of  shipping  is  not  a 
weight,  but  a  measure,  42  cubic  feet,  holding  24  hundredwei^t  of  sea- 
water.  In  the  oldest  mentions  which  are  made  of  haberdupois  or  aver- 
dupoii,  the  word  is  not  applied  to  weight,  but  to  goods  weighed.  A 
charter  of  Edward  I,  speaks,  "  de  averis  ponderis,  et  de  aliis  rebus 
Bubtilibus ; "  and  no  mention  is  made  of  averdupois  toeight  before  the 
time  of  Heniy  VIII.  Win^ate  (quoting  Gerard  Malynes,  whose '  Lex 
Mercatoria'  was  published  m  1636)  says  that  it  serves  to  weigh  "  all 
kind  of  grocery  ware,  as  also  butter,  cheese,  flesh,  tallow,  wax,  and 
every  other  tMng  which  beareth  the  name  of  gaiM,  and  whereof 
issueth  a  refuse  or  waste."  To  which  the  almanac  of  1673,  already 
quoted,  adds,  "and  therefore  112  lbs.  averd.  is  called  a  hundred- 
weight." 

The  old  merchants'  pound,  which  was  15  ounces  [Troy],  may  have 
been  the  origin  of  the  modem  averdupois  pound.     Fleta  says  every- 
thing was  weighed  by  it  except  gold,  silver,  and  drugs ;  but  it  is  to  be 
remembered  that  this  does  not  mean  that  gold  and  suver  were  weighed 
l^  troy  weight ;  for  it  is  well  known  that,  until  a  change  was  made  by 
Henry  VIII.  in  1527,  gold  and  silver  were  weighed  by  the  Tower 
pound  of  11^  ounces.    The  modem  averdupois  pound  is  14  ounces, 
12  pennyweignts,  all  but  8  grains  troy.    The  standards  of  Elizabeth 
agree  tolerably  well  with  thu ;  but  it  is  to  be  noticed  that,  unless  we 
suppose  two  averdupois  poimds,  one  ancient  and  one  modem,  there  is 
much  reason  to  doubt  whether  the  averdupois  pound  was  uniform. 
Dr.  Kelly  says, ''  The  old  commercial  weight  of  England,  which  is  still 
retained  in  Scotland,  is  about  one-twelfth  heavier  than  averdupois,  the 
pound  being  7600  grains  troy  ....  this  has  been  long  the  weight  in 
England  by  which  the  assize  t  of  bread  is  fixed."    Our  suspicion  is 
this,  that  the  old  commercial  pound,  probably  differing  in  different 
places,  though  supposed  to  be  uniform,  gradually  gained  the  name  of 
averdupois  ;  and  that  the  standards  deposited  in  the  Exchequer  in  the 
time  of  Elizabeth,  which  certainly  do  not  agree  with  the  arithmetical 
writers  of  the  same  date,  were  probably  derived  either  from  this  old 
merchants'  pound  of  15  ounces  troy,  or  from  a  selection  out  of  the 
varying  specimens  of  a  pound  derived  from  it.    In  the  *  Pathway  *  the 
"  x>ound  haberdupois  is  parted  into  16  ounces,  every  ounce  8  dragmes, 
every  dragme  3  scruples,  eveiy  scrapie  20  grains ;  "  giving  7680  grains 
to  the  poimd.    This  is  tbe  probable  origin  of  the  old  pound  which 
Dr.  Kdly  mentions,  and  it  happens  to  contain  precisely  the  same 
number  of  grains  as  the  old  statute  t  pound  before  32  grains  took  the 
place  of  24  in  the  pennyweight.    And  this  shows  the  origin  of  apothe- 
caries' weight :  medicines  were  dispensed  by  this  old  subdivision  of  the 
pound,  and  continued  to  be  so  »fter  the  pound  of  Elizabeth's  standard 
had  supplanted  the  old  one.     It  was  then  natural  that  this  ounce, 
drachm,  and  scruple,  which  were  no  aliquot  parte  of  the  new  averdupois 
pound,  but  which  were  aliquot  parts  of  the  pound  troy,  should  be 
referred  by  arithmeticians  to  the  latter.  §    Sir  Jonas  Moore,  who  had 
been  surveyor-general  of  the  Ordnance,  and  could  hardly  have  fiiiled  to 
be  correctly  informed,  gives  the  same  pound  and  subdivisions.  Moore's 
'  Arithmetic '  was  first  published  in  1650.    Jeake,  as  late  as  1674,  gives 
the  same  division  and  the  same  pound  of  7680  grains ;  and  Harris,  as 
late  as  1716,  does  the  same  in  the  third  edition  of  the  'Lexicon  Techni- 
cum.'    Jeake  gives  several  citations  tending  to  show  that  there  was  no 
universal  agreement  about  the  pound  averdupois.    Dalton  (the  lawyer) 
and  Malynes,  he  says,  agree  in  making  56  lbs.  averd.  equal  to  67i  lbs. 
troy  (or  6942^  grains  to  the  pound  averd.),  but  both  afterwards  put 
68  for  674  (which  gives  6994^  grains).    Others,  he  continues,  afiirm 
the  poimd  averdupois  to  be  14  ounces  12  pennyweights  troy  (giving 


*  There  were  a  great  many  different  stone  weights :  every  one  hat  that  of 
14  poxinda  la  now  illegal. 

f  Abolished  in  1816. 

i  This  ciroumstance  and  others  may  lead  to  the  oiupicion  that  the  pound  of 
which  we  now  speak  (being  that  which  was  called  averdupois  in  the  16th 
oentnry)  was  in  reaUtj  the  old  standard.  In  1750  Mr.  Reynardson  published 
a  pamphlet,  asserting  that  the  eommon  averdopois  pound  was  the  ancient 
standard,  on  other  gronnds. 

§  The  writers  of  books  might  invent  a  pound  for  this  measure,  because 
medicines  are  not  dispensed  by  pounds,  just  as  they  might  coin  billions,  tril- 
lions, Ac,  [Nvmxratxon],  tboFO  numbers  being  never  used.  But  the  druggists 
continued  to  buy  and  seU  wholesale  b^  averdupois  weight* 


7008  grains).    The  older  writers  hardly  mention  avcpdapoia  -w- : 
Recorde  not  at  all ;  Mellia  slightly,  not  subdividing  the   ounce,     hu  -■ 
well,  an  editor  of  Recorde  (1648),  mentions  this  pound  of  16  fi-.- 
and  7680  grains,  divided  as  above,  and  says  it  is  used  by  Apoibecs.'  .. 
Oughtred,  mentioning  Ohetaldis  pound  of  6912  grains^  compare  .- 
only  with  the  English  troy  pound,  without  mention  of  any  otlier.    jl 
this  shows  that,  at  the  be^niug  of  the  17th  century,    tliere  wij: : 
complete  want  of  agreement  as  to  what  constituted  aT^erdupois  wr  .^i 
which  continued  in  some  degree  till  the  end.     NerertlxeleaB  in  ". 
middle  of  the  century,  Wyberd,  who  measured  for  himself,  and  \ 
friend  Reynolds  (before  mentioned),  assert  that  the  averdupois  p  _ 
is  to  the  troy  as  17  to  14  (which  gives  6994f  grauus,  agreeing  t  .. 
Dalton  and  Malynes),  thougn  they  say  that  the  then   commoo  n.i.  : 
was  that  the  ratio  was  78  to  60  (which  gives  7008  grains).     Mcir 
(1679)  gives  as  mncb.  as  7680  grains.    Ward  says  that,  by  a  verr  -.  - 
experiment,  he  found  69994  grains.    Arbuthnot,  apparently  metr.  - 
to  cite  Qreaves,  but  we  cannot  find  the  place,  gives  tlie  ratio  17: : 
144,  or  68901  grains.    Down  to  the  statute  of  Qeo.  IV.,  the  arrerthr  ;. 
pound  varied  a  little,  according  to  the  notion  of  the  writer  :   DiJv  *ri 
makes  it  69994  fip^^ains ;  Dr.  Robert  Smith,  7000  grains  ;   Houoyr^-i- 
6999||  grains.    And  even  since  that  act  came  into  operation,  «L- 
declara  "that  seven  thousand  such  grains  shall  be,   and  they  •:* 
hereby  declared  to  be,  a  pound  avoirdupois,"  an  editor  of  ^he  last-nacjad 
writer  will  not  obey  the  statute,  but  adds  the  12Srd  part  of  a  gnir. 

Long  measure, — Three  barleycorns  make  an  inch,   12  inches  a  fx-. 
3  feet  a  yard,  54  yards  a  pole,  perch,*  or  gad,  40  poles  a  furloog.  i 
furlongs  (1760  yards)  a  mile.    Also  2|  inches  are  a  nail,  3  quarters  - 
a  yard  a  Flemish  ell,  5  quarters  an  English  ell.  6  quarters  a  Frei:.i 
elL    A  pace  is  2  steps,  or  5  feet ;  a  fathom  is  6  feet.     The  chats  i>  i. 
yards,  or  100  links :  10  chains  make  a  furlong,  and  80  chains  a  i^. 
The  barleycorn  is  now  disused,  and  the  inch  is  sometimes  divided  i:^: 
12  lines  (as  in  France),  but  oftener  into  tenths  or  eighths.     On  vur 
older  itinerary  measures,  see  League  and  Mile.     The  yard  is  fnr 
quently  called  an  ell  in  old  books ;  commonh/f  Recorde  saya.     Me u>« 
says  that  both  the  yard  and  the  ell  were  divided,  each   into  16  na£5. 
A  goad  is  an  old  name  for  a  vard  and  a  hall    The  hand  (ancientlj 
handful),  used  in  measuring  the  height  of  horses,  is  fixed  at  4  inches  Vj 
27  Henry  Vlll.,  cap.  6.    The  furlong  is  probablv  a  corruption  of  fortj- 
long,  from  its  forty  poles :  the  old  derivation,  furrowlong,  aa  long  a^^  a 
furrow,  seems  to  us  to  carry  absurdity  on  the  face  of  it.     The  etjn.> 
legists  of  measures  are  not  always  fortunate ;  Verstegan  derives  Trtj 
weight  from  Troynovant,t  the  mythological  name  for  London ;  and 
Jeake  will  have  averdupois  to  be  overdupois,  because  the  pound  i> 
greater  than  in  troy  weight ;  while  Mozon  says  the  word  means  "  Hart 
your  weight." 

Square  Measure, — A  square  perch  is  SO  J  square  yards ;  40  square 
percnes  are  a  rood  (formerly  also  farthendele),  4  roods  are  an  acre.  The 
acre  is  also  .ten  square  chains,  or  4840  square  yards.  Four  squ^R 
perches  were  anciently  called  a  day's  work.  The  rood  t  is  the  same 
word  as  rod :  Mollis  says  four  rods  make  an  acre.  The  old  terms  which 
have  come  down  from  'Domesday  Book'  at  latest,  the  hide,  plow- 
land,  carucate,  and  ozgang,  are  wholly  imsettled  as  to  what  magnitudes 
they  meant. 

The  cubic  measures,  or  measures  of  capacity,  do  not  immediately 
depend  upon  the  cubic  foot,  except  in  the  case  of  timber.  Forty 
cubic  feet  of  rough  timber,  or  fifty  feet  of  hewn  timber,  make  a  load. 

The  preceding  measures  have  been  untouched  by  the  act  which 
introduced  the  imperial  measures.  The  old  measures  of  capacity,  the 
wine  measure,  ale  and  beer  measure,  and  the  diy  measure,  are  now 
replaced  by  the  imperial  measure. 

(Hd  Dry  or  Com  Measure, — The  gallon  is  268*6  cubic  inches.    Two 
pints  make  a  quart,  2  quarts  a  pottle,  2  pottles  a  gallon,  2  galJons  a 
peck,  4  pecks  a  bushel,  2  bushels  a  strike,  2  strikes  a  comb  or  coomb, 
2  coomlw  a  quarter  (eight  bushels),  5  quiulers  a  wey  or  load,  and  2 
weys  a  last    In  measuring  grain,  the  bushel  is  struck,  that  is,  the 
part  which  more  than  fills  the  measure  is  scraped  off.    Most  other 
goods  were  sold  by  heaped  measure,  or  as  much  as  could  be  laid  on 
tiie  top  of  the  measure  was  added.    This  heaped  measure  (which  was 
supposed  to  give  about  a  third  more  than  the  other)  was  at  first 
allowed  in  the  imperial  inrstem,  but  has  since  been  abolished.    Coals, 
which  must  now  be  sold  by  weight,  were  sold  by  the  chaldron. 
Three  bushels  make  a  Back,§  three  sacks  a  vat,   and  four  vats  a 
chaldron. 

There  was  anciently  a  dell,  or  half-bushel  (also  .called  a  tovU), 
which  makes  the  binary  character  of  this  measure  almost  complete. 
In  the  '  Pathway '  we  do  not  find  the  load  or  wey,||  and  the  coomb  is 

*  In  recent  times  the  word  pereh  has  been  almost  confined  to  the  iqnare 
pereh. 

t  Mr.  Davies  Gilbert,  in  his  evidence  before  the  committee  on  weights  and 
measures,  declared  for  this  derivation.  Lord  Swinton  derives  it  IVoin  troitt 
three ;  observing  that  the  money  and  the  money  weigrht  have  three  denomiaa. 
tions  each — penny,  shilling,  pound ;  and  pennyweight,  ounce,  pound. 

X  Rod  or  rood  merely  means  a  piece  of  wood  much  longer  than  it  Is  broad  or 
thick.    So  the  word  rood  was  frequently  used  for  the  cross ;  and  when  Milton 
says  that  Satan  "  lay  floating  many  a  rood,"  he  is  taking  the  length  of  his  hero^ 
and  not  the  ground  which  he  eovered. 
In  1596  the  sack  was  four  bushels. 
Moore  makes  six  quarters,  and  Ward  ten,  in  a  wey. 
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ISO  called  a  comook  (by  Jonaa  Mooro,  canock),  and  the  quarter  also 
seam.*  The  'Pathway,'  Mellis,  and  Moore,  &c.,  mention  the  tcater 
tcusure  of  five  pecks  to  a  bushel  (11  Henry  VII.,  cap.  4.),  and 
Iwayei  in  conjunction  with  dry  measure :  it  means  a  dry  measure  in 
Lse  at  the  waterside,  and  lime,  sea-coal,  and  salt  were  measured  by 
b.  The  common  dry  bushel  was  called  the  Winchester  bushel ;  this 
larao  is  a  remnant  of  the  laws  of  King  Edgar,  who  ordained  that 
;X>eciinciis  kept  at  Winchester  should  be  legal  standards. 

Old  Wine  T  Measure. — The  gallon  contains  281  cubic  inches.  Four 
^lls  make  a  pint,  2  pints  a  quart,  4  quarts  a  gallon,  18  gallons  a 
ruiidlet,  314  gallons  a  barrel,  42  gallons  a  tierce,  63  gallons  a  hogs- 
Liead,  2  tierces  a  puncheon,  2  hogsheads  a  pipe  or  butt,:^  2  pipes  a 
biin.  But  the  pipes  of  foreign  wine  depend  more  on  the  measures 
of  their  different  countries  than  on  the  above.  The  rundlet  and 
barrel  are  generally  omitted,  but  they  are  both  found  in  writers 
of  the  16  th  century.  Mellis  gives  18^  gallons,  and  the 'Pathway' 
1 8  gallons,  to  the  rundlet.  Tierce  merely  means  the  third  part  of  a 
pipe,  and  the  puncheon  was  anciently  called  the  tercian  (of  a  tun). 
The  pottle  (of  two  quarts)  formerly  existed.  The  anker  of  brandy,  a 
foreign  measure  of  comparatively  recent  introduction  into  Enghuid, 
is  ten  gallons. 

Old  AU  and  Beer  Measure. — One  gallon  contains  282  cubic  inches. 
Two  pints  make  a  quart,  4  quarts  a  gallon,  9  gallons  a  firkin,  2  firkins 
a  kilderkin,  2  kilderkins  a  barrel,  I4  barrel  a  hogshead,  2  hogsheads 
a  butt,  2  butts  a  tun.  Up  to  the  year  1803,  when  the  two  measures 
-were  assimilated  §  by  statute,  thiis  was  the  beer  measure,  and  the 
ale  measure  only  differed  from  it  in  that  8  gallons  made  a  firkin. 
Nothing  above  a  barrel  is  mentioned  in  the  oldest  tables,  and  the 
pottle  (two  quarts)  is  introduced.  Two  tuns  were  sometimes  called 
a  last. 

Imperial  Measure. — This  measure  supersedes  the  old  com,  wine, 

and  beer  measures.    The  gallon  contains  277'274  cubic  inches,  and 

is  10  x>ounds  averdupois  of  water.    Four  giUs  are  a  pint,  2  pints  a 

quart,  4  quarts  a  gallon,  2  gallons  a  peck,  4  pecks  a  bushel,  8  bushels 

a  quarter,  5  qusuters  a  load.    Of  these  the  gUl  and  load  are  not 

named  in  the  statute,  but  are  derived  from  common  usage.    When 

heaped  measure  was  allowed,  8  bushels  made  a  sack,  and  12  sacks  a 

chaldron.     This  heaped  measure  was  abolished  ||  by  4  &  5  Will.  lY., 

c.  49,  and  the  abolition  was  re-enacted  by  5  &  6  Will  IV.,  c.  63,  which 

repealed  the  former.    These  acts  leave  the  higher  measures  of  wine, 

&c.,  to  custom,  considering  them  apparently  as  merely  names  of  casks, 

-which  in  fact  they  are,  and  leaving  them  to  be  gauged  in  gallons.     It 

must  be  remembered  that  in  former  times  any  usual  vessel  which  was 

generally  made  of  one  size  came  in  time  to  the  dignity  of  a  place 

among  the  national  measures. 

Wool  Measure. — Seven  pounds  make  a  clove,  2  cloves  a  stone,  2 
stones  a  tod,  6  J  tods  a  wey,  2  weys  a  sack,  12  sacks  a  last.  The 
*  Pathway '  points  out  the  etymology  of  the  word  cloves  :  it  calls  them 
'  claves  or  nails,**  It  is  to  be  observed  here  that  a  sack  is  18  tods, 
and  a  tod  28  pounds,  so  that  the  sack  is  364  pounds.  Jeake  says  this 
was  arranged  (31  Edward  III.,  cap.  8)  according  to  the  lunar  year  of 
13  months  of  28  days  each.  The  reason,  no  doubt,  was,  that  the  mul- 
titudes of  whose  occupation  the  spinning  of  wool  formed  a  part  might 
instantly  be  able  to  calculate  the  supply  for  the  year  or  month  from 
the  amount  of  the  day's  work ;  a  pound  a  day  being  a  tod  a  month  and 
a  sack  a  year.  But  it  would  seem  as  if  Sundays  and  holidays  had  to  be 
made  up  on  other  days. 

Tak  or  Beckoning. — If  we  'were  to  collect  every  mode  of  counting, 
this  would  be  the  largest  head  of  all.  The  dozen,  the  gross  of  12  dozen, 
and  the  score,  are  the  only  denominations  not  immediately  contained 
in  the  common  system  of  nimieration,  which  are  universally  received ; 
and  in  all  cases,  by  a  dozen,  a  score,  a  hundred,  a  thousand,  &c.,  were 
signified  different  numbers,  composed  of  the  arithmetioal  dozen,  score, 
&c,  together  with  the  aUowances  usually  made  upon  taking  quantities 
of  different  goods.  The  "  baker's  dozen/'  for  instance,  which  has  passed 
into  a  proverb,  arose  from  its  being  usual  in  many  places  to  give  13 
penny  loaves  for  a  shilling.  The  increased  dozen,  hundred,  &c.,  were 
sometimes  called  the  long  dozen,  long  hundred,  &c. ;  and  this  phrase  is 
sometimes  heard  in  our  own  day,  when  a  dear  price  is  called  a  "  long 
price."  The  12  dozen  was  formerly  called  the  small  gross,  and  12 
small  gross  made  the  great  gross.   The  hundred  was  more  frequently  ^ 

*  This  -word  has  been  preserved  as  a  measure  of  glass. 
t  For  vine  and  spirits,  cider,  mead,  oil,  honey,  vinegar. 

I  According  to  Mellis,  the  butt  yru  a  name  applied  only  to  half-tuns  of 
malmsey  or  sack. 

^  The  reader  would  look  in  vain  for  any  noUco  of  this  in  books  of  arithmetic. 
Perhaps  the  statute  was  not  attended  to.  The  distinction  of  the  ale  and  beer 
firkin  1b  said  by  Ward  to  have  existed  only  in  London,  an  average  firkin  of 
8^  gallons  having  been  enacted  for  all  other  parts  of  England  by  the  statute  of 
£zci0e  of  1689.  But  it  does  not  follov,  in  matters  of  weight  and  measure, 
that  any  change  was  actually  produced  merely  because  there  was  an  Act  of 
Parliament  for  it. 

II  It  was  abolished  in  Scotland  two  centuries  ago,  and  re-enacted  by  neglect 
in  the  act  of  1825.  But  the  re-enactment  did  not  obtain  for  it  the  slightest 
introduction,  according  to  M'CuUoch. 

K  According  to  the  old  adage,  the  hundred  was — 

'*  FIto  score  of  men,  money,  and  pins, 
Six  score  of  aU  other  things.'* 


120  than  100,  the  thousand  generally  ten  hundred.  Ten  thousand  was 
frequently  called  a  last ;  and  it  is  to  be  observed  that  the  word  last 
was  frequently  (almost  usually)  applied  to  the  highest  measure  of  one 
given  kind.  'Ilie  shock  was  always  60 ;  the  dicar,  or  dicker,  always  10, 
as  the  name  imports.  In  measuring  paper  (1594),  the  quire  was  25 
sheets,  the  ream  20  quires,  and  the  bale  10  reams.  By  1650  the  prac- 
tice of  reckoning  24  sheets  to  the  quire  (now  universal)  had  been  intro- 
duced as  to  some  sorts  of  paper.  The  memory  may  be  assisted  by  the 
phrase  that  a  quire  is  the  shilling  of  a  ream,  and  a  sheet  is  its  halfpenny. 
Tale-fish,  as  those  were  called  which  were  allowed  to  be  sold  by  tale, 
were  (22  £dw.  IV.,  cap.  2)  such  as  measured  from  the  bone  of  the  fin 
to  the  third  joint  of  the  tail  16  inches  at  least. 

It  is  impossible  for  us  to  describe  the  various  weights,  measures,  &o., 
which  have  found  their  way  into  use  in  the  various  counties.  Dr. 
Young  collected  a  list,  which  is  printed  in  the  second  Report  of  the 
Commissioners  on  Weights  and  Measures  (1820),  to  which  we  must 
refer  for  the  various  local  barrels,  bushels,  hundreds,  &c.,  and  also  for 
the  awm,  bag,  bale,  basket,  bat,  bay,  beatment,  billet,  bind,  bing,  boll, 
bolt,  bolting,  bottle,  bout,  box,  bucket,  bunch,  bundle,  burden,  cabot, 
cade,  canter,  caroteel,  carriage,  cart,  cartload,  case,  cast,  cheef,  chest, 
clue,  cord,  corf,  cran,  cranock,  cut,  cyvar,  cyvelin,  daugh,  dish,  dole, 
drop,  dupper,  erw,  faggot,  fall,  fan,  flask,  fodder,  fotmal,  frazil,  garb, 
gaun,  glean,  gunny,  gwaith-gwr,  hank,  head,  heap,  hide,  hobed, 
hoop,  hutch,  hyle,  incast,  ingrain,  jar,  jug,  keel,  kemple,  kenning, 
kibin,  kishon,  kiver,  knot,  lay,  leap,  lispound,  llath,  llathen  gyvelin, 
llestraid,  lug,  maen,  maise,.mark,  mast,  math,  measure,  meer,  meiliaid, 
merk,  mount,  mug,  ozland,  pack,  packet,  paladr,  pared,  peccaid,  peget^ 
piece,  pig,  plougj^  land,  pocket,  poke,  pot,  pwys,  quintal,  reel,  rees, 
rhaw,  ridge,  role,  rope,  roul,  sack,  saume,  sester,  sieve,  skain,  akin, 
skron,  sleek,  spindle,  square,  stacca,  stack,  staff,  stang,  stick,  stimpart, 
stock,  stored,  sum,  table,  talshide,  tankard,  teal,  thrave,  thread,  threave, 
timber,  topston,  truss,  tub,  tunnell,  verg^,  vragina,  waggon-load,  wain, 
warp,  web,  weight,  and  windle. 

The  old  Scottish  measures  vary  even  more  in  the  different  counties 
than  the  English.  The  standard  foot  was  12*0194  English  inches, 
3  feet  1  inch  make  an  ell,  6  ells  a  fall,  40  falls  a  furlong,  and  8  furlongs 
a  mile  (19764  yards).  Again,  40  square  &lls  make  a  rood,  and  4  roods 
an  acre.  Hence  the  measures  of  length  and  surface  are  so  connected 
that  the  Scottish  land-chain  is  the  80th  part  of  a  mile,  and  its  square 
the  10th  part  of  an  acre. 

In  Scotland,  the  English  troy  and  averdupois  weight  obtained  an 
early  introduction,  and  were  used  with  the  Scottish  troy  weight,  called 
also  Dutch  weight,  and  with  the  tron  weight.  The  Dutch  weight  is  as 
follows :— A  drop  is  29-722  English  troy  grains,  16  drops  are  an  ounce, 
16  ounces  a  pound  (7608*95  grains),  and  16  pounds  a  stone.  This  pound 
coincides  with  the  old  English  pound  already  mentioned,  very  nearly. 
In  the  tron  weight  the  divisions  are  as  before ;  but  the  drop  is  37 '588 
English  troy  grains,  and  the  pound  9622*67  of  the  same. 

The  Scottish  liquid  gallon  was  833*6272  English  cubic  inches.  Four 
gills  made  a  mutchkin,  2  mutchkins  a  chopin,  2  chopins  a  pint,  and 
8  pints  a  gallon.  The  Scottish  pint  was  therefore  3  English  pints  very 
nearly.  They  had  only  one  liquid  measure,  but  they  had  two  dry 
measures ;  the  first  for  wheat,  peas,  beans,  &c. ;  the  second  for  barley 
and  oats.  In  the  first  the  peck  contained  553*581  English  cubic 
inches.  Four  lippies  made  a  peck,  4  pecks  a  firlot,  4  firlots  a  boll,  and 
16  bolls  a  chalder.  The  second  measure  was  divided  in  the  same  way, 
but  the  peck  was  807*576  English  cubic  inches.* 

On  the  Irish  measures,  previous  to  the  introduction  of  the  imperial 
system,  there  is  nothing  to  remark,  except  that  the  coal  bushel  con- 
tained 10  English  com  gallons,  the  lime  bushel  8,  the  maltt  gallon 
272^  cubic  inches,  and  the  liquid  gallon  217*6  cubic  inches.  The  pole 
was  7  yards,  which  made  the  mUe  equal  to  an  English  mile  and  three- 
elevenths,  and  the  acre  greater  than  the  English  acre  in  the  proportion 
of  121  to  196. 

We  have  not  space  to  enter  into  the  ancient  history  of  French 
measures,  for  which  the  reader:}:  may  consult  Paucton's  '  M^trologie,' 

And  the  real  hundred,  ten  tens,  was  the  Utile  hundred ;  as  in  the  old  rhyme — 

**  One's  none, 
Two's  some, 
Three's  a  many. 
Four's  a  penny. 
Fire's  a  little  hundred  "  [score  understoodl. 

*  Our  authority  for  the  Scottish  measures  is  *  Tables  for  converting  the 
weights  and  measures  hitherto  in  use  in  Great  Britain  into  those  of  the  Imperial 
Standards,  &o.,  also  abstracts  of  the  jury  verdicts  throughout  Scotland,'  &o.,  by 
George  Buchanan,  CivU  Engineer,  Edinburgh,  1829.  This  work  is  as  complete 
as  a  work  can  be :  the  reader  may  compare  it  with  •  A  proposal  for  the 
Uniformity  of  Weights  and  Measures  in  Scotland,'  &o.,  second  edition,  Edin- 
burgh, 1789. 

t  This  was  the  old  Winchester  gallon,  already  mentioned. 

t  On  this  work,  that  of  Eomi  de  L'Isle  (1789)  and  the  anonymous  •  Metro- 
logies ConstitulloneUes  et  Primittves '  (1801),  it  may  be  observed  that  they  are 
all  vitiated  by  the  assumption  that  a  very  accurate  knowledge  of  the  earth's 
diameter  anciently  existed,  ftom  which  all  weights  and  measures,  even  those 
anterior  to  Greek  and  Roman  times,  were  derived.  Greaves  had  led  the  way 
by  finding  out  English  weights  and  measures  from  the  Egyptian  pyramid.  All 
particular  pursuits  have  their  peculiarities  :  that  of  the  metrologists  has  been 
to  imagine  some  grand  and  mysterious  connection  between  existing  measoret 
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Parifi,  1780.  On  the  measurement  of  the  earth  on  which  the  metre 
depends,  see  Trigonometrical  Survey.  The  system  of  measures 
derived  from  this  great  operation  was  introduced  in  1795  (by  the 
law  of  18  Germinal,  An  III.,  or,  to  speak  intelligibly,  March,  1795): 
not  that  the  survey  was  then  completed,  but  because,  in  the  hurry  to 
get  rid  of  the  old  system,  it  was  decided  to  introduce  a  "  m^tre  pro- 
visoire  "  obtained  from  the  existing  surveys.  The  definitive  metrical 
system  was  introduced  in  1799,  but  it  was  found  impossible  to  drive 
out  the  old  subdivisions;  accortUngly,  in  1812,  the  "syst^e  usueL" 
as  it  was  called,  was  allowed*  to  be  engrafted  upon  the  metrical  system; 
in  which  the  measures,  &c.,  were  taken  from  the  metrical  system,  but 
with  the  ancient  subdivisions  adapted  to  them.  Even  this  was  very 
&r  from  entirely  driving  out  the  old  system.  In  1837  a  law  was 
passed  ordaining  that  from  and  after  the  1st  of  Januarv,  1840,  no  other 
weights  nor  measures  should  be  used  except  those  of  the  pure  metrical 
system,  and  this  law  seems  to  have  been  effective.  In  the  ancient 
French  system  the  pied  de  Roi  was  12*7892  English  inches,  the  aune 
(at  Paris)  46*85  of  the  same.  The  toise  was  6  feet.  For  the  itinerary 
measures  see  Mile.  The  arpent  d^ordonnance  was  1  acre,  1  rood, 
2  perches  (English) ;  the  ai'pent  commun  1  acre,  7  perches,  the  arpent 
de  Paris  3  roods,  15  perches,  English.  The  acre  de  Normandie  was 
2  acres,  2  perches,  English.  For  measuring  liquids,  the  pinte  was  less 
than  the  English  quart  by  its  61st  part.  Two  boissons  made  a  demi* 
aetier,  2  demisetiers  a  chopine,  2  chopines  a  pinte,  2  pintes  a  quarte, 
4  qwu'tes  a  setier,  36  setiers  a  muid  (70*8  English  gallons).  For  grain, 
16  Utrons  made  a  boisseau,  3  boisseaux  a  minot,  2  minots  a  mine, 
2  mines  a  setier,  12  setiers  a  muid.  The  minot  was  1*108  English 
bushels.  The  principal  weight,  called  poida  de  marc,  was  the  Uvre  of 
9216  French  grains,  or  7555  English  grains ;  72  grains  made  one  gros, 
8  gi'os  an  ounce,  8  ounces  a  marc,  2  marcs  a  livre.  The  apothecaries 
divided  the  ounce  into  2  duelles,  the  duelle  into  4  sciliques,  and  also 
into  6  sextules  and  into  8  drachms,  the  drachm  into  3  scruples,  and 
therefore  the  scruple  into  12  grains. 

The  new  system  is  called  metrical,  as  derived  from  the  measurement 
of  the  earth.  Its  first  measure,  the  metre,  is  presumed  to  be  the 
ten-millionth  (xirt  of  a  line  drawn  from  the  pole  to  the  equator,  and  is 
89*37079  EugUsh  inches.  All  the  multiples  and  subdivisions  of  every 
measure  are  decimal,  and  are  formed  by  the  same  prefixes.  For  10, 
100,  1000,  and  10,000,  the  syllables  Beca,  Hecto,  Kilo,  and  Myria  are 
prefixed ;  and  for  tenths,  hundredths,  thousandths,  the  syllables  Zkci, 
Centi,  MilU.  Latint  prefixes  indicate  division,  Greek  prefixes  multi- 
plication. Thus  the  hectometre  is  100  metros,  and  the  centimetre 
the  hundredth  part  of  a  metre.  The  metre  being  thus  settled,  the  other 
fundamental  measures  are  formed  as  follows : — For  surface  or  area,  the 
Are,  which  is  a  decametre  square,  or  100  square  metres,  or  '02471143 
of  an  EngUsh  acre,  or  3*9538  English  perches. 

For  solidity,  the  ttere,  or  cubic  meter,  35*32  cubic  feet  EDglish,  or 
220*09687  imperial  gallons  English. 

For  liquid  measures,  the  litre,  or  cubic  decimetre,  '22009687  of  an 
imperial  gallon,  or  a  very  Uttle  more  than  a  pint  and  three-quarters 
English. 

For  weight,  the  gramme,  a  cubic  centimetre  of  distilled  water  at  the 
freezing-point,  '00220606  of  an  English  pouxMl  avexdupois,  or  15*442 
grains f  English.  The  kilogramme  is  threfore  2*2  pounds  averdupois, 
or,  roughly,  50  kilogrammes  make  a  hundredweight.  The  franc,  the 
unit  of  monev,  is  divided  into  10  decimes,  and  each  decime  into  10 
centimes.  The  sous  is  therefore  5  centimes.  The  advantage  of  the 
whole  system,  wken  eatabltshed,  is  so  great,  that  all  who  are  fully  aware 
of  it,  long  for  the  introduction  of  a  similar  one  into  our  own  country. 
A  Frenchman,  when  told  that  a  kilogramme  costs  258  francs  74  cen- 
times, sees  at  once  that  a  gramme  coots  25  centimes  and  ^ths  of  a 
centime.  An  Englishman,  wanting  to  know  the  price  of  an  ounce  when 
a  hundredweight  costs  253t  14s.  lOd,  must  go  through  the  whole  of 
tl^e  following  process : — 

253^  14s.  lOd. 
20 
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to  get  2f.  10<f.  the  answer. 

The  rytiHie  untd,  now  abolished,  was  as  follows,  the  divisions  b^ng 
those  of  the  old  system.  The  toise  was  2  metres,  and  the  foot  its  sixth 
port  The  aune  was  8  feet  1 1{  inches  English.  The  boisseau  was  one- 
eighth  of  the  hectolitre :  the  litron  was  1*074  Paris  pintes.  The  livre 
was  500  grammes.    The  arpent  was  that  of  the  old  system. 

It  is  not  in  our  limits  to  give  a  complete  list  of  the  weights  and 

and  a  body  of  ttsieace  vh&ch  they  say  kas  been  fovfotten,  hut  which  they  hare 
nerer  ahowii  to  hvrt  had  existenee. 

•  In  iai6  it  was  eaforced,  decimal  division  bdBf  prohibited  in  zetaU  bwineas. 

t  The  Latin  prefixes  suit  the  French  Ungoage  weU  cnodgh :  the  Greek  onca 
are  incongmoos  and  nuMghUy.  Kor  hns  the  system  been  kept  to  entirely ;  the 
centigrade  thermometer  onght  U>  ha^pe  been  kectograde^ 

X  Dr.  Kelly  (*  Ouohist,'  L  141)  makes  it  15-494  grains,  far  nhieh  ho  gives 
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measures  of  foreign  *  countries.  We  have  selected  a490cxrdjn^ j  a  q 
ber  of  places  from  the  smaller  works  on  exchange  operatiacta,  pr&M^ 
that  the  best  choice  we  can  make  is  that  whidi  in^dtit^  O  : 
important  countries  or  spots  which  have  large  money  Vl*^l  ing^  •*-. 
own  country.  All  the  weights,  &c.  named  have  bem  taJcc^t  i  '  \ 
places  from  Kelly's '  Cambist'  All  tl&e  Rngliah 
imperial  (the  gallons  being  reduced  by  oursdveB  into 
and  each  measure  is  given  in  English  measure*. 

^tM^ria. — The  metrical  system  is  introduced  ia  the  ItaLr. 
minions.  In  Austria  Proper,  gold  and  silver  are  mreig^^ed  ■  | 
Vienna  maro  of  4333  grains.  The  pfund  is  1'235  pounds  aTerK  i 
the  metzen  is  1*691  bushels.  The  eimer  is  12*444  gallofiB.  Tl  i 
is  12-45  inches  :  the  ell,  30*66  inches.  The  joch  is  1  acre^  I  r  1 1 
perches. 

Bavaria. — The  Augsburg  marc  is  3643  grains ;    24  IK  ctLtn-L  -| 
weight  is  25lb.  averdupois;  and  24  lb.  carriers'  ^vreig^t  ij  2t;.      i 
dupois,  nearly.    The  metzen  is  1*515  bushels  ;  the  fader  (1^  i&t     i 
31*24  bushels.    The  foot  (half  the  short  ell)  is  11*667  inf^na. 
long  ell  is  24  inches. 

Bremen. — For  gold  and  silver,  as  at  Hamburg^.      The  collh^ 
potmd  is  1*098  pounds  averdu|.>oiH.    The  last  is  78*217  buahek    . 
ohm  is  31*562  gallons.    The  foot,  or  half-ell,  is  11*38  inchia. 

Colonies, — Follow  in  general  the  weights  and  measures  of  the  zl 
country,  except  where  they  have  passed  under  otbar  gOTmuuig^- . 
which  case  there  is  usually  a  mixture  of  the  two. 

Comtantiw^lde. — The  chequee  is  4057  grains.       The  oke  a  . 
pounds  averdupois.    The  killow  (dry)  is  7*296  gallons.     The  Ji 
1*150  gallons.    The  pike  is  27  inches.    The  measures  of  Tjh.-.- 
very  imperfectly  known. 

Denmark. — The  pound  for  gold  and  silver  is  7266   grain.*.    I 
commercial  pound  is  1*1028  pounds  averdupois.     The  barrel  is  -^  . 
bushels.    The  viertel  is  1*701  ^ons.    The  foot,  or  faalf-dL  .^ . 
Rhindand  foot  of  12*356  £n£^[iah  inches.      The   toende  ol  cr. 
54  acres. 

Florence  and  Leghorn.— Th»  cantaro  is  150  pounds  of  *74S64  p* . 
averdupois  each.    The  stajo  is  *6702  bnsheL     The   baiile  is  ';/ 
gallons.    The  braccio  is  22*98  English  inches.    The  saocats  b  1  ^- 
36  perches. 

Frankfort. — ^For  gold  and  silver,  the  Cologne  marc  The  eecz . 
pound  is  1*03  pounds  averdupois.  The  centner  is  112*^5  pou&is  z^-^ 
dupois.  The  malter  is  2*9705  bushels.  The  ohm  is  3-J'454  g^^ 
The  foot  is  11*27  inches  ,*  the  ell,  21*24  inches. 

Geneva. — The  mark  is  3785  grains.    The  poids  fort  is  1*214  to  -1 
averdupois;  the  poids  foible  one-sixth  leas.      The  coupe  u  i." 
bushels.    The  setier  is  99*53  gallons.     The  foot  is   19*2  indiff. 
acre  is  1  acre,  1  rood,  4  perches. 

Oenoa. — The  pound  soUUe  for  gold  and  silver  is  4891*5  graiua 
pound  grosso  is  *76875  pounds  averdupois.    The  mina  is  3*321  baa& 
The  mezzarola  is  32*57  gallon&    The  palmo  is  9*725  in<^iesw 

Hamburg. — The  C!olQgne  marc  is  8608  grains.  The  pound  trt.- 
two  marcs.  The  commercial  poimd  is  1*068  pounds  averdupoig.  :~> 
last  of  wheat  (30  scheffels)  is  10*9  quarters ;  the  shm  is  31*85  g^.  :• 
The  foot  is  11*289  inches.  The  schefifel  (quantity  usually  sown  vr: 
a  scheffel)  of  land  is  1  acre  6  perches. 

BoUand. — The  marc  is  3798  grains.  The  pound  is  two  mares:  >r 
the  conmiercial  pound  is  1  *0893  pounds  averdupois.  The  last  (Tsi.^.' 
divided)  is  10*231  quarters.  The  aam  (256  pints)  is  34*16  s:^o 
The  Rhineland  foot  is  12*36  inches.  There  are  seTeral  ells  of  i^ 
27  inches.  The  Rhineland  perch  is  12  Rhindand  feet,  and  the  Kh> 
land  morgen  or  acre  is  2  acres  16  perches. 

Ionian  ItUmds. — ^The  weights  and  measures  are  mostly  Yenetbo  la. 
Turkish. 

jAUteek. — ^For  gold  and  silver,  as  at  Hamburg.  The  oonuKr  x 
pound  is  1*0685  pounds  averdupois.  The  scheffel  is  -92  bushels.  Thi 
ahm  is  81*85  gallons.    The  foot,  or  half-ell,  is  11*346  inches. 

MaJUa. — ^The  pound  for  gold  and  silver  is  4886  grains.  The  comas 
eial  pound  is  1*745  pounds  averdupois.  The  sahna  is  7*968  bish^i 
The  foot  ia  11*167  inches.    The  canna  (8  palmi)  is  81*9  inches. 

JfOoii.— The  mark  is  3627  grains.    The  pound  soCfOe  is  7206  poii»b 
averdupois ;  the  pdund  ^rosto  is  1*682  pounds  averdnpoia.     The  m^'zr 
(32  qusrtui)  is  4*0234  bushels.    The  brenta  (12  qnartari)  is  1^:: 
gallons.    The  braccio  is  23*42  inches.     The  metrical  system  is  aL« 
introduced,  with  Italian  names. 

Naples. — The  pound  for  gold  and  silver  is  4959  grains.  The  cuur. 
groa90  ia  196*5  pounds  averdupois,  the  cantaro  piccolo  106  pouzids  uu*- 
dupois.  The  tomolo  is  1*407  busheUi.  The  barile  is  9*172  gailo^i. 
The  palmo  is  10*38  inches.    The  moggio  is  3  roods  12  perries. 

Netherlands. — Since  1S20  the  French  metrical  system  haa  \xea  is 
use,  with  Flemish  names. 

PoriugaL — ^The  marc  is  3541*5  grains.    The  commeixual  pouodii 

*  There  is  a  Urge  list  of  the  Aindamental  measores  of  length,  which  in 
those  most  wanted,  in  '  Table  of  Continental  Lineal  and  Square  Ueasure<,'  V 
W.  Woolhoiue  (London,  Weale,  1836). 

t  We  Had  the  weights,  fte.,  in  the  works  from  which  the  lUt  of  phces  w 
taken,  rather  different  fhim  those  in  Dr.  Kelly's  work.  But  the  Utter  work  ? 
the  best  authority,  and  nothing  bat  evidence  can  alter  any  weight  or  ineasa.t 
giTen  in  it.  When  a  stsadard  wock  ezisto  in  aay  laagaage^  it  is  abnnd  In  iet 
second-rate  writer  to  dilDer  tnm  it  withoat  sCattBg  why. 


i.^ 


i.^' 
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1-0119  pounds  averdupoia.    The  moyo  ia  22'39  buahels.    The  almude 
IB  8-6407  gaUona.    The  foot  ia  12-944  inches.     _     ^  , 

Prusncu-i^evr  aystem,  established  1816.)  The  Cologne^  marc  is 
8609  ffndna.  Two  marcs  are  a  commercial  pound,  or  1-0811  pounda 
averdupoia.  The  scheffel  is  1-5116  bushela.  The  eimer  is  15-11  gaUona. 
The  foot  ia  12-866  inches ;  the  eU,  two-thirda  of  a  metre.   The  morgen, 

or  acre,  is  2  roods  21  perches.  ,       _j       ■.      rm,^ 

i2omc.-The  pound  is  6234  grams,  or -7477  Pf^^^  averdupoia.     The 

rubbio  (4  quarte)  is  8-1012  bushels.      The  banle  (32  boccali)  is  12  841 

gallons.    The  foot  ia  11-72  inches.     The  builders*  canna,  of  10  palma, 

ia  87-96  inches.  ^^    ,  ^         ,       •      mu 

Bnssia.— There  ia  but  one  pound,  '9026  of  a  pound  averdupoia.  The 
pood  ia  86  lb.  averdupoia.  The  chertwert  ia  6-7698  bushela  The 
vedro  ia  2-7048  gallona.  The  inch  is  the  EngUsh  one;  the  arshine  is 
28  inches;  the  foot  is  13J  inches ;  but  the  English  foot  is  in  common 
vme.    The  dessetina  is  2  acres,  2  roods,  82  perches. 

Saxony.—For  gold  and  silver,  the  Cologne  marc  The  commercial 
pound  is  1-0294  lb.  averdupois.  The  Dresden  wispel  (24  scheffels)  is 
69-85  bushels;  the  Leipzic  wispel,  91*747  bushels.  The  Dresden 
eimer  ia  14*89  gallons ;  the  Leipzic  eimer  16-76  gallons.  The  Dresden 
foot  is  11-14  inches ;  the  Leipzic  foot  is  11-18  inches.  The  acre  la 
1  acre,  1  rootl,  18  perches. 

Sicily.— The  pound  is  7  pounds  averdupois.  The  cantaro  grosso  is 
192-5  pounds  averdupois;  the  cantaro  sottile  ia  1 76  lb.  averdupois. 
The  salma  grossa  is  9*46  bushels;  the  salma  generale  7-59  bushels. 
The  salma  of  wine  is  19-23  litres.    The  palmo  is  9-5  inches. 

SmymoL—The  chequee  is  4958  grams.  The  rottolo  is  1*2748  pounds 
averdupoia.    The  killow  ia  11*8  gallons.    The  pike  is  27  inches. 

Spain.— The  Castilian  marc  for  gold  and  silver  ia  4800  graina.  The 
commercial  pound  is  1-0144  pounda  averdupoia.  The  fanega  la 
1-55  bushela.  The  arroba  of  wine  ia  3-538  gallons.  The  foot  ia 
11-128  inchea :  the  vara  ia  33*384  inches.  The  fanegada  (for  oom- 
land)  is  1  acre,  21  perches. 

Sweden.— The  Mint  marc  ia  8262  grams.  The  commercial  pound  is 
•9376  lb.  averdupois.  The  dry  tunna  is  4-028  bushels ;  the  hqaid 
tunna  is  48  kanns  of  -5766  gaUons  each.  The  foot,  or  half-ell,  is 
11-684  inches.    The  tunneland  is  1  acre,  85  perches. 

United  States.— The  weights  and  measures  are  those  of  England 
before  the  late  alterations.  .         ««_  j 

Venice—The  marc  for  gold  and  silver  is  3681-5  grama.  The  pound 
peso  grosso  ia  1-0618  lb.  averdupois.  The  pound  peso  sottile  is  *664  pound 
averdupois.  The  stajo  is  2-2  bushels.  The  anfora  is  114-1  gallona. 
The  braccio  for  woollen  is  26-61  inches ;  for  silk,  24-8  inches.   The  foot 

is  18*68  inches.  ^  ,^         .    ^    ^  t.- 

We  now  proceed  to  the  weights  and  measures  of  the  ancients,  taking 
first  "the  relations  'of  the  various  denominations  to  one  another,  and 
afterwards  the  fundamental  comparisons  of  their  values  with  the 
modem  weights  and  measures.  ,  .  *    .v 

The  Romans  had  a  mode  of  dividing  the  as  or  libra  which  they 
transferred  upon  occasion  to  any  unit.  The  whole,  whether  an  as 
or  anything  else,  consisted  of  twelve  unciaj,  so  that  the  uncia  be- 
came little  more  than  a  name  for  the  twelfth  part.  The  division 
stood  thus — 

H  uncisQ  was  Sescunda,  or  Soscunz. 

2  „        Sextana  (a  nxth). 

8  „        Quadrans  (a  fourth),  or  Terunciui. 

4  p        Triena  (a  tliird). 

5  41        Quincunx. 

6  „        Semis,  or  Semiasia  (a  half ). 

7  „       Septunz. 

8  „        Bes,  or  Bcssis. 

9  M        Dodrans. 

10  „        Dextans,  or  Deconcis. 

11  ,,        Deunz. 


The  libra  of  weight  was  thus  subdivided :— 8  siliquaj,  one  obolus ; 
2  oboli,  one  scrupulum ;  4  scrupula,  one  sextula;  6  scrupula,  one  aici- 
licus;  8  scrupula,  one  duelU;  3  duelloj,  one  uncia;  12  unciee,  one 
libra.  In  later  times  the  uncia  was  divided  into  8  drachmas  of 
8  scrupula  each-  This  mode  of  dividing  an  integer  into  288  scrupula 
runs  through  other  branches  of  their  system,  and  is  also  used  in  aub- 
division  of  a  unit.  The  obolus  in  the  preceding  system  rather  belongs 
to  a  later  period  in  which  the  Greek  divisions  were  introduced,  the 
ounce  being  made  8  drachm®  of  8  scrupula  or  6  oboli  each.  The  uncia 
appears  (as  obyyia)  in  the  later  Greek  writers. 

In  the  measures  of  length  the  pea,  or  foot,  waa  divided  not  only  into 
12  unciie,  but  alao  into  16  digiti.  In  auch  Roman  foot-rulea  aa  have 
been  found,  all  have  the  digital  diviaion,  aome  both,  but  none  the 
uncial  without  the  digital.  And  4  digiti  are  one  palmua ;  4  palmi,  one 
I>eH;  H  pedea,  one  palmipea;  14  pedes,  one  cubitua;  24  pedes,  one 
gradus;  2  gradua,  or  5  pedes,  one  pasaus;  2  pNUSua,  one  decempeda; 
12  decempedoB,  one  actus  ;t  1000  passus,  one  milliare. 

•  ThiB  weight,  esUbliahed^by  Charles  T.  as  the  sUndard  of  the  preoiovs 
mctalB  throughout  Germany,  has  varied  in  different  plaoes  from  8606  to  8612 
grains. 

f  The  actus  is  described  as  the  length  of  a  tartow.  If  our  furlong  had  been 
(as  some  would  suppose)  a  furrow  long,  it  would  have  been  nearer  to  the 
Boman  actus,  not  one-eighth  of  a  mile. 


.  The  jugenim  was  an  area  of  which  the  scrupulum  (or  288th  part) 
was  the  square  decempeda,  or  100  square  feet.  It  was  frequently 
divided  uncially,  and  also  as  follows  : — 86  scrupula  made  1  clima,  4 
climata,  1  actus  quadratus ;  2  actus  quadrati,  1  jugenim ;  2  jugera,  1 
heredium ;  100  heredia,  1  centuria ;  4  centurisc,  1  saltua.  The  actua 
minimua  waa  480  aquare  feet.  The  versus  was  10,000  square  feet. 
The  aripennis  (whence  arpent)  was  a  Gallic  measure  which  Columella 
defines  as  semi* jugenim,  but  whether  of  Romans  or  Gauls  ia  not  clear. 
The  amphora,  or  quadrantal,*  for  liquid  measure,  was  a  cubic  foot : 
4  ligulse  made  1  cyathua ;  6  liguhc,  1  acetabulum ;  2  acetabula,  1  quar- 
tarius ;  2  quartarii,  1  hemina ;  2  heminas,  1  sextarius ;  6  sextarii,  1 
congius ;  4  congii,  1  uma ;  2  urmo,  1  amphora ;  20  amphorsa,  1  culeus. 
In  Galen  the  cocMeare  ia  the  tenth  of  a  ligula. 

The  modiua,  or  medium,  of  dry  meaaure,  was  16  sextarii,  or  the 
third  part  of  the  amphora,  or  cubic  foot.  The  sextarius  was  divided 
in  the  same  manner  as  in  liquid  measure.  The  concha  is  mentioned  as 
a  smaller  measure  than  the  ligula. 

The  Greek  weights  have  been  discussed  in  the  article  Talent.  Six 
6fio\ot  make  one  9pa^7i ;  100  Upaxficu,  one  /xva  (niina) ;  60  fiuai,  one 
ra\a»roy.  The  x«^oj  and  the  \firrov  are  mentioned  as  subdivisions 
of  the  6fio\oSf  but  are  not  generally  recognised. 

As  to  length,  the  tovs,  or  foot,  was  thus  divided: — 4  SoirrvXot 
make  one  rakaurni;  12  Saicrt/Xoi,  one  (nriBafiti ;  4  rrcLKcutrrmf  one  irovs; 
14  iro8«»,  one  myxwr;  4  tntX^ts,  one  hpyvia\  100  »o8€y,  one  7Xc0/)ov; 
6  wXffl^o,  or  600  woBej,  one  trraJ^iov.  [Stadium.]  The  SoxMI  j»  ^^ 
iroKaumi  in  some  writers,  the  <mBain\  in  others.  The  flroAaicrTij  is  also 
called  ZaKrv\oioxj»''n  &nd  t^pov.  The  Aixas  is  10  ZoktvXoi,  the  hpMt^pov 
is  11  SoiCTvXoi,  the  iriry/ni?  18,  and  the  wiryftiM  20  ^oktv^oi.  The  Zixo-i  is 
half  a  fcovs,  the  ^f}/M  ia  24  woSer.  The  £vAor  ia  44  iro8c$,  and  the 
KoXaiMi  10  iro8(r.  The  orafiioy  was  once  called  a^Aos,  and  the  huutXoi 
is  2  (rroSio.  The  araZiov  imrucov  is  4  araSia,  and  the  9o\ixos  is  12 
(FToSta  generally,  but  ia  variously  used.  We  muat  alao  mention  the 
Koviv\os  of  2  SoKTvXoi,  and  the  ofi/ia  of  60  iro8«f.  The  Greeks  have 
taken  the  trxoivoi  (varioualy  described)  from  the  Egyptians,  the  fiiXioy 
from  the  Romans,  and  the  irapucrayyns,  which  is  80  stadia,  according  to 
Herodotus  and  Xenophon,  from  the  Persians.  The  vous  <pi\€T€upios,  or 
Philetffirian  foot,  though  used  by  Greek  writers,  is  not  originally 
Greek,  and  ia  said  to  be  longer  by  a  fifth  than  the  Roman  foot.  All 
vmters  agree  that  the  common  Greek  irovs  is  longer  than  the  Roman 
foot  by  the  24th  part  of  the  latter. 

The  irktBpoy  in  square  measure  waa  a  square  of  the  side  of  a 
irXtBpov  in  length,  or  10,000  square  7o8cs.  The  ipovpa  was  the  fourth 
part  of  the  irXtepoy ;  but  the  Egyptian  Apovpa  mentioned  by  Herodotus 
ia  the  square  of  100  Egyptian  cubits. 

In  liquid  measure,  2  Kox^apta  make  one  XTIP^V  i  24  MOxXiopia,  one 
fivtrrpov;  2  fAwrrpa,  one  if07X^J  2  Koyx^*  o^®  *wa6of;  8  if07X«*>  ^"^^ 
6^u$a^v ;  2  ^(v0a^,  one  rrraproif ;  2  rcrofira,  one  icorvXi; ;  2  KorvXm, 
one  4«mjf ;  6  lecrroi,  one  x^w  i  12  X^^t  ^^^  /at rpTj-nyt.  The  fierprrnis  ia 
said  to  have  been  an  amphora  and  a  half,  and  the  KvaOos  to  have  con* 
tained  10  drachma  of  wine.  The  \ayw05,  or  Kayri^^f>  waa  the  aame  aa 
the  x^vs.  There  were  alao  the  xWV  7««pyt»n?  and  the  patcrrpov  ytttpyttcov, 
rural  meaauree.    The  fitrprifrifs  waa  alao  called  dft^opcuv  and  Kofet. 

In  dry  meaaurea,  the  fuZtfOfos  waa  one-third  larger  than  the  fAtrpnirris 
(or  waa  two  Roman  amphorte),  and  waa  thua  divided : — ^Ten  tcoxXtapta 
made  one  kvoBos  ;  15  Kox^tapta,  one  i^vBo/pop;  4  6^vfia^  one  KoruXri ; 
2  KOTvAoi,  one  ^fffnts;  2  ifcrrcu,  one  x^^^l  ^  X®"'*****  o°®  rifUMKToy;  8 
rifitficTaf  one  iicros ;  6  Iktoi,  one  fithfxvot.  There  are  varioua  descriptions 
of  the  x<^^^f  ^™  which  it  may  be  that  there  are  aeveral  meaaures  of 
the  name.  The  Greeka  mention  the  Peraian  iLxarn  of  45  fithiiyoi,  the 
iipTofirit  of  one  fte Sipivof ,  and  the  irairi^  of  2  x^'''''^*'*  ^®  Boeotian 
Ko^tref  ia  8  x^^* :  ^^^  Homeric  aZBt^  ia  4  x^'^'^c'  i  ^®  M^'^  ^'^  ® 
KOTuXot;  the  i^afiaarpopf  ia  the  KorvKri, 

The  following  meaaurea  are  identical  in  paira,  if  the  fit^ifipos  be  two 
amphora) : — The  x^vj  and  the  congiua ;  the  ^c<rT9}9  and  the  aextoriua ; 
the  KOTvKn  and  iJie  hemina;  the  r^rapTov  and  the  quartariua;  the 
^(v/3a^v  and  the  acetabulum ;  the  kvoBos  and  the  cyathua. 

All  the  Greek  meaaurea  above  given  are  Attic :  there  are  aome 
variations  of  description  which,  if  not  erroneoua,  probably  belong  to 
other  parts  of  Greec&  It  ia  customary  to  give  the  Greek  and  Roman 
meaaiu'ea  in  two  collectiona,  without  any  attempt  to  diatinguiah  the 
times  at  which  they  were  in  uae ;  so  that  Homer  luid  Athensoua,  or 
Herodotus  and  Galen,  may  appear  aa  authorities  in  the  aame  aet. 
There  are  many  other  namea  of  meaaurea  noted  by  different  writera, 
some  of  which  are  but  aynonymea  of  aome  of  those  above  mentioned, 
and  of  oihen  it  may  bo  doubted  whether  they  were  really  names  of 
recognised  measures.  If  the  writera  of  our  day  were  compared  in 
iaolated  paaaagea  as  doaely  aa  those  of  the  ancients,  we  might  probably 
have  a  great  many  meaaures  made  for  us  of  which  we  know  nothing : 
the  shells  which  the  grocers  use  would  have  good  chance  of  a  per- 
manent establishment,  and  their  paper  bags  could  not  possibly  escape. 
The  Hebrew  measures,  though  tolerably  well  settled  in  their  pro- 
portions, are  very  Imperfectly  known  aa  to  then:  absolute  magnitudea. 

*  The  term  quadratus  seems  to  have  spplicd  to  cubes  as  well  as  squares 
among  the  Romans.  _ii   •*% 

t  This  word  is  translated  in  two  of  the  gospels  (Mark  xiv.  3 ;  Luke  vU.  »7) 
an  alabaster  bog;  Epiphanius  is  the  authority  for  the  measure,  which  there  is 
no  doubt  took  its  rise  from  the  cireumstanoe  of  perfumes  being  commonly 
inclosed  in  alabaster  boxes  of  one  sise« 
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We  Bball  only  give  here  the  usual  Bummary,  and  shall  then  give  some 
account  of  the  mode  of  determining  the  actual  magnitude  of  the 
Greek  and  Koman  measures.  With  regard  to  these  Hebrew  measures, 
much  uncdHainty  prevails ;  the  authorities  are  by  no  means  so  numerous 
as  those  for  the  other  ancient  measures,  nor  lias  the  subject  received 
so  much  discussion. 

The  cubic  -was  about  22  inches ;  4  digits  make  1  palm ;  3  palms,  1 
si>an ;  2  spans,  1  cubit ;  4  cubits,  1  fathom ;  6  cubits,  1  reed  (Kaneh) ;  8 
cubits,  1  pole   (Arabian);   80  cubits,  1  measuring-line;*  400  cubits 

1  stadium ;  5  stadia,  a  Sabbath-day's  journey;  10  stadia,  a  mile;  24 
miles,  a  day's  journey. 

In' liquid  measures,  the  bath,  or  ephah,  of  about  6^  imperial  gallons, 
is  thus  divided  : — Four  logs  make  I  cab,  3  cabs,  1  bin ;  2  bins,  1  seah ; 
3  seahs,  1  ephah.  The  caph  is  three-fourths  of  the  log.  For  dry 
measures,  besides  the  cab,  seah,  and  epliah,  5  ephahs  make  1  letech ; 

2  letech,  1  Chomcr,  or  Homer.    The  gomer  is  the  tenth  of  the  seah. 
For  weight,  GO  shekels  make  one  maneh;    50  maneh,  1  talent  of 

93*75  pounds  avcrdupois. 

We  now  come  to  the  comparison  of  the  Greek  and  Koman  measures 
with  Qur  own.  The  Roman  foot,  the  most  important  of  all,  has  been 
determined  in  the  following  t  ways  : — 1.  By  feet  laid  down  on  sepul- 
chral monuments.  2.  By  foot-rules  obtained  in  the  ruins  of  Home 
and  ekewhere.  3.  By  the  distance  of  mile-stones.  4.  By  the  distance 
of  places.  5.  By  specimens  of  the  congius.  6.  By  some  obelisks. 
7.  By  the  dimensions  of  buildings.  The  results  are  given  in  lines  of 
144  to  the  Parisian  foot,  and  as  many  dissertations  on  this  subject 
make  gi*eat  use  of  the  line,  it  will  be  convenient  to  give  a  table  of  its 
multiples  in  terms  of  the  Kuglish  inch. 


One  line  {^^  inch  French)  is 
2  Unes  are  . 
3 


•08881378  English  inch. 
•17762756 


4 
5 
6 
7 
8 
9 


9$ 
99 
M 
99 
99 
99 


'26644134 

f        •        •        .     .     '35525512 

.        .    -44406890 

•        •        •    .     '53288268 

.    '62169646 

-71061024 

'79932402 
129*484  lines  are  11}  English  inche& 


99 
99 
99 
99 
99 
M 
99 
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The  sepvlchral  feet  are: — 1.  That  marked  on  the  tomb  of  one 
Statiliua,i  found  in  the  Vatican  garden  in  the  16th  century ;  2.  That 
found  on  the  tomb  of  Cneius  Cossutius  (Vitruvius  mentions  an  archi- 
tect of  that  name),  dug  up  in  the  garden  of  Angelo  Colozzi  §  before 
1516;  3.  That  on  the  tomb  of  M,  iEbutius;  4.  That  on  a  monument 
without  inscription,  given  by  the  Marquis  Capponi  to  the  Capitoline 
Museum  at  Rome.  Taking  the  means  of  such  trustworthy  measures 
as  have  been  made  of  these  different  feet,  it  appears  that  the  Statilian 
foot  is  131'17  Paris  lines;  the  Cossutian,  or  Colotian,  130*59  lines; 
the  JSbutian  131*14  lines;  and  the  Capponian  130*80  lines. 

The  first  foot-rule  was  measured  by  Lucas  Paetus, '  De  Mensuris  et 
Ponderibus  Romania  et  Grsecis,'  Venice,  1573,  who  found  three  of 
them  agreeing  with  each  other  so  far  as  his  means  of  comparing  them 
went,  a  copy  of  which  he  caused  to  be  engraved  on  stone  and  placed 
in  the  Capitoline  Museum.  This  was  called  the  Capitoline  foot,  and 
was  frequently  regarded  as  conclusive.  Pectus  himself  niakes  the  foot 
amount  to  128*7  lines ;  but  there  is  reason  to  suppose  either  that  his 
measures  are  too  short  or  that  the  standard  to  which  he  referred  them 
has  been  mistaken;  for  others  make  his  own  Capitoline  foot  to  be 
130*5  lines.  Two  other  foot-rules  give  128*75  and  130*03  lines.  There 
was  a  porphyry  column  at  Rome  (now  lost)  marked  iro8.  0,  which  was 
certainly  meant  for  nine  Roman  feet  An  editor  of  Vitruvius, 
Philander  (1552),  makes  the  Roman  foot  to  be,  from  this  column! 
131*63  lines ;  but  Paetus  makes  it  only  130*03.  Other  foot-rules  have 
been  made  to  give  130-5, 130*98, 132*89, 130*56, 129*24, 131'16, 130'66. 
Some  of  these  are  different  measures  of  the  same  rule. 

Very  few  consecutive  milestones  have  been  found  from  which  to 
deduce  the  foot  Prom  one  mile  in  the  Appian  way,  and  from  two 
different  ones  between  Nismes  and  Beaucaire,  the  foot  has  been 
deduced  to  be  130*60, 130*29,and  130*61  Imes.  Prom  various  recorded 
distances  between  towns,  subject  to  the  difficulty  of  knowing  precisely 
from  what  parts  of  them  the  miles  were  measured,  the  foot  has  been 
found  to  be  132*34,  128*42,  130*99,  129*31,  132*56  lines.  D'Anville, 
from  a  collection  of  such  measures,  fixes  it  at  180*8  lines. 

A  specimen  of  the  congius  is  yet  remaining,  which,  by  an  inscription, 
is  declared  to  liave  been  placed  in  the  Capitol  by  Vespasian  as  a 
standard.  The  conjgius  is  the  eighth  part  of  the  amphora,  or  cubic 
foot  By  ascertaining  the  weight  of  water  which  this  contains,  the 
foot  was  estimated  by  various  observers  at  131*16, 183*21,  and  182*44 

♦  Ptthil,  or  Chcbel ;  crxotyot  In  the  Septaftgint. 

t  In  the  hlatorlcal  account  of  the  Boman  foot  wo  have  followed  J.  P.  Warm, 
*De  Ponderum,  fte.  Bationibos  apnd  Bomanos  ct  Gneoot^*  Btatgard,  1831,  as 
to  method,  verifying  BCTcral  of  hia  statcmcnU. 

X  We  enumerate  these,  not  for  their  importance,  but  because  they  arc  to 
frequently  referred  to. 

}  The  foot  is  figured  in  the  work  of  Leonardus  Porting,  the  first  in  which 
any  attempt  was  made  to  restore  the  real  Boman  measures.  It  has  no  place 
nor  date ;  but  being  printed  by  Joh.  Frobenius,  must  be  of  Basel  before  1527. 


lines.    From  the  length  of  the  foot  drawn  upon  the  congius  iUj  ^ 
been  obtained  132*8, 133*6  lines.      From  another  congiuji  preter. 
Paris,  Auzout  found  134*18  lines  for  the  Roman  foot 

There  are  two  obelisks  at  Rome,  which  were  brought  hy  ki:- 
from  HeUopolis.  Pliny  gives  the  height  of  these  in  feet^  or  ^^ 
the  height  of  the  higher  and  the  defect  of  the  lower  from  it  1^  - 
mcnt  proves  that,  with  respect  to  the  hig^her,  the  number  >.::. 
must  be  corrupt ;  but  from  his  difierence  between  the  two,  3?  , 
pared  with  the  measured  difierence,  the  Roman  foot  is  137*1^  Iz& 

The  method  of  ascertaining  the   foot  hy  buildings  is  as  f<^.  -.  - 
Any  remarkable  length,  such  as  that  of  the  li^hole  front  of  s  bu .. 
being  known  nearly  in  Roman   feet,  is  presumed  to  be  enc*JT . 
number  of  feet  which  it  must  be   nearly.     This  supposes  tk  . 
Roman  architects  were  in  the  habit  of   choosing  exact  numbers'  • : 
when  there  was  no  particular  reason    for    breaking  a  foot  L 
('PML  Trans.,'  1760)  proceeds  in  the   manner  of  which  the  fo:  t 
is  an  instance: — He    finds  the  distances    between  the  colinzi: 
the  temple  of  Fortuna  virilU  to  be    9-7106   £DgIish  feet    If  C  - 
an  exact  number  of  Roman  feet,   it   must   be   10;  we  knowe::: 
beforehand  of  the  Roman  foot  to  say  it  cannot  be  9  or  II.  i^ 
quently,  if  the  distance  between  these   columns  be  a  whole  anc'^r 
feet,  the  foot  must  be  '97106  of  the   £ngliah  foot.     By  prooe^- 
this  sort.  Greaves  found  131*50  lines.  La  Hire   131*0  and  IJr-.. 
Condamine  1 30  9,  Jacquier  1 31  -08  and  131-14.     Raper,  who  wett :. 
into  this  subject  than  the  others,  found  by  different  buildings  1:.  -. 
131*60,131*62,131*11,131-16,  131*05,   131-16,  131-05,  and  I5J:;; 
the  mean.      Wurm,  from  the  Verona   ampfaitbeatre,  adds  Vil'.. 
Raper  thought  ho  observed  that  the  buildings  subsequent  to  th^e: 
of  Titus  give  a  shorter  foot  than  their  predecessors  :  from  inst^oij 
gets  130*75,  130*33,  130*34,  with  a  mean  of  130-54.    He  rtfi-^ 
change  to  the  destruction  of  the  Capitol  (where  the  standard!  it 
kept)  in  the  time  of  Vitellius. 

From  all  these  data  Raper's  average,  adopted  by  Wurm,  is  I^I'-' 
French  lines  for  the  ancient  foot,  or   11-648  English  inches  or*;:. 
English  feet    But  Sir  Q.  Shuckburgh  made  a  careful  revieiFc/*J 
three  best  modes  of  obtaining  the  required  result,  namely,  rulee,  k 
ings,  and  tombs,  and  obtained  '967^  -9681,  -9696  of  a  foot  Ek 
(Young's  'Lectures,'  ii.  163.)     The  mean  of  these  is  -9555 /ai? 
11*6196  inches.    Again,  if  we  take  a  mean  of  the  results  giTent 
others,  namely,  Bernard  '970,  Picard  and  Greaves  '967,  Folke  i-. 
Raper  -970,  we  have  also  *9688.    We  take  then  the  Bonua  footi  ^ 
11-62  English  inches,  which  is  represented  f&r  within  the  pruUli  ■ 
limits  of  error  by  the  following :— 61  English  feet  make  63  Rous  : 
feet     We  are  well  aware  that  eminent  authorities  of  late  yeuaprds 
11-65  inches  for  the  Roman  foot,  but  we  like  to  keep  as  near  to  «a 
foot-rules  as  we  can,  consistently  with  giving  due  weight  to  oua 
modes.     Indeed,  the  question  between  11*62   and  11*65  caiuwJ« 
settled  by  authority,  but  must  be  decided  by  closer  appreciation  tm 
has  yet  been  made  of  the  probabilities  of  the  different  methods. 

The  Roman  measures  of  length  may  thus  be  considered,  we  m 


I 
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believe,  to  be  as  well  known  to  us  as  they  were  to  themselves.  Tk 
same  cannot  be  said  of  the  measures  of  weight.     All  writers  agre 
the  amphora,  or  cubic  foot,  weighs  80  pounds  of  wine ;  but  it  i«  ^ 


thst 


said  that  they  considered  wine  to  be  of  the  same  weight  as  water. 
have  no  means  of  ascertaining  the  specific  gravities  of  their  vi^) 
those  of  our  own  vary  from  '99  to  1*04,  water  being  taken  as  I  ^| 
there  is  one  very  obvious  consideration  which,  we  bei'eve,  ^,^^^ 
notice.    No  metrologist  has  given  the  Romans  credit  for  ^^^^^ 
water  would  do  just  as  well  to  make  comparisons  and  adjust  stanoanj 
by,  as  wine,  believing,  as  they  did,  that  both  are  of  the  same  weight,  u 
we  suppose  then  that  they  preferred  to  spill  water  rather  than  winei 
and  assume  11*62  inches  for  the  foot,  we  have  1568-984  cubic  incbe 
English,  in  the  amphora,  or  6*6586  unperial  gaUons,  or  56-5S6  pouwa 
averdupois  of  water.    If  the  Roman  pound  be  the  80th  part  of  thu,  b 
is  -7078  pounds  averdupois,  or  -8595  pounds  troy.    This  ia  4951  gnios, 
or  60394  French  grains.    Now,  according  to  Wurm,  Budajus  made  u 
7200  French  grains,  CapeUus  and  Romd  de  Lisle  6048,  Auzout  6VA 
Eisenschmid  6216,  Dupuis  6300,   Leblanc  and  De  la  Nauze  ej«, 
Paucton  6312,  Arbuthnot  6395.    Of  these,  those  of  Rom6  de  im 
and  La  Nauze,  which  come  the  nearest  to  6039i,  were  ^®*^"*^ 
fi-om  weighing  coins :  but  the  most  modem  valiuitions  deduced  ij^ 
coins  give  5040  gnuns.    On  coins  however  we  do  not  much  rely.   ^ 
congius  of  Vespasian,  already  mentioned,  gave  to  different  exp«J| 
menters  6094,  6386,  and  6276  Paris  grains ;  but  it  is  most  protowe 
that  the  capacity  of  this  vessel  has  been  somewhat  increased  °y^^ 
There  are  also  some  ancient  weights  in  stone  or  metal,  preserved 
different  phices,  from  which  De  L'Isle  brings  out  6071  and  6042  gna^ 
But  others  make  different  results,  whether  from  the  coins  or 
weights;  and  the  result  of  the  whole  seems  to  be,  that  the  Ro^ 
pound  cannot  be  more  accurately  stated  than  in  the  foUowing^v(»^' 
"  something  more  than  seven-tenths  of  a  pound  averdupois.     } 
Attic  Talent  is  said  by  many  writers  to  be  80  Roman  pounds.   ^^ 
this  being  taken,  as  in  the  article  cited,  at  56*953  pounds  averdup^J; 
gives  7119  of  a  pound  averdupois.    Between  707  and  '712,  or  ^^ 

•  To  turn  cubic  inches  into  imperial  gallons,  multiply  by  H  «*  *'J5 
divide  by  6100,  and,  if  worth  whUe,  from  the  result  robtract  its  tvo  wn<Ji^ 
thonsaadlh  part. 
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xiear  t>o  one  of  these  extremes,  we  have  little  doubt  Uie  truth  really 
lies.  Accordingly,  the  Roman  uncia  is  much  nearer  to  our  ounce  aver- 
dupois  than  to  our  ounce  troy;  and  many  metrologistB  have  supposed 
l^bat  tlie  former  was  originally  the  uncia. 

We  have  never  had  any  means  of  knowing  whether  the  fundamental 
points  of  connection  between  the  Greek  and  Roman  measures  are  exact 
or   only  approximate.    These  are,  that  the  foot  is  longer  than  the 
Iloman  by  one  twenty-fourth,  and  the  Philetserian  foot  by  one-fifth ; 
-that   the  fitrprrrris  is  an  amphora  and  a  half,  and  that  the  amphora  of 
water   or  wine  weighs  an  attic  talent.     Taking  these  relations  for 
granted,  we  have  for  the  Greek  foot  12*10  English  inches  or  I'OOS  feet, 
for  the  Philetccrian  foot  13*94  inches,  for  the  metretes  8'4879  gallons, 
and    for   the  attic  talent  56*586  pounds  averdupois.     There  is  one 
stadium   left  at  Athens  [Stadium]  which  is  630  English  feet,  giving 
for  the  Greek  foot  1*05  feet  English ;  but  there  is  not  much  dependence 
to  be  placed  on  the  measure.    Such  buildings  as  have  been  examined 
at  Athens,  in  the  manner  already  described,  give  as  a  mean  136*69 
Paris  lines,  or  12'H  English  inches.    We  may  therefore  say  that  the 
Greek  foot  was  longer  than  the  English  one  by  the  tenth  part  of  an 
inch.     The  statements  then  as  to  the  relations  between  the  Greek  and 
Xtoman  measures  appear  to  have  been  tolerably  exact,  and  our  know- 
ledge of  the  relations  between  our  measures  and  theirs,  though  not 
Butticicnt  for  scientific  comparison,  is  abundantly  exact  for  the  purposes 
of  the  classical  student,  far  more  so  than  could  have  been  expected  to 
have  been  attainable  by  those  who  remember  that  for  a  long  period  all 
means  of  comparison  were  lost.* 

WEIGHTS  AND  MEASURES,  STANDARD.  In  this  article  we 
separate  from  the  general  subject  of  Weights  and  Measures  those 
preliminary  considerations  which  refer  to  the  manner  in  which  weights 
and  measures  are  verified  and  preserved,  so  far  as  they  can  be  entered 
upon  in  a  work  partly  of  reference,  partly  of  general  information.  We 
do  not  pretend  to  complete  a  scientific  account,  but  shall  be  satisfied 
with  preparing  the  impractised  reader  to  look  with  some  degree  of 
interest  on  the  sources  of  more  elaborate  information  to  which  we 
shall  refer. 

Measures  are  wanted  for  two  distinct  objects,  the  commercial  and 
the  scientific.     The  wants  of  natural  philosophy  have  grown  up  within 
the  last  two  cent^^es ;  while  so  early  as  Magna  Charta  it  was  one  of 
the  concessions  to  the  grievances  of  the  subject  that  there  should  be 
one  weight  and  one  measure  throughout  the  land.    But  though  a  few 
acts  of  parliament  were  sufficient,  in  process  of  time,  substantially  to 
establish  the  political  rights  which  that  chai*ter  was  intended  to  grant, 
hundreds  of  them,  down  to  the  present  time,  have  been  ineffectual  in 
producing  the  use  of  one  weight  and  one  measure.    Some  of  these  we 
shall  afterwards  refer  to  [Weights,  &c.]  ;  in  the  meanwhile  we  have 
here  only  to  state  that,  as  may  be  supposed,  this  unity  was  for  com- 
mercial, not  scientific  purposes ;  and  that  the  resemblance  of  natural 
objects  was  supposed  to  be  a  sufficient  reliance  for  obtaining  it.    Some 
of  the  old  statutes  expressly  make  the  inch  to  be  the  length  of  three 
barleycorns,  placed  end  to  end,  round  and  dry,  from  the  middle  of  the 
ear.    Standards  were  made,  no  doubt,  from  this  definition ;  or  at  least 
it  was  supposed  that  if  the  exiaiing  standard  should  be  lost,  the  barley- 
corns would  enable  its  restoration  to  be  effected.    Our  readers  may 
smile  at  what  they  think  so  rude  a  contrivance ;  but  the  same  prin- 
ciple, carried  a  little  further,  might  be  made  very  efficient  in  preserving 
a  measure.    Suppose  for  example,  that  the  government  were  now  to 
think  it  desirable  to  recover  the  three-barleycorn  inch,  or  at  least  to 
invent  one  which  should  be  capable  of  being  recovered.    Th^  would 
put  together  not  three  barleycorns,  but  three  thousand,  or  thirty 
thousand;  or  many  different  collections  of  three  thousand  or  more. 
The  ayerage  inch  deduced  from  these  would  be  capable  of  being  re- 
covered at  any  time  from  the  same  grain  grown  in  the  same  soil.    A 
commercial  standard  might  be  easily  recovered  from  many  different 
modes  of  proceeding :  for  example,  the  average  height  of  the  bai*ometer 
at  a  given  place  throughout  any  period  of  five  years  is  so  nearly  the 
same  from  one  five  years  to  another,  that  a  commercial  standard  might 
be  sufficiently  well  obtained  from  it.    It  would  be  of  little  consequence 
if  the  yard  were  wrongly  recovered  by  one-hundredth  or  even  one- 
tenth  of  an  inch,  in  any  matter  of  buying  and  selling. 

It  is  the  8citntijic  standard  at  which  the  government  has  been  aiming 
during  the  last  century.  The  object  here  is,  first,  to  measure  the  old 
standards  to  the  utmost  accuracy  of  which  our  senses,  assisted  by 
microscopes,  are  capable;  secondly,  to  discover  the  means  of  recon- 
structing a  lost  standard.  In  the  more  delicate  operations  of  natural 
philosophy  and  astronomy,  our  knowledge  cannot  go  down  to  posterity, 
unless  they  know  within  the  thousandth  of  an  inch  what  it  is  that  we 
call  a  yard.  The  public  at  large  has  never  understood  the  reason  why 
so  much  trouble  has  been  taken ;  and  perhaps  the  members  of  different 
administrations,  while  trusting  such  investigations  to  men  of  science, 
and  relying  on  them  for  the  whole  conduct  of  the  matter,  may  have 
wondered  at  the  great  difficiUty  which  there  seemed  to  be  in  the  way 
of  furnishing  the  shopkeepers  of  all  generations  with  the  yard  measures 

*  Fop  further  information  on  andent  weights,  coins,  and  measares,  the 
reader  is  referred  to  the  following  work,  '  Metrologischo  Untersachungen  Obcr 
Gcwichte,  MQnxfiisBe,  nnd  Masse  dcs  Alterthums  in  ihrcm  Zusammenhange, 
von  August  Boeckh,'  Berlin,  1838 ;  and  to  a  review  of  this  work  in  the 
'Classical  Museum,'  No.  1,  by  Mr.  Grote. 
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and  pound  weights  of  the  same  values.  It  is  our  principal  object  in 
this  article  to  endeavour  to  point  out  the  nature  of  these  difficulties, 
and  the  extent  to  which  they  have  been  overcome  :  it  being  remem- 
bered however  that  the  object  is  scientific,  not  commercial,  and  that 
the  standard  of  length  is  chosen  as  the  most  important  illustration. 

To  elucidate  the  principh  merely  of  the  manner  in  which  scales  are 
compared,  we  must  first  show  how  it  is  that  very  small  lengths  can  be 
measured.  A  screw  can  be  very  accurately  constructed,  say  with 
threads  one-twentieth  of  an  inch  apart ;  if  this  screw  be  the  axis  of  a 
circular  plate,  which  turns  with  it,  and  the  edge  of  the  plate  be  divided 
into  100  parts,  each  of  these  parts  will  be  very  perceptible,  if  the  plate 
be  three-quarters  of  an  inch  or  more  in  diameter,  and  it  will  not  be 
difficult  to  estimate  the  half  or  quarter  of  one  of  the  divisions.  Let 
there  be  an  index  attached  to  the  frame,  which  does  not  move  with 
the  screw,  by  which  it  may  be  seen,  when  the  plate  (and  with  it  the 
screw)  is  turned,  how  many  divisions  it  is  turned  through.  Now 
since  a  whole  turn  of  the  screw  moves  the  end  of  it  forward  through 
one-twentieth  of  an  inch,  a  motion  of  the  plato  which  passes  one  of 
the  divisions  over  the  index,  or  the  hundredth  part  of  a  turn,  sends 
the  end  of  the  screw  forward  through  only  one  two-thousandth  of  an 
inch,  and  a  quarter  of  a  division  answers  to  one  eight-thousandth  of 
an  inch.  SuppcNse  a  couple  of  such  screws,  each  of  which  is  attached 
to  a  pointer,  as  in  the  following  diagram,  in  which  the  pointera  only 
are  inserted,  and  one  of  the  scales  which  are  to  be  compared;  the 
screws  which  move  the  pointers,  and  all  the  frame- work,  being  omitted. 
Observe  also  that  this  is  not  the  apparatus  employed,  but  only  a  con- 
venient illustration  of  it. 

It  is  supposed  that  a  and  B  can  be  moved,  by  the  screw  motion,  in 
such  a  manner  that  a  motion  so  small  as  the  eight-thousandth  of  an 
inch  may  be  given  to  either.  The  scale  at  present  used  is  E  f,  on  which 
are  two  points,  o  and  D,  which  are^  or  are  supposed  to  be,  exactly  a 


CO 
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yard  asunder.  Let  the  screws  be  moved  until  the  ends  of  the  pointers, 
which  all  but  touch  the  scale,  are  exactly  over  c  and  D ;  then  if  the 
scale  be  removed,  the  length  c  D  is  retained  in  the  distance  between 
the  points  of  the  pointers.  Now  let  another  scale  be  introduced,  and 
let  its  points  be  brought  as  near  as  may  be,  conveniently,  to  the 
pointers :  it  is  supposed  that  the  distances  o  d  and  o  h  are  very  nearly 
equal,  for  workmen  used  to  the  construction  of  mathematical  instni- 
ments  never  fail  in  making  two  yard  measures  agree  within  a  fiftieth 
of  an  inch.  Perhaps  the  reader  will  say  the  point  a  might  be  brought 
exactly  under  the  pointer  a,  and  Uien  Uie  pomter  b  alone  would  show 
whether  the  present  scale  is  shorter  or  longer  than  its  predecessor :  but 
as  the  pointer  is  much  less  cumbrous  than  the  scale,  it  is  easier  and 
safer  to  put  the  scale  in  a  convenient  position  than  to  attempt  to 
place  it  in  one  exactly  given.  This  being  done,  move  the  pointer 
A  from  0  to  o,  and  observe  how  many  turns,  or  how  much  of  a 
turn,  of  the  screw,  is  required  to  do  it :  say  it  makes  871  divisions  of 
the  plate  pass  the  index.  Also  move  the  pointer  b  from  D  to  ^,  which 
makes,  say,  97}  divisions  uf  the  plate  pass  the  index.  Now  we  ob- 
viously have 

0H=  CD  +  DH  —  oa; 

and  since  D  h  is  longer  than  c  g,  it  appears  that  a  h  exceeds  c  d  by  the 
excess  of  d  h  over  o  o,  answering  to  97}  -  874,  or  10^  divisions  of  the 
plate,  being  10^  times  the  two-thousandth  of  an  inch,  or  '005125  of  an 
inch.  This  experiment  may  be  repeated  any  number  of  times,  and  as 
may  be  expected,  the  results  will  not  agree,  since,  it  is  not  to  be  sup- 
posed that  any  two  persons,  or  the  same  person  at  two  difierent  times, 
will  agree  in  their  estimation  of  exact  coincidence  between  the  pointers 
and  the  ends  of  the  scales.  As  in  other  cases,  the  averaging  of  the 
discordant  results  will  bring  out  the  truth  very  nearly. 

The  difference  between  the  apparatus  which  was  actually  used  in  the 
next  experiments  and  that  above  described  was  as  follows.  The 
pointers  were  Micrometer*  micrcMicopes,  in  which  the  intersection  of 
two  fine  spider-threads,  placed  at  the  focus,  was  the  point  which  was 
made,  by  a  slow  screw  motion,  to  coincide  with  the  centre  of  the 
(magnified)  dot  (or  line)  which  formed  the  extremity  of  the  scale. 
The  micrometer  head  (the  circular  plate  of  the  preceding  illustration) 
was  divided  into  100  parts,  each  of  which  was  found  to  be  equivalent 
to  one  20,000th  of  an  inch ;  or  a  whole  turn  of  the  screw  altered  the 
position  of  the  intersection  of  the  spider's  webs  by  one  200th  of  an 
inch.  The  magnifying  power  used  was  about  27  times  in  linear 
dimension.  It  was  attempted,  in  each  experiment,  to  estimate  tenths 
of  the  divisions  of  the  micrometer-head,  or  to  attaint  the  200,000th 

*  The  principle  is  the  same  as  that  of  the  beam  compaBses,  and  the  apparatus 
might  bo  called  microscopic  beam-compasses,  or  beam-microscopes. 

f  Erery  attempt  at  measurement  strives  to  be  ready  for  more  than  there 
is  any  reasonable  hope  of  attaining.  It  is  certainly  not  likely,  at  present,  that 
eren  the  mean  of  a  large  number  of  measures  would  settle  the  question  within 
so  small  a  quantity ;  but  if  ever  the  day  shall  arrive  when  the  200,000th  of  an 
inch  is  attainable,  the  previous  attempts  to  obtain  it  will  point  out  the  cause  of 
their  own  failure,  and  probably  be  a  source  of  information. 
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part  of  an  inch.  The  apparatus  is  described  in  Mr.  Baily's  '  Report  to 
the  Royal  Astronomical  Society  on  their  Standard  Scale '  (published 
in  the  ninth  volume  of  their  Memoirs),  from  which  much  of  the 
present  article  is  taken. 

The  first  attempts  to  be  scientific  in  matters  of  measurement  made  in 
this  country  date  from  the  beginning  of  the  17th  century.  Previously 
to  this  time  men  of  information  probably  believed  that  the  Roman  and 
English  foot  were  the  same,  and  that  the  pound  troy  wasdeducible  from 
the  Roman  Libra.  Bishop  Tonstal,  in  his  Arithmetic  (1522),  where  he 
only  treats  what  is  necessary  for  common  life, ''  ad  vitam  communem 
transigendam  necessaria,"  cites  Columella  on  measures  of  length,  [and 
deduces  the  system  of  coinage  from  Budssus  on  the  Roman  As.  The 
other  writers  of  the  same  century  pass  over  the  mode  of  obtaining 
measures,  as  if  it  were  perfectly  fixed,  and  generally  refer  to  the  three- 
barleycorn  inch  as  a  standard.  In  the  early  part  of  the  17th  century  we 
find  Oughtred  ('  Circles  of  Proportion,'  pp.  55-57)  referring  to  actual 
measures  of  the  contents  of  the  gallon  made  by  the  celebrated  Briggs,  and 
also  by  one  William  Twine,  but  taking  the  Roman  foot  as  "  very  little 
less,  if  not  exactly  the  same,"  as  the  English  foot.  Later  in  the 
century,  Dr.  Wybtuxl  ('  Tactometria/  p.  268,  publisfaed  in  1650)  gives 
an  account  of  experiments,  at  which  he  was  present,  for  the  determi- 
nation of  the  same  gallon;  and  later  still,  in  1688,  we  have  the 
experiment  with  the  same  object  [Gallon],  at  which  Flamsteed  and 
Halley  were  present,  which  is  referred  to  in  the  Report  of  the  Com- 
mittee of  the  House  of  Commons  in  1758.  As  far  as  measurements 
are  concerned,  had  it  not  been  for  Greaves  [Greaves,  John,  in  Bioa. 
Drv.],  we  might  have  summed  up  the  efiforts  of  the  17th  century  by 
saying  they  were  mostly  directed  to  finding,  within  one,  how  many 
cubic  inches  there  were  in  the  several  gallons.  Greaves  first  directed 
attention  to  the  difference  between  the  Roman  foot  and  the  English, 
by  tolerably  accurate  determinations  of  the  former.  [Weights  and 
Measures.]  He  also  attempted  the  investigation  of  the  Roman 
weights,  and  must  be  considered  as  the  earUest  of  the  scientific 
metrologists.  He  was  followed  by  Dr.  Bernard  [Bernard,  Edward, 
in  Bioo.  Diy.],  whose  treatise  on  ancient  weights  and  measures  (1685 
and  1688)  must  have  given  a  great  impetus  to  the  spirit  of  comparison. 
A  work  of  tills  kind  soon  shows  its  consequences:  Jeake's  'Arithmetic' 
(folio,  1696)  contains  a  hundred  pages  on  the  subject.  Towards  the 
end  of  the  century  the  measures  of  Auzout  and  Picard  awakened 
attention  to  the  comparison  of  standards  in  France.  Both  countries 
were  thus  prepared  to  desire  some  information  from  each  other  on  the 
subject  of  their  measures ;  and  a  communication  took  place  in  1742 
between  the  Royal  Society  and  the  Academy  of  Sciences  for  an  inter- 
change of  standards.  Then,  for  the  first  time,  as  far  as  we  can  learn,  a 
yard  was  taken  off  on  a  brass  rod  from  a  standard  kept  in  the  Tower 
of  London  (which  we  believe  is  not  now  in  existence).  But  the  legal 
standard,  usually  so  considered,  was  one  which  was  kept  at  the 
Exchec^uer ;  there  was  anothei-  at  the  Guildhall,  and  another  in  the 
possession  of  the  Clockmakers*  Company.  When  these  came  to  be 
compared  with  one  another  and  with  the  Exchequer  standard  by 
Graham  (who  also  laid  down  an  Exchequer  yard  on  the  same  brass 
rod),  it  appeared  that  the  shortest  and  the  longest  differed  by  seven- 
hundredths  of  an  inch,  a  little  more  than  the  height  of  an  o  or  an  a  in 
this  work.  But  had  the  difference  been  greater,  it  would  not  have 
mattered  much,  considering  the  way  in  which  standards  were  to  be 
used.  In  our  own  day,  i^ter  nearly  a  century  of  communication 
between  statesmen  and  philosophers  on  the  subject  of  a  uniform 
measure,  Mr.  Baily  visited  the  Exchequer  standard  (from  which  the 
copies  we  shall  presently  mention  were  made),  and  his  account  (Report 
above  cited,  p.  146)  is  as  follows  : — "  Since  the  preceding  sheets  were 
printed,  I  have  had  an  opportunity  of  seeing  this  curious  instrument, 
of  whidi  it  is  impossible  at  the  pr^ent  day  to  speak  too  much  in 
derision  or  contempts  A  common  kitchen  poker,  filed  at  the  ends  in 
the  rudest  manner  by  the  most  bungling  workman,  would  make  as 
good  a  standard.  It  has  been  broken  asimder,  and  the  two  pieces  have 
been  dovetailed  together,  but  so  badly  that  the  joint  is  nearly  as  loose 
as  that  of  a  pair  of  tongs.  The  date  of  this  fracture  I  could  not  ascer- 
tain, it  having  occurred  beyond  the  memory  or  knowledge  of  any  of 
the  officers  at  the  Exchequer.  And  yet,  till  within  the  last  ten  years, 
to  the  disgrace  of  this  country,  copies  of  this  measure  have  been  circu- 
lated all  over  Europe  and  America,  with  a  parchment  document 
accompanying  them  (chained  with  a  stamp  that  costs  8/.  10s.,  exclusive 
of  official  fees),  certifying  that  they  are  true  copies  of  the  English 
ttandard.** 

In  1758,  a  committee  of  the  House  of  Commons  began  to  investigate 
this  subject,  and  was  followed  by  another  in  1759  :  both  committees 
made  full  Reports.  Both  committees  caused  to  be  made,  by  Bird,  a 
copy  of  the  Royal  Society's  (or  Graham's)  copy  of  the  Exchequer  stem- 
dard,  and  these  copies,  which  remained  in  the  official  possession  of  the 
Speaker  of  the  House  of  Commons,  were  called  Bird's  parliamentary 
standards  of  1768  and  1760 :  it  should  be  stated,  however,  that  the 
latter  was  only  a  copy  of  the  former.  The  Reports  were  agreed  to  by 
the  House  :  a  bill  was  brought  in,  according  to  tibeir  recommendation, 
namely,  that  Bird's  standard  of  1758  should  be  the  national  standard; 
but  it  was  not  carried  through.  A  committee,  appointed  in  1790,  did 
nothing,  and  the  matter  was  thus  abandoned.  Private  individuals  and 
scientific  societies  began  to  provide  themselves  with  standards  :  Sir  G. 
Shuckburgh  (*  PhiL  Trans.,'  1798)  had  one  made  by  Troughton,  which 


he  compared  with  the  parliamentary  standards  and  others.    Tr  ^ 
made  one  for  himself,  and  first  introduced  the  microznetfer  in.- 
scopes  into  the  comparisons ;  this  last  was  made  from  one  whicL  tj 
had  made  for  the  then  assay-master  of  the  Mint.    Another  waa  ni., 
for  General  Roy,  and  was  used  by  him  in  the  great  aurrej ;  a&  ± 
Bird's  own  private  property,  was  in  existence.     Thus  matters  ^&^.  - 
until  the  year  1814,  when  the  House  of  Commons  again  appoint*-: 
committee  to  consider  the  subject. 

In  the  meanwhile  however  experimental  philosophy  had  made  ^'. 
advances,  and  investigators  began  to  look  more  at  the  succesaies  c: 
past  than  at  the  new  difficulties  which  those  verv  successes  had  ^.|r:- 
into  view.    As  soon  as  the  measurements  of  the  earth   h^an  :,    - 
attended  with  some  success,  the  French  proposed  a  atandard  mc^j- 
which  should  be  the  ten-millionth  part  of  a  quarter  of  the  meni^ 
which  last  they  hoped,  by  their  great  survey,  to  aacertain  ao  «u^ 
that  no  future  measurement  should  make  even  a  microacopic  altera- 
of  their  new  metre.     In  England  the  pendulum  began  to  be  consc-; 
a  perfect  instrument ;  and  the  second  being  determined  invarial: .:  - 
the  motion  of  the  earth,  it  was  thought  that  the  length  of  the  ^c  >  1 
pendulum  in  a  given  latitude  would  be  an  invariable  quantity  ^l.  • 
could  always  be  recovered.    The  committee  of  1814,  on  the  eryltu  ( 
of  Playfair  and  WoUaston,  recommended  that  Bird'a  atandaxd  of  1^- 
should  be  the  one  adopted,  and  gave  it  as  their  opinion  that  the  ksr: 
of  a  seconds'  pendulum  in  the  latitude  of  London  ia  39*13047  mdL 
of  which  ti^e  above-named  standard  yard  contains  36.      Playfiir  a,. 
WoUaston  hinted  at  the  necessity  of  verifying  thia  number,  b^t  it 
committee  tiJce  it  for  granted,  and  assert  thai  any  expert  watehiDU:! 
can  make  a  seconds'  pendulum,  without  stating  how  that  penduljiLi 
afterwards  to  be  measured,  nor  at  what  temi>6raturey  preasure,  ki,  i 
is  to  be  swung.    They  also  state  that  a  cubic  foot  of  pure  wi.t«;.; 
564  Fahr.  weighs  exactly  1000  ounces  avoirdupois,  aa  the  connects;: 
link  between  measures  of  weight  and  capacity.    No  bill  was  \sk^ 
in  consequence  of  this  Report. 

In  1819  the  Prince  Regent  appointed  a  commission  oompoaed  of  & 
J.  Banks,  Sir  G.  Clerk,  Davies  Gilbert,  WoUaston,  Toung^  and  E^. 
This  commission  made  three  Reports,  dated  June  24,  1819,  Julj't 
1820,  and  March  31,  1821.  In  the  first  (we  confine  oursehoe  k 
matters  affecting  the  standards)  the  standiu*d  yard  recommended  £ 
that  on  the  scale  used  by  General  Roy  in  the  meaaurement  of  !:.< 
Hounslow  H  dath  base,  and  it  was  the  opinion  of  the  reporters  tb^t  *^ 
mean  solar  seconds'  pendulum  in  London,  at  the  level  of  the  sea,  is  a 
vacuum,  and  at  62°  of  Fahr.,  was  39'1372  inches  of  thia  acale.  Tbet 
also  take  19  cubic  inches  of  distiUed  water  at  50^  to  be  ezact^  K 
ounces  troy.  In  the  Second  Report,  they  announce  that  an  error  La£ 
been  discovered  in  their  standard,  and  they  propose  that  Birfs 
parliamentary  scale  of  1760  shaU  be  the  standard,  the  seconds'  pendu- 
lum being  39*18929  inches.  In  the  Third  Report,  they  amiounce,  b/ 
new  experiments,  that  a  cubic  inch  of  distiUed  water  at  62°  is  252'I« 
grains  of  the  standard  pound  of  1758,  when  weighed  in  a  vacuunL 
The  House  of  Commons  again  appointed  a  committee  in  1821,  to  whicl 
these  Reports  were  submitted :  wis  committee  agreed  with  the  com- 
missioners, and  a  bill  was  introduced  in  1823.  A  petition  from  tb 
Chamber  of  Commerce  at  Glasgow  to  the  House  of  Lorda  occaaosdd 
an  investigation  in  that  House  also ;  Dr.  Kelly,  one  of  the  witnessa 
before  the  committee,  called  attention  to  the  Imown  effecta  of  varietj 
of  attraction  on  the  pendulum,  as  shown  by  Captain  Kater  s  o^ 
observations,  and  to  the  insufficient  manner  in  which  the  level  of  the 
sea  was  known :  and  his  opinion  was  that  of  few  others  at  the  time,thou^ 
now  nearly. universally  received,  namely,  that  "nature  seema  to  retua« 
invariable  standards ;  for,  as  science  advances,  difficulties  are  found  to 
multiply,  or  at  least  they  become  more  perceptible,  and  some  appear 
insuperable."  The  House  of  Lords  adjourned  the  question  over  tili 
1824 ;  when  the  act  5  Geo.  IV.  c.  74,  was  passed,  from  which  extracu 
will  presently  be  made.  This  act  was  to  take  effect  May  1,  1825,  but 
in  the  March  of  that  year  6  Geo.  IV.  c.  12,  was  passed,  deferring  ^^ 
operation  of  the  preceding  act  till  January  1,  1826*  There  wu 
an  inquiry  before  the  House  of  Commons  in  1834,  which  ended  in  th« 
statute  of  4  &  5  Will.  IV.  c.  49,  and  another  inquiry  before  the  same 
House  in  1885,  which  ended  in  5  &  6  WUl.  IV.  c.  68,  repealing  th« 
former  act  and  substituting  new  provisions.  These  last  acts  however 
contain  nothing  with  reference  to  the  standards,  except  the  foUowiiif 
excellent  wind-up  of  the  chequered  and  ill  imderstood  legislation  upon 
weights  and  measures.  The  Houses  of  Parliament  were  burnt  in  1S34, 
and  with  them  Bird's  standards  of  1758  and  1760  (the  last  %Kt  standard). 
Nevertheless  h  h,  ^  Will.  IV.  c.  68^  passed  after  the  fire,  tak^  no 
notice  of  the  destruction  of  the  standard,  but  refers  to  it  as  still  in 
existence.  Seven  years  *  have  since  elapsed,  but  we  are  not  aware  of 
the  legislature  having  yet  swung  the  pendulum  to  recover  the  lost 
measure. 

As  to  the  standards,  the  act  prescribes  as  follows : — 

1.  The  straight  line  or  distance  between  the  centres  of  the  two  points 
in  the  gold  studs  in  the  straight  brass  rod  now  in  the  custody  of  the 
clerk  of  the  House  of  Commons,  whereon  the  words  and  figures 
''  Standard  yard,  1760  "  are  engraved,  shall  be  the  original  and  genuine 
standard  of  that  measure  of  length  or  lineal  extension  called  a  yard . . . 
the  brass  being  at  the  temperature  of  sixty-two  degrees  of  Fkhrenhelt's 

•  ThiB  was  written  by  Mr.  Sheepshanks  in  1841. 
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tbermoraeter The  act  goes  on  in  many  words  to  say  that  the 

pendulum  vibrating  seconds  of  mean  time  in  the  latitude  of  London  * 
in  a  vacuum  at  the  level  of  the  sea  is  89'1893  inches  of  the  said 
standard. 

2.  The  standard  brass  weight  of  one  pound  troy  weight,  made  in  the 
■year  1758,  now  in  the  custody  of  the  clerk  of  the  House  of  Commons, 
shall  be  the  original  and  genuine  standard  measure  of  weight.  .  .  . 
The  act  goes  on  to  say  that  the  cubic  inch  of  distilled  water,  weighed 
in  air  by  brass  weights,  at  62*  of  Fahr.,  the  barometer  being  at  30 
inches,  is  equal  to  252'458  grains. 

It  happened  fortunately  for  the  scientific  standard,  that  about  the 
year  1832  the  council  of  the  Royal  Astronomical  Society  caused  a 
Kcale  to  be  constructed  for  themselves,  and  obtained  permission  of  the 
Speaker  of  the  House  of  Commons  to  compare  it  with  Bird's  two 
standards,  which  was  done  in  the  beginning  of  1834,  by  a  much  more 
extensive  set  of  experiments  than  had  ever  been  made  before  for  a 
like  purpose,  conducted  chiefly  by  Mr.  Baily  and  the  late  Lieutenant 
Murphy.  This  is  now,  in  fact,  the  standard  scale  of  the  country ;  or, 
at  least,  the  only  measure  from  which  the  standard  scale  can  be 
deduced.  The  manner  of  conducting  the  comparisons  has  already 
been  slightly  described  ;  we  shall  now  proceed  (from  the  Report  already 
quoted)  to  give  some  account  of  the  difficulties  which  were  found  in 
the  way  of  measurement,  and  of  the  results. 

This  scale  is  a  cylindrical  tube  of  brass  63  inches  long,  1*12  inches 

and  *74  inches  in  exterior  and  interior  diameter.    Three  thermometers 

are  immoveably  inserted  into  its  length,  and  the  ends  are  stopped  by 

brass  plugs.    Two  parallel  lines  ('09  of  an  inch  apart)  are  drawn  in  the 

upper  surface;  and,  commencing  1^  inches  from  one  end,  at  the 

distance  of  every  foot,  a  palladium  pin  is  inserted  in  the  tube,  between 

those  lines ;  on  each  of  which  pins,  at  proper  distances,  a  fine  line  is 

cut  to  designate  the  length  of  a  foot.     The  first  foot  is  similarly 

divided  into  inches  and  tenths ;  and  the  middle  foot  (there  being  five 

in  all)  is  bisected.    The  three  middle  feet  constituted  the  yard  which 

was   used  in  the  comparisons.    It  was  found  that  any  constraint, 

however  slight,  affected  the  expansion  and  contraction  of  the  bar; 

even  the  friction  arising  from  its  first  supports,  which  were  lined  with 

baize :  it  was  therefore  found  necessary  to  support  it,  when  under  the 

microscopes,  on  friction-rollers  :  and  care  was  taken  that  these  should 

always  be  placed  imder  the  same  points  of  the  tube.    To  give  an  idea 

of  the  power  of  the  mode  of  comparison,  it  was  found,  by  fourteen 

experiments  agreeing  very  well  w^ith  each  other,  that  the  middle  vard 

was  shortened  *48   of  one  of  the  divisions  of  the  micrometer-head 

(described  at  the  beginning  of  the  article),  or  '000024  of  an  inch,  by 

nothing  but  removing  the  plugs  from  the  end  of  the  tube. 

Nothing  can  be  known  of  such  a  bar  as  a  scientific  standard  until 
the  rate  at  which  it  expands  bv  the  action  of  heat  is  determined.  By 
a  mean  of  six  experiments,  taken  with  the  tube  at  the  freezing  and 
boiling  temperatures,  it  was  found  that  every  addition  of  1"  of  Fahr. 
to  the  temperature  lengthened  the  centre  yard  by  '000377  of  an  inch, 
or  7*6  divisions  of  the  micrometer-head. 

The  instrument  being  placed  ready  for  observation,  and  two  scales 
being  put  down  for  comparison,  one  observer  may  bring  both  the 
micrometers  to  the  ends  of  one  scale,  or  one  observer  may  be  placed  at 
one  end,  and  another  at  the  other.     In  the  latter  case,  a  new  cause  of 
error  enters,  of  which  it  is  impossible  to  give  any  account,  though  a 
remedy  may  be  provided.    It  is  not  true  that  two  persons,  though 
using  exactly  the  same  instrument,  and  noting  the  same  phenomenon 
under  the  same  circumstances,  will  note  it  exactly  in  the  same  way. 
Wlien  one  observer  made  (as  he  thought)  the  coincidence  of  the  inter- 
section of  the  micrometer-wires  with  the  dot  or  line  at  the  end  of  a 
scale,  another,  looking  into  the  microscope,  would  seldom  or  never 
agree  with  the  former  that  the  coincidence  was  exactly  made,  but 
would  turn  the  micrometer-head  three  or  four  divisions,  one  way  or  the 
other,  before  he  (the  second)  could  be  satisfied  that  the  coincidence 
was  perfect.    This  difference  of  the  manner  of  observing,  arising  from 
the  peculiar  habits  of  vision  and  judgment  of  the  observers  themselves, 
has  received  the  name  of  the  personal  equation^  and  its  amoimt,  as 
between  any  pair  of  observers,  can  be  ascertained  by  experiment.    If 
one  observer  made  the  coincidences  at  both  ends,  it  would  matter 
nothing  what  his  manner  of  observing  was,  since,  however  much  he 
might  differ  from  absolute  correctness  (be  that  what  it  may),  he  would 
differ  by  the  same  amount  at  both  ends,  and  the  length  of  the  scale 
would  not  be  affected.    If,  when  two  observers  are  employed,  they 
make  a  given  number  of  comparisons,  and  then  change  places  and  make 
the  same  number,  the  mean  of  all  their  observations  will  be  unaffected 
by  their  mode  of  observing,  since,  if  the  scale  be  made  too  long  in  the 
first  set,  it  will  be  made  as  much  too  short  in  the  other,  and  vice 
versl    [Equation,  Personal.]    Some  of  the  personal  equation  might 
arise  from  the  curious  figures  which  the  dots  of  the  old  scales  (into 
which  beam-compasses  had  been  inserted)  presented  when  viewed 
under  the  microscope.    Bird's  standard  of  1758,  for  instance,  had 
pear-shaped  holes  at  its  extremities,  the  centres  of  which  no  two 
persons  could  agree  upon. 

The  following  results  will  give  a  notion  of  the  degree  of  accuracy 
obtamed  in  the  workmanship  of  scales.    The  Astronomical  Society's 

*  The  laUtnde  of  London  was  rather  a  vagne  phrase  for  legislation  which 
coQld  not  let  **  length  "  pass  without  the  explanation  **  Uaeal  extension.** 
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scale  was  compared  with  the  imperial  standard  (Bird's  of  1760) ;  the 
Royal  Society's  scale  of  1742,  having  two  scales  in  it  marked  E  and 
Exch. ;  a  scale  called  Aubert's,  the  prototype  of  one  which  was  used 
in  the  Indian  survey  by  Lambton;  one  which  had  been  used  by 
Sir  O.  ShuckbiuTjh;  one  belonging  to  the  town  of  Aberdeen;  one 
belonging  to  Mr.  T.  Jones ;  and  four  new  ones  made  after  the  model 
of  the  Society's  scale,  one  for  the  Danish  government,  one  for  the 
Russian  government,  one  retained  for  himself  by  Mr.  Simms  the  con- 
structor, and  one  for  Mr.  Baily.  Calling  the  middle  yard  of  the 
Astronomical  Society's  scale  30  inches,  the  different  scales  are  as 
follows,  each  from  the  mean  of  many  observations : — 

Standard       Mean  Inches  of 
Scale,  portion.        Ast  Boo.  scale. 

Astron.  8oo.      •        •        •        .  centre  yard.  36*000000 

Banish ,,  85-990758 

Euwian    .        •         •        .        .  „  36-000050 

Simms's        •         •        •         •    •  „  85-999908 

Boily's „  85-999919 

Aberdeen „  35*998615 

Jones's ,,  35-999802 

Aubert's 0  in.— 86  in.  85-998447 

Shuckburgh      •        •        •        •     0  in. — 86  in.  36*000185 

„  .        •        •        •    .  10  in. — 46  in.  85-909921 

Roval  Society    ....  line  E  86*001473 

„  ....      line  Exch.  S5'908684 

Imperial  standard  of  Bird's  of  1760         •        .     .  85*9996S4 

'  Temperature  is  not  here  alluded  to,  it  being  presumed,  of  course, 
that  the  effect  of  temperature  upon  the  difference  of  two  scales  is 
inappreciable :  thus  the  Astronomical  Society's  standard  being  '000376 
longer  than  the  imperial  standard,  and  the  standard  temperature 
being  62%  the  length  of  the  former  standard,  observed  at  62",  and 
diminished  by  '000376  of  an  inch,  will  give  the  true  standard  of 
the  law. 

It  is  believed,  after  all,  that  the  imperial  standard  is  about  1-1 40th 
of  an  inch  longer  than  the  old  standard  'ot  the  country;  but  this 
matters  nothing  to  the  scientific  part  of  the  question,  for  all  the  scales 
which  have  been  used  in  trigonometrical  surveys  have  now  been  dili- 
gently compared  with  the  Astronomical  Society's  scale,  and  are  there- 
fore known,  independently  of  the  national  standard,  as  long  as  the 
latter  sci^e  exists.  The  only  thing  to  be  fearod  is  the  loss  of  this 
last-mentioned  standard ;  the  government  might  keep  it,  but  cannot 
be  trusted  to  use  it ;  the  Society,  which  knows  how  to  use  it,  has  no 
place  of  perfect  security  in  which  to  keep  it. 

We  shall  not  here  enter  into  die  various  modes  used  by  Sir  O. 
Shuckburgh,  and  subsequently  by  Captain  Kater,  for  the  determi- 
nation of  the  standard  of  weight.  An  old  standard  pound  exists  in 
the  Exchequer,  from  which  in  1768  a  copy  was  made  for  the  com- 
mittee of  the  House  of  Commons.  This  last,  as  we  have  seen,  has 
been  declared  the  standard,  and  was  never  recovered  from  the  ruins  of 
the  late  House  of  Commons.  The  original  standard  of  weight,  as 
prescribed  in  a  statute  of  51  Hen.  III.,  called  A$siaa  Panis  et  Cervina, 
was  that  an  English  penny  called  the  sterling,  round  without  clipping, 
should  weigh  32  grains  of  wheat,  well  dried  and  gathered  out  of  the 
middle  of  the  ear;  and  that  20  pence  should  make  an  ounce,  and 
12  ounces  a  pound.* 

In  1838  a  Treasury  Commission  was  appointed  to  consider  the  best 
mode  of  replacing  the  ruined  standards  of  weight  and  measure.  The 
report  of  the  conunission  was  presented  to  the  government  on  the 
2l8t  of  December,  1841.  The  opinion  was  expressed  therein  that  the 
definition  contained  in  the  act  5  Geo.  IV.  cap.  74,  by  which  the 
standard  yard  was  declared  to  be  a  certain  brass  rod  was  the  best 
which  could  possibly  be  adopted.  With  regard  to  the  restoration  of 
the  standard  the  commissioners  were  not  prepared  to  recommend,  con- 
formably to  the  said  act,  that  it  should  be  effected  by  taking  the  length 
which  shall  bear  a  certain  proportion  to  the  length  of  the  pendulum 
vibrating  seconds  of  mean  time,  in  the  latitude  of  London,  in  a  vacuum, 
at  the  level  of  the  sea.  They  remarked  that  since  the  passing  of  the 
act  above  mentioned,  it  had  been  ascertained  that  several  elements  of 
reduction  of  the  pendulum  experiments  referred  to  therein,  were 
doubtful  or  erroneous.  Dr.  Toung  had  shown  that  the  reduction  to 
the  level  of  the  sea  was  doubtf  uL  Bessel  and  Baily  had  proved  that 
the  reduction  for  the  weight  of  the  air  was  erroneous :  Baily  had  pointed 
out  that  the  specific  gravity  of  the  pendulum  was  erroneously  estimated, 
and  that  the  defects  of  the  agate  planes  introduced  some  degree  of 
doubt.  Finally,  Kater  had  shown  that  very  sensible  errors  were  intro- 
duced in  the  operation  of  comparing  the  length  of  the  pendulum  with 
Shuckburgh's  scale  used  as  the  representative  of  the  legal  standard. 
On  these  grounds  it  appeared  evident  to  the  commissioners  that  the 
course  prescribed  by  the  act  would  not  necessarily  reproduce  the  length 
of  the  original  yard.  They  remarked,  however,  that  several  measures 
were  in  existence  which  had  been  accurately  compared  with  the  former 

*  Here  ends  the  article  on  Standard  Weights  and  Measures  as  it  originally 
appeared  in  the  *  Penny  Cyclopiedia '  from  the  pen  of  the  late  Mr.  Sheepshanks. 
The  continuation  is  mainly  derived  from  a  paper  by  Mr.  Airy,  published  in  the 
'  Philosophical  TransacUons'  of  the  Royal  Society  for  1857 — *  Account  of  the 
Construction  of  the  New  National  Standard  of  Length,  and  of  its  principal 
Copies,'  vol.  clxvii.,  pp.  621-702. 
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standard,  more  especiallj  the  Royal  Astronomical  Society's  scale,  and 
the  iron  bars  belonging  to  the  Boaid  of  Ordnance,  and  they  asserted 
that  by  the  aid  of  these  the  values  of  the  original  standard  might  be 
restored  without  sensible  error.  They  further  expressed  their  firm 
belief  that  by  employing  due  care  it  will  always  be  possible  to  eflfect 
the  restoration  of  a  standard  by  the  aid  of  material  copies  \vhich  haye 
been  accurately  compared  with  them,  more  securely  than  by  experi- 
ments having  reference  to  any  natural  constants.  They  accordingly 
offered  a  series  of  suggestions,  of  which  the  following  are  the  most 
important : — 

1.  That  so  much  of  the  act  5  Geo.  IV.  c.  74  as  provides  for  the 
restoration  of  the  standards  in  the  manner  therein  mentioned,  be 
repealed ;  and  that  the  standard  of  length  bo  defined  in  subsequent 
enactments  of  the  legislature,  either  by  the  whole  length  of  a  certain 
piece  of  metal  or  other  durable  substance,  supported  in  a  certain 
manner,  at  a  certain  temperature ;  or  by  the  distance  between  two 
points  or  lines  engraved  on  the  surface  of  a  certain  piece  of  metal  or 
other  durable  substance,  supported  in  a  certain  manner,  at  a  certain 
temperature ;  but  that  the  standard  be  in  no  way  defined  by  reference 
to  any  natural  basis,  such  as  the  length  of  a  degree  of  meridian  on  the 
earth's  surface  in  an  assigned  latitude,  or  the  length  of  a  pendulum 
vibrating  seconds  in  a  specified  place. 

5.  That  four  sets  of  copies  (to  be  denominated  the  parliamentary 
copies)  of  the  standards  of  length  and  weight  be  made,  in  all  respects 
similar  to  the  legal  standards  of  length  and  weight  (which  are  herein- 
after denominated  the  parliamentary  standards),  and  as  nearly  as 
I)08sible  equivalent  to  them ;  their  difference  from  the  parliamentary 
standards,  if  appreciable,  being  carefully  ascertained;  and  that  the 
several  parliamentary  copies  be  distinguished  by  proper  marks. 

6.  That  one  set  of  the  parliamentary  copies  be  enclosed  in  a  case 
hermetically  sealed  and  embedded  within  the  masonry  of  some  public 
building ;  and  that  the  place  in  which  it  is  enclosed  be  pointed  out  by 
a  conspicuous  inscription  on  the  outside;  and  that  this  set  of  copies 
be  not  disturbed  without  the  sanction  of  an  act  of  parliament. 

17.  That  the  superintendence  of  the  construction  of  the  new  par- 
liamentary standards  be  intrusted  to  a  committee  of  scientific  men,  to 
be  named  by  her  Majesty,  subject  to  the  general  instructions  which 
follow. 

18.  That  the  superintending  committee  be  instructed  to  combine,  in 
the  way  which  may  appear  most  advantageous,  the  evidence  afforded 
by  the  Royal  Astronomical  Society's  scale  No.  46,  and  by  the  3  feet 
bars  of  the  Ordnance  Survey ;  and  by  the  use  of  these  to  construct  a 
new  standard  of  length,  representing  as  nearly  as  possible  the  same 
measure  as  the  lost  standard. 

The  government,  acting  upon  this  report,  appointed  a  committee  of 
scientific  men  to  superintend  the  carrying  into  effect  of  the  operations 
recommended  by  the  commissioners.  The  committee  thus  formed 
consisted  in  fact  of  the  commissioners  themselves,  who  were  requested 
by  the  government  to  continue  their  services.  The  following  is  a 
list  of  the  individuals  of  which  it  was  composed  : — The  Astronomer 
Royal,  the  Marquis  of  Northampton,  the  Lord  Wrottesley,  F.  Baily, 
J.  E.  D.  Bethune,  J,  Q.  S.  Lefevre,  Sir  J.  W.  Lubbock,  the  Rev.  G. 
Peacock,  Rev.  R.  Sheepshanks,  Sir  John  Herschel,  and  Professor  Miller. 

The  Earl  of  Rosse  was  subsequently  appointed  a  member  of  the 
committee.  Mr.  Baily  undertook  to  execute  the  operations  for  restoring 
the  standard  of  length.  The  work  relating  to  the  standards  of  weight 
was  undertaken  by  Professor  Miller  of  Cambridge.  [Miller,  William 
Hallows,  in  Biog.  Div.] 

The  committee  having  carefidly  considered  the  advantages  and 
disadvantages  of  line  measures,  as  compared  with  end  measures, 
decided  upon  making  the  standard  of  length  a  line  measure. 

The  next  point  to  be  considered  was  the  material  of  which  the  new 
standard  was  to  be  composed.  A  series  of  interesting  experiments 
was  made  by  Mr.  Baily,  with  a  view  to  this  object.  The  committee 
finally  decided  upon  adopting  for  the  material  of  the  standard  of  length, 
on  alloy  of  copper,  tin,  and  zinc,  in  the  following  proportions  : — 


Copper  . 
Till  . 

Zinc       . 
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Mr.  BaUy  next  made  a  series  of  valuable  experiments  on  the  circum- 
stances which  exercise  a  disturbing  influence  on  the  length  of  a  bar. 
Captain  Kater  had  found  that  the  length  of  the  bar  is  sensibly  affected 
by  small  inequalities  of  the  surface  on  which  it  rests.  It  resulted  from 
this  circumstance,  that  the  same  bar^hen  compared  with  other  bars 
at  different  times,  might  not  indicate  the  same  length.  This  was  fully 
verified  by  the  experiments  of  Mr.  Baily.  It  followed  as  a  necessary 
consequence  of  this  circumstance,  that  no  reliance  could  be  placed  on 
the  eusting  copies  of  Shuckburgh's  scale  as  representatives  of  the 
scientific  standard  of  length,  since  we  possessed  no  security  that  we 
were  thereby  referring  to  a  consistent  system. 

Besides  Shuckbui^h's  scale,  which  was  found  to  be  unworthy  of 
confidence,  there  existed  five  other  standards,  which  had  been  carefully 
compared  with  the  imperial  standard.  Mr.  Baily  having  obtained 
temporary  possession  of  four  of  these,  the  Royal  Society's  8-foot  brass 
scale,  the  Astronomical  Society's  tubular  scale,  and  the  two  3-foot 
iron  bars  of  the  Ordnance  Survey,  instituted  a  series  of  careful  com- 
parisons of  their  lengths  under  different  conditions.    The  results  of 


these  experiments  were  by  no  means  satisfactory  as  regards  the  degree 
of  reliance  to  be  placed  on  these  bars,  as  representatives  of  the  imperial 
standard. 

Mr.  Baily  died  in  the  autumn  of  1844.    At  the  request  of  the 
committee,  Mr.  Sheepshanks  undertook  to  continue  the  operations. 

It  appeared  to  the  committee  that  no  reliance  could  be  placed  either 
on  Shuckburgh's  scale,  or  on  any  other  existing  copy  of  the  imperial 
standard,  the  experiments  of  Mr.  Baily  having  shown  that  the  com- 
parisons of  those  measures  could  not  fail  to  have  been  sensibly  affected 
by  errors  of  different  kinds.  *'  It  was  plain  therefore  that  either  in  the 
scientific  or  the  legal  sense,  the  restoration  of  the  standard  was  inde- 
terminate. The  formation  of  a  new  standard  must  be  an  operation 
de  novo ;  the  length  must  be  confined  within  certain  limits  (wide  in 
the  scientific,  narrow  in  the  commercial  sense),  but  within  these  it 
might  have  any  definite  value,  and  when  that  definite  value  was  fixed, 
it  must  in  no  way  be  again  referred  to  the  old  standards  or  scales, 
whether  original  or  intermediary.  The  principal  object  now  was  to 
ensure  constancy  and  definiteness  to  the  new  standard  and  its  copies, 
and  means  of  reducing  without  sensible  error  the  comparisons  which 
might  be  made  with  them.  As  far  as  depended  on  the  standard  itself, 
it  was  hoped  that  the  construction  adopted  gave  sufficient  security. 
As  regarded  the  means  of  making  comparisons,  a  far  firmer  apparatus 
than  had  hitherto  been  used  was  requisite.  As  regards  the  effects  of 
temperature,  it  was  necessary  to  create  an  entirely  new  system  of 
thermometers,  founded  upon  the  natural  constants,  to  be  determined 
by  appropriate  physical  experiments ;  and  to  use  them  in  new  deter- 
minations of  thermometric  expansion."* 

It  was  found  in  the  course  of  the  experiments  that  a  change  of  0**01 
Fahr.  produces  a  sensible  effect  in  the  measure  of  a  bar.  It  was  there- 
fore necessary  to  employ  thermometeis  which  would  serve  to  indicate 
variations  of  temperature  of  no  greater  magnitude  than  this.  At  the 
time  when  Mr.  Sheepshanks  commenced  his  experiments  there  were 
not  to  be  found  in  England  any  thermometers  of  such  delicacy.  He 
was  consequently  iuduced  to  undertake  the  construction  of  an  original 
system  of  thermometers  adapted  to  the  important  object  of  his  laboura. 
He  then  proceeded  to  determine  the  thermometric  expansion  of  a  great 
number  of  bars  of  different  metals,  f  This  object  being  aooompli&ed, 
the  next  step  was,  by  means  of  the  existing  standards,  to  determine 
the  relation  of  the  length  of  one  of  the  new  bars  to  the  lost  imperial 
standard.  After  many  comparisons,  he  finally  decided  upon  adopting 
a  bar  designated  by  him  bronze  28,  as  a  suitable  representative  of  the 
imperial  standard.  He  remarked,  with  reference  to  the  circumstances 
which  led  him  to  adopt  this  resolution,  that  bronze  28  was  as  nearly 
as  possible  equal  in  length  to  the  imperial  standard,  measuring  in  fact 
35*999992  in.,  that  it  floated  evenly  in  quicksilver,  and  that  it  was 
nicely  divided. 

Having  now  obtained  a  satisfactory  representative  of  the  imi)erial 
standard,  Mr.  Sheepshanks  made  a  great  number  of  comparisons  of  the 
length  of  the  new  standard  with  other  bars,  in  order  to  select  from 
them  four  Parliamentary  copies  of  the  standard,  to  be  disposed  of  in 
the  way  recommended  by  the  committee  to  the  government.  He  also 
made  careful  comparisons  of  these  with  a  great  number  of  other  bars, 
which  were  intended  for  distribution  throughout  the  empire  and  in 
foreign  countries.  It  would  be  out  of  place  here  to  enter  into  the 
details  of  his  arduous  and  persevering  labours  in  connection  with  this 
great  national  work.  It  may  give  the  reader  some  idea  of  their  magni- 
tude when  we  state,  upon  the  authority  of  Mr.  Airy,  that  in  the  course 
of  them  he  executed  about  two  hundred  thousand  mierometric  measures. 
He  still  continued  to  labour  at  his  task  when,  in  the  summer  of  1855, 
symptoms  of  a  serious  nature  affecting  his  health  began  to  manifest 
themselves.  On  the  28th  of  July  in  that  year  he  was  engaged  on  the 
comparing  apparatus,  and  returned  in  the  evening  to  his  residence  at 
Reading.  On  the  following  day  he  was  struck  with  apoplexy,  and  died 
on  the  4th  of  August.  We  quote  the  following  tribute  to  his  character 
by  Mr.  Airy : — 

"Thus  died — almost  in  the  scene  of  his  labours,  and  with  his 
thoughts  still  intent  on  them — a  man  whose  equal  in  talent  and  perse- 
verance, in  disinterestedness,  in  love  of  justice  and  truth,  I  have  scarcely 
known,  t  He  had,  however,  brought  to  a  satisfactory  termination  the 
great  division  of  the  standard- work  which  best  suited  his  taste,  having 
well  overcome  the  last  of  the  difficulties  which  had  presented  them- 
selves, and  leaving  the  work  in  such  a  state  that  not  a  single  additional 
comparison  of  line-measures  was  compared.  All  that  was  necessary 
was  to  collect  and  arrange  the  papers,  to  complete  some  few  means  and 
abstracts  which  he  had  been  unable  to  finish,  and  to  draw  up  such  an 
accoimt  as  I  have  attempted  here."     {*  Phil.  Trana,'  1857,  p.  684.) 

The  form  adopted  for  the  standard,  and  for  all  its  copies,  is  that  of  a 
solid  square  bar,  88  inches  long  and  1  inch  square  in  transverse 
section.  Near  to  each  eviSt  a  cylindrical  hole  is  sunk  (the  distance 
between  the  centres  of  the  two  holes  being  36  inches)  to  the  depth  of 
0*5  inch.  At  the  bottom  of  this  hole  ia  inserted  in  a  smaller  hole  a 
gold  plug  or  pin  about  0*1  inch  diameter,  and  upon  the  surface  of  this 
pin  there  are  cut  three  fine  lines  at  intervals  of  about  O'Ol  inch  trans- 

*  'Phil.  Trans.,'  1857,  p.  6i6. 

t  Tbey  were  chiefly  of  gnn-metal,  as  recommended  by  the  committee ;  but 
there  -were  also  several  of  cast-iron  and  steel. 

X  Mr.  Slieepshanks*  public  services,  in  connection  ^ith  the  restoration  of  the 
national  standard  of  length,  were  whoUy  gratuitous. 
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verse  to  the  axis  of  the  bar,  and  two  lines  at  nearly  the  same  interval 
parallel  to  the  axis  of  the  bar.  The  measure  of  length  is  given  by  the 
interval  between  the  middle  transversal  line  at  one  end  and  the  middle 
transversal  line  at  the  other  end,  the  part  of  each  line  which  is 
employed  being  the  point  midway  between  the  longitudinal  lines. 
The  other  transversal  lines  were  used  in  the  operations  of  comparison 
only  for  assigning  the  scales  of  the  micrometers. 

The  committee  having  carefully  examined  the  numerous  bars  placed 
at  their  disposal  by  Mr.  Sheepshanks,  agreed  in  considering  the  bars 
denominated  by  him  bronze  19  and  bronze  28,  as  exact  copies  of  the 
imperial  standard,  and  they  resolved  that  bronze  19  should  hence- 
forward be  regarded  as  the  new  national  standard. 

The  final  report  of  the  committee  addressed  to  the  Lords  Commis- 
sioners of  her  Majesty's  Treasury  was  signed  on  the  28th  of  March, 
1 854.    The  following  are  a  few  extracts  from  this  important  document : 

19.  "  The  report  of  1841  recommended  (article  5)  that,  besides  the 
legal  standard,  there  should  be  pre|)ared  four  copies,  to  be  deposited  in 
places  to  be  afterwards  determined. 

20.  ''  The  expansions  of  these  bars  corresponding  to  a  given  change 
of  temperature  had  been  sufficiently  determined  in  the  course  of  the 
experiments ;  and  it  was  then  judged  expedient,  instead  of  stating  the 
diHerence  in  length  of  the  selected  bars  at  the  same  temperature,  to 
infer  the  difference  of  temperature  which  would  cause  all  to  represent 
the  same  length,  by  the  appUcation  of  which  it  would  be  possible  to 
assign  the  specific  temperature  at  which  each  bar  represents  precisely 
the  length  of  one  yard.  Thus  it  was  found  that  the  length  of  one  yard 
as  given  by  the  lost  imperial  standard,  is  represented  with  no  sensible 
uncertainty,  except  in  the  measures  of  the  imperial  standard  itself, 
by  the  following  bars,  at  the  temperatures  placed  opposite  to  them. 

Bronze  19  or  No.  1,  at  62'''00  Fahrenheit. 
Bronze  20  or  No.  2,  at  61°'94  Fahrenheit. 
Bronze  2  or  No.  8,  at  G2°*10  Fahrenheit. 
Bronze  7  or  No.  4,  at  61''*98  Fahrenheit. 
Bronze  10  or  No.  5,  at  62°*16  Fahrenheit. 
Bronze  28  or  No.  G,  at  62°*00  Fahrenheit. 

21.  *'  The  degrees  of  temperature  for  the  use  of  these  standards  are 
defined  as  proportional  to  the  corresponding  apparent  increase  of 
volume  of  quicksilver  in  the  thermometer  tube ;  the  degree  32"*  repre- 
senting the  freezing  point  of  water ;  and  the  degree  212"  representing 
the  temperature  of  steam  tmder  Liaplace's  standard  atmospheric  pres- 
sure, or  the  atmospheric  pressure  corresponding  to  the  following 
number  of  inches  in  the  barometric  reading  reduced  to  82"  Fahr. : — 
29-9218  + 0*0766  X  cosine  (2  mtitude)  +000000179  x  height  in  feet 
above  the  sea ;  and  the  degree  62"*  denoting  the  temperature  which 
produces  in  quicksilver  an  apparent  expansion  equaJ  to  {^  of  the 
expansion  between  82**  and  212°;  and  so  in  proportion  for  other 
degrees. 

23.  "  We  propose  that  the  bar  No.  1  be  adopted%  by  the  legislature 
as  the  parliamentary  standard  of  one  yard ;  that  Nos.  2,  3,  4,  5  be 
adopted  as  parliamentary  copies ;  and  that  No.  6  be  retained  by  some 
officer  of  the  government  for  the  comparison  of  other  bars,  or  for  other 
scientific  purposes  in  which  reference  to  the  standard  may  seem  to  be 
required. 

35.  ''  After  careful  consideration  we  recommend  : — 
"  That  the  copy  of  length  standard,  No.  2,  and  the  copy  of  weight 
standard  p.c.  No.  1,  be  deposited  in  the  Royal  Mint. 

"  That  the  copy  of  length  standard.  No.  3,  and  the  copy  of  weight 
standard,  p.c,  No.  2,  be  transferred  to  the  Royal  Society. 

"  That  the  copy  of  length  standard,  No.  5,  and  the  copy  of  weight 
standard,  P.c,  No.  8,  be  deposited  in  the  Royal  Observatory  of 
Qreenwich. 

"  That  the  copy  of  length  standard,  No.  4,  and  the  copy  of  weight 
standard,  p.c.  No.  4,  be  immured  in  the  cill  of  the  recess  on  the 
east  side  of  the  lower  waiting  hall  in  the  New  Palace  at  Westminster. 

40.  ''After  due  consideration  of  this  question,  referring  to  the 
reasons  explained  in  Chapter  II.,  of  the  report  of  1841,  December  21, 
we  adhere  to  the  recommendation  contained  in  that  chapter,  and 
embodied  in  Articles  1  and  2  of  the  same  report,  that  no  reference 
be  made  to  natural  elements  for  the  values  represented  by  the 
standards. 

41.  "  We  consider  the  ascertaining  of  the  earth's  dimensions  and  of 
the  length  of  the  seconds  pendulum  in  terms  of  the  standard  length, 
and  of  the  weight  of  a  certain  volume  of  water  in  terms  of  the 
standard  weighty  as  philosophical  determinations  of  the  highest  import- 
anco;  to  the  prosecution  of  which  we  trust  that  her  Majesty's  Govern- 
ment will  always  give  their  most  liberal  assistance ;  but  we  do  not 
ViTgd  them  on  the  government  at  present  as  connected  with  ike  con- 
servation of  standa^B." 

The  Lords  Commissioners  of  the  Treasury  adopted  the  report  of  the 
committee,  and  a  bill  was  introduced  into  parliament  relative  to  the 
new  standard  weights  and  measures.  This  bill  received  the  royal 
assent  on  the  30th  of  July,  1855.  It  is  styled  an  Act  for  legalising 
and  preserving  the  restored  standards  of  weights  and  measures.  In 
the  preamble  of  the  bill  allusion  is  made  to  the  provisions  in  the  act 
5  Qeo.  lY.  c  74,  for  legalising  and  ensuring  the  restoration  of  the 
standards.  After  referring  to  the  destruction  of  the  standards  by  the 
fire  of  the  Houses  of  Parliament^  and  to  the  doubts  entertained  by 


scientific  men  respecting  the  adequacy  of  the  methods  provided  by  the 
said  act  for  their  restoration,  it  then  announces  the  labours  of  the  com- 
mittee of  weights  and  measures,  describing  the  construction  of  the 
new  standards  of  weights  and  measures,  and  their  parliamentary 
copies,  and  specifies  the  places  in  which  they  have  been  respectively 
deposited.     It  then  proceeds  thus : — 

*'And  whereas  it  is  expedient  to  legalise  the  standards  so  con- 
structed, and  to  provide  for  the  preservation  thereof :  Be  it  therefore 
enacted  by  the  Queen  s  most  excellent  Majesty,  by  and  with  the  advice 
and  consent  of  the  lords  spiritual  and  tempond  and  commons  in  this 
present  parliament  assembled,  and  by  the  authority  of  the  same  as 
follows : — 

"I.  So  much  of  the  said  act  of  the  fifth  year  of  king  George  the 
Fourth,  as  relates  to  the  restoration  of  the  imperial  standard  yard, 
and  of  the  standard  troy  pound  respectively,  in  case  of  loss,  destruction, 
defacement,  or  other  injury,  shall  be  repealed. 

"  II.  The  straight  line  or  distance  between  the  centres  of  the  two 
gold  plugs  or  pins  in  the  bronze  bar  deposited  in  the  office  of  the 
Exchequer,  as  aforesaid,  shall  be  the  genuine  standard  of  the  measure 
of  length  called  a  yard,  and  the  said  straight  Une  or  distance  between 
the  centres  of  the  said  gold  plugs  or  pins  in  the  said  bronze  bar  (the 
bronze  being  at  the  temperature  of  sixty-two  degrees  by  Fahrenheit's 
thermometer),  shall  be  and  be  deemed  to  be  the  imperial  standard  yard. 

"  y II.  If  at  any  time  hereafter,  the  said  imperial  standard  yard  and 
standard  pound  avoirdupois  resx>ectively,  or  either  of  them,  be  lost, 
or  in  any  manner  destroyed,  defaced,  or  otherwise  injured,  the  com- 
missioners of  her  Majesty's  Treasury  may  cause  the  same  to  be  restored, 
by  reference  to,  or  adoption  of,  any  of  the  copies  so  deposited  as  afore- 
said, or  such  of  them  as  may  remain  available  for  that  purpose." 

For  an  account  of  the  restoration  of  the  standard  of  weight,  we 
must  refer  the  reader  to  a  paper  by  Professor  Miller,  printed  in  the 
'  Transactions  of  the  Royal  Society,'  for  1856  ('  On  the  construction  of 
the  New  Imperial  Standard  Poimd,  and  its  Copies  of  Platinum ; '  and 
'  On  the  Comparison  of  the  Imperial  Standard  Pound  with  the  Kilo- 
gramme des  Archives,'  *  Phil.  Trans.,'  vol.  cxlvi.,  pp.  753-946).  We 
shall  merely  quote  from  the  new  act  the  following  extracts  relating  to 
the  standard  of  weight : — 

"  I.  So  much  of  the  said  act  of  the  fifth  year  of  king  George  the 
Fourth,  as  relates  to  the  restoration  of  the  standard  troy  poimd,  in  case 
of  loss,  destruction,  defacement,  or  other  injury,  shall  be  repealed. 

"III.  The  said  weight  of  platinum  marked  P.S.,  1844,  lib.,  de- 
posited in  the  office  of  the  Exchequer,  as  aforesaid,  shall  be  the  legal 
and  genuine  standard  measure  of  weight,  and  shall  be  and  be  denomi- 
nated the  imperial  standard  pound  avoirdupois,  and  shall  be  deemed  to  be 
the  only  standard  measure  of  weight  from  which  all  other  weights  and 
other  measures  having  reference  to  weights  shall  be  derived,  computed, 
and  ascertained,  and  one  equal  seven-thousandth  part  of  such  pound 
avoirdupois  shall  bo  a  grain,  and  five  thousand  seven  himdred  and 
sixty  such  grains  shall  be,  and  be  deemed  to  be,  a  pound  troy. 

"VII.  If  at  any  time  hereafter  the  said  imperial  standard  pound 
avoirdupois  be  lost,  or  in  any  manner  destroyed,  defaced,  or  otherwise 
injured,  the  commissioners  of  her  Majesty's  Treasury  may  cause  the 
same  to  be  restored  by  reference  to,  or  fuloption  of,  any  of  the  copies  so 
deposited  as  aforesaid,  or  such  of  them  as  may  remain  available  for 
that  purpose." 

WEIR,  or  WEAR,  is  a  dam  erected  across  a  river,  either  for  the 
purpose  of  taking  fish,  of  conveying  a  stream  to  a  mill,  or  of  maintaining 
the  water  at  the  level  required  for  the  navigation  of  it. 

The  erection  of  weirs  across  public  rivers  has  alwa^'s  been  considered 
a  public  nuisance.  Magna  Charta  (c.  23)  directs  that  all  weirs  for  the 
taking  of  fish  should  be  put  down  except  on  the  sea-coast.  By  the  12 
Edw.  IV.  c.  7,  and  other  subsequent  acts,  weirs  were  treated  as  public 
nuisances,  and  it  was  forbidden  to  erect  new  weirs,  or  to  enhance, 
straighten,  or  enlarge  those  which  had  aforetime  existed.  Hence  in  a 
case  where  a  brushwood  weir  across  a  river  had  been  converted  into  a 
stone  one^  whereby  the  fish  were  prevented  from  passing  except  in 
flood-time,  and  the  phuntifrs  fishery  was  injured,  this  was  considered 
to  be  a  public  nuisance,  although  two-thirds  of  the  weir  had  been  so 
converted  without  interruption  for  upwards  of  forty  years.  And  it  was 
laid  down  that  though  a  twenty  years'  acquiescence  might  bind  parties 
whose  private  rights  only  were  affected,  yet  that  no  length  of  time  can 
legitimate  a  public  nuisance. 

The  provision  of  the  Roman  law  as  to  the  maintenance  of  public 
rivers  (flununa  pubUca)  against  any  impediment  to  navigation,  or 
against  any  act  by  which  the  course  of  the  water  is  changed,  are  con- 
tained m  the  Digest  (43  tit.  12,13). 

WEIRS.  The  constructions,  whether  of  stonework,  timber,  or  earth, 
by  means  of  which  the  waters  of  a  river  are  retained  to  a  given  height, 
or  are  diverted  in  any  required  direction,  are  known  in  the  arts  by  the 
name  of  weira,  or  dams  ;  and  they  are  principally  used  for  the  purposes 
of  creating  inill-heads,  artificial  navigations,  or  head-waters  for  irriga- 
tions. They  may  either  be  placed  directly  across  a  stream,  or  in  the 
line  of  its  flow ;  and  when  placed  in  the  latter  direction,  they  may  be 
made  to  regulate  the  height  of  the  stream  by  the  level  of  their  crown,  in 
which  case  the  weirs  are  called  toaale  loeirs,  or  tumbling  bays,  because 
the  excess  of  the  waters,  beyond  the  quantity  necessary  to  keep  the 
surface  up  to  the  level  of  the  crown,  falls  over  the  weir,  and  escapes 
through  the  byewash,  without  producing  any  useful  effect. 


WELD. 


WELLS. 


The  height  of  a  weir  is,  of  course,  regulated  by  the  depth  of  the 
water  required  to  be  upheld^  and  in  many  cases  they  are  made  in  such 
a  manner  that  the  upper  portion  may  be  raised  or  lowered  at  will.  In 
river  navigations  this  variable  height  is  often  of  great  importance  on 
account  of  the  great  differences  which  occur  in  the  volume  of  the 
stream ;  but  in  millworks  the  waste  weirs  are  usually  made  to  perform 
the  function  of  regulators,  thus  leaving  the  water  line  near  the  shuttle 
at  a  constant  levd.  Weirs  acroM  rivers  are  always  accompanied  by 
lock-chambers,  or  by  flushing  sluices,  according  to  the  nature  of  the 
traffic,  in  order  to  facilitate  the  passage  from  the  level  of  the  upper 
to  the  lower  reach  of  the  stream ;  and  whenever  lock  chambers  are 
formed,  it  is  important  that  their  tail  bays  should  fall  again  into  the 
main  stream  at  a  point  beyond  the  influence  of  the  water  foiling  over 
the  crown  of  the  weir.  In  forming  these  structures  it  is  necessary  to 
guard  against  the  syphonic  action  of  the  water  ponded  tip  in  the  head 
bay,  which  has  a  great  tendency  to  penetrate  the  materials  composing 
the  weir,  and  to  blow  them  up,  should  their  speciflc  gravity  not  be 
such  as  to  ensure  the  stabilitv  of  the  structure ;  and  also  to  guaM  against 
the  undermining  action  of  the  water  falling  over  the  crown  of  the  weir. 
On  the  former  account  it  is  desirable  that  the  height  of  the  head  waters 
should  be  kept  as  low  as  possible,  with  regard  to  the  convenience  of 
the  peculiar  service  considered ;  on  account  of  the  latter  it  ia  desirable 
that  the  down  side  of  the  weir  should  present  a  gradually  inclined 
slope,  so  as  to  obviate  the  efiecta  of  the  cataract,  which  would  exist  if 
the  lower  face  wall  were  vertical.  In  many  cases  the  weirs,  which  are 
placed  across  rivers,  are  made  to  present  an  angle  to  the  course  of  the 
stream^  la  order  to  offer  a  greater  length,  and  consequently  a  smaller 
depth  of  water,  on  the  crown ;  but  there  can  be  no  absolute  rule  in 
this  matter,  as  in  so  many  of  the  other  practical  details  of  hydraulic 
engineering. 

The  thickness  of  water  falling  over  a  weir  is  calculated  by  the 

formula  a: =0-64  ./I  S.  j  ,  in  which  ««the  thickness  sought;  Q=the 

discharge  per  second;  and  L=  the  length  of  the  weir.  It  is,  however, 
important  to  observe  that  although  the  effect  of  these  weirs  is  to  cause 
an  accumulation  of  waters  on  their  upper  sides,  the  greatest  depth  is 
not  found  immediately  upon  them,  but  at  a  certain  distance  above 
them  in  the  line  of  the  stream.  The  surface  of  the  fluid,  in  fact, 
assumes  a  convex  form  before  arriving  at  the  weir,  the  cmre  of  which 
commences  at  a  point  on  the  upwitream  dependent  upon  the  velocity  of 
arrival.  It  is  considered  that  the  outliue  of  the  curve  is  a  portion  of 
an  hyperbola,  whose  summit  is  above  the  weir  before  the  waters  begin 
to  fall,  and  whose  asymptote  is  the  line  of  the  natural  mean  fall  of  the 
waters  before  the  establishment  of  the  weir.    According  to  d'Aubuisson 

and  Guilhem,  the  equation  to  this  curve  is   lllUJL  V  -  ^  = 

\       H        /  H 

1  .  . 

= — 7 — 7 — — x»  "*  which x=  the  horizontal  distance  from  any  point 
l-r4u  (px)  6  ^  ^ 
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in  the  curve  to  the  weir ;  y =the  height  to  which  the  waters  are  heaped 
up  at  that  point  above  the  original  level;  h=  the  greatest  height  to 
which  they  are  raised ;  and  j)=  the  fall  of  the  river,  in  this  case  sup- 
posed to  have  a  straight  course.  As  a  general  rule,  the  crown  of  a 
weir  across  a  stream  is  kept  at  about  8  inches,  or  a  foot,  below  the 
height  calculated  for  the  augmented  depth. 

Very  good  models  of  leading  weirs  have  been  executed  by  Smeaton, 
on  the  river  Carron ;  by  Telford,  on  the  Weaver ;  and  by  Stevenson, 
on  the  nibble  and  on  the  Dee.  The  American  engineers  have  intro- 
duced a  very  economical  form  of  weir,  consisting  of  what  is  called 
oribwork  of  timber  filled  in  with  loose  rubble ;  and  the  Dutch  engineers 
execute  with  surprising  skill  weirs  or  dams  of  earthwork,  bundles  of 
reeds,  and  fascines.  A  very  ingenious  description  of  moveable  weirs 
is  used  upon  the  Seine,  in  order  to  close  the  passage  of  the  subsidiary 
channels  in  the  dry  season ;  it  was  invented  by  M.  Poir^e,  and  has 
been  described  by  him  in  a  pamphlet  upon  the  subject  The  waste 
weirs,  and  the  head  weirs  of  the  majority  of  English  mill  streams,  are 
rudely  constructed  earthen  banks,  which  are  too  often  undermined, 
and  left  in  a  very  unsatisfactory  state  of  repair  :  our  canal  weirs  are, 
however,  skilfully  formed,  as  a  general  rule.  Upon  the  great  Indian 
irrigation  canals  the  most  extraordinary  works  of  this  description  are 
to  be  found ;  and  the  reader  is  referred,  for  a  description  of  them,  to 
General  Baird  Smith's,  '  Indian  Irrigation,'  and  to  his  '  Irrigation  of 
the  Madras  Provinces.' 

Upon  some  of  our  rivers,  structures  composed  of  basket-work  are 
placed  for  the  purpose  of  arresting  the  progress  of  fish  in  their  migra- 
tions up  or  down  the  stream,  which  are  known  by  the  name  of  fish 
weirs.  These  structures  do  not  interfere  with  the  conditions  of  flow 
of  the  rivers,  and  as  their  efficiency  for  the  desired  end  must  be  regu- 
lated by  the  habits  of  the  fish  they  are  designed  to  catch,  the  mode  of 
their  construction  must  be  regulated  by  loSd  conditiona 

WELD.    [CoLoumNo  Matters.] 

WELDING  is  the  process  of  uniting  pieces  of  metal  by  hammering 
when  hot.  It  depends  on  properties  chiefly  possessed  by  iron  and  the 
allied  group  of  metals;  and  is  illustrated  by  the  details  given  under 
Cutlkby;  Ibon;  Stekl;  &c. 

WELLS.    The  tenn  Well  as,  generally  speaking,  applied  to  any 


excavation  sunk  in  the  ground,  for  the  purpose  of  obtaining,  tyr  o€ 
getting  rid  of  water ;  the  technical  distinction  between  the  two  kin-ia 
of  wells  being  that  the  former  are  known  by  the  simple  name  of  t*^//, 
the  latter  by  the  names  of  dead  wells,  or  of  abscrbing  welU,  ac<5nTdii32rly 
as  the  water  escapes  by  deep  seated,  or  by  superficial  pemaeable  l>e<i«. 
The  distinction  between  Artesian  and  common  weUs  baa  already  kieeo 
referred  to  under  Artesian  Wells  ;  and  that  between  a  ^afi  aini  a 
well  consists  in  the  fact  that  shafts  are  generally  dry,  and  are  intemied 
to  give  access  to  galleries,  tunnels,  or  subterranean  workings,  wherea* 
wells  are  intended  to  act  as  reservoirs  of  water. 

Common  wells  are  made  by  sinking  an  excavation  through  an  iipp*r 
permeable,  or    partially   permeable,  stratum,  which    lies    uj>on     aa 
impermeable  one,  in  such  a  manner  as  to  allow  the  water  falling  upe=i_ 
the  surface  to  percolate  through,  and  to  accumulate  in,  the  jij^^^er 
stratum.      The    depth  to  which    it  may  be    necessary    to    sink    a 
well  will  then  depend  on  1,  the  permeability  of  the  water-beari'^5 
stratum ;  2,  on  its  area ;  8,  on  its  thickness ;  4,  on  the  relief  of  tbt*^ 
upholding  stratum ;  and  5,  on  the  existence  of  other  wells,  or  fdaces 
of  draught  upon  the  source  of  supply.    The  diameter  of  the  well  will 
depend  upon  the  rapidity  with  which  the  water  will  enter  from  the 
sides,  or  bottom,  to  replace  the  consumption ;  it  being  always  obeerrt:«i 
that  there  are  d  priori  advantages  in  making  the  well  of  lai^  dimen- 
sions, in  order  to  obviate  the  effects  of  the  stagnation  of  the  water, 
which  affects  small  quantities  more  rapidly  than  it  does  larger  onea^ 
The  construction  of  the  sides,  and  of  the  margins  of  the  wells,  mu^ 
depend  entirely  upon  the  nature  of  the  ground  traversed,  and  upon  its 
greater  or  less  tendency  to  cave  in. 

Qenerally  speaking,  the  margin  of  a  well  intended  to  supply  water 
for  domestic  use  is  executed  of  watertight  masonry,  and  the  well  itself 
is  lined  with  masonxy  of  the  same  description  to  some  considerable 
depth,  in  order  to  shut  out  from  the  well  the  infiltrations  from  land- 
drains,  and  from  surface  waters.  In  England  this  part  of  the  work  ii 
dpne  in  brickwork  and  cement,  or  in  cast  iron ;  abroad  it  ia  commou2y 
done  in  ashlar  masonry.  Below  the  level  to  which  these  waters  may 
reach,  the  sides  of  the  wells  only  require  to  be  lined  in  such  a  manner 
as  to  resist  the  tendency  of  the  sides  to  coUapse ;  and  this  object  may 
in  many  cases  be  effected  by  what  ia  called  dry  iteining,  or  brickwork 
laid  without  mortar.  It  is  customary  in  modem  well-sinking  to 
execute  the  steining  by  sinking  the  ground  to  the  full  diameter  of  the 
outside  of  the  work  to  depths  of  about  6  feet  each,  and  then  inserting 
what  is  called  a  toooden  curb,  or  a  frame  circular  in  plan,  of  from  3  to 
6  inches  in  thickness,  at  the  level  of  the  floor ;  upon  this  curb  the 
steining  is  then  built  regularly,  as  close  to  the  side  of  the  well  a; 
possible.  The  ground  is  excavated  from  under  the  upper  curbs,  which 
are  maintained  in  their  positions  either  by  the  friction  upon  the  side 
of  the  steining,  or  by  means  of  shores,  struts,  &c.  In  traversing 
running  sands,  or  formations  containing  much  water,  close  tubes  must 
be  used ;  and  great  precautions  are  required  to  prevent  such  sands 
from  blowing,  that  is  to  say,  from  rising  in  the  excavation.  In  the 
lower  parts  of  all  wells,  whatever  may  be  the  nature  of  the  material 
used  for  lining  the  sides,  means  must  be  provided  for  the  ingress  of  the 
water;  when  iron  cylinders  are  used,  or  close  planking  of  wood  is 
introduced,  a  series  of  holes  in  the  circumference  will  effect  this  object 
Qreat  care  must  also  be  taken  that  the  materials  employed  be  of  such 
nature  as  not  to  act  upon  the  quality  of  the  waters ;  and  whilst  every 
precaution  must  be  taken  to  protect  the  waters  from  the  light,  and 
from  atmospheric  impurities,  it  is  desirable  that  an  efficient  ventilation 
should  take  place  in  the  well.  Local  considerations  of  economy  must, 
of  course,  regulate  to  a  great  extent  the  selection  of  the  materials  to  be 
used  in  steining  a  well ;  but  theoretically  it  would  be  preferable  to 
employ  none  but  the  hardest  fire  bricks  and  Roman  cement,  or  cast- 
iron.  Copper  tubes  are  sometimes  used  in  Artesian  wells;  but  in 
ordinary  wells  the  cost  of  copper  pipes  of  the  size  required  would 
render  the  use  of  that  material  impossible.  Wrought-iron  tubes  are  far 
too  liable  to  rust,  to  allow  of  their  being  used  in  wells,  without  their 
being  galvanised ;  cast-iron  pipes  are  therefore  most  generally  used. 

In  such  formations  as  the  gravels  when  they  hold  much  water,  it 
usually  is  sufficient  to  sink  a  well  in  a  vertical  direction  so  far  as  to 
maintain  a  good  depth  of  water  at  all  times  of  the  year,  provided  there 
be  not  many  wells  drawing  their  supply  from  the  same  bed.  It  rarely 
happens  that  the  permeable  gravel  strata  of  large  towns  are  able  to 
supply  the  demand  made  upon  them,  and  it  is  therefore  almost  always 
the  case  that  after  the  wells  have  been  gradually  deepened,  their  use  is 
forcedly  abandoned  in  such  places :  the  area  of  supply  is  in  fact 
limited ;  the  demands  of  a  large  population  practically  are  unbounded. 
But  there  is  another  reason  of  far  more  serious  importance  why  the 
ordinary  wells  of  towns  are  at  the  present  day  being  gradually 
abandoned,  in  the  contamination  to  which  they  are  exposed  from  the 
infiltrations  from  drains,  sewers,  cesspools,  and  dead  wells,  which 
eventually  introduce  so  large  a  proportion  of  organic  matters  (in  the 
form  of  the  nitrates)  into  the  waters,  as  to  render  them  unfit  for 
human  consumption.  The  infiltrations  from  the  sewers,  or  the  leakage 
from  the  water  pipes  of  a  town  distribution  may,  it  is  true,  provide  an 
unexpected  quantity  of  water  in  the  superficial  wells ;  but  the  earth 
traversed  by  it  is  so  chai^ged  with  organic  matters,  under  all  towns, 
that  the  quality  of  the  water  must  be  of  the  most  objectionable 
nature.  In  towns  situated  upon  the  chidk  even  it  has  been  found  that 
unless  the  wells  are  sunk  to  a  great  depth,  they  are  subject  to  con- 
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tamination  from  the  cauBes  referred  to;  and  it  therefore  becomoB 
more  than  usually  important  to  form  an  impermeable  brick  steining 
round  those  portions  of  the  wells  which  are  within  the  range  of  the 
effects  of  surface  waters. 

The  gravel,  or  sand  beds,  hitherto  considered,  are  penetrated  by 
water  in  the  whole  of  their  thickness  able  to  yield  a  supply ;  and  the 
chalk  marl,  the  green  sand,  the  new  red  sandstone  in  some  of  its  beds, 
present  the  same  hydroscopic  conditions.    But  such  formations  as  the 
upper  chalk,  the  oolites,  the  slate  rocks,  &c.,  do  not  allow  the  water  to 
pervade  the  whole  mass;  on  the  contrary,  the  water  only  passes 
through  them  freely  upon  their  great  planes  of  stratificaUon,  or  by 
following  the  joints  of  cleavage,  or  the  vertical  fissures  which  so  com- 
monly occur  in  those  rooks.     If  then,  wells  sunk  in  the  former  class 
of  materials  should  not  contain  much  water  (always  assuming  them  to 
be  sunk  of  the  ordinary  dimensions,  that  is  to  say  of  about  4  feet 
clear  internal  diameter),  there  is  little  probability  of  obtaining  an 
increased  supply  by  domeing  out  the  bottom  of  the  well,  or  by  driving 
headings  or  lateral  adits,     hi  the  latter  class  of  materials,  however,  it 
frequently  happens  that  vexy  beneficial  results  are  obtained  by  thus 
increasing  the  contributing  area;  for  it  is  by  no    means    rare  to 
encounter  springs  of  considerable  volume  by  thus  opening  up  succes- 
sively the  edges  of  the  divisional  planes.    It  is  advisable  in  forming 
headings,  in  the  strata  referred  to,  to  drive  them  at  a  slight  inclination 
horizontally  to  the  axis  of  upheaval  of  the  strata,  and  vertically  to 
follow  their  dip,  making  the  height  of  tiie  heading  as  great  as  possible, 
in  order  to  lay  bare  the  edges  of  a  great  number  of  the  beds. 

The  water  obtained  from  superficial  wells  is  raised  to  the  siuiace  by 
some  one  or  other  of  the  ordinary  machines.  Where  the  consumption 
is  small  and  the  depth  inconsiderable,  the  bucket  and  windlass  will  be 
found  generally  speaking  to  be  sufficient ;  where  the  consumption  is 
^i^g^j  pumps  must  be  used;  common  suction  pumps  will  suffice 
when  the  lift  does  not  exceed  28  feet;  beyond  that  depth  force 
pumiis  must  be  used,  and  they  may  be  driven  by  hand,  by  wind, 
animal,  or  steam-power,  as  may  be  most  advisable.  All  wells  are 
improved  by  frequent  and  hard  pumping;  for  not  only  does  the 
water  they  contain  undergo  a  species  of  imsatisfactory  chemical 
action  whilst  standing  in  them,  but  it  is  also  found  that  by  relieving 
the  pressure  upon  the  edges  of  the  water-bearing  strata  the  water 
passages  become  increased. 

Dead  wells  and  absorbing  wells  depend  for  their  action  upon  the 
hydrostatical  law  that  water  will,  when  left  to  itself,  attain  a  uniform 
level  over  the  whole  of  the  surface.  If  then  a  column  of  water  be 
made  to  stand  upon  a  water-bearing  stratum,  the  level  of  the 
former  will  subside  to  that  of  the  normal  water-line  in  the  latter ; 
and  the  excess  of  the  column  will  be  dispersed  throughout  the  stratum. 
Advantage  was  formerly  taken  of  this  law,  in  such  towns  as  Southamp- 
ton, to  get  rid  of  the  liquid  matters  of  cesspools  by  sinking  them  into 
the  permeable  water  stratum  of  the  district,  and  leaving  the  bottom 
of  the  excavation  open ;  the  liquid  matters  thus  diffused  themselves 
throughout  the  superficial  water-bearing  stratum  to  the  ultimate 
destruction  of  the  wells  fed  by  the  latter.  Of  late  years  an  attempt 
has  also  been  made  at  Paris  to  get  rid  of  the  foul  waters  of  the  Voirie 
of  that  town,  by  sinking  a  boring  of  large  diameter  to  the  permeable 
strata  between  the  ch^lk  and  the  upper  tertiary  beds  of  that  locality ; 
but  not  only  has  it  been  found  that  serious  injury  was  thus  done  to 
tbe  neighbouring  weUs,  but  that  the  bore  holes  very  soon  became 
choked  up.  The  fact  is  that  dead  wells  and  absorbing  wells  are  public 
nuisances  of  a  very  serious  nature,  and  their  formation  ought  to  be 
rigorously  forbidden  and  carefully  prevented.  Unfortunately  there 
is  no  legislation  on  any  part  of  the  natural  conditions  of  flow  of 
underground  waters;  nor  do  any  legal  means  exist  by  which  a 
landed  proprietor  could  be  prevented  from  contaminating  Uie  wells  of 
a  large  district  around  him. 

(See  Swindell,  On  Well  Boring  and  Sinking  ;  Degoussde,  Guide  du 
Sondeur  ;  Burat,  La  Giologie  appliqu4e  aux  Arts.) 

WELSH  LANGUAGE  AND  LITERATURE.— Lanquaqe.  The 
Welsh  language  is  that  which  is  now  spoken,  and  has  been  so  far  back 
as  historical  records  extend,  in  the  principality  of  Wales.  The  name 
of  "  Welsh"  was  first  given  to  the  x>eople  who  speak  it  by  the  Anglo- 
Saxons,  and  the  same  term  or  a  similar  one  seems  to  have  been  use^  in 
many  of  the  Germanic  and  even  of  the  Slavonic  languages  to  denote 
the  Italians,  or  other  nations  whose  languages  resembled  the  Latin. 
"  Welschland  "  was  the  name  for  Italy  in  German  of  the  middle  ages, 
and  is  not  yet  entirely  superseded  in  the  language  of  the  common 
people ;  the  name  of  that  country  in  Polish  is "  Wloohy,"  and  the 
appellations  of  the  Walloons  and  the  Wallachians  appear  to  be  derived 
from  the  same  root.  Singularly  enough,  the  word  has  a  strong  cor- 
respondence with  the  appellation  given  by  the  Romans  Uiemselves  to 
the  kln«lred  nation  of  Gaul,  who,  as  Csesar  tells  us,  called  themselves 
Celts  ("qui  ipsorum  lingud  Celt©,  noeia^  Galli  appellantur ").  Wallia 
and  QaUia  differ  only  by  a  letter,  and  Gkdlic  and  Gaelic  have  as  close  a 
resemblance. 

The  name  which  the  WeUh  give  to  themselves  is  '*  Cymry,"  and  to 
their  language  "  Cymreig,"  the  obvious  resemblance  of  the  sound  of 
which  to  "  Cimbri  *'  has  led  many  to  suppose  them  identical  with  the 
Cimbri  of  Roman  history.  The  meaning  now  assigned  to  the  word 
"Cymiy'*  is  "primitive,"  but  this  meaning  does  not  seem  to  have 
occurred  to  any  Wehsh  scholar  before  the  Rev.  John  Walters,  who  first 
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published  it  about  the  middle  of  the  I8th  century.  The  Welsh  is  one 
of  a  family  of  languages  generally  denominated  the  Celtic  languages, 
and  described  as  six  in  number,  which  were  all  spoken  in  the  1 8th 
century,  and  five  of  which  are  still  spoken  in  the  I9th,  four  of  them 
within  the  British  islands.  These  are  1,  the  Irish,  which  prevails  in 
different  parts  of  Ireland :  2,  the  Gaelic  of  the  Highlands  of  Scotland : 
8,  the  Manks,  which  is  decaying  and  appears  to  be  dying  in  the  Isle  of 
Man  :  4,  the  Welsh,  or  language  of  Wales :  6,  the  Cornish,  formerly 
spoken  in  Cornwall,  but  now  extinct,  and  6,  the  Armorio  or  "  Baa- 
Breton,"  prevalent  in  some  departments  in  the  ancient  province  of 
Lower  Brittany  in  France.  All  of  these  languages  which  still  survive 
have  occupied  for  centuries  a  subordinate  position  to  some  other  lan- 
guage, the  first  five  to  English  and  the  sixth  to  French.  They  have 
thus  been  precluded  from  the  advantage  of  being  spoken  by  the  higher 
classes  of  society,  and  have  in  many  cases  for  want  of  a  standard  of 
phraseology  and  pronunciation  separated  into  dialects,  some  of  which 
in  process  of  time  have  been  considered  as  distinct  languages. 

The  degree  of  affinity  between  the  different  Celtic  languages  is  a 
point  of  considerable  interest.  A  controversy  was  carried  on  in  1839 
on  the  question  whether  the  Gaelic  and  WehSi,  two  languages  in  com- 
mon use  in  different  parts  of  our  own  island,  are,  or  are  not  connected. 
The  prevalent  opinion  for  a  long  time  had  been  that  they  were  dialects 
bearing  a  close  resemblance  to  each  other :  Schlozer  and  Adelung 
hinted  suspicions  of  the  correctness  of  this  view;  and  Sir  William 
Betham,  in  bis'  Gael  and  Cymri,'  published  in  1834,  asserted  that  they 
were  wholly  dissimilar.  Professor  Forbes,  the  learned  Orientalist, 
whose  native  tongue  is  Gaelic,  maintained  the  same  views  as  Sir 
William,  in  an  animated  correspondence  on  the  subject,  which  appeared 
in  the  '  Gentleman's  Magazine '  for  1836  and  1838.  The  main  fact 
which  he  announced,  that  the  most  intimate  Imowledge  of  the  Gaelic 
language  would  not  enable  a  person  to  master  a  single  verse  of  the 
Bible  in  Welsh,  was  certainly  new  to  the  world  in  general,  and  would 
never  have  been  suspected  from  the  tone  in  which  most  Celtic  scholars 
were  accustomed  to  speak  of  the  affinity  of  the  languages ;  but  the 
inference  which  he  drew  from  it,  of  a  total  want  of  connection  between 
the  two,  was  satisfactorily  refuted  by  other  facts.  The  Rev.  Richard 
Gamett,  of  the  British  Museum,  Vho  was  induced  to  search  into  the 
question  by  the  statements  of  Professor  Forbes,  reported  in  the 
'  Gentleman's  Magazine '  for  May,  1839,  that  on  examioing  the  moiio- 
syllabio  words  in  the  introductory  portion  of  Neilson's  Iri&  Grammar, 
about  270  in  aU,  he  foimd  of 

Words  perfectly  identical  with  corresponding  Welsh  terms  in 

sense  and  origin 140 

Clearly  cognate 40 

Derived  from  the  Latin,  Saxon,  &c.,  repetitions  and  compound 

terms .        .  40 

Peculiar  to  the  Gaelic 50 

"In  the  Grammar,"  he  added,  "prefixed  to  Armstrong's  Gaelic 
Dictionary  there  is  a  list  of  about  two  hundred  verbs  in  common  use. 
Seventy,  or  more  than  one-third  of  the  whole,  are  unequivocally 
cognate  with  Welsh  and  Armoric,  and  twenty  more  probablv  so."  "  In 
'Stewart's  Gaelic  Grammar'  we  have  a  liist  of  twenty-four  simple 
prepositions  (omitting  mere  varieties  of  form),  and  about  forty  improper, 
or  compound.  Of  the  former,  fourteen  are  Welsh,  and  three  Cornish ; 
and  of  the  latter,  eighteen,  or  nearly  one-half,  radically  Welsh."  Mr. 
Gamett  remarked  with  justice,  that  "  the  amount  of  resemblance  is 
hardly  so  great  between  Icelandic  and  German,"  and  these  are 
unquestionably  kindred  languages. 

The  Celtic  languages  must,  therefore,  be  divided  into  two  great 
branches,  one  of  which  comprises  the  Irish,  the  Gaelic,  and  the  Manks, 
and  the  other,  the  Welsh,  the  Cornish,  and  the  Armorican.  The 
Irish  and  Gaelic  have  a  veiy  close  resemblance,  and  in  fact,  their 
separation  from  each  other  appears  to  have  been  remarkably  recent. 
The  book  that  is  generally  cited  as  the  earliest  printed  in  Gaelic,  is  a 
translation  of  John  Knox's  *  Lituiigy,  or  Forms  of  Prayer,'  by  John 
Carsewell,  Bishop  of  the  Isles,  which  was  issued  at  Edinburgh  in  1567, 
four  years  before  anything  whatever  in  Irish  was  printed  in  Ireland. 
The  Rev.  Thomas  Maclauchlan,  a  Gaelic  scholar,  in  his  '  Celtic  Glean- 
ings,' a  course  of  lectures  delivered  at  Edinburgh  in  1857,  informs 
us  that "  the  dialect  of  Gaelic  used  by  Carsew^  is  that  oommonlv 
known  as  the  Irish,  but  which  was  common  to  the  writers  of  both 
countries.  It  is  manifest,"  he  adds, "  that  Carsewell  did  not  acquire 
this  dialect  in  Ireland,  for  we  have  no  reason  to  believe  that  he  ever 
visited  Ireland,  and  his  saying  that  he  knew  nothing  of  the  dialect  but 
what  was  current  in  the  country,  shows  that  the  possession  of  this 
dialect  was  not  in  itself  an  evidence  of  very  high  scholarship,  but  was 
somewhat  common  among  the  people."  The  close  resemblance  of 
Irish  and  Gaelic  for  some  time  after  is  shown  by  the  circumstance  that 
about  1690,  three  thousand  copies  of  Bishop  Bedell's  Irish  version  of 
the  Bible  were  printed  for  the  benefit  of  the  Scottish  Highlanders,  and 
Mr.  Maclauchlan  states,  that  a  gentleman  who  was  living  about  1807, 
remembered  hearing  the  Irish  Bible  used  in  the  services  at  the  parish 
church  of  Kirkhill,  near  Inverness.  It  was  not  till  about  1760,  soon 
after  the  appearance  of  Macpherson's  first '  Specimens  of  Erse  poetry,* 
that  the  Society  for  Propagating  Christian  Knowledge  in  Scotland, 
resolved  on  encouraging  a  translation  of  the  Scriptures  into  Scottish 
Gaelic^  and  it  was  not  till  ISOl,  that  a  complete  yeraion  existed  in 
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print.  It  would  appear,  therefore,  that  while  in  the  reign  of  Queen  Eliza- 
beth,  the  Lowlands  of  Scotland  npoke  a  language  distinct  from  English  as 
evidenced  in  the  printed  works  of  Knox,  the  Highlands  spoke  a  lan- 
guage identical  with  Irish,  as  evidenced  by  the  translation  of  Knox's 
Liturgy,  and  that  while  the  language  of  the  Lowlands  has  gradually 
assimilated  to  that  of  England,  the  language  of  the  Highlands  has 
gradually  separated  from  that  of  Ireland.  A  similar  process  of  disin- 
tegration appears  to  be  still  going  on  with  the  Irish  language  in  Ire- 
land itself — a  separate  version  of  the  New  Testament  in  the  dialect  of 
Munster  was  issued  in  1858,  and  it  is  not  improbable,  therefore,  that 
in  the  20th  century,  there  may  be  a  larger  number  of  Celtic  languages 
stated  to  be  in  existence  than  in  the  19th.  The  dialects  of  Irish  vary 
BO  much,  that  it  is  said  that  Irishmen  from  different  provinces  who 
are  acquainted  even  imperfectly  with  English,  often  make  use  of 
English  in  conversation  with  each  other.  An  Irish  clergyman,  who 
had  been  a  missionary  to  Shang  Ha^,  informed  us  that  he  had  been 
a  witness  to  the  use  of  English  as  the  most  convenient  medium  of 
intercourse  by  the  natives  of  different  provinces  in  Ireland,  and  the 
natives  of  different  provinces  in  China.  Campion,  an  English  writer 
of  the  year  1571,  says,  that  "  the  true  Irish  indeede  differeth  so  much 
from  that  they  commonly  speake,  that  scarce  one  among  five-score 
can  either  write,  read,  or  understand  it."  The  Gaelic  is  now  itself 
divided  into  two  dialects,  which  seem  to  have  a  tendency  to  diverge 
more  and  more.  Forms  of  speech  which  are  frequent  in  the  version  of 
the  Scriptures  printed  in  1801,  are  not  found  in  the  curious  collection 
of  Gaelic  stories  taken  down  from  the  lips  of  Highland  narrators,  and 
published  by  Mr.  Campbell  of  Islay  in  1861,  one  of  the  most  careful 
records  of  oral  language  in  existence.  The  so-called  Manks  language 
is  a  kind  of  corrupted  Gaelic,  more  different  to  the  eye  than  the  ear, 
from  being  written  in  a  less  artificial  system  of  spelling.  The  system 
of  "  orthography  "  of  Irish  and  Gaelic  is  so  excessively  complex  and 
difficult,  that  those  who  speak  them  are  often  unable  to  read  them 
even  when  they  have  learned  to  read  English. 

The  three  forms  of  the  Gaelic  branch  of  the  Celtic  family  of  languages 
are  thus  intelligible  with  a  little  trouble  to  any  person  who  is  a  thorough 
master  of  one ;  but  this  is  not  the  case  with  the  three  forms  of  the 
other  branch.  The  affinity  between  Welsh  and  Bas-Breton  is  much  less 
than  has  been  sometimes  asserted.  The  best  evidence  on  this  point  is 
that  of  the  Rev.  Thomas  Price,  a  distinguished  Welsh  scholar,  who  made  a 
tour  through  Brittany  in  the  summer  of  1829.  "  I  may,"  he  says  ('  Cam- 
brian Quarterly  A^gazine,'  voL  ii.  p.  197),  "be  asked  a  question  which 
I  should  myseU  have  proposed  to  another  upon  a  similar  occasion,  had 
I  never  visited  Brittany,  and  that  is,  if  the  Welsh  and  Breton  languages 
bear  so  near  a  resemblance  to  each  other  as  is  generally  understood, 
where  was  the  necessity  of  having  recoui-se  to  the  French  as  a  medium 
of  communication  ?  Why  not  converse  with  the  Bretons  in  the  Welsh 
at  once  ?  To  this  I  answer  that,  notwithstanding  the  many  assertions 
which  have  been  made  respecting  the  natives  of  Wales  and  Brittany 
being  mutually  intelligible  through  the  medium  of  their  respective 
languages,  I  do  not  hesitate  to  say  that  the  thing  is  utterly  impossible; 
single  words  in  either  language  will  frequently  be  found  to  have  corre- 
sponding terms  of  a  similar  sound  in  the  other,  and  occasionally  a  short 
sentence  deliberately  pronounced  may  be  partially  intelligible,  but  as 
to  holding  a  conversation,  that  is  totally  out  of  the  question." 

One  of  the  earliest  and  most  valuable  books  of  research  and  infor- 
mation on  the  Celtic  languages  in  general  is  the '  Archeeologia  Britannica, 
giving  some  account  additional  to  what  has  been  hitherto  published  of 
the  Icmguages,  histories,  and  customs  of  the  original  inhabitants  of  Great 
Britain,  from  collections  and  observations  in  travels  through  Wales, 
Comwidl,  Bas-Bretagne,  Ireland,  and  Scotland,  by  Edward  Lhuyd, 
M.A.,  of  Jesus  College,  Kee];)er  of  the  Ashmolean  Museum  at  Oxford.' 
The  first  volume,  a  closely  printed  folio  on  '  Glossography '  appeared 
in  1707,  and  was  never  followed  by  a  second,  the  continuation  of  the 
work  being  prevented  by  the  death  of  the  author  in  1709.  Lhuyd 
had  travelled  in  all  the  Celtic  countries  to  collect  materials,  and 
was  only  driven  from  Brittany  by  the  outbreak  of  Marlborough's  war. 
He  unfortunately  adopted  a  peculiar  system  of  orthography  for  the 
Welsh,  and  took  a  singular  whim  of  displaying  his  knowledge  of  Irish 
and  Cornish,  by  writing  prefaces  in  Irish  and  Cornish  to  parts  of  his 
book;  the  first  of  which  is  censured  by  Irish  scholars  as  full  of  sole- 
cisms, and  the  second  was  a  'sealed  book,'  till  portions  of  it  were 
lately  translated  into  English  by  Mr.  Edwin  Norris.  But  his  work  com- 
prises a  valuable  comparative  collection  of  vocabularies,  and  a  large 
body  of  miscellaneous  information  on  the  manuscript  literature  of  the 
Celtic  languages,  similar  to  the  information  on  the  northern  languages 
which  was  brought  together  by  his  friend  Dr.  Hickes  in  1705,  in  the 
celebrated  'Linguarum  Septentriopalium  Thesaurus.'  Lhuyd  left 
behind  him  a  large  collection  of  manuscript  materials  for  the  con- 
tinuation of  his  work,  which  have  unfortunately  perished — by  three 
separate  accidental  fires  in  London  and  Wales.  The  next  student  of 
Celtic  on  an  equally  extensive  scale  appears  to  have  been  the  famous 
and  infamous  Eugene  Aram,  who  refers  to  the  subject  in  an  auto- 
biographical letter  written  in  1759,  while  he  was  in  confinement  in 
York  Castle,  not  long  before  his  trial  and  execution.  "  I  investigated  the 
Celtic,"  says  Aram,  "as  far  as  possible  in  all  its  dialects ;  begun  collec- 
tions, and  made  comparisons  between  that,  the  English,  the  Latin,  the 
Greek,  and  even  the  Hebrew.  I  had  made  notes  and  compared  above 
three  thousand  of  these  together,  and  found  such  a  surprising  affinity, 


even  beyond  my  expectation  or  conception,  that  I  was  cletertmn«»l  i 
proceed  through  the  whole  of  all  these  languages  and    form  ^  ^  -^ 
parative  lexicon,  which  I  hoped  would  account  for  numberloss  vocal 
in  use  with  us,  t]ie  Latins,  and  Greeks,  before  concealed  aod.  uiiobi^crx . . 
This,  or  something  like  it,  was  the  design  of  a  cler^gyznan  of  gr -u- 
erudition  in  Scotland,  but  it  must  prove  abortive,  for  he  <lied  befor- 1 
executed  it,  and  most  of  my  books  and  papers  are  noiv  scattcral  a  : 
lost."    This  laurel  was  not  destined  for  a  British  hea^      Nearlv  . 
hundred  years  later,  in  1853,  appeared  at  Leipsic  the  most  itnpcft^ 
contribution  yet  niade  to  Celtic  philology,  the  *  Qranrmatica  CeJti^ 
of  Professor  Johann  Caspar  Zeuss  of    Bamber^g,   who    bad    devfti^i 
thirteen  years  to  the  necessary  preliminary  studies.     Tlie  book,  wL:. 
extends  to  two  volumes,  comprising  more  than  eleven  hundred  fG^- 
embraces  a  grammar  of  the  Celtic  languages  in  a  mass,   the  Lv:: 
Welsh,  Cornish,  Armorican,  and  ancient  Gaulish,  constructed  on  zi 
unusual  plan.    The  author  takes  the  parts  of  speech  separately,  ^ ! 
the  languages  one  after  the  other,  treating,  for  instance,  the  artkk  .-: 
Irish,  in  Welsh,  in  Cornish,  &c.,  before  he  proceeds  to   examine  xl 
substantive  in  any  one  of  those  languages.    As  in  some  other  Gen:^  z 
works  on  philology,  the  method  of  treatment  is  laborioua  and  uv- 
tractive,  wanting  in  generalisation,  and  calculated  to  repel  all  but  lL 
determined  student.    The  author  adopted  the  medium  of  Latin  as  th- 
general  language  of  the  learned,  but  his  Latin  is  unfortunately  u- 
reverse  of  elegant.     The  value  of  the  work,  which  is  great,  con^C-tt 
in  the  minute  and  careful  sera  tiny  to  which  Zeuss  has  subjected  ths 
manuscript  materials  for  a  knowledge  of  the  early  state  of   the  Ce>  : 
languages,  which  are  scattered  in  the  libraries  of  England  an«l  tr. 
continent,  and  which  he  for  the  first  time  brought  together.     Tlt^ 
materials  mostly  consist  of  '  Glosses,'  or  translations  of  single  wvrJ^ 
or  passages  in  the  margins,  or  between  the  lines  of  old  Latin  cc*^  ic 
of  the  classics.    Specimens  of  interlineary  Welsh  of    this   kind  :J^: 
to  be  found  in  a  manuscript  of  Eutychius  and  Ovid  in  the  Bodlmn 
Library  at  Oxford,  of  the  conclusion  of  the  8th  or  commencement 
of  the  9  th  century,  while  the  '  Black  Book  of  Caernarvon,'  aci 
the  *  Red  Book  of  Hergest,'  the  oldest  manuscripts   of    unbroken 
Welsh,  are  ascribed  by  the  best  judges  to  the  12th  and  the  14th 
centuries,  and  are  thus  later  in  date  by  no  less  than  four  and  &ii 
hundred  years.    A  steady  light  was  also  thrown  by  Zeuss   on  tte 
ancient  Irish    from  study  of  the  '  Glosses  '  in  manuscript,  which     | 
lay  unnoticed  in  the  libraries  of  Germany  and  Italy ;  in  some  cases,  ac 
in  the  library  of  St.  Gall  in  Switzerland,  founded  by  the  Irish  monb 
who  converted  the  Swiss  to  Christianity,  buried  and  forgotten  fi>r  a 
thousand  years.    The  suggestion  which  he  threw  out  that  a  minutif 
examination  of  the  manuscripts  in  English  and  Irish  libraries  migb: 
probably  lead  to  the  discovery  of  further  stores  of  the   same  kiod 
has  already  borne   its  fruits  in  the  discoveries  made  by   Stokes  &t 
Dublin,  and  Bradshaw  at  Cambridge,  and  in  all  probability  much  stU 
remains  to  be  dug  out.    Zeuss  himself  was  unfortunately  lost  to 
science  by  his  premature  death  in  1856,  at  the  age  of  fifty.     Inaa 
interesting  biographical  sketch  of  him  by  his  learned  oountjynun. 
Dr.  Siegfried,  now  of  Dublin,  in  the  '  Ulster  Journal  of  Archa^^logr,' 
for  1859,  his  illness  is  ascribed  to  over  study. 

A  great  and  striking  merit  of  Zeuss's  laborious  work,  and  one  which 
makes  its  pubHcation  an  epoch  in  Celtic  studies  is,  that  it  presents  a 
total  contrast  in  its  tone  and  spirit  to  that  which  had   too  long 
prevailed  in  this  branch  of  investigation.    The  students  who  follow 
the  track  opened  in  the  '  Grammatica  CelUca '  have  no  pleasant  path 
before  them — it  leads  amid  **  Glosses,"  and  other  such  literature  a^ 
only  the  severest  philologists  can  tolerate  and  none  can  relish — ^but 
their  footing  is  on  firm  dry  ground.    Zeuss  is  not  indeed  arerse  to 
speculation  any  more  than  his  German  colleagues  in  general,  one  of  his 
views  being  that  Irish  and  Welsh  were  identical  not  long  before  the 
invasion  of  Cscsar,  as  Irish  and  Gaelic  were  identical  a  few  hundml 
years  ago.    But  there  is  a  wide  difference  between  such  views  as  the^e, 
open  to  discussion  as  they  are,  and  the  wild  hallucinations  to  which 
Celtic  scholars  have  been  too  often  subject.    Pezron,  the  Breton  in- 
vestigator, maintained  in  1703,  in  perfect  good  faith,  that  Welsh  and 
Breton,  which  he  considered  the  same  language,  had  been  "  the  lan- 
guage of  the  Titans,  that  Ib,  the  language  of  Saturn,  Jupiter,  and  the 
other  principal  gods  of  heathen  antiquity."    The  Rev.  Joseph  Harriet 
a  respectable  Baptist  minister  of  Swansea,  editor  of  the  'Seren  Qomer,' 
observed  in  1814,  very  gravely,  that  *'  it  is  supposed  by  some,  and  no 
one  can  disprove  it,  that  Welsh  was  the  language  spoken  by  Adam  and 
Eve  in  Paradise ;  and  if  so,  what  can  be  more  natural  than  to  suppose 
that  it  will  be  the  language  of  the  celestial  Paradise  where  all  the 
nations  of  the  earth  shall  be  of  one  tongue.*'    Unluckily  for  the  force 
of  his  observation,  not  onlv  has  the  honour  of  being  the  language  of 
Paradise  been  positively  claimed  for  other  languages — for  Bsisque  by 
several  authors,  for  Dutch  by  Goropius  Becanus,  for  Gaelic  by  Mr. 
Maclean,  author  of  a  '  History  of  the  Celtic  Language,'  in  1840 — ^but 
there  is  a  Welsh  tradition,  imknown  to  Mr.  Harris,  which  expressly 
states  that  Welsh  was  not  the  language  of  Paradise,  but  the  first 
language  spoken  out  of  it.    The  Rev.  John  Williams  ab  Ithel,  editor 
of  the  '  Cambrian  Journal '  for  the  Cambrian  Institute,  in  his  preface 
to  an  ancient  grammar  of  Edeym,  which  he  edited  in  1856  for  the 
Welsh  Manuscript  Society,  speaks  in  a  tone  of  assent  of  the  assertion 
that  there  are  only  three  languages  of  divine  origin,  that  of  Adam,  that 
of  Moses,  and  the  Welsh ;  and  aliso  of  an  assertion  grounded  on  bardic 
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tradition  respecting  the  word  by  which  the  world  was  created,  and  its 
embodiment  in  the  first  letter  of  the  andent  Welsh  alphabet.  Passages 
like  theae^  which  are  but  too  common  in  the  works  of  some  Celtic 
schohurs,  have  had  the  efiect  of  disgusting  many  with  the  study  of 
Celtic  antiquities. 

Some  of  the  more  important  conclusions  to  which  Zeus8*s  researches 
conduct,  are  embodied  by  Mr.  Edwin  Norris,  of  the  Foreign  Office, 
in  the  valuable  observations  on  the  Cornish  language,  appended  to  his 
edition  of  the  remains  of  the  '  Ancient  Cornish  Drama,'  printed  at  the 
University  Press  at  Oxford  in  1859.  "  The  superior  antiquity  of  the 
Irish  over  the  British  language  is  now,"  sa^  Mr.  Norris,  "scarcely 
doubted ;  it  is  seen  as  well  in  their  grammatical  as  in  their  glossarial 
relations.  The  declension  of  the  Irish  noun  is  even  yet  in  existence, 
and  it  is  shown  with  much  probability  to  have  been  doeely  aUied  to 
that  of  the  oldest  Indo-European  forma  at  an  early  period ;  of  the 
British,  the  only  remnant  left  is  a  Cornish  genitive,  and  a  scarcely 
discernible  trace  in  Welsh."  He  then  produces  several  instances  in 
which,  as  in  teagh  and  ti,  Irish  and  Welsh  for  "a  house,"  and  noehd 
and  nos,  Irish  and  Welsh  for  **  night,"  letters  are  dropped  in  Welsh 
that  remain  in  Irish,  and  argues  for  the  greater  antiquity  of  the  fuller 
form.  "  It  may  look  like  the  partiality  of  an  editor,"  he  continues,  "  to 
ascribe  a  greater  antiquity  to  Cornish  than  to  Welsh,  in  the  face  of  the 
universally  adverse  opinion,  but  the  writer  confesses  that  he  is  inclined 
to  consider  the  Cornish  the  older  of  the  two ; "  and  he  gives  his  grounds 
for  so  doing,  principally  founded  on  the  fact  that  it  is  shown  by  the 
glosses  producfsd  by  Zeuss,  that "  in  the  8th  oentuiy  Welsh  had  Cornish 
forms  and  words  which  were  lost  or  altered  in  the  12th."  From  these 
premises  Mr.  Norris  infers  that  "  Cornish  is  the  representative  of  a 
language  once  current  over  South  Britain  at  least"  If  these  views  be 
correct,  the  Welsh  will  lose  their  daim  to  the  honour  they  have  so 
long  retained  of  being  considered  the  representatives  of  the  "  Ancient 
Britons." 

A  good  comparative  dictionaiy  of  the  Celtic  languages  would  be 
an  acquisition  to  philology,  and  is  much  required.  The  Rev.  Robert 
Williams,  of  Llangadwaladr,  author  of  the '  Lives  of  Eminent  Welsh- 
men,'  announced  in  1860  that  he  had  completed  a  labour  of  the  kind, 
the  publication  of  which  would  be  commenced  as  soon  as  a  sufficient 
number  of  subscribers  could  be  obtained.  One  of  the  publications  of 
Prince  Louis  Lucien  Bonaparte  supplies  material  for  a  comparison  of 
the  different  dialects  not  otherwise  attainable.  It  is  entitied  '  The 
Celtic  Hezapla '  (London,  1858,  4to),  and  comprises  the  Song  of  Solo- 
mon in  eight  languages,  which  are  sdl  presented  to  view  at  the  opening 
of  any  page— French  and  English,  Insh  and  Welsh,  Gaelic  and  Manx, 
Breton  of  the  ordinary  form,  and  Breton  of  the  dialect  of  Vannes. 
The  two  latter  translations  were  first  printed  in  this  volume;  the  others 
are  taken  from  the  authorised  vermons. 

The  degree  of  prevalence  of  the  ancient  Celtic  element  in  Europe, — 
the  area  over  which  the  various  dialects  were  spoken,  and  the  remains 
of  them  which  may  be  still  traced  out,— is  a  subject  upon  which  much 
has  been  written,  but  which  still  awaits  its  Zeuss.     It  is  however  an 
antiquarian  subject  alone ;  it  is  certain  that  no  Celtic  language  is  now 
spoken  on  the  continent  beyond  the  limits  of  Brittany.    The. Basque 
of  the  Pyrenees,  so  often  asserted  to  belong  to  the  Celtic  family,  is  as 
distinct,  both  in  words  and  construction,  as  can  well  be  imagined.    The 
notion  of  Dr.  Owen  Pughe  that  the  Wendish  of  Lusatia  was  a  language 
akin  to  Welsh,  is  as  wide  of  the  mark  as  the  strange  notion  whidi 
found  its  way  by  a  series  of  blunders  into  Adelungs  '  Mithridates,' 
that  a  Celtic  dialect  was  spoken  at  Maldon  in  Essex.    The  small  value 
of  Dr.  Owen's  statements  on  such  a  subject  is  shown  by  his  declara- 
tion in  the  preface  to  the  edition  of  Llywarch  Hen,  pubUshed  in 
1792,  that  he  had  "a  collection  of  evidence  sufficient  to  convince  as 
great  sceptics  as  any  that  will  see  this"  that  "the  Nadoweases,  a 
people  west  of  the  MiBsiasippi  in  America,  known  to  the  Indian 
traders  by  the  name  of  the  civilised  Indians  and  the  Welsh  Indians, 
do  now  actually  speak  the  Welsh  language."     "These  people,"  he 
confidentiy  added, "  are  the  descendants  of  the  emi«pration  under  the 
conduct  of  Madog  ab  Owain  Gwynedd  in  the  year  1170."  The  remains 
of  the  extinct  Celtic  languages  of  the  continent  are  singularly  scanty. 
A  few  scattered  words  are  tSi  that  is  preserved  of  the  speech  of  ancient 
Gaul — the  language  that  prevailed  in  France  at  the  time  that  Cicero 
wrote  in  Italy.    These  words  bear  so  close  a  resemblance  to  those  of 
the  same  meaning  in  Welsh,  as  to  justify  the  assumption  that  there  was 
little  distinction  between  tiie  dialects  of  France  and  England  at  the 
earliest  dawn  of  lustory.     Whether  we  ought  to  believe  that  the 
"Celts"  who  are  mentioned  by  different  writers  of  antiquity  in 
different  parts  of  Europe  were  all  doeely  connected  with  one  another, 
or  all  even  rightly  named,  is  a  perplexing  question.    The  most  reliable 
evidence  now  attainable  on  the  subject  appears  to  be  that  of  the  names 
of  places,  and  these  must  be  veiv  cautiously  sifted.    Dr.  R.  G.  Latham 
reminds  philologirts  tiiat  there  is  no  connection  beyond  a  mere  resem- 
blance in  name  between  Gallicia  in  Spain  and  Galida  in  Poland. 
A  large  collection  of  materials  of  this  kind  has  been  amassed  by 
Diefienbach  in  his  '  Celtics,'  and  a  work  on  the  subject  by  Contzen, 
'  Die  Wanderung  der  Kelten,'  which  received  a  prize  from  the  Academy 
of  Munich  in  1856,  has  (in  1861)  just  issued  from  the  press. 

The  question  of  the  affinity  of  the  Celtic  languages  to  the  other 
languages  of  the  world  is  one  that  has  given  rise  to  considerable  debate 
since  the  epoch  that  was  made  in  comparative  philology  by  the  intro- 
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duction  of  the  study  of  Sanskrit,  about  the  commencement  of  the  19th 
century.  In  preceding  centuries  Welsh  had  been  often  compared  with 
Hebrew.  '*It  is  commonly  observed,"  says  Llewellyn  in  his  'His- 
torical and  Critical  Remarks  on  the  British  Tongue,'  "  that  the  British 
and  the  Hebrew  are  similar  languages,"  on  the  ground  of  their  being 
alike  in  many  peculiarities  of  construction,  especially  in  permutation 
or  the  change  incident  to  several  letters  in  the  beginning  of  words, 
and  also  in  the  paucity  and  confusion  of  tenses  in  the  conjugation  of 
verbs,  and  in  the  binding  together  in  one  word  of  some  prepositions 
and  pronouns.  This  degree  of  resemblance  is  certainly  not  sufficient 
to  place  the  Welsh  and  toe  other  Celtic  languages  in  the  Semitic  family, 
but  in  these  respects  it  does  resemble  the  Hebrew  and  differ  from  the 
Greek  and  Latin,  which  form  a  portion  of  the  Indo-European  family  to 
which  it  is  now  adjudged  to  belong.  The  Indo-European  family,  or 
rather  tribe,  is  now  so  extended  that  it  comprises  many  languages 
formerly  regarded  as  entirely  disjoined,  such  as  Greek  and  Persian, 
Russian  and  English, — ^while  the  Semitic  only  comprises  a  very  small 
circle  of  languages  bearing  a  dose  resembluice  to  each  other — a  circle, 
in  fact,  no  huger  than  that  of  the  Celtic  family  alone. 

The  lustory  of  the  controversy  is  an  instructive  one.  For  the  first 
thirty  years  of  the  19th  century  the  Celtic  languages  were  supposed, 
to  quote  the  words  of  the  Rev.  Richard  Gamett,  "  to  form  a  class 
apart,  and  to  have  no  connection  whatever  with  the  great  Indo- 
European  stock.  This  was  stron^^y  asserted  by  Colonel  Vans  Kennedy, 
and  also  maintained,  though  in  more  guarded  terms,  byBopp,  Pott,  and 
Schl^geL  The  researches  of  Dr.  Prichard  in  his  '  Eastern  Origin  of 
the  Celtic  Nations,'  and  of  Professor  Pictet  of  Geneva,  in  his  truly 
able  work, '  Sur  I'Affinit^  des  langues  Celtiques  aveo  le  Sanscrit/  may  be 
considered  as  having  settied  the  question  the  other  way.  The  demon- 
stration of  Pictet  is  so  complete,  that  the  German  scholars  who  had 
previously  denied  the  connection,  now  fully  admit  it,  and  several  of 
them  have  written  elaborate  treatises,  showing  more  affinities  between 
Celtic  and  Sanscrit  than  perhaps  reallv  exist"  The  work  of  Dr. 
Prichard,  himself  a  Welshman,  is  entitied  '  The  Eastern  Origin  of  the 
Celtic  Nations  proved  by  a  comparison  of  their  dialects  with  the  Sanskrit, 
Greek,  Latin,  and  Teutonic  Lsmguages.'  The  first  edition  appeared  in 
1831 ;  a  second,  with  extensive  and  important  additions  by  Dr.  R.  G. 
Latham,  in  1857.  On  the  subject  of  the  Celtic  languages  in  the 
British  Islands,  there  are  some  viduableand  really  instructive  papers  by 
the  Rev.  R  Gamett,  in  the  '  Quarterly  Review,'  and  the  '  Transactions 
of  the  Philological  Society,'  which  are  collected  in  the  posthumous 
volume  of  his  '  Philological  Essays,'  edited  in  1859  by  his  son. 

The  Welsh  language  is  one  of  the  oldest  in  Europe :  the  Irish  and 
Welsh  are  in  fact  among  spoken  languages  the  most  ancient  of 
which  any  written  monuments  are  preserved,  unless  we  regard  the 
modem  as  identical  with  the  ancient  Greek.  The  Welsh  has  poems 
now  in  existence,  the  origin  of  which  is  believed  by  the  best  critics  to 
date  back  to  the  6th  century,  to  a  period  little  alter  the  time  when 
the  Romans  left  the  country,  in  wnich  of  course,  while  they  held 
it,  the  dominant  language  was  Latin.  It  is  true  that  Zeuss  has 
shown  that  the  language  of  these  poems,  when  originally  composed, 
must  have  differed  in  a  considerable  degree  from  that  of  the  form  in 
which  they  are  preserved  to  us,  and  that  one  of  the  most  learned 
Welshmen  of  a  century  ago,  the  Rev.  Evan  Evansi  says  in  his  '  Speci- 
mens  of  the  Bards,*  published  in  1763,  that  he  had  shown  the  most 
genuine  remains  of  'Taliesin  to  the  best  Welsh  antiquaries  and  scholars 
then  living,  and  that  "  they  all  confessed  they  did  not  understand  one 
half  of  any  of  his  pieces.  It  is  true  also  that  Price,  in  his  '  Hanes 
Cymru,'  a  book  intended  for  ordinary  readers,  found  it  necessary  to 
give  a  modem  Welsh  version  of  an  ancient  Welsh  poem,  which  he 
quoted  from  Gwalchmai,  a  bard  of  the  12th  century,  who  is  said  to 
have  accompanied  Cocur  de  Lion  to  the  Crusades.  Still  from  about 
the  Norman  conquest  downwards,  there  exists  a  mass  of  literary  matter 
in  a  language  which  is  readily  intelligible  to  those  who  are  acquainted 
with  the  modem  Welsh  after  a  slight  degree  of  study.  A  similar 
observation  is  perhaps  applicable  to  no  other  living  European  language 
except  the  Ic^ndic.  The  language  of  the  Saxon  contempoFu-ies  of 
Taliesin  has  been  a  dead  language  for  centuries,  and  even  in  the  time 
of  Gwalchmai  the  present  English  was  as  yet  unborn. 

The  Welsh  has  long  been  an  object  of  study  to  those  who  speak  it. 
"There  are,"  says  Owen  Pughe  (' Archseologia,'  xiv.  220),  "about 
thirty  different  old  treatises  on  Welsh  grammar  and  prosody  preserved. 
Of  tiiese,  one  is  particularly  deserving  of  notice  as  a  curious  relic :  it 
was  composed  by  Geraint  about  880,  revised  by  Einion  about  1200,  and 
again  by  Edeyrn  about  the  year  1270,  and  regularly  privileged  byihe 
different  sovereigns  who  then  exercised  authority  in  Wales."  This  work 
was  first  printed  by  the  Welsh  Manuscript  Society  in  1856,  under  the 
editorship  of  tiie  Rev.  John  Williams  ab  ItheL  A  portion  of  a  grammar 
which  appeared  in  1567j  from  the  pen  of  Griffith  Roberts,  and  of  which 
mention  will  be  made  hereafter  as  remarkable  on  other  accounts,  is 
remarkable  also  as  containing  some  proposals  on  the  subject  of  Welsh 
orthography  of  an  ingenious  diaracter,  which  were  not  however  adopted. 
Two  Latin  grammars  of  the  language  followed,  the  '  Cambrobry  tan- 
nics Linguse  Rudimenta'  of  Dr.  David  Rhys,  in  1592,  and  the '  Antiquae 
Linguae  Britannicse  nimc  communiter  dictae  Cambro-Britannicae  Rudi. 
menta'  of  Dr.  John  Davies,  in  1621,  botii  of  them  much  esteemed. 
There  are  now  sevenJ  grammars  of  the  Welsh  language  in  English,  of 
which  that  by  the  Rev.  Tbomas  Rowland,  the  second  edition  of  which 

Si 


m 


WELSH  LAKOUAQE  AND  LITEELA.TUBE. 


WELSH  LANGUAGE  AND  LITERATUKE. 


%A 


•mm  pabliflhed  in  1857»  may  be  recommended  as  the  most  flatiBfactory. 
.Dictionaries  are  less  numerous.  Dr.  John  Davies,  the  author  of  the 
grammar,  published  in  London  in  1632  a  Welsh  and  Latin  diotionaiy, 
'  Antiqus  Linguad  BritannicoB  Dictionarium  Duplex/  which  continued 
in  repute  for  a  century  and  a  half,  till  superseded  by  that  of  Dr.  Owen 
T^he.  This  work,  '  Geiriadur  Cymraeg  a  Saesoneg,  a  Welsh  and 
English  Dictionary/  with  a  grammar  prefixed,  published  in  two  closelv* 
mnted  octaTO  yolumes  in  1798,  and  again  in  1829,  is  stiU  the  on^ 
Welsh  dictionary  on  a  sufficiently  extensive  scale,  and  is  a  work  of 
great  labour  and  merit,  but  it  is  open  to  serious  objections.  The  num- 
ber of  words  it  contains  is  nearly  100,000 ;  but  many  of  these  are  com- 
pounds, formed  on  regular  principles,  which  only  serve  to  swell  the 
book,  and  many  of  them  are  only  words  which  ought  to  exist  in  Welc^, 
according  to  we  lexicographer  s  opinion,  rather  than  words  which 
actually  exist  in  it  A  third  edition  is  now  (1861)  in  course  of  publi- 
cation,  imder  the  editorship  of  R.  J.  Pryse,  who  promises  that  the 
work  shall  contain  "  scores  of  thousands  "  of  words  not  in  the  previous 
editions.  As  Owen's  comprises  Welsh  and  English  only,  not  EngUsh 
and  Welsh,  the  want  of  the  latter  was  formerly  supplied  by  the  excel- 
lent English- Welsh  dictionary  of  the  Rev.  John  Walters,  of  which  a 
new  and  improved  edition  was  published  about  1826.  The  '  English 
and  Welsh  Dictionary '  by  Daniel  Silvan  Evans,  in  two  thick  volumes 
(Denbigh,  1852-1868),  is  however  still  superior  to  that  of  Walters. 
There  are  a  compendious  grammar  and  dictionary  by  Mr.  Spurrell  of 
Carmarthen,  both  of  which  will  be  found  useful.  Some  information  on 
the  Welsh  dialects  is  given  in  the  '  Essay  on  the  Ancient  and  Present 
State  of  the  Welsh  Language/  by  Mr.  John  Hughes,  published  about 
1820.  There  are  differences  in  pronunciation  and  idiom  sufficiently 
marked  to  render  it  difficult  for  persons  from  remote  districts  to  con- 
Terse  with  each  other ;  and  North  Wales  is  more  pure  and  correct  in 
its  language  than  South  Wales. 

The  system  of  spelling  in  Welsh  corresponds  with  and  represents 
the  pronunciation,  and  in  that  respect  it  has  a  marked  superiority  not 
onlv  over  its  kindred  Celtic  languages,  the  Irish  and  Gaelic,  but,  as  we 
daily  feel  to  our  cost,  over  the  English.  There  are  at  the  same  time 
some  peculiarities  in  Welsh  spelling,  the  motive  of  which  is  not  very 
plain,  and  the  effect  of  which  is  often  ludicrous.  The  sound  which  is 
genendly  represented  by  the  letter  r  is  in  Welsh  represented  by/, 
even  in  proper  names,  so  that  pronouncing  Calvin  and  Virg^  not 
unlike  ourselves,  a  Welshman  writes  "Calfin"  and  "FirgU."  The 
sound  represented  in  the  English  alphabet  by /is  represented  in  Welsh 
by/;  and  thus  Fox  and  Franklin  must  be  written  Ffox  and  Ffranklin, 
as,  if  spelt  in  the  ordinary  manner,  a  Welsh  reader  might  pronounce 
them  Vox  and  Vranklin.  Some  efforts  have  been  made  by  Owen 
Pughe  and  others  to  introduce  the  missing  v  into  the  Welsh  alphabet ; 
and  it  is  usual  for  English  writers  to  follow  his  system  in  spelling 
Welsh  names — to  write  Merthyr-Tydvil,  for  instance,  instead  of 
Merthyr-Tydfil.  But  the  advantage  of  uniformity  is  so  great,  that 
though  the  present  system  scarcely  dates  further  back  than  the  16th 
century,  and  though  there  are  several  eccentricities  like  that  with  the  v, 
resistance  to  innovation  has  hitherto  triumphed. 

It  has  been  said,  that  in  English  the  grammar  is  excellent  and  the 
dictionary  is  execrable.    The  grammar  of  English  is,  in  fact,  distin- 
guished by  its  great  comparative  freedom  from  needless  complexities, 
while  its  Ust  of  words  comprises  thousands  that  a  careful  writer  wiU 
carefully  avoid.    In  Welsh,  almost  the  converse  is  the  case.    For  use- 
less intricacy  its  grammar  has  a  bad  pre-eminence.    It  is  pervaded 
from  first  to  last  by  a  certain  law  of  "  permutations/'  the  nature  of 
which  will  best  be  understood  by  an  instance.    The  word  for  "  father" 
in  Welsh  is  tad  ;  the  word  for  "  my  "  is  /y ;  but  to  say  Py  tad  for  "  my 
father"  would  be  an  unpardonable  solecism.    After  /y,  every  won! 
begmning  with  a  t  must  change  the  t  to  nh,  said  the  correct  phrase  is 
bherefore/y  nJiad,     The  word  for  "thy"  is  dij;  but  after  this  a 
d^erent  change  is  required :  "  thy  father  "  is  dy  dad.    The  word  ei  in 
Welsh  means  "his"  or  "her,"  but  according  to  the  sense  requires  a 
different  mutation  to  follow :  "  his  father  "  is  expressed  by  ei  dad,  and 
her  father    by  eithad.    Some  of  the  letters,  as  <,  have  three  of  these 
mutations  to  undeiigo,  some  only  two,  some  only  one,  and  some  none 
at  all    There  is  a  multitude  of  intricate  rules  to  determine  in  what 
circumstances  the  different  mutations  are  to  be  used,  and  at  the  same 
tune  the  existence  of  letters  which  undergo  no  mutations  whatever,  and 
the  words  beginning  with  which  are  just  as  elegant  and  forcible  with- 
out them,  proves  to  demonstration  the  utter  uselessness  of  the  whole. 
In  the  other  Celtic  languages  there  is  a  similar  system,  but  not  carried 
qmte  80  far  as  in  the  Welsh.    The  principle  has  been  generally  con- 
mdered  to  be  peculiar  to  that  family  of  languages  in  Europe ;  but 
l^nce  Louis  Luden  Bonaparte,  in  his  extensive  researches  among  the 
obscurer  tongues,  has  discovered  slight  traces  of  mutation  in  some  of 
tne  dialects  of  Sardinia.    In  the  complexity  caused  by  an  intricate 
system  of  declensions  and  coniugationa  there  is  generally  some  com- 
pensation obtained  in  a  superior  precision  and  force ;  but  there  is 
nothing  of  the  kind  in  mutation.    Its  origin  was  long  a  subject  of 
debate.    In  some  compounds  of  wonis  it  was  plain  that  attention  to 
euphony  had  ^ven  rise  to  it.    The  opposite  to  "  possible/'  in  English, 
IS    impossible    :  both  words  are  taken  from  the  Latin,  and  the  -  in '' 
^vatiye,  as  it  is  caUed,  is  altered  to  "  im  "  in  this  and  other  cases 
«)ef ore  the  letter  p,  to  avoid  unpleasantness  of  sound.    The  Welsh  have 
also  borrowed  the  word  posibl  from  the  Latin,  and  for  "impossible" 


they  say  anmhotibL  The  Welsh  particle  answering  to  oor  "  nn  is  sa: 
the  collision  of  »  and  p  was  also  to  be  avoided ;  but  inBtftad  of  alterb; 
the  last  letter  of  the  an,  they  altered  the  first  letter  of  jposilL  It  bas 
lately  been  pointed  out  by  Zeuss  and  hia  school,  that  in  other  cuea 
where  p  is  altered  to  mh,  it  was  in  the  old  forma  of  tlie  Luiguag^e  pre- 
ceded by  an  n  which  no  longer  exists.  Hence  it  may  be  inferred  tiu: 
the  whole  system  of  mutations  was  originally  founded  on  the  eupLc^L^ 
principle.  While  the  effect  remains,  however,  the  reason  for  it  ha 
disappeared  in  the  actual  state  of  the  language.  The  rules  for  mu:*' 
tions  are  at  the  present  day  mere  arbitrary  rules,  the  motive  for  whid 
is  as  unknown  to  those  who  practise  them  as  the  reason  for  speliia; 
"  wright"  with  10  and  gh  is  unknown  to  the  schoolboy  ^wrho  is  beisg 
taught  to  spelL  After  all  these  sacrifices  to  harmony^  -the  Wel^  Lv 
never  been  considered  harmonious  by  those  of  whom  it  was  not  ibc 
mother-tongue,  though  a  writer  in  the  '  Cainbrian  Keigister '  for  1^2^, 
affirms  that "  strangers  to  both  languages  frequently  mintAke  the  Welsh 
for  Italian." 

The  principal  beauty  of  Welsh  as  a  language  consists  in  the  fadiitj 
which  it  possesses  of  forming  derivatives  and  compounds,  and  the  &s&- 
pleteness  with  which  that  power  has  been  exercised,  making  full  a:^ 
ingenious  use  of  every  root,  and  thus  avoiding  that  useless  borroB±^ 
of  terms  from  other  languages  which  has  been  carried    to   such  la 
absurd  extent  in  English.     Many  foreign  words  have  indeed  bees 
introduced  into  Welsh,  but  they  huwe  been  so  assimilated  to  thoie  c: 
native  origin  as  often  not  to  be  easily  detected.    The  whole  langnagt 
seems  of  a  piece.    But  there  is  this  advantage  in  a  lon^^uage  in  wtudi 
the  grammar  is  superior  to  the  dictionary :  that  by  a  akilf  ul  choice  d 
words,  by  limiting  himself,  like  Metastaaio,  to  a  certain  select  rocat^ 
lary,  an  author  may  exclude  from  his  writings  all  but  the  beauties  (^ 
the  language;  whUe  in  the  opposite  case,  the  defects — as  in  Wel^ 
the  rules  for  mutation—are  necessarilj  involved  in  every  aentenoe  ooi 
intrude  at  every  turn.    These  rules  alone  make  it  much  more  diiiieuh 
for  an  Englishman  to  learn  to  speak  Welsh  than  for  a  Welshman  u 
learn  to  speak  English. 

The  general  chtuucter  of  the  Welsh  language  in  composition  is  ihaX 
of  a  certain  stateliness,  and  even  grandiloquence,  the  reverse  of  wb^ 
would  probably  be  expected  by  strangers  who  luiow  for  how  long  it  has 
been  the  language  of  the  peasantry  alone  and  disooimtenanoed  by  the 
higher  classes.  In  its  effect,  it  reminds  a  reader  more  of  the  SpaoiiL 
than  the  (German.  It  has  been  sometimes  praised  for  its  conciseness, 
but  in  its  present  state  it  may  be  much  more  justly  characterised  u 
diffuse.  The  words  in  the  first  paragraph  of  the  '  Pil^im's  Progress,' 
"  I  looked  and  saw  him  open  the  book  and  read  therein,  and  as  he 
read  he  wept  and  trembled,"  are  thus  rendered  in  the  Welsh  translation 
by  Thomas  Jones,  published  at  Shrewsbuiy  in  1699,  "  Bdxychais  a 
gwelais  ef  yn  egor  y  Llyfr  ac  yn  darllain  ynddo ;  a  phan  ddarUenodd 
ef  w^lodd  a  chrynnodd."  In  this  there  are  exactly  as  many  words 
as  in  the  original,  namely,  nineteen ;  but  in  the  translation  published 
at  Caermarthen  in  1771,  and  reprinted  in  1854,  the  passage  stands  thus, 
"  Mi  a  edryohais  ac  a'i  gwelais  ef  yn  agor  y  Uyir  ac  yn  darUen  ynddo, 
ac  fel  yr  oedd  efe  yn  darllen  fo  wylodd  ac  a  grynodd,"  and  the 
number  of  words  is  twenty-eight.  The  same  proportions  seem  to 
prevail  betwe^  the  language  of  the  two  translations  in  generaL 

The  Welsh  are  strongly  attached  to  their  language.     The  Insh,  so 
vehemently  opposed  to  the  Saxon  in  religion  and  politics,  are  in  the 
matter  of  language  far  from  obstinate.    Daniel  O'ConneU,  the  patriotic 
orator,  and  Moore,  the  patriotic  poet,  were  ignorant  and  careless  d 
the  Celtic  tongue.    It  is  said  that  the  peasantry  are  so  anxious  to 
secure  to  their  children  that  masteiy  of  English  of  which  they  fed 
the  want  themselves,  that  they  have  a  forfeit  for  speaking  Irish,  and 
enforce  it  on  the  children  in  their  cabins  with  as  much  severity  as 
a  forfeit  of  a  similar  kind  is  enforced  on  the  pupils  in  an  Kngijah 
boarding-school.  Under  the  influence  of  this  feeling  the  Celtic  language 
of  Ireland  appears  to  be  slowly  but  surely  losing  ground,  while  the 
English  language  is  indebted  to  Ireland  for  some  of  its  finest  poets  and 
novelists,  and  most  brilliant  orators,  with  a  long  array  of  hterary 
labourers  of  a  less  ambitious  class.    With  Wales  all  this  is  different 
The  Commissioners  of  Inquiry  into  the  state  of  Education  in  Wales, 
give  it  as  their  opinion  in  their  official  report,  that  "  the  Welshman 
possesses  a  mastery  over  his  own  language  far  beyond  that  which  the 
Englishman  of  the  same  degree  has  over  his ; "  and  that  "  readiness 
and  propriety  of  expression  to  an  extent  more  than  merely  colloquial, 
is  a  feature  in  the  intellectual  character  of  tht  Welsh."    But  the  Welsh 
are  eloquent  and  poetical  in  their  own  language  only.     They  have 
contributed  no  bard,  no  orator,  no  historian,  no  dramati^,  no  preacher, 
of  the  first,  or  the  second,  or  even  the  third  rank,  to  the  literature  of 
England. 

The  use  of  two  languages  in  the  same  country  cannot  but  be  con- 
sidered as  an  evil,  for  it  is  an  element  not  of  concord  but  of  discord. 
The  experience  of  the  continent,  in  the  case  of  G^man  and  Danish, 
and  of  German  and  Himgarian,  shows  that  under  certain  oireumstanoes 
it  may  even  become  a  source  of  civil  war.  It  is  an  admitted  fact  that 
antipathy  and  animosity  towards  the  Saxon  still  lurk  among  that  portion 
of  the  Welsh  population  to  whom  English  is  a  language  either  entirely 
unknown,  or  known  but  imperfectiy.  There  ii  a  well-authenticated 
stoiy  that  in  the  time  of  the  Commonwealth,  Sir  Edward  Stradliog, 
of  St.  Donat's  Castle,  flying  from  the  victorious  Koundheada  after 
a  lost  battie,  came  tg  the  river  Taff,  and  finding  the  bridge  broken 
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down,  asked  in  the  English  laofcuage  of  a  Welsh  peasant  who  was 
standing  near,  where  he  might  safely  ford  the  stream.  He  was  told 
in  reply,  "  Keep  straight  on,  for  that  is  the  shortest  and  best  way  to 
thy  home."  Sir  Edward  xt)de  on  to  the  bank,  and  chanced  before 
entering  the  water  to  speak  a  few  words  to  his  soldiers ^in  Welsh,  on 
which  the  peasant,  perceiving  he  was  not  an  Englishman,  called  out  in 
haste  to  him  not  to  enter  the  stream  at  that  point,  for  if  so  he  would 
lose  his  life.  There  was  a  whirlpool  on  the  spot,  to  which  the 
malignant  peasant,  when  he  thought  Sir  Edward  a  Saxon,  had  directed 
the  stranger  with  a  view  to  drown  him.  Such  feelings  are  far  from 
extinct,  even  in  modem  times,  unless  those  who  are  well  acquainted 
with  Wales  are  much  mistaken. 

The  Welsh  language  is  now  in  a  very  flourishing  state.    The  fate  of 
its  neighbour,  the  Cornish,  which  gradually  perished  of  mere  neglect, 
led  to  the  supposition  that  the  Welsh  would  also  disappear  from  the 
same  cause ;  and  indeed  Mr.  Wynne,  the  president  of   the  Asiatic 
Society,  himself  a  Welshman,  referred  to  the  decline  of  WeUh  as  a 
proof  of  the  efficacy  of  the  non-interference  system  in  such  cases,  in 
a  discussion  on  the  subject  of  endeavouring  to  introduce  the  English 
in  the  place  of  some  of  the  native  languages  of  India.    More  than  a 
centuiy  ago,  Qoronwy  Owen,  the  Welsh  poet,  related  in  one  of  his 
letters  (printed  in  the  '  Cambrian  Register '),  that  in  a  discussion  on 
the  Welsh  language  with  another  Welshman,  Owen,  the  translator  of 
Juvenal  into  English,  "  the  wicked  imp,  with  an  air  of  complacency  and 
satis&ction,  said  there  was,  nothing  in  it  worth  reading,  and  that  to 
his  certain  knowledge  the  English  daily  got  ground  of  it,  and  he 
doubted  not  but  in  a  hundred  years  it  would  be  quite  lost."     The 
experience  of  the  time  that  has  since  elapsed  has  shown  that  Mr. 
Owen  was  mistaken.   "  For  upwards  of  ten  centuries,"  says  the  Rev. 
W.  J.  Rees,  in  an  address  delivered  in  1821  on  the  formation  of  the 
Cambrian  Society  in  Qwent,  ''since  the  reign  of  Offik,  who  made 
his  celebrated  dyke  to   prevent   incursions  of  the  Welsh  into   his 
territories,  the  Welsh  language  has  receded  comparatively  but  little 
within  the  boundary,  especially  in  some  parts  of  North  Wales;  and  in 
other  districts,   when  the  long  lapse  of  lime  since  the  conquest  by 
Edward  I.,  and  the  intimate  incorporation  by  Henry  VIII.,  and  the 
great  encouragement  given  for  the  attainment  of  the  English  language 
are  considered,  it  has  gained  less  ground  than  could  be  expected.    An 
Englishman  travelling  the  public  roads  of  the  principality  often  meets 
with  persons  who  sp^k  English,  and  those  whom  he  has  occasion  to 
address  at  the  inns  are  able  to  accommodate  themselves  to  his  language : 
the  gentry  he  may  visit  speak  English,  and  those  who  call  upon  them 
probably  use  the  same  language  in  his  hearing ;  and  from  these  slight 
facts  which  come  to  his  knowledge,  he  erroneously  concludes  that  the 
English  is  the  prevailing  language  of  the  country.    It  is  only  one  who 
has  resided  a  long  time  in  the  interior,  having  intercourse  with  the 
common  people,  that  can  form  a  true  estimate  of  the  extent  of  the 
Welsh  language ;  and  most  persons  will  readily  assent  to  the  truth  of 
the  assertion,  that  the  Welsh  is  the  sole  living  speech  not  only  of 
thousands,  but  of  tens  of  thousands,  and  even  of  some  hundreds  of 
thousands  of  the  inhabitants  of  the  principality."    ('  Cambro-Briton,* 
vol.  iii.,  p.  229.)    It  not  only  holds  its  ground  in  the  Old  World,  but 
has  emigrated  to  the  New.    While  Dr.  Macleod,  in  the  preface  to  his 
'  Leabhar  nan  Cnoc,'  exulted  in  the  hope  that  if  Gaelic  is  destined 
to  perish  in  th«  Highlands,  it  will  survive  beyond  the  Atlantic  in 
the  living  speech  of  numbers  greater  than  ever  spoke  it  in  Europe^ 
the  Rev.  T.  Price,  in  his  '  Hanes  Cymru,'  related  with  similar  exul- 
tation that  he  had  received  from  ionerica  some  numbers  of  a  Welsh 
periodical,  the  '  Oyfaill    yr    Hen  Wlad,*    or  '  Friend   of    the   Old 
Country,'  which  was  publishing  at  New  York.    This  ^gress  con- 
tinues.   In  an  account  of  the  press  in  the  United  States  u  1861  it  ia 
mentioned  that  five  Welsh  newspapers  are  printed  in  that  country,  a 
circumstance  which  may  probably  lead  some  future  Celtic  historian  to 
infer  the  truth  of   the  belief,  so  firmly  entertained  by  some  Welsh- 
men, that  the  language  has  flourished  on  the  American  continent  since 
the  days  of  Madoc.    At  the  same  time  the  periodical  press  of  Wales 
itself  is  increasing  yearly,  while  in  the  first  number  which  ever  appeared 
of  a  Welsh  newspaper,  not  fifty  years  ago,  a  notion  was  stated  that 
the  language  would  hardly  survive  that  g^eration.    Eisteddvods  or 
Bardic  meetings,  formerly  rare,  are  now  frequent  and  more  and  more 
popular.    The  call  for  bishops  who  understand  the  Welsh  language 
has  been  loud  enough  to  compel  the  attention  of  the  English  cabinet. 
At  the  present  moment  the  patriotic  aspiration  so  often  on  the  lipe 
of  Welshmen,  "  Oes  y  byd  i'r  iaith  Qymreig,"— "  May  the  Welsh 
language  last  as  long  as  the  world," — appears  in  small  danger  of  von- 
fulfilment. 

If  it  be  really  decided  that  the  language  of  "some  hundreds  of 
thousands  "  is  to  continue  to  be  cultivated  amidst  its  native  mountains, 
side  by  side  with  tiie  language  of  sixty  millions,  to  which  fresh  millions 
are  added  every  year,  care  should  be  taken  to  avoid  the  disadvantages 
that  might  arise  from  such  a  state  of  things.  The  preservation  of  the 
old  language  ought  to  be  combined  with  the  cultivation  of  that  which 
has  grown  up  beside  it, — of  the  great  English  language  that  has  put 
a  girdle  round  the  earth,  and  is  now  spoken  by  mighty  communities  in 
each  quarter  of  the  world,  and  on  uie  shores  of  every  ocean.  The 
"  Cymro  uniaith "  *'  the  Welshman  of  (me  language," — a  phrase  in 
common  use — is  not  necessarily  more  patriotic  than  the  Welshman  of 
two  languages ;  but  he  is,  by  a  great  deal,  a  member  of  society  less 


capable  of  aiding  others  and  of  aiding  himself.  Were  the  English 
language  introduced  into  every  school,  and  were  the  youth  of  Wales 
induced  to  make  themselves  thorougfaly  familiar  with  it,  much  good 
would  undoubtedly  be  the  result.  The  acquisition  of  the  general 
language  of  the  empire,  of  the  language  of  great  cities  and  high 
civilisation,  and  ample  stores  of  learning,  would  open  a  new  field 
to  the  abilities  of  many  a  young  Welshman,  whose  ignorance  of  any 
but  his  native  language  confines  him  to  a  small  circle  and  a  narrow 
career — ^the  generu  diffusion  of  English  would  invite  more  frequent 
visitors  from  England  to  the  lovely  and  romantic  scenery  of  the 
principality,  and  a  new  era  of  more  cheerful  prosperity  might  dawn 
upon  Wales. 

LiTKRATUBB. — The  quotation  is  peculiarly  happy  which  was  prefixed 
to  a  magazine  entitled  *  The  Cambro-Briton,'  devoted  to  the  cultivation 
of  Weldb  literature :  "  Nulli  quidem  mihi  satis  eruditi  videntur  quibus 
nostra  ignota  sunt." 

The  history  of  the  literature  of  Wales  is  as  peculiar  as  that  of  its 
language.  It  commences  with  poems  ascribed  to  the  6th  century,  a 
period  of  almost  classical  antiquity,  to  which  Ho  living  language  of  the 
Teutonic  or  Sclavonic  families  can  be  traced.  It  flourished  undoubtedly 
in  the  12th  century,  and  its  ''  golden  age"  is  referred  to  a  date  at 
which  no  English  literature  could  be  in  existence,  because  the  English 
language  was  as  yet  unborn.  For  the  last  six  or  seven  hundred  years 
its  course  may  be  distinctly  traced,  almost  the  "  solitary  pride  "  of  a 
nation,  that,  amidst  all  obstacles  and  struggles,  has  been  remarkably 
constant  in  its  attachment  to  letters.  It  is  true  that  the  value  of  this 
literatiu^  is  not  to  be  compared  for  an  instant  with  the  value  of  our 
own,  but  it  is  a  literature  eminently  curious  and  eminently  British ; 
■and  the  apathy  can  hardly  be  explained  with  credit  to  English  scholars 
that  has  allowed  the  subject  to  remain  as  it  has,  in  almost  total 
obscurity  and  neglect. 

Perhaps  the  most  valid  9xcuBe  that  can  be  pleaded  is  that  obstacles  to 
investigation  were  offered  in  the  very  quarter  from  which  assistance 
might  be  looked  for.  A  mass  of  unfounded  and  uncritical  statement 
on  the  subject  of  Welsh  antiquities  is  in  existence  and  in  print, 
which  obstructs  in  the  most  annoying  way  the  endeavour  to  arrive 
at  a  clear  view  of  the  subject.  "A  Scotsman,"  says  Dr.  Johnson, 
''  must  be  a  sturdy  moralist  indeed  if  he  loves  not  Scotland  better  than 
truth."  "  How  justly,"  says  Edward  Williams,  or  lolo  Morganwg,  the 
most  eminent  Welsh  antiquary  of  the  19th  century,  "  might  he  have 
said  the  same  thing  of  evenr  Welsh  antiquary  that  has  hitherto 
appeared  in  the  world."  ('  Cumbrian  Journal/  for  1860,  page  18.) 
"  How  many  truly  learned  and  ingenious  literary  gentlemen/'  says  the 
same  writer  in  another  place, "  applied  to  Mr.  Evans  and  his  fib-monger, 
Lewis  Morris,  for  information  relating  to  Welsh  literature  and 
Welsh  antiquities,  and  how  many  of  the  most  glaring  falsehoods  have 
they  had  in  return  from  these  fellows,"  whose  alleged  ignorance  and 
bad  faith  he  proceeds  to  expose.  But  the  very  lolo  Moi^ganwg  whose 
words  we  have  quoted,  and  who  up  to  his  death,  in  1826,  was,  and 
is  even  now  regarded  by  many  as  the  chief  authority  on  Welsh  litera- 
ture, is  pointed  out  by  others  as  absolutely  stiU  less  worthy  of 
confidence  than  any  Welsh  antiquary  who  preceded  him.  Not  only 
therefore  is  the  entrance  into  the  cavern  of  Welsh  antiquities  dark  and 
difficult,  but  the  guides  are  not  to  be  trusted.  The  national  practice 
has  not  been  in  accordance  with  the  national  motto  of  Wales,  **  Y 
Gwir  yn  erbyn  y  Byd,"  "  Truth  against  the  world." 

Another  obstacle,  though  an  inferior  one,  has  been  the  difficulty  of 
arriving  at  the  materials  for  forming  a  jud^ent.  The  Welsh,  as  has 
been  said,  claim  to  be  in  possession  of  a  body  of  poetical  compositions 
extending  over  a  period  of  thirteen  hundred  years.  Till  the  com- 
meooement  of  the  19th  century  almost  all  the  compositions  for  which 
tins  antiquity  is  claimed  remained  buried  in  the  libraries  of  coUeges 
and  of  private  individuals,  some  so  difficult  of  access,  that  Lhuyd, 
the  author  of  the  '  Archaeologia  Britannica/  who  spent  his  life  in 
researches  into  Celtic  literature,  was  never  able  to  obtain  a  sight  of 
some  of  the  most  interestinjg.  This  reproach  was  removed,  after  inef- 
fectual appeals  to  the  patriotism  of  the  gentry  of  Wales,  bv  the  liberality 
ol  Owen  Jones,  a  furrier  in  Thames  Street,  father  of  Owen  Jones, 
the  architect,  so  well-known  by  his  publications  on  the  'Alhambra,* 
and  his  rest<nntion  of  it  at  the  Crystal  Palace  of  Sydenham.  At  the 
expense  of  more  than  a  thousand  poimds  Mr.  Jones,  uie  elder,  collected 
and  puUished,  in  1801  and  subsequent  years,  in  three  volumes,  under 
the  tiUe  of  '  The  Myvyrian  Archaiology  of  Wales/  the  chief  produc- 
tions of  Welsh  literature  for  nearly  nine  hundred  years,  from  about  500 
to  1 400.  In  this  task  he  was  assisted  by  Edward  WilUams,  better  known 
by  the  name  of  lolo  Morgan wg,  or  Edward  of  Glamorgan,  already  men- 
tioned, and  by  Dr.  Owen,  afterwards  Dr.  Owen  Pughe.  The  enterprise 
was  by  no  means  undertaken  too  soon. "  A  number  of  manuscripts  equal 
to  what  now  remuns,"  says  Owen  in  the  fourteenth  volume  of  the 
' Archseologia '  of  the  Antiquarian  Society,  "hath  perished  through 
neglect  within  the  last  two  hundred  years,  that  is  to  say,  since  the  higher 
ranks  of  Welshmen  have  withdrawn  their  patronage  fix>m  the  cultivation 
of  the  literature  of  their  native  country.  We  have  still  upwards  of  two 
thousand  manuscript  books  of  various  ages,  from  the  beginning  of  the 
9th  to  the  cloee  of  the  16th  century."  By  the  publication  of  the 
'  Myvyrian  Archaiology '  a  vast  mass  of  materials  was  placed  out  of 
danger,  but  it  did  not  comprise  the  whole  of  what  Jones  intended  to 
publi^,— in  the  library  of  the  British  Museum,  no  less  than  eighty 
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YolumeB  of  transcripts  are  now  deposited  whioh  were  intended  for  a 
coDtinuation  of  the  work.  After  the  cessation  of  Jones's  exertions,  the 
old  apathy  returned,  and  more  than  thirty  years  elapsed  before,  in 
1837,  an  association  was  set  on  foot  on  the  model  of  the  Camden  and 
similar  societies,  and  under  the  name  of  the  Welsh  Manuscript  Society, 
for  the  purpose  of  publishing  manuscripts,  whether  in  Welsh  or  other 
languages,  connected  with  Walea  The  important  provision  was  made 
in  the  rules,  that  the  works  in  Welsh  were  to  be  accompanied  with 
translations.  The  Society  has  not  been  so  aoUve  as  it  promised. 
Since  its  foundation,  it  has  scarcely  issued  five  volumes,  and  some  of 
them  are  of  a  mere  antiquarian  and  genealogical  oast.  The  most 
important  is  that  entitled  '  The  lolo  MSS./  a  volume  of  selections 
b-om  the  materials  collected  by  lolo  Morganwg  for  the  continuation 
of  the '  Myvyrian  Archalology.'  At  present  (in  1861)  it  is  said  in  the 
*  Cambrian  Journal '  that  measures  have  been  taken  for  "  re-invigorating  " 
the  society,  and  we  heartily  wish  them  success. 

In  the  publications  of  this  sociely  the  second  step  was  begun  to  be 
taken  of  the  three  which  are  requisite  to  bring  the  literature  of  Wales 
fairly  before  the  world.  The  first  is,  the  publication  of  its  monuments, 
as  indispensaUe  materials  for  all  that  is  to  follow ;  the  second,  the 
rendering  of  them  accessible,  by  translations,  to  those  who  have  not 
the  opportunity  of  acquiring,  in  addition  to  the  knowledge  of  the 
Welsh  language  as  it  now  is,  that  of  all  its  variations  from  ue  time  of 
King  Arthur.  The  third  will  be,  that  of  applying  a  judicious  criticism 
to  these  materials ;  of  comparing,  elucidating,  and  investigating ;  sepa- 
rating the  genuine  from  the  spurious ;  and  deciding  their  value.  When 
all  this  has  been  done,  and  not  before,  it  will  be  possible  to  take  a 
Batisfoctory  survey  of  the  history  of  early  Welsh  literature,  in  which 
is  involved  the  history  of  two  of  the  most  mteresting  points  of  moden^ 
literature  in  general,  the  origin  of  rhyme  and  the  origin  of  romantic 
fiction.  Under  present  circumstances  many  questions  of  interest  must 
be  left  doubtful. 

The  histoiy  of  Welsh  literature  may  be  divided  into  four  periods : 
from  the  earliest  times  to  the  Norman  conquest  of  England  in  1066, — 
from  the  Norman  conquest  to  the  Reformation,  which  nearly  coincides 
with  the  incorporation  of  Wales  with  England  in  the  reign  of 
Henry  VIIL,  in  1586,— from  the  Reformation  to  the  commencement 
of  the  reign  of  George  III.,  in  1760,— and  from  1760  to  the  present 
time. 

The  Pint  Period,  1066.— The  Welsh,  it  has  been  already  stated,  claim 
to  be  in  possession  of  several  poetic  compositions  of  the  date  of  the 
6th  century,  and  these  compositions  are  in  rhyme,  which  would  be,  as 
far  as  is  at  present  known,  the  earliest  instances  of  that  kind  of  com- 
position in  Europe.  The  whole  of  them  were  printed  in  the '  Myvyrian 
Archaiology,'  in  which  they  occupy  one  hundred  and  eighty-eight  psges 
of  double  columns,  nothing  of  which  beyond  a  few  specimens  had 
appeared  in  print  before.  The  authors  to  whom  they  are  attributed 
are : — Aneurin,  who  is  supposed  to  have  lived  from  610  to  560; 
Taliesin,  the  Chief  of  Bards,  from  520  to  670;  Llywarch  Hen,  or 
Lly warch  the  Old,  from  550  to  640 ;  and  Myrddm,  or  Merlin,  from  630 
to  600 ;  besides  Gwyddno,  Gwilym  ab  Don,  Golyddan,  and  others  of 
minor  importance. 

The  authenticity  of  these  poems  having  been  impugned  by  two  cele- 
brated antagonists  of  the  Celts,  by  Pinkerton,  in  his  preface  to 
Barbour,  end  by  Laing,  in  a  note  to  his  '  Dissertation  on  Ossian,'  it  was 
maintained  by  Sharon  Turner,  the  Anglo-Saxon  scholar,  in  his '  Vindi- 
cation of  the  Genuineness  of  the  Antient  British  Poems  of  Aneurin, 
Taliesin,  Llywarch  Hen,  and  Merddin,'  first  published  separately  in 
1803,  and  since  appended  to  the  successive  editions  of  his  '  History  of 
the  Anglo-Saxons.' 

In  this  treatise  Mr.  Turner  asserted  the  genuineness  of  the  ancient 
poems  on  both  internal  and  external  evidence.  The  oldest  copy  of 
any  of  them  extant  occurs  in  an  ancient  manuscript  called '  The  Black- 
Book  of  CM-marthen/  formerly  preserved  in  the  library  of  theVaughans 
at  Hengwrt  in  Merionethshire,  which  was  brought  together  by  Robert 
Vaughan,  who  died  in  1666.  This  book  is  beUeved,  by  competent 
judges,  to  be  of  the  12th  century;  so  thatr  if  foiged  at  aU  the  poems 
must  have  been  forged  as  far  back  as  that  period,  while  in  fact  they  are 
alluded  to  as  ancient  by  writers  of  the  centuries  immediately  following. 
If  fabricated  at  that  time,  it  is  probable  that  they  would  have  con- 
tained allusions  to  the  popular  legends  respecting  King  Arthur,  whose 
name  had  then  become  known  tluroughout  Europe  as  that  of  the  hero 
of  romantic  tradition ;  while  these  oompositionB^  professing  to  be 
written  by  contemporaries  of  Arthur,  and  fraquentiy  referring  to  bis 
life  and  actions,  always  mention  him  in  a  sober,  unexaggerated,  strain, 
perfectly  consistent  with  the  light  in  which  he  is  presented  by  authentic 
history.  Finally  the  language  is  of  an  extremely  antiquated  cast,  often 
obscure,  and  sometimes  unintelligible,  and  alto^ther  different  from 
that  of  compositions  known  to  be  of  the  12th  century. 

The  weak  point  in  Mr.  Turner's  argument  is  that  it  proves,  or 
assumes  to  prove,  too  much.  If  aU  that  he  advances  were  valid,  the 
whole  of  the  poems  ascribed  to  the  primitive  bards  would  be  genuine, 
but  m  fact  some  are  demonstrably  otherwise.  There  is  a  remarkable 
passage  m  Evans's  •  Specimens  of  the  British  Bards,'  published  in  1768 
every  word  of  which  has  been  confirmed  by  the  most  recent  investiga^ 
tions.  Speaking  of  Taliesin,  Evans  says,  "  There  are  many  spurious 
pieces  fathered  on  this  bard  in  a  great  many  hands  in  North  Wales, 
but  these  are  all  forged,  either  by  the  monks  to  answer  the  purpose  of 


the  Church  of  Rome,  or  by  the  British  banis  iD  the  time  of  the  kte 
princes  of  Wales  to  spirit  up  their  countrymen  against  the  En^t^ 
which  any  body  versed  in  the  language  may  easily  find  by  the  syJ! 
and  matter."  These  pieces  are  those  made  public  in  the  '  Myryna 
Archaiology^  on  the  judicious  principle  laid  do"wn  by  ita  editin,  v 
putting  in  prmt  and  on  record  whatever  was  asserted  to  be  of  a  cerUi 
degree  of  antiquity,  without  any  preliminary  inq^uiry  into  the  ja^tb 
of  its  claims.  The  opportunity  thus  afforded  of  subjectiog  them  u 
criticism  has  been  taken. 

The  two  works  in  which  the  subject  has  been  treated  with  tie 
greatest  caye  since  Mr.  Turner's  time,  are  '  The   LiUsratore  of  tk 
Kymry,'  by  Mr.  Thomas  Stephens,  of  Merthyr-Tydvil,   puUiahed  a 
1849,  and  '  TaUesin,  or  the  Bards  and  Druids  of  Britain/  by  Mr.  D.  W 
Nash,  of  the  Royaa  Society  of  Literature,  published   in  1858.    Mi 
Stephens  is  a  Welshman  of  learning  and  of  a  critical  habit  of  mpi 
and  a  candour  not  always  met  with  among  his  countrymen.     Mr.  ^'sk 
is  an  Englishman  who  has  studied  Welsh  literature  with  peculiar  atten- 
tion and  success.    The  conclusions  at  which  th^  arrive  are  ahnc^t  tar 
same.    Of  tiie  seventy-seven  poems  ascribed  to  Taliesin,  and  {ffinted  ■ 
the  '  Myvyrian  Archaiology,'  Mr.  Stephens  oonsidera  fifty-eeven  to  be 
demonstrably  spurious,  and  of  the  remaining  twenty  there  m  oeb 
twelve  that  he  assigns  with  confidence  to  the  time    of  Talieain.    Mr. 
Nash  gives  translations  of  more  than  fifty  of  these  poema^  maajv^c 
which  had  never  appeared  before  in  any  other  ]angua£;e  than  Wdish. 
and  the  mere  perusal  of  them  is  sufficient  to  show  that  the  notico  tf 
their  belonging  to  the  6th  century  is  absurd.     Poems  -which  had  beat 
represented  l^  some  Welsh  writers  as  full  of  aUosions  to  the  rita  d 
Druidism  are  full  of  allusions  to  Roman  Gatholic  theology,  partjj 
couched  in  mediasval  Latin.    One  instance  wiU  be  sufficient  to  ahov 
the  nature  of  the  aiguments.    There  is  a  poem,  ascribed  to  Taliesa, 
prophetic  of  the  fall  of  his  country,  in  which  oocur  the  lines  which  are 
on  the  lips  of  every  Welshman,  and  have  been  cited  of  tener  than  107 
other  lines  in  the  hmguage  :-^ 

"  En  Ner  a  molant, 
£a  biaif  h  a  gad  want, 
£a  tlr  a  goUant 
OndgwylltWalia.'* 

"  Their  God  they  ahall  adore. 
Their  language  they  shall  keep. 
Their  country  they  shall  lose 
Except  wild  Walca.'* 

Such  a  prophecy  made  in  the  6th  century,  when  the  Saxons  were 
contending  with  King  Arthur,  and  the  struggle  between  the  races  \na 
still  going^on  in  Cumberland  and  elsewhere,  would  indeed  be  remarkable, 
while  in  the  12th  century  it  would  be  that  not  unusual  phenomenon,  a 
prophecy  after  the  event.    The  language  of  the  poem  is  so  free  from 
obscurity,  that  it  is  said,  in  the  periodical  entitied  '  Taliesin,'  for  ISo'I, 
to  be  "  intelligible  this  day  to  the  children  of  Aberystwith."     Many  of 
the  proper  names  which  occur  in  the  poem  have  a   very  peculbr 
character.    They  are  in  a  Latinised  form,  **  Troia "  for  Troy,  **  Ser- 
mania"  for  Qermany,  "Sacsonia"  for  Saxony,  "Sabrina"  for  the 
Severn,  and,  in  the  passage  quoted, "  Walia  "  for  Wales.     Can  it  be 
supposed  that  the  Saxon  term  for  Wales  was  in  common  use  in  tiie 
6th  century  ?  that  it  had  been  already  Latinised  ?  And,  lastly,  that  a 
Welsh  bard  of  the  court  of  King  Arthur  borrowed  the  Latinieed  form 
of  the  name  of  his  country  from  his  country's  foes  to  introduce  in  bx 
patriotic  poem  f    All  these  circumstances  appear  to  indicate  the  com- 
position of  the  lines  by  a  medieeval  monk,  and  the  supposition  v 
strengthened  by  the  mention  of  Troy  as  the  land  of  the  origin  of  the 
Britons,  a  prevalent  belief  after  the  time  of  GeofiRney  of  Monmouth, 
who  flourished  under  Henry  I. 

While  the  authenticity  of  some  of  the  most  interesting  supposed 
relics  of  Taliesin  must  therefore  be  given  up,  the  critics  who  impugn 
them  concur  in  believing  that  other  portions  are  really  genuine.  The 
Rev.  Evan  Evans  in  his  'Specimens,'  Mr.  Stephens,  Mr.  Nash,  and 
others,  are  all  of  this  opinion.  Unfcnrtunately,  those  of  the  seventy* 
seven  which  they  respect  are  of  a  very  small  degree  of  interest 
Taliesin,  as  he  has  descended  to  us,  is  certainly  no  Ossian — ^taking  a® 
the  proper  representative  of  the  Gaelic  bard  i^e  Ossian  of  MacphersoD 
•^nor  is  he  even  equal  to  Aneurin,  still  less  to  Llywarch  Hen. 

Many  of  the  fictitious  poems  ascribed  to  Taliesin  oocur  in  a  strange 
legend  of  his  life,  which  is  itself  a  singular  relic  of  literature.  The 
traditions  of  the  great  bard,  relied  on  by  Williams  in  his 'Lives  of 
JCminent  Welshmen,'  represent  him  as  the  son  of  a  saint,  a  certain  St 
Henwg,  and  educated  at  the  College  of  St.  Cadog.  Much  of  his  time 
was  spent  at  the  court  of  Urien  Sieged,  a  chieftain  to  whom  many  of 
his  poems  are  addressed,  but  being  once  fishing  at  sea  in  a  skin  ooncle 
he  was  seized  by  Irish  pirates,  who  bore  away  with  him  towards 
Ireland.  Escaping  from  them  in  his  coracle,  while  they  were  engaged  in 
drunken  revelry,  he  was  tossed  about  at  the  mercy  of  the  waves  toil  the 
corade  stuck  to  the  point  of  a  pole  in  the  weir  of  Gwyddno,  prince  of 
Cardigan  at  Aberdyvi  At  the  court  of  Gwyddno,  who  was  hunself  a 
poet,  he  remained  till  the  memorable  event  of  the  destruction  of 
Gwyddno's  country,  in  the  beginning  of  the  6th  century,  by  an  inun- 
dation of  the  sea,  which  converted  what  was  dry  land  into  tiie  present 
Cardigan  Bay.  After  this  time  Taliesin  went  to  the  coturt  of  King 
Arthur  at  Caerleon  on  Usk,  and  bn  his  death  was  interred  at  the  spot 
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near  Aberyatwith  which  Btdl  goes  by  the  name  of  Bedd  Taliealn 
(Talieain's  grsye). 

The  chief  incident  in  this  life  appears  in  an  altered  form  in  the 
legend  or  romance  which  ia  printed  in  Welsh  in  the  'Myryrian 
Archaiology/  and  in  Wekh,  wiUi  an  English  translation,  in  the  fifth 
volume  of  the '  Cambrian  Quarterly  Magazine/  and  in  Lady  Charlotte 
Quest's '  Mabinogion.'   According  to  this  story,  Qwion  the  Little,  a  boy 
"who  was  employed  by  Keridwen,  a  witch  of  Meirion,  or  Merioneth- 
Bliire,  to  watch  a  magic  cauldron  in  which  she  was  preparing  a  con- 
coction that  was  to  bestow  knowledge  and  genius  on  ner  son,  incurred 
the  vengeance  of  his  mistress  by  involuntarily  drinking  the  three  blessed 
drops  which  were  to  produce  these  wonderful  effects.    Of  ooiuse 
he  became  endowed  witn  sudden  wisdom,  and  fled  from  the  wrath  of 
Keridwen,  who  at  once  pursued  him.  He  fled  in  the  form  of  a  hare,  she 
pursued  in  that  of  a  hound ;  when  nearly  overtaken,  he  turned  to  a 
fish,  and  she  to  an  otter ;  then  he  to  a  sparrow,  and  she  to  a  hawk ; 
and   he   was  finally  swallowed  in  the  form  of  a  grain  ol  wheat  by 
Keridwen,  in  the  fotxa  of  a  hen.-  After  nine  months  she  was  delivered 
of  him  again,  and  he  was  so  handsome  that,  unwilling  directly  to 
take   his  life,  she  tied  him  up  in  a  leathern  bag  and  threw  him 
into  the  sea,  from  which  he  was  rescued  by  Prince  Elphin,  the 
Bon  of  Qwyddno,  who,  fishing  for  saknon  at  the  weir  of  Aberdyvi, 
caught  a  child  instead.      The  prince   looked  disappointed  in  con- 
sequence, and  was  addressed  in  consolation  by  the  miraculous  infant 
in  a  strain  of  poetiy,  the  merits  of  which  are  anything  but  miraculous. 
This  infant  had  such  a  splendid  forehead  that  he  received  the  name  of 
Taliesin,  which  bears  that  meaning  in  Welsh.    The  narrative  proceeds 
with  a  medley  of  incidents,  interspersed  with  poems  of  little  or  no 
merit  put  into  the  mouth  of  Taliesin,  and  ineztricably  connected  with 
the  circumstances  of  the  tale.    The  whole  story  appears  to  be  of  the 
same  character  with  those  which  were  told  of  Virgil  in  the  middle 
ages, — a  wildly  fictitious  narrative  fastened  on  a  distinguished  name, 
from  the  wish  to  give  it  an  air  of  authenticity  in  the  eyes  of  ignorance. 
It  may  be  taken  therefore  as  a  proof  that,  at  the  time  of  its  invention, 
the  name  of  Taliesin  was  current  in  popular  tradition  as  that  of  the 
great  poet  of  W^es ;  while  the  fact  that  the  poems  ascribed  to  him  in 
it  are  as  spurious  as  the  adventures  are  impossible,  is  no  stronger  proof 
against  the  existence  of  the  real  works  of  a  real  Taliesin,  than  the 
stories  about  Virgil's  feats  of  necromancy  are  proof  of  the  spuriousness 
of  the  Qeorgics  and  the  iBneid.    Some  of  the  incidents  regarding  the 
magic  cauldron  are  traced  by  Mr.  Nash  to  Irish  and  Icelandic  fiction, 
and  some,  as  the  pursuit  of  Keridwen,  bear  a  striking  resemblance  to 
passages  in  Uie  '  Arabian  Nights.'    The  tale  of  Taliesin,  and  of  course 
the  poetry  inserted  in  it,  are  traced  with  tolerable  certainty  to  one 
Thomas  ab  Einion,  a  priest  who  flourished  in  the  12th  century. 

Many  of  the  poems  ascribed  to  Aneurin  are  shown  to  be  spurious 
by  modem  criticism,  but  that  entitled  'The  Oododin,'  bean  very 
strong  marks  of  authenticity.  Aneurin  was  one  of  the  northern 
Britons  of  Strath  Clyde,  who  have  left  to  that  part  of  the  district  they 
inhabited  the  name  of  Cumberland,  in  token  that  it  was  once  in 
possession  of  a  section  of  the  Cymry.  In  this  poem  he  laments  the 
defeat  of  his  countrymen  by  the  Saxons  at  the  battle  of  Cattraeth,  in 
consequence  o<  their  having  partaken  too  freely  of  the  mead  before 
joining  in  combat.  He  commemorates  many  obscure  chieftains  who 
fell  on  the  occasion  in  language  which  seems  dictated  by  the  freshness 
of  grief.  A  portion  of  this  poem  has  been  translated  by  Qray;  a 
version  of  the  whole  was  inserted  by  the  Rev.  Edward  Davies  in  his 
'  Mythology  of  the  Druids ;'  and  a  translation  of  the  whole  works  of 
Aneurin, '  The  Gododin '  and  the '  Odes  of  the  Months,'  was  published 
in  1820  by  Mr.  Probert  A  fresh  translation  of  '  The  Gododin'  was 
published  in  1858,  by  the  Rev.  John  Williams  ap  Ithel,  the  editor  of 
the '  Cambrian  Journal'  It  may  be  taken  as  a  proof  of  the  authen- 
ticity of  the  original  that  the  translators  have  had  an  opportunity  of 
disputing,  not  only  about  the  meaning  of  several  of  the  passages,  but 
even  of  ti^e  whole  poem.  The  Rev.  Edward  Davies  maintains  that  it 
relates  not  to  the  IxttUe  of  Cattraeth,  but  to  the  massacre  of  the  Welsh 
chieftains  by  order  of  Hengist  at  a  banquet  at  Stonehepge. 

'  The  Heroic  Elegies  and  other  Piedte  of  Llywarch  Hen,  Prince  of 
the  Cumbrian  Britons,  with  a  literal  translation  by  WilHisim  Owen,' 
were  published  in  1792.  Llywarch  Hen,  like  Aneurin,  was  one  of  the 
warriors  of  Strath  Clyde,  and,  like  him,  was  driven  to  Wales  by  the 
successes  of  the  Saxons.  His  poems  are  by  far  the  finest  of  those 
ascribed  to  the  primitive  bards.  Southey,  who  remarks  that  "  their 
authenticily  has  been  proved  by  Mr.  Turner ;  and  they  are  exceedingly 
curious,  and  some  of  tne  oldest  remains  of  Celtic  poetry,"  observes,  in 
the  notes  to  his  '  Sir  Thomas  More,'  that  their  "  general  strain  is  as 
melancholy  as  it  is  rude."  According  to  Welsh  tradition  Llywarch 
Hen,  or  Llywarch  the  Old,  lived  to  the  age  of  a  hundred  and  fifty. 
His  four-and-twenty  sons  and  three  daughters  all  died  before  him,  as 
vraa  natural  in  that  case,  but  in  his  '  Elegy  on  Old  Age  and  the  Loss  of 
his  Sons,'  he  enumerates  many  who  had  perished  in  war,  and  accuses 
himself  of  having  caused  their  destruction.  The  staple  of  his  poetry 
is  bitter  complaint  of  the  woes  of  age.  **  Those  that  loved  me  once 
now  love  me  not,"  he  exclaims.  "  Ah  death,  why  will  he  not  befriend 
me  ?  I  am  outrageous  I  I  am  loathsome  t  I  am  old."  Some  '  Lines 
to  the  Cuckoo  in  the  Vale  of  Cuawg '  which  are  now  ascribed  to  a 
certain  Mabclaf  ap  Llywarch,  who  lived  towards  the  close  of  the  14th 
century,  are  in  precisely  the  same  impressive  strain. 


Some  of  the  remaining  poems  in  the  '  Myvyrian  Archai<4ogy,'  are 
ascribed  to  two  Merddyns,  who  have  been  amalgamated  and  made  into 
the  Merlin  of  romance.  The  same  work  contains  a  considerable 
number  of  anonymous  pieces  ascribed  to  the  earUest  baixls ;  but  the 
language  is  sufficient  to  show  that  Uieir  genuineness  is  more  than 
doubtfuL 

Strange  to  say,  the  only  collection  that  has  yet  been  published  of 
the  primitive  bards  of  Britain,  with  a  translation  and  explanatory  and 
critical  notes,  is  that  by  a  Frenchman,  the  Count  Hersart  de  la 
Villemarqud,  'Poemesdes  Bardes  Bretons  du  VI>^"^«  siecle,  traduits 
pour  la  premiere  fois  aveo  le  texte  en  rdgard,'  Paris,  1850.  The 
ingenious  critic,  himself  a  Breton,  and  the  first  collector  of  the 
ballads  of  Brittany,  has  unfortunately  adopted  the  singular  idea  of 
nrinting  his  Welsh  text  neither  according  to  the  ancient  nor  the  modem 
Welsh  spelling,  but  accordmg  to  the  system  proposed  for  the  Breton  by 
Legonidec,  and  the  result  is  that  it  requires  a  separate  study  to  decipher 
a  Ime  of  his  text  His  prefaces  and  notes  are  written  in  a  strain  of 
hyperbolic  enthusiasm,  but  have  a  foundation  of  good  sense.  He  omits 
almost  all  of  the  poems  of  Taliesin  as  spurious,  and  he  quotes  the 
names  of  the  French  critics  Fauriel,  Amp^,  and  Magnin  as  concvrring 
in  the  opinion  that  those  which  he  gives  are  authentic. 

The  earliest  monument  of  Welsh  prose  would,  if  it  were  genuine,  be 
the  "  Wisdom  of  Cadog  the  Wise,"  a  collection  of  proverbs  ascribed 
to  St  Cadog,  who  is  said  to  have  lived  in  the  6th  century,  and  to 
have  been  the  friend  and  instructor  of  Taliesin,  and  one  of  the 
ornaments  of  the  court  of  King  Arthur.  They  are  printed  in  the 
'Myvyrian  Archaiology,'  and  in  the  lolo  MSS.  there  is  a  collection 
of  fables  and  tales  ascribed  to  the  same  St  Cadog.  One  of  the 
tales  is  the  story  of  the  man  who  hastily  slew  his  faithful  dog  from 
the  erroneous  supposition  that  it  had  killed  his  child,  whom  it  had  in 
reality  defended  from  a  serpent.  This  story,  which  is  told  by  St 
Cadog,  without  name  of  person  or  place,  is  now  the  most  popular 
legend  of  Wales,  and  sheds  an  additional  charm  over  the  scenery  of 
Bodd  Gelert,  but  the  Gelert  of  the  modem  tradition,  and  of  Spencer's 
ballad,  is  'The  gift  of  royal  John'  to  Llewelyn  ab  Jorwerth,  who 
married  a  daughter  of  King  John  of  England.  There  can  be  no  doubt 
that  the  language  of  the  narrative  in  &e  lolo  MSS.  is  nearer  to  the 
time  of  Llewelyn  ab  Jorwerth  than  to  that  of  St.  Cadog,  but  unfor- 
tunately the  origiDal  of  the  stoiy  is  to  Im  found  in  Sanskrit 

The  eaxiiest  Welsh  prose  of  which  the  authenticity  is  imquestioned, 
is  the  collection  of  the  laws  of  King  Hy  wel  Dda,  or  Howel  the  Good, 
who  died  in  748,  after  a  reign  of  forty  years,  during  the  last  seven 
of  which  he  was  monarch  of  idl  Wales.  This  code  is  divided  into  the 
laws  of  the  court  and  the  laws  of  the  countiv,  and  under  both  heads 
it  comprises  a  quantity  of  matter  curiously  illustrative  of  the  manners 
of  the  times;  it  is  assumed,  for  instance,  that  there  is  one  oat  in  each 
village,  and  it  is  estimated  as  of  precisely  the  same  value  as  a  sheep. 
The  bards  are  endowed  with  many  privileges,  extending  to  receiving 
dues  on  marriages,  to  exemption  from  bearing  arms,  and  to  various 
other  sources  of  emolument  and  honour.  The  loading  feature  of  the 
legislation  is  tliat  every  orime  is  punishable  by  a  fine,  even  that  of  the 
murder  of  the  king  himself,  .which  is  to  be  atoned  for,  among  other 
things,  by  "three  golden  cups,  with  covers  each  as  broad  as  the 
offender's  lace,"  and  as  "  thick  as  the  thumb  of  a  ploughman  who  has  been 
nine  years  in  that  employment,  three  silver  rods  of  the  same  height  as 
the  king,  and  as  thick  as  his  Uiumb,"  fto.  fta  These  laws  were  first 
published  in  a  somewhat  uncritical  ftishion  in  1730,  in  Wotton's  *  Leges 
VVallicsB ; '  the  last  edition,  in  Welsh  and  English,  is  comprised  in  the 
'  Ancient  Laws  and  Institutes  of  Wales,'  issued  in  1841  by  the  Record 
Commission,  and  edited  by  Aneurin  Owen,  the  son  of  Owen  Pughe,  a 
much  severer  and  more  acute  critic  than  his  father.  The  earliest 
manuscript  is  of  the  12th  century ;  and  Owen  cautiously  describes  his 
text  as  the  "  Laws,  tuppoted  to  be  enacted  by  Howel  the  Good,  modified 
by  subsequent  regulations  under  the  native  princes  prior  to  the  con- 
quest by  Edward  I."  "  References  are  made,"  he  adds,  "  to  laws 
ordained  by  Dyvnwal  Moelmud,  an  ancient  Regulus  in  the  west^  and 
some  triads  are  ascribed  to  him ;  but  these,  although  they  contain  ordi- 
nances likely  to  obtain  in  a  primitive  state  of  society,  have  no  warrant 
of  authenticity.  We  find  mention  of  laws  by  Marsia,  of  an  equally 
apocryphal  origin."  The  laws  of  Dyvnwal  are  supposed  by  some  Welsh 
writers  to  have  been  prevalent  in  Britain  400  years  hejore  Christ  The 
triads  here  mentioned  belong  to  the  historical  triads,  of  which  a  portion 
is  admitted  on  all  hands  to  be  of  at  least  as  late  a  date  as  the  reign  of 
King  Edward  I.,  and  they  will  Uierefore  be  treated  of  in  our  notice 
of  Ulo  second  era  of  WeJsh  literature,  commenoing  from  the  date  of 
the  Norman  Conquest 

Secwd  Perioc^l 066-1 536.  The  epoch  of  the  Norman  Conquest 
of  England  is  one  strongly  marked  in  the  literature  as  well  as  the 
history  of  Wales.  Harold,  the  last  of  the  Saxons,  had  ovemm  the 
country,  and  reduced  it  under  princesj  subordinate  to  himself,  in  1068, 
only  three  years  prior  to  his  own  overthrow  at  Hastings.  Two  of  the 
native  princes,  who  were  re-established  on  their  thrones  before  the 
dose  of  the  11th  century,  Grufiydd  ab  Cynan,  prince  of  North  Wales, 
and  Rhys  ab  Tewdwr,  prince  of  South  Wales,  came  from  abroad,  the 
one  from  Ireland,  and  the  other  from  Brittany,  where  two  kindred 
Celtic  nations  were  at  that  time  in  close  intercourse  with  the  Danes  and 
the  Normans.  Gruffjrdd  ab  Cynan  gave  birth  to  a  new  era  in  Welsh 
pootry,  and  Rhys  ab  Tewdvrr  may  have  had  some  influence  in  tho 
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production  of  the  mosfc  interesting  monument  of  Wekh  prose — ^the 
Btoriee  of  King  Arthur,  whose  name  was  for  so  many  centuries  a 
household  word  on  the  lips  of  the  EngUah  as  well  as  the  Welsh. 

The  name  of  Arthur  is  tirst  mentioned  in  the  Latin  chronicle  of 
Nennius,  who  also  mentions  the  name  of  the  earliest  bards,  Taliesin, 
Talhaiam,  and  others.  The  oldest  manuscript  of  Nennius,  which  is  in 
the  Vatican,  is  assigned  by  its  editor  and  translator,  the  Rev.  William 
Gunn,  to  the  10th  century.  But  the  Arthur  of  Nennius  is  very 
different  from  the  Arthur  of  romance,  who  first  appears  in  the  pages  of 
Geofifrey  of  Monmouth.  Before  proceeding,  however,  to  Geoffi'ey,  who 
wrote  in  Latin,  some  mention  should  be  made  of  the  earliest  of  Welsh 
ohroniclers,  Caradoc  of  Llancarvan. 

The  history  of  the  monk  of  Llancarvan  contains  the  annals  of  Wales 
from  the  death  of  Cadwallader,  a.  d.  682  or  6S9,  to  the  times  of 
Caradoc  himself,  about  the  middle  of  the  12th  century.  It  was  con- 
tinued, as  was  the  custom  with  monkish  chronicles,  by  other  hands, 
and  a  good  deal  more  was  added  in  the  English  translation  made  about 
1557  by  the  Welsh  antiquary,  Humphrey  Llwyd,  and  published  by  Dr. 
Powell  in  1584.  The  original  Welsh  remained  in  manuscript  till 
included  in  the  second  volume  of  the  'Myvyrian  Archaiology.'  A 
different  "recension"  of  it  is  known  under  the  name  of  'Brut  y 
Ty wysogion '  or  '  Chronicle  of  the  Princes,'  and  was  printed  in  Welsh 
and  English  in  1860  in  the  collection  issued  under  the  authority  of  the 
Master  of  the  Rolls.  The  chronicle  of  Caradoc  is  one  of  the  less 
attractive  kind  of  monkish  histories,  dry  and  jejune  like  the 
'  Anglo-Saxon  Chronicle,'  which  goes  over  much  of  the  same  period, 
but  affording  a  useful  skeleton  and  ground-work  for  less  succinct 
historians.    It  has  never  emerged  into  much  notice. 

Far  different  was  the  character  and  the  fate  of  the  '  History  of  the 
Britons/  by  Geoffrey  of  Monmouth,  archdeacon  of  Monmouth,  and 
bishop  of  St.  Asaph,  who  was  consecrated  to  his  bishopric  in  1152,  and 
died  in  1154.  Geoffrey  closes  his  narrative  by  the  death  of  Cadwal- 
lader, at  which  Carodoo  begins,  and  tells  us  that  he  left  the  story  there 
on  purpose  for  his  friend  Caradoc  to  continue.  His  *  History  of  the 
Britons'  opens  with  the  destruction  of  Troy, and  the  coming  of  Brutus, 
the  coloniser  of  England,  from  Troy  to  Britain ;  and  goes  on,  through 
the  stories  of  Locrine  and  Lear,  and  Cymbeline  and  Gorboduc,  to  the 
legends  of  King  Arthur  and  his  conquests,  and  the  prophecies  of  the 
enchanter  Merlin.  The  work  had  a  wonderful  and  a  sudden  success.  As 
it  is  dedicated  to  Robert  of  Gloucester,  the  illegitimate  son  of  Henry  I., 
it  must  have  been  issued  before  1147,  the  date  of  his  death;  and  Alanus 
de  Insulis,  a  Breton  writer,  who  died  in  1187,  speaks  of  Arthur  as 
then  universally  known.  "  Whither,"  he  exclaims,  "  has  not  the 
name  of  Arthur  the  Briton  been  carried  by  Fame  ?  What  region  of 
Christendom  has  it  not  reached  f  Arthur  is  almost  better  known  to 
the  Oriental  nations  than  to  the  Britons  themselves,  as  our  pilgrims 
returning  from  the  East  declare."  There  was,  doubtless,  exaggeration 
in  this,  but  there  was  doubtless  also  some  foundation  in  truth ;  and 
the  work  of  Geoffirey  of  Monmouth  is  the  main  source  of  the  fame  of 
Arthur.  Translated  and  versified  by  Wace  and  Layamon,  it  became 
popular  in  French  and  English.  For  many  centuries  tiie  story  of 
Brutus,  whose  name  is  first  mentioned  by  Nennius,  passed  for  authentic 
history  :  in  the  pedig;ee  of  Henry  VIL,  drawn  up  for  him  by  Welsh 
heralds,  the  line  of  the  Tudors  is  traced  to  Brutus  as  its  founder ;  and 
even  so  far  onward  as  in  the  time  of  Milton,  the  great  poet  gave  way 
to  his  inclination  to  insert,  though  with  an  apology,  these  poeUic  stories 
in  his  history  of  England.  With  the  poets,  indeed,  the  success  of  the 
story  of  Geoffrey  of  Monmouth  is  still  prolonged,  and  has  burst  out 
into  fresh  brilliancy  in  our  own  generation.  The  greatest  work  of 
Shakspere  is  founded  on  the  legend  of  King  Lear.  Both  Milton 
and  Dryden  projected  an  epic  on  the  story  of  King  Arthur,  and  Pope 
an  epic  on  the  story  of  Brutus.  Walter  Scott,  who  lamented  that 
the  court  of  Charles  had 

"  The  world  defrauded  of  the  high  design  *' 

of  Dryden,  himself  paid  tribute  to  Arthurian  fiction  in  his  '  Bridal  of 
Triermain.*  In  our  own  days  Bulwer  Lytton  has  given  us  his  finest 
poetry  in  his  epic  of '  King  Arthur,*  and  Alfred  Tennyson  has  achieved 
one  of  his  brightest  triumphs  in  his '  Idylls  of  the  King.' 

Geoffrey  of  Monmouth  was  attacked  with  singular  vigour  by  a 
contemporary  antagonist  —  the  chronicler,  William  of  Newburgh. 
"  In  our  days,"  says  the  critic,  "  a  writer  has  emerged,  who  strings 
together  the  most  ridiculous  figments  about  the  Britons,  raising 
them,  with  impudent  vanity,  above  the  Macedonians  and  Romans. 
GeoflVey  is  the  name  of  this  man,  who  is  now  called  'Arthur's 
Geoffrey '  (Galfridus  hie  dictus  est,  agnomen  habens  Arthuri),  because 
taking  some  fables  of  Arthur  from  the  original  figments  of  the 
Britons,  and  adding  others  of  his  own,  he  has  coloured  them  up  in  the 
Latin  language,  and  decked  them  with  the  name  of  a  genuine  history." 
It  will  be  noticed  that  the  worthy  chronicler,  who  adds  more  to  the 
same  purpose,  admits  in  this  passage  that  the  object  of  his  indignation 
did  not  entirely  invent  his  narrative,  substance,  details,  and  Sl\,  but 
that  some  "ridiculous  figments"  about  King  Arthur  were  current 
before  he  took  pen  in  hand.  There  must  therefore  have  been  Welsh 
traditions  on  the  subject. 

The  account  which  Geoffrey  himself  gives  of  the  origin  of  his  history 
is  this  :  that  Walter  Calenius,  archdeacon  of  Oxford,  finding  a  book  in 
Brittany  on  the  deeds  of  King  Arthur,  gave  it  to  him  to  translate. 
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having  a  favourable  opinion  of  his  Latin  style,  and  ibaA  bis 
neither  more  nor  less  than  a  version  of  this  originaL     It  Li  so  er^  .^3 
that  if  he  wished  his  production  to  pass  for  a  history,  it  ^nas  adv^^ 
to  say  something  of  tins  kind,  and  it  has  been  so  cuBtoiiuur7  far  -ert^-* 
of  fiction  to  do  so,  from  before  Tirant  the  White  down  to  after  1 
Quixote,  that  this  statement  carries  no  great  weight  in  itself.     A*   .-•: 
sight  it  seeins  confirmed  by  the  fact  that  there  is  a  book  in  WeL^h  f  ««i._ 
by  the  name  of  the  *  Chronicle  of  Tysilio,'  which  corresponds  ci^.r  - 
with  Geoffirey  of  Monmouth.      Unluckily,  however,   it   is  evi-lrv. 
translated  from  the  Latin,  and  at  the  end  of  the  manuscript  cout&j:,:. 
it  is  this  singular  note  ;  "  I,  Walter,  archdeacon  of  Oxford,  turned  -... 
book  from  Welsh  into  Latin,  and  in  my  old  age  I  turned  it  again  rr  - 
Latin  into  Welsh."    The  perplexity  is  therefore  only  increae^  I j  , 
statement  which  introduces  the  name  of  Walter,  the  arclideaecx  l  - 
merely  as  the  patron  of  Geoffrey,  but  as  himself  the  tranjslator.     Tl<. 
is  fresh  material  for  controyersy  in  the  question  whether  ^e  book  a  . 
to  have  been  found  in  Brittany  may  not  have  been  in  Breton,  ioftrx 
of  Welsh,  and  both  Mr.  Thomas  Wright,  and  Mr.  Stephens,  of  Mertb-r 
IVdvil,  have  ai*guments  in  favour  of  the  Armorican  origin  of  the  I*^^^ 
of  Arthur,  but  no  such  book  is  to  be  found  in  the  one  languagt*  *r; 
more  than  in  the  other.    George  Ellis,  the  friend  of  Sir  Walter  :xr, 
in  the  introduction  to  his  '  Specimens  of  the  early  Kngliwh  Rom4L.r> 
in  which  there  is  an  admirable  analysis  of  Geoffrey  of  Monmouth,  ^t?- 
reasons  for  believing  that  his  history  was  really   translated  frvs  i 
Welsh  original. 

There  are  still  extant  in  Welsh  a  series  of  chiTalric  legends  k^2.:  ■ 
to  the  time  of  King  Arthur  and  the  Round  Table,  which  may  po»^  . 
have  existed  in  a  rude  shape  before  the  time  of  Geoffrey  of  Monmr'^i 
and  furnished  him  with  some  of  his  materials.  In  their  pred^-ct  f  >': 
they  are  much  more  elegant  and  finished  than  in  his  histozr,  3:i 
embrace  stories  and  particulars  that  he  would  hardly  have  passed  or? 
had  he  known  them.  These  narratives  now  go  by  the  g^eneral  n:^i-. 
of  the  '  Mabinogion,'  or  Children's  Tales,  the  name  which  uuj  \ 
appi*opriate  to  some  being  applied  to  alL  They  are  contained  r  , 
splendid  manuscript  volume  of  more  than  700  pages,  in  dc-^*- 
columns,  preserved  in  the  library  of  Jesus  College,  at  Oxford,  x^ 
known  by  the  name  of  the  '  Red  Book  of  Hergest,*  from  the  pU?e  k' 
which  it  was  originally  discovered.  The  date  of  its  traDScriptioii  h^ 
been  assigned  by  antiquaries  to  about  1870,  or  the  dose  of  the  Hi. 
century ;  but  towards  the  end  of  the  volume  there  are  insertei,  it  ^ 
supposed  in  his  own  handwriting,  many  of  the  poems  of  Lewis  Ghr. 
Cothi,  who  flourished  in  the  15th,  after  the  invention  of  pristirj 
Were  the  date  of  the  composition  of  the  tales  no  earlier  than  tir: 
of  their  transcription,  they  would  not  be  originaL  The  stontt*  .<. 
the  *  Knight  of  the  Lion,'  the  *  Knight  of  the  Sword,'  '  Lancci/. 
of  the  Lake,'  and  others  which  occur  in  Welsh  prose  in  the  'Eti 
Book  of  Hergest,'  were  extant  in  French  verse  from  the  pen  d 
Chretien  de  Troyes  before  1200,  and  as  early  as  1225  the  Arthur^  r 
tales  had  been  translated  from  French  verse  into  Icelandic  prose,  at  th^ 
instance  of  King  Hakon  Hakonsson  of  Norway.  It  is  to  be  obserred 
also  that  the  manuscript  volume  contains  other  tales  than  those  beiosy 
ing  to  the'  Arthurian  cycle, '  Sir  Bevis  of  Hampton,'  the  '  Seven  Wk 
Masters  of  Rome,'  and  the  <  History  of  Charlemagne.'  This  is  points: 
o\it  in  the  valuable  preface  and  notes  appended  to  the  edition  of  tie 
'  Mabinogion '  in  Welsh  and  English,  published  in  the  years  betweea 
1838  and  1849,  in  three  large  volumes,  by  Lady  Charlotte  Oueat,  dot 
Lady  Charlotte  Schreibor.  The  *  Mabinogion,'  the  most  attractive 
lady's  book  in  the  Welsh  language,  has  appropriately  been  edited  bj  ^ 
lady,  and  the  volumes  are  in  typography  and  embellishment  by  far  thc 
handsomest  that  have  ever  issued  from  the  Cambrian  press. 

On  the  whole,  though  there  are  arguments  against  it  into  whidi  nur 
limits  will  not  permit  us  te  enter,  the  preponderance  of  evidence  geezr^ 
te  be  in  favour  of  the  Welsh  origin  of  the  romantic  fictions  connected 
with  the  Round  Table  of  King  Arthur,  and  thus  of  the  WeUh 
origin  of  chivalric  fiction  in  general  The  reasons  in  support  have 
been  ably  summed  up  in  an  '  Essay  on  the  influence  of  Wel^h 
Tradition  upon  European  Literature,'  by  Mr.  J.  D.  Harding,  who 
also  refers  to  the  high  authority  of  a  scholar  whose  Tiew  of  the 
subject  was  taken  from  a  different  point — Mr.  Panizzi,  of  the  British 
Museum.  In  the  celebrated  'Essay  on  the  Narrative  Poetiy  of  the 
Italians/  prefixed  te  his  edition  of  Boiardo  and  Ariosto.  Mr.  Panizd 
states,  as  the  result  of  his  researches,  that  **  All  the  chivalrous  fiotioas 
since  spread  through  Europe  appear  te  have  had  their  birth  in 
Wales." 

The  narrative  of  Brutus  and  "his  expedition  from  Troy,  given  by 
Geoffrey  of  Monmouth,  was,  as  we  have  seen,  adopted  for  some  centuries, 
in  spite  of  the  energetic  protest  of  William  of  Newburgh,  as  the  Ijasds 
of  popular  English  history.  Yet  it  was  totally  inconsistent  with 
another  history  of  the  colonisation  of  Britain,  which,  if  we  are  to 
believe  its  supporters,  was  current  long  before  Qeofl&^y  of  Monmouth, 
in  the  so-called  Triads.'  These  constitute  the  most  peculiar  feature 
in  the  whole  of  Welsh  literature.  A  *  Triad '  is  the  enumeration  of 
three  persons,  or  events,  or  observations,  strung  together  in  one  short 
sentence  by  some  thread  of  connection.  This  form  of  composition  has 
been  so  popular  among  the  Welsh  that,  brief  as  most  of  the  Triads 
are,  the  coUection  of  them  occupies  more  than  170  pages  ia  double 
columns  in  the  *  Myvyrian  Archaiology.'  A  few  instances  of  Triad* 
of  different  kinds  and  different  ages,  taken  from  the  preface  to  Owen 
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f^ughe's  traniilation  of  Llywaroh  Hen,  and  other  boutccb  will  show  of 
"what  elegance  they  are  susceptible. 

**  The  three  foundations  of  geniua — ^the  gift  of  God,  man's  exertion, 
and  the  events  of  life. 

"  The  three  primary  requisites  of  geniu8>-an  eye  that  can  see 
nature,  a  heart  that  can  feel  nature,  and  boldness  that  dares  follow 
nature. 

"  The  three  supports  of  genius — strong  mental  endowment^  memory, 
and  learning. 

"  The  three  supports  of  genius — prosperity,  social  acquuntanoe,  and 
praise. 

"  The  three  foundations  of  judgment — ^bold  design,  frequent  practice, 
and  frequent  nustakes. 

"  The  three  fountains  of  knowledge — invention,  study,  and  experience. 

"The  three  indispensables  of  language — ^purity,  copiousness,  and 
aptness." 

Other  Triads  are  of  a  less  general  and  more  patriotic  kind  : — 

"  There  are  three  things  for  which  a  Cymro  should  be  willing  to 
die — his  country,  his  good  name,  and  the  truth,  wherever  it  be. 

"There  are  three  things  highly  disgraceful  to  a  Cymro — to  look 
with  one  eye,  to  listen  witi^  one  ear,  and  to  defend  with  one  hand. 

"  Three  persons  it  especiallv  behoves  a  Cymro  to  choose  from  his 
own  country — his  king,  his  wife,  and  his  friend. 

"  Three  things  a  Cymro  ought  to  love  beyond  everything — the  nation 
of  the  Cymry,  l£e  manners  and  customs  of  the  Cymry,  and  the  language 
of  the  Cymry," 

The  Triads  are  of  all  ages.  There  are  instances  of  the  throwing  of 
ideas  into  threes  in  some  of  the  poems  of  Llywaroh  Hen,  and  it  is  pro- 
bable  that  some  of  the  Triads  of  Proverbs  attributed  to  St  Ciuiog 
are  as  ancient  as  anything  in  the  language.  But  the  oldest  record  of 
them  is,  we  believe,  in  the  Red  Book  of  Hei^est,  supposed  to  be  of 
the  date  of  1370,  and  the  greater  part  are  only  extant  in  transcripts 
and  books  of  miscellanies  of  the  16th  and  17th  centuriea  They  are 
peculiarly  a  class  of  composition  to  which  any  ingenious  transcriber 
would  be  tempted  to  add  something  of  his  own.  But  with  regard  to 
the  '  Triads,'  which  stand  only  on  their  merits,  and  of  which  some  are 
as  pointless  as  those  we  have  quoted  are  pointed,  the  fiict  of  their  anti- 
quity is  of  much  less  interest  than  with  regard  to  the  '  Historical 
Triads,'  which  form  part  of  the  class.  The  main  value  of  these,  of 
course,  depends  on  their  authenticity. 

"The 'Historical  Triads,' "  says  the  Rev.  T.  Price,  author  of  the 
'  History  of  Wales, "  are  extremely  perplexing  to  the  historian,  as  it  is 
difficult  to  decide  whether  they  are  to  be  considered  as  authentic 
records,  or  merely  as  ingenious  fabrications.  The  collection  in  which 
they  were  found  was  made  by  Thomas  Jones,  of  Tregaron,  about 
the  close  of  the  16th  century,  a  time  when  the  Trojan  origin  of  the 
Britons  had  scarcely  been  called  in  question,  and  yet  the  Triads  gave  a 
totally  different  and  more  rational  account  of  the  colonisation  of 
Britain.  The  character  of  this  Jones  as  an  antiquary  and  genealogist 
scarcely  admits  a  suspicion  of  forgeiy  on  his  part ;  and  the  statement 
of  Jones,  respecting  his  being  merely  a  transcriber,  is  also  supported 
by  ceilain  indications  of  their  being  positively  corrupted  when  he 
found  them."  The  character  of  Jones  was,  however,  one  that  was 
peculiarly  liable  to  suspicion,  if  not  to  something  worse.  Mr.  Thomas 
Jones  of  Tregaron  was,  according  to  Williams  in  his  '  Lives  of  Emi- 
nent Welshmen,'  an  eminent  robber  on  the  highway,  who  later 
in  life  reformed,  married  a  rich  heiress,  and  became  an  exemplary 
justice  of  the  peace  for  the  coimty  of  Brecon.  His  life  seems  to  have 
resembled  that  of  his  countryman,  Sir  Henry  Morgan,  the  famous 
buccaneer,  who  closed  his  career  in  the  reign  of  Charles  II.  as  governor 
of  Jamaica.  Dr.  Rhys,  the  Welsh  lexicographer,  pays  a  compliment 
to  Jones  in  the  preface  to  his  dictionary  as  an  eminent  antiquarian 
and  genealogist;  but  what  his  humbler  neighbours  thought  of  him  may 
be  inferred  from  the  fact  that  his  name  still  survives  in  popular  tra< 
dition  as  that  of  a  bandit  and  a  conjuror.  Mr.  Thomas  Jones  of 
Tregaron  is,  in  fact,  no  other  than  Twm  Sion  Catti,  or  Tom  Jones 
Catty,  who  has  been  often  denominated  in  recent  times  "  the  Welsh 
Rob  Roy." 

The  statements  of  the  'Historical  Triads'  are  the  sole  authority 
for  much  that  has  found  its  way  into  the  works  of  recent  writers  on 
Wales,  as  if  it  were  of  the  most  unquestioned  truth.  According 
to  these  statements,  Hu  Gadam,  or  Hu  the  Mighty,  an  ancient 
patriarch  of  the  Cymry,  was  the  first  who  brought  the  nation  to  the 
shores  of  Britain  from  a  country  called  the  Summer  Land,  and  over  a 
sea  called  the  Hazy  Sea.  The  Summer  Land  is  decided  by  some  to  have 
been  Constantinople,  and  by  others  the  Crimea.  In  a  speech  by  the 
Kev.  R.  W.  Morgan  at  the  Eisteddvod  of  Lhrngollen,  in  1858,  on 
pregentiug  to  the  meeting  a  Corpoi-al  of  the  Welsh  Fudliers,  who  had 
eerved  in  the  Crimean  war,  the  orator  remarked, "  Very  singular  and 
instructive  is  the  reflection  that  to  the  Crimea,  whence  our  forefathers 
first  under  Hu  Gadam  emigrated  and  colonised  Britain,  their  children 
should  from  their  British  home  return,  a  living  nation  and  an  im- 
perishable tongue,  to  combat  the  gigantic  oppressor  of  the  North  on  his 
own  soil,  and  to  lay  their  ashes  by  the  side  of  the  tumuli  of  their 
ancestors."  In  short,  there  are  modem  Welsh  scholars  who  believe  in 
Uu  Qadam  quite  as  firmly  as  Hieir  forefathers  did  in  Brutus. 

The  statements  of  the  Triads  are,  it  is  evident,  directly  at  issue  with 
those  of  Geoffrey  of  Monmouth,  and  if  they  were  really  in  being  during 


the  centuries  that  elapsed  between  the  reign  of  Hehry  I.,  which  is  the 
time  of  GeoSi'ey,  and  the  reign  of  James  I.,  which  is  the  time  of  Twm 
Sion  Catty,  it  seems  hard  to  imt'vgine  why  all  Welsh  antiquaries, 
heralds,  and  genealogists  should  have  preserved  so  deep  a  silence  on 
the  subject  If,  on  tiie  other  hand,  we  suppose  that  Thomas  Jones  of 
Tregaron  was  a  person  of  the  same  turn  of  mind  as  Thomas  Chatterton 
of  Bristol, — that  he  had  a  lively  imagination,  and  a  strong  desire  to 
impose  the  fruits  of  that  imagination  upon  others  for  fact;  if  we 
suppose  that  a  man  of  his  far  from  strait-laced  character  was  one  of 
those  "  fib-mongers  "  who  are  denounced  by  Edward  Williams  as  so 
abundant  in  Welsh  literature,  the  mystery  is  at  once  explained.  To 
support  the  authority  of  the  Triads,  however,  a  new  authority  has  in 
the  course  of  the  last  seventy  years  been  brought  forward  in  the 
shape  of  "Bardic  Tradition,"  to  which,  howeveri  it  will  be  imnecessary 
to  advert,  till  the  fourth  stage  in  the  history  of  Wehih  literature  is 
reached. 

In  following  the  different  ways  in  which  the  history  of  Wales  has 
been  treated,  almost  every  important  specimen  of  the  prose  literature 
of  the  second  period  has  been  already  mentioned,  with  the  exception  of 
a  remarkable  piece  of  biography,  the  life  of  Gruffydd  ab  Cynan,  the 
WeUh  prince  who  revived  Welsh  poetry  after  the  Norman  Conquest 
Grufiydd  was  Irish  by  birth,  and  by  descent  partly  Scandinavian, 
having  been  bom  to  his  father  during  his  exile  in  Ireland,  where 
Cynan  married  the  daughter  of  Anlaf  or  Olaf,  the  Dano-Irish  king  of 
Dublin.  Grufi^dd  recovered  the  dominions  of  his  ancestors  in  NorUi 
Wales,  in  107dy  and,  after  various  vicissitudes,  in  the  course  of  which 
he  was  held  for  twelve  years  in  captivity  by  the  Norman  Earl  of 
Chester,  died  in  possession  of  his  princedom  in  1137.  In  1100  he  held, 
at  Caerwys,  in  North  Wales,  a  funous  Eisteddvod,  or  meeting  of  the 
bards,  which  forms  an  epoch  in  the  history  of  Welsh  literature.  It  was 
attended  by  numerous  L-ish  bards  and  musicians,  whom  Gruffydd  had 
invited;  and  he  introduced,  by  the  influence  of  these  foreigners,  the  use 
of  bag-pipes  into  Wales,  where,  however,  after  languishing  for  some 
centuries,  they  finally  gave  way  before  their  const^mt  competitor,  the 
national  harp.  The  influence  of  his  Scandinavian  mother,  and  the 
Scandinavian  court  he  had  seen  at  Dublin,  may  be  traced  in  the 
love  of  war  and  the  love  of  alliteration  which  became  more  con- 
spicuous than  ever  in  Welsh  poetry  after  the  Eisteddvod  of  Grufi^dd 
ab  Cynan. 

From  the  time  of  Grufiydd  commences,  in  the  opinion  of  many 
Welsh  critics,  the  **  golden  age  "  of  their  poetry,  which  lasts  for  about 
a  hundred  and  fifty  years,  nearly  to  the  extinction  of  the  inde- 
pendence of  Wales  by  the  conquest  of  Edward  I.  After  the  6Ui 
century  there  had  been  a  long  interval  of  all  but  silence  to  the  12th. 
The  '  My vyrian  Archaiology '  contains  the  poems  of  fifty-nine  bards, 
from  the  time  of  Meilyr,  who  flourished  between  1120  and  1160,  to 
Tudor  Ddalt,  between  1840  and  1880 ;  but  it  must  be  remarked  that 
the  dates  of  many  of  these  are  very  imsettled,  and  that  Mr.  Stephens 
of  Merthyr-Tydvil,  in  his  work  on  the  '  Literature  of  the  Cymiy,' 
especially  devoted  to  this  era,  has  rectified  many  oversights  on  this 
point  committed  by  Owen  Pughe  and  others.  The  first  bard  on  the 
list  is  Meilyr,  whose  early  poems  are  very  inferior  to  his  later  ones, 
and  whose  finest  is  undoubtedly  that  entitled  *  The  Death-Bed  of  the 
Bard.'  His  son,  Gwalchmai  ab  Meilyr  (1160-90),  who  was  a  much 
superior  poet  to  his  father,  is  reported  to  have  accompanied  Richard 
Cceur  de  Lion  to  the  Crusades.  Fourteen  compositions  by  him  are  still 
extant,  one  of  which,  in  praise  of  Owen  Gwynedd,  on  the  occasion 
of  the  battle  of  Tal-y-Yoel,  in  1168  is  the  original  of  the  imitation  by 
Gray:— 


"  Owen's  praise  demands  my  song." 


The  *'  Awen,"  as  the  Welsh  term  poetical  genius,  seems  to  have  been 
hereditary  in  this  family,  for  Einion,  the  son  of  Gwalchmai  (1170-1220), 
was  also  a  bard,  but  rather  to  be  compared  to  his  grandfather  than  his 
father.  Forty  pieces  by  Cynddelw  (1160-1200),  a  contemporary  oi 
Gwalchmai,  are  printed  in  the  '  Myvyrian  Archaiology,'  of  which  the 
most  interesting  is  his  poem  '  The  Death-Bed  of  Cynddelw.'  Some  of 
his  verses  are  addressed  to  the  &mous  Madog,  or  Madoo,  prince  of 
Powys,  one  of  the  sons  of  Owain  Gwynedd,  and  maintained  by  mitny 
Welsh  writers  to  have  been  a  discoverer  of  America  before  Columbus. 
Some  verses  of  another  bard,  Llywarch  ab  Llewellyn  (1160-1220),  are 
an  invocation  composed  by  him  when  subjected  to  the  fiery  ordeal  to 
ascertain  if  he  possessed  any  knowledge  of  the  fate  of  Madoc,  whose 
absence  seems,  before  it  was  known  that  he  had  gone  on  a  voyage,  to 
have  been  attributed  to  murder.  One  of  the  bards  of  that  period 
was  Madoo's  brother,  Hywel  (1140-1169  or  1172),  whose  poems  are 
chiefly  love-odes,  but  who  fell  in  a  fierce  struggle  to  obtain  his  father's 
throne.  Another  princely  bard,  and  the  most  gifted  of  all  the  compe- 
titors of  Gwalchmai,  was  Owain  CyveUioc  (1160-97),  whose  poem  of 
the  '  Hirlas,'  or  the  '  Long  Blue  Horn,'  has  been  much  admired  by 
foreign  critics  since  its  fint  introduction  to  their  notice  in  Evansa 
'  Specimens  of  the  Barda'  The  thought  on  which  it  is  founded  is 
very  pleasing : — Owain  supposes  himself  to  be  directing  the  horn  to  be 
'offered  in  succession  to  lus  warrior-friends  at  a  banquet,  and,  as  it 
passes,  he  describes  the  character  of  each ;  but  foisting  himself  on 
one  occasion,  he  names  the  name  of  a  chief  who  had  fallen  in  battle, 
and  then  a  burst  of  grief  as  the  remembrance  comes  across  him 
preludes  a  warmer  eulogy  than  usual.    The  names  of  Eiidyr  Sais,  or 
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Elidvr  the  Saxon  (1160-1220),  of  Philip  firydydd  (1200.50),  and 
Pxydydd  Bychan  (1210-60),  are  three  of  the  most  ooDspicuouB  of  the 
period  they  belong  to.  Tneir  poems  are  chiefly  eulogies  on  the  princes 
and  great  men  wiUi  whom  they  were  connected. 

The  next  generation  of  bards  was  that  which  witnessed  the  con- 
quest of  Wales  by  the  English.  According  to  a  current  story  which 
has  been  made  imiversally  known  by  'The  Bard'  of  Qray,  they  must 
have  periaJied  by  the  sword  of  the  invader;  but  the  notion  of  the 
massacre  of  the  bazds  appears  to  rest  on  no  adequate  authority.  There 
is  no  memorial  or  tradition  of  it  in  the  country  which  is  said  to 
have  been  its  scene,  and  no  allusion  to  it  in  the  productions  of  bards 
of  the  time  immediately  following.  In  the  '  Myvyrian  Archaiology ' 
ther^  appears  no  greater  falling  off  in  the  number  of  poetical  pro- 
ductions than  might  naturally  be  expected  as  the  result  of  a  foreign 
conquest,  of  however  mild  a  character;  and  the  next  century  was 
destmed  to  produce  a  bard  who  in  national  popularity  surpassed  all 
who  preceded  him. 

The  representatives  of  the  Scandinavian  Scalds  in  Cambrian  poetry 
gave  way  to  a  Troubadour.  Davydd  ab  Gwilym  has  sometimes  been 
called  the  Welsh  Ovid,  and  sometimes  the  Welsh  Petrarch,  but  is 
said  by  his  English  translator  to  "  approach  more  nearly  to  Bums  than 
to  any  other  p<let,  whether  of  his  own  or  other  countries."  His  poems 
are  of  a  character  almost  entirely  new  in  the  literature  of  Wales; 
the  subjects  of  them  are  chiefly  themes  of  love  and  social  festivity, 
instead  of  valour  and  heroism.  The  exact  dates  of  Davvdd's  birth 
and  death  are  unknown,  but  he  is  supposed  to  have  been  bom  about 
1340,  and  to  have  died  about  1400,  the  year  of  the  death  of  our 
Chaucer.  The  incidents  of  his  life,  which  have  been  related  at  some 
length  by  Owen  Jones  and  Owen  Pughe,  are  chiefly  connected  with 
his  success  in  love  and  in  satire.  On  one  occasion  he  eloped  with 
a  married  woman  who  had  been  his  paramour ;  but  the  fugitives  were 
overtaken  and  separated,  and  Davydd  was  condemned  to  pay  a  heavy 
fine,  from  which  the  men  of  Glamorgan,  who  had  elected  tiiwi  their 
chief  bard,  and  who  looked  more  to  his  genius  than  his  morality,  re- 
leased him  by  discharging  it.  In  satire  his  powers  were  so  tremendous 
that  when  Rhys  Meigan,  another  bard,  incensed  him  by  a  poem 
reflecting  on  the  illegitimacy  of  his  birth,  he  replied  in  another  of 
such  pungency  that  Rhys,  on  hearing  it  recited,  fell  down  and  expired. 
Later  in  life  another  contest  of  satire  with  Grufiydd  Giyg,  an  ancient  bard 
of  Anglesea,  was  brought  to  a  more  agreeable  close  by  a  good-natured 
stratagem  of  Bola  Bauol,  a  mutual  friend.  He  contrived  that  a  report 
of  the  death  of  each  diould  reach  the  ears  of  the  other;  and,  as  he 
expected,  on  receipt  of  the  sad  intelligence  animosity  was  forgotten. 
Davydd  composed  a  panegyrical  elegy  on  Grufiydd,  and  GruiB^dd  one  on 
Davydd ;  and  when  the  trick  was  discovered  the  friendship  was  renewed 
with  more  warmth  than  ever.  The  chief  object  of  his  satire  was,  how- 
ever, the  "  Little  Hunchback,"  Bwa  Bach,  the  husband  of  the  Morvydd, 
to  whom  a  hundred  and  forty  of  the  love-poems  of  Ab  Gwilym  are 
addressed.  The  religious  orders  of  the  time  are  also  taken  to  task  by 
a  poet  whose  right  to  criticise  them  is  not  very  clearly  made  out. 
Towards  the  close  of  his  life,  Davydd  ab  Gwilym,  surviving  his  friends, 
became  of  a  melancholy  and  religious  turn,  and  some  verses  composed 
on  his  death-bed  are  said  to  breaUie  a  strain  of  genuine  piety. 

The  poems  of  Davydd  ab  Gwilym  were  first  published  in  Welsh 
only,  with  an  English  biographical  notice,  by  Owen  Jones  and  Owen 
Pughe,  in  1789.  An  Engli^  translation  of  several  of  tiie  best,  by  Mr. 
Arthur  Johnes,  tmder  the  assumed  name  of  Maelog,  appeared  in  1884. 
Mr.  Borrow  gives  us  to  understand  in  his  '  Lavengro '  that  he  has  com- 
pleted a  translation  of  the  works  of  Ab  Gwilym  with  notes,  critical, 
historical,  and  explanatory,  but  nothing  of  this  version  has  been  made 
public.  Mr.  Borrow  is  a  warm  admirer  of  the  Welsh  poet.  "  I  have  no 
hesitation  in  saying,"  he  observes,  *'  that  he  makes  one  of  the  some 
half-dozoi  really  great  poets  whose  verses,  in  whatever  language  they 
write,  exist  at  the  present  day  and  are  more  or  less  known." 

Contemporary  with  Davvdd  ab  Gwilym  during  the  whole  course  of 
his  career,  and  flourishing  long  before  and  after  it,  was  lolo  Goch,  the 
friend  and  domestic  bard  of  Owain  Glyndwr,  or  Owen  Glendower,  who 
wrote  verses  on  the  death  of  Tudyr  ab  Gronw  in  1315,  and  on  the  comet 
oM402,  and  who  died  about  1420,  at  the  age,  it  is  supposed,  of  nearly 
a  century  and  a  quarter.  U  the  dates  be  correct,  he  must  have  been 
about  118  at  the  time  that  he  spoke  of  Owain,  who  died  at  67,  as 
"  old."  One  of  his  most  interesting  pieces,  composed  two  years  before 
the  insurrection  of  Glyndwr,  is  a  description  of  Owain's  house  at 
Sychartb,  which  the  poet  somewhat  hyperbolically  compares  to  West- 
minster Abbey,  and  which  he  desciibBs  its  master  as  keeping  almost 
literally  an  "  open  house,"  there  being  neither  bolts,  bars,  nor  dooi^ 
keeper.     lolo  Goch  wrote  several  poems  to  inflame  his  countrymen  in 


- — -  —  --~— ,  ••  2^vr«w  auu  Aouf^iuua  wriMu-,  wuu  ui  suivea  uv  v/wen 
Pughe  to  have  Uved  between  1410  and  1470,  and  by  Williams  to  have 
flourished  from  1380  to  1410.  The  Utter  date  is  probably  the  correct 
one,  if  Sion  Cent  was,  as  he  appears  to  have  been,  a  Lollard.  His 
name  was  derived  not  from  the  county  of  Kent,  but  from  Kentchurch, 
or  Kentchester,  in  Herefordshire,  where  he  resided.  His  poems,  which 
are  of  interest  in  an  historical  point  of  view,  as  illustrating,  like  our 
Piers  Plowman,  the  dawn  of  the  Reformation,  are  the  subject  of  a 
series  of  articles  in  the  'Cambrian  Journal 'for  1860.    His  name  is 


still  current  in  popular  tradition  as  that  of  a  oonjuzor,  pirob»bly  o 
to  his  having  been  a  heretic. 

The  last  of  our  list  of  bards  of  the  second  period  of  Welsh. 
Lewis  Glyn  Cothi,  who  flourished  during  the  wars  of  the  Booea,  -wrhid 
terminated  in  the  accession  of  a  Tudor  to  the  English  throne.  Me  V3 
the  bard  to  Jasper,  earl  of  Pembroke,  son  of  Owen  Tudor  Aod  th 
widow  of  Henry  V.,  and  fought  with  his  patron  at  the  bttfctle  c 
Mortimer's  Cross  in  1461.  His  works  are  of  less  poetical  than  hiat: 
rioEd  value,  throwing  a  considerable  li^t  on  the  history  of  Wales  duzin 
lus  period.  Th^  were  first  published,  in  the  origmal  Welah,  viti 
English  notes,  chiefly  of  explanatory  historical  matter,  by  tlie  Cjm 
mrodorion,  or  "Rojtl  Cambrian  Institution,  in  the  year  1837,  under  tL 
editor^p  of  the  Rev.  John  Jones,  of  Christohurch,  known  bj  iia 
name  of  Tegid. 

The  bards  we  have  mentioned  are  but  a  small  proportion  of  thosi 
who  flourished,  and  some  of  whose  compositions  have  been,  pr^ierrad. 
Mr.  Stephens,  in  his '  Literature  of  the  Kymry  during  the  T^relfth  and 
Two  Succeeding  Centuries,'  mentions  six^and-twent^  poets  whaas 
names  we  have  not  enumerated,  between  1350  and  1400 ;  and  at  or 
subsequent  to  the  year  1400,  during  the  revolt  of  Glyndwr  and  ih^ 
wars  of  the  Roses,  the  bards  amoimted,  he  states,  to  "aevera 
hundreds."* 

It  is  stated  by  Owen  Pughe,  in  the '  Archieologia '  (voL  xiv.,  p.  216  . 
that  the  principal  heads  under  which  ancient  Welsh  literature  may  W 
classed  are— poetry,  bardic  institutes,  laws,  history,  theology,  eihkn, 
proverbs,  dramatic  tales,  and  grammars ;  and  that "  the  first  of  thcK 
classes,  poetry,  is  by  far  the  most  extensive,  for  it  may  be  computed  to 
fill  about  eight  parts  out  of  the  ten  of  our  old  writings,  omitting  to 
take  into  account  the  heraldic  collections  altogether ;  but  with  rwpea 
to  the  quantity  that  is  printed,  such  a  proportion  may  be  reveraeiL' 
"  On  this  subject,"  he  adds,  **  I  have  made  a  calculation  so  as  to  en^s 
me  to  infer  that  I  have  perused  upwards  of  13,000  poetical  pieces  of 
various  denominations  for  the  purpose  of  collecting  words  in  the  course 
of  about  eighteen  years  that  I  have  been  compiling  the  dictionary  d 
the  Welsh  language." 

Towards  the  conclusion  of  the  second  period  of  Welsh  literstore 
some  alterations  of  consequence  took  place  in  the  laws  of  methol 
composition.  Certain  clumges  appear  to  have  been  proposed  aisi 
adopted  at  a  congress  of  bards  held  in  1350,  under  the  presidencr  oi 
Ivor  Hael,  or  Ivor  the  (Generous,  the  constant  patron  and  friend  U 
Davydd  ab  Gwilym ;  but  it  was  a  hundred  and  one  years  later,  is 
1451,  that  at  the  Eisteddvod  of  Caermarthen,  held  under  the  infiuena 
of  Grufiydd  ab  Nicolas,  a  powerful  nobleman,  a  syatem  was  adoptoi 
which  prevailed  for  nearly  four  hundred  succeeding  years.  Davydd  ab 
Edmwnd,  a  bard  now  of  no  great  note,  who  was  president  of  the  Eis- 
teddvod, succeeded  in  obtaimng  the  assent  of  his  colleagues  to  foar-aoi- 
twenty  new  canons  of  poetry,  which  he  had  compiled  with  the  assiA- 
ance  of  other  bards  of  North  Wales,  and  though  the  men  of  GUmui^gu 
protested  against  the  decision,  their  protest  seems  to  have  had  but 
little  effect. 

The  most  prominent  feature  in  the  new  canons  is  the  more  definite 
estabUsImient  of  laws  of  "  Cynghanedd,"  or  consonancy — a  species  d 
alliteration  which  was  thenceforth  considered  as  essential  to  veree  » 
metre  and  rhyme.    It  had  much  analogy  to  the  alliteration  empioveu 
in  Anglo-Saxon,  Icelandic,  and  occasionally  in  earlier  Knglish  poetiy; 
but  while  other  nations  became  more  lax  in  applying  it,  the  WeUii 
became   more  stringent^      A  specimen  of  English    verse,    composed  | 
about   the    middle    of  the    15th  century,    by  a  Welsh  student  at 
Oxford,  to  exhibit  the  advantages  of  the  "  cross  consonancy,"  is  printei 
in  the  second  volume  of  the  '  Cambrian  Begister.'      A  more  rectot 
example,  given  in  Walters's  '  Dissertation  on  the  Welsh  I^n^uaze/ 
will  perhaps  convey  a  clearer  notion  of  it  than  a  lengthened  descriptvL 
The  lines  are  on  Envy : — 

*'  A  fiend  in  PhAbiu*  ftae  he  found, 
Tliat  yonder  grew  yet  underground. 

Sprang  from  the  spawn  of  Spite ; 
The  Elf  his  spleen  dorst  not  display, 
Nor  act  the  dovil  In  the  day. 

Bat  at  the  noon  of  night." 

A  happier  instance  occurs  in  a  song  by  John  Parry,  the  Wal^  | 
song-writer  and  composer,  known  as '  Bardd  Alaw  : '—  I 

**  Ood  grant  that  Great  Britain  for  ever  may  be 
The  terror  of  tyrants,  the  friend  of  the  free." 

Alliteration  is  appropriately  introduced  by  Qray  in  the  first  hue  d 
his  Bard: — 

<*Bain  seize  thee,  rathless  king,** 

and  by  Mason  in  his  Caractacus  : — 

**  I  marked  his  mail,  I  marked  his  shield, 
I  spied  the  sparkling  of  his  spear, 
I  saw  his  giant  arm  the  falohion  wield. 
Wide  waved  the  bickering  blade  and  fired  the  angry'air."  I 

The  lines  of  Mason  also  exemplify  how  easily  the  search  after  th^  { 
ornament  may  lead  to  the  neglect  of  the  much  more  essential  beaut? 
of  appropriate  diction.    A  spear  would  not  have  been  "  spied,"  p^ 
would  a  blade  have  "  bickered,'*  but  for  the  attraction  of  alliterai'^'* 
In  the  third  stage  of  Welsh  literature  on  which  we  are  now  about  t* 
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enter,  it  was  a  frequent  complaint  that  in  poetry  the  sense  was  almost 
constantly  sacrificed  to  the  sound ;  but  the  legal  restrictions  on  Welsh 
freedom  in  poetry  could  apparently  only  be  legally  removed.  The  laws 
of  the  Eisteddvod  of  Caermarthen,  in  1451,  were  at  last  repealed  by 
an  Eisteddvod  of  Caermarthen,  in  1819,  and  Welsh  poetry  has 
materially  benefited  by  this  Reform  Act. 

Third  Period— 15S6-17Q0,  The  next  period  of  Welsh  literature 
commences  with  the  Reformation  and  with  the  incorporation  of  Wales 
with  England  by  the  Act  of  Parliament  of  King  Henry  VIII.^  in  1536, 
two  events  which  changed  both  the  religious  and  the  politicial  aspect 
of  the  country.  In  Wales  the  Reformation,  introduced  by  a  Tudor 
monarch,  took  from  the  first  a  much  firmer  root  than  in  other  Celtic 
countries;  but  there,  as  elsewhere,  some  of  the  learned  adhered  to 
the  ancient  faith,  and  in  the  reigns  of  the  early  Protestant  sovereigns 
were  compelled  to  carry  their  dissent  abroad. 

The  first  book  printed  in  the  Welsh  language,  which  was  also  the 
first  book  printed  in  any  Celtic  language,  was  a  species  of  Almanac,  by 
William  Salesbury,  with  a  translation  of  the  Lord's  Prayer,  the  Ten 
Commandments,  kc,,  issued  at  London  in  1546,  in  a  quarto  volume. 
Salesbury,  who  was  an  eminently  learned  man  'and  the  master  of 
nine  languages,  was  a  master  also  of  his  mother'tongue.  He  published 
the  first  Dictionary  of  English  and  Welsh,  in  1547.  He  wrote  on 
orthography  and  kindred  subjects,  and  appears  to  have  had  it  at  heart 
to  make  both  the  Welsh  and  English  nations  better  acquainted  with 
each  other.  He  was  also  a  zealous  Protestant,  and  wrote  the  greater  part 
of  the  first  translation  of  the  New  Testament  into  Welsh — a  translation 
so  excellent  that  it  forms  the  groundwork  of  that  still  in  use.  It  was 
firnt  published  at  London,  in  1567,  in  a  quarto  volume,  a  copy  of  which 
is  one  of  the  choicest  treasures  in  Welsh  libraries. 

The  history  of  the  Welsh  translation  of  the  Bible  is  curious.  In 
the  year  1562  or  1563  it  was  enacted  by  Parliament  that  "  the  Bible, 
Testament,  and  Common  Prayer  should  be  translated  into  the  British 
or  Welsh  tongue;  should  be  viewed,  perused,  and  allowed  by  the 
blBhops  of  St.  Asaph,  Bangor,  St.  David's,  Llandaff,  and  Hereford ;  and 
should  be  printed  and  used  in  the  churches  by  the  1st  of  March  in  the 
year  1566,  under  a  penalty  in  case  of  failure  of  forty  pounds  on  each  of 
the  bishops."  Salesbury  was  engaged  by  the  bishops  to  carry  out  this 
important  commission ;  his  friend  Dr.  Richard  Davies,  bishop  of  St. 
David's,  assisted  him  by  translating  a  portion;  and  in  1567,  a 
year  after  the  term  fixed  by  the  Act  of  Parliament,  the  Testament 
made  its  appearance.  After  this  came  a  long  pause.  Salesbury  was 
residing,  for  the  purpose  of  carrying  on  the  translation,  wita  the 
Bishop  of  St.  David's,  when  a  dispute  arose  between  them  on  the 
meaning  and  etymolc^  of  one  woid,  and  ran  to  such  a  length  tiiat 
the  two  friends  parted  for  ever.  The  consequence  of  this  not  very 
Christian  outbreak  was,  that  the  Welsh  were  left  without  a  Bible 
for  more  than  twenty-  years.  The  penalty  provided  by  the  Act  was 
too  small  to  enforce  it ;  for  the  bishops,  who  seem  to  have  had  to 
defray  the  expense  of  the  translation,  would  have  had  to  pay  more 
than  the  forfeit  to  carry  it  out  In  1588  the  difficulty  was  solved  by 
the  appearance  at  London  of  a  translation  executed  by  Dr.  William 
Morgan,  vicar  of  Llanrhaiadr,  in  Denbighshire,  not  in  consequence  of 
the  Act  of  Parliament,  but  because  he  felt  the  necessity  of  the  work 
for  his  countrymen.  Morgan  received  a  bishopric  in  recompense :  he 
was  promoted  in  1595  to  the  see  of  Llandafi*,  and  "  translated,"  says 
Llewellyn,  the  historian  of  the  Welsh  Bible,  *'  to  St.  Asaph  in  1601, 
and  in  1604  to  a  better  place."  His  successor  at  St.  Asaph,  Dr.  Pany, 
published  in  1620  a  revised  edition  of  this  Bible^  with  considerable 
alterations ;  and  in  the  Scriptures  of  both  editions,  Salesbury 's  transla- 
tion of  1567  affords  the  groundwork  of  the  Testament.  The  Welsh  have, 
like  the  English,  been  remarkably  fortunate  in  their  translation  of 
the  Bible.  It  is  with  both  nations  the  acknowledged  standard  of  the 
language,  and  equally  a  fovourite  with  the  learned  and  the  people.  It 
is  now  in  Wales  the  book  of  every  household;  but  this  state  of 
affairs  has  only  been  attained  by  degrees.  In  Prichard's  *  Canwyll  y 
Cymry,'  the  date  of  which  is  that  of  the  triumph  of  English  Puritanism 
in  the  time  of  Uie  Commonwealth,  are  some  lines  thus  translated  by 
Evans : — 

'*  Women  and  men  of  low  degree, 
The  very  abjecto  of  the  land, 
Tou  always  may  in  England  see 
Each  with  the  Bible  in  his  hand* 

**  With  118,  'mongst  those  who  meet  abound. 
And  sumptuonaly  their  tables  spread. 
Scarce  can  a  prayer-book  be  fonnd. 
Or  one  who  can  his  Bible  read. 

«<  »TIs  to  the  Welsh  a  fonl  disgrace 
They're  in  religion  still  so  young, 
That  not  a  tithe  of  all  the  race 
The  Scriptures  read  in  their  own  tongue.'* 

In  1802  Owen  Pughe  stated  that  nineteen  editions  of  the  Bible, 
amounting  te  upwards  of  130,000  copies,  had  circulated  in  Wales;  and 
yet  it  was  the  demand  for  more  copies  at  that  very  time  which  led  the 
Rev.  Thomas  Charles,  of  Bala,  to  propose  the  establishment  of  a  bene- 
volent religious  society  for  printing  and  distributing  Bibles  in  Wales — 
a  notion  which  expanded  and  developed  under  the  guidance  of  Welsh- 
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men  till  it  led  to  the  foundation  of  the  great  British  and  Foreign  Bible 
Society.  One  of  the  first  publications  which  the  Society  took  in  hand 
was  naturally  the  issue  of  the  Welsh  Bible ;  and  a  vivacious  account  is 
given  in  the  *  Christian  Observer,'  by  an  eye-witness,  of  its  reception 
in  Wales : — "  When  the  arrival  of  the  cart  was  announced  which 
carried  the  first  sacred  load,  the  Welsh  peasants  went  out  in  crowds 
to  meet  it,  welcomed  it  as  tJie  Israelites  did  the  Ark  of  old,  drew  it 
into  the  town,  and  eagerly  bore  off  every  copy  as  rapidly  as  they 
could  be  distributed.  Labourers  carried  it  with  them  te  the  fields, 
&c."  The  number  of  copies  issued  by  the  Bible  Society  in  Wales 
between  1806  and  1849  was,  of  Bibles,  329,131,  and  Testaments, 
884,209,  while  of  "Diglotta,  Welsh  and  English,  there  were  1986." 

While  the  Protestant  Salesbury  had  the  honour  of  publishing  the 
first  Welsh  book  in  England,  a  z^ous  Catholic,  Dr.  Qnffith  Roberts, 
issued  the  first  that  was  printed  abroad,  both  of  them  anticipating  by 
more  than  a  century  and  a  half  the  first  Welsh  book  printed  m  Wales. 
In  the  celebrated  letter  addressed  by  Dr.  Johnson  to  the  King's 
Librarian  on  the  purchase  of  books  during  a  foreign  tour,  he  made  the 
remark :  "  In  every  place  things  often  occur  where  they  are  least 
expected.  I  was  shown  a  Welsh  grammar,  written  in  Welsh  and 
printed  at  Milan,  I  believe,  before  any  grammar  of  that  language  had 
been  printed  here."  The  book  which  had  attracted  Dr.  Johnson's 
observation  was  only  the  first  part  of  a  treatise  on  grammar, '  Dosparth 
byrr  ar  y  rhan  gyntaf  i  Ramadeg ' — a  treatise  on  orthography  embodying 
suggestions  of  some  value  for  the  improvement  of  the  Welsh  alphabet, 
illustrated  with  peculiar  types.  The  volume  bears  the  date  of  1567, 
but  no  indication  of  ite  place  of  imprint ;  and  the  authority  for  the 
usual  assertion  on  that  score  was  that  David  Rhys,  in  the  Latin  preface 
to  his  '  Cambro-Britannicse  Linguas  Institutiones,'  said  that  the  book  of 
his  predecessor  was  printed  at  **  Mediolanum."  A  few  years  ago  the 
old  tradition  on  the  subject  was  combated  by  the  ingenious  argument 
that  as  there  is  more  than  one  place  in  Wales  itself  the  name  of 
which  is  Latinised  into  Mediolanum,  the  book  might  have  been 
printed  at,  for  instance,  Llanvyllin.  Unluckily  for  the  new  view,  a  decisive 
confirmation  of  the  old  one  has  since  been  discovered  in  another  book, 
by  Griffith  Roberte,  a  religious  treatise  entitled  the '  Drvch,'  or '  Mirror/ 
containing  a  fervent  exhortation  to  his  countrymen  m  behalf  of  the 
Roman  Catholic  faith.  In  this  book,  which  was  printed  at  Rouen  about 
1585,  the  exhortation  is  signed"  G.  R.,"  and  dated  "O  Fulan"  ("  From 
Milan  ") ;  while  in  a  preface  by  Dr.  Roger  Smith  the  author  is  styled 
"  the  great  teacher  of  the  city  of  Muan,  in  the  land  of  Italy  "  {'*  yr 
Athro  mawr  o  Dhinas  Fulan  yngwlad  yr  Idal  *'),  where  it  is  moreover 
added  that  some  of  his  books  have  been  printed.  Griffith  Roberte 
aUo  left  behind  him  some  imperfect  books  on  grammar,  which  he 
had  commenced  to  print,  but  never  completed,  and  of  which  it  is  said 
that  only  three  copies  are  at  present  known :  that  presented  by  the 
Welsh  School,  formerly  of  Gray*s  Inn  Lane,  to  the  British  Museum ; 
that  in  the  library  of  Wynnstay,  which  fortunately  escaped  the  con- 
flagration of  1858 ;  and  that  in  the  library  of  Mr.  Wynne  of  Peniarth. 
The  works  of  Roberte  are  well  deserving  of  republication. 

Another  Welsh  scholar  who  spent  some  time  in  Itely,  but  who 
returned  to  die  in  a  cottage  in  Breconshire,  was  Dr.  John  David  Rhys, 
already  mentioned.  He  left  the  University  of  Oxford  in  1555  without 
taking  a  degree,  and  resided  for  some  time  at  Sienna  and  Padua, 
where  he  practised  as  a  doctor  of  physic,  and  published  a  book  in 
Italian  on  the  study  of  Latin,  and  a  book  in  L^tin  on  the  pronun- 
ciation  of  Italian.  His  principal  work  is  his  gramme*  of  Welsh, '  Cam- 
brobrytannicgs  Cymrsecseve  Lingus  Institutiones  et  Rudimente,'  in 
which  he  enters  at  great  length  and  with  much  learning  on  the  subject 
of  Cambrian  prosody,  on  which  he  is  still  consulted.  The  book  was 
published  in  London  in  1592,  at  the  expense  of  Sir  Edward  Stradling, 
of  St.  D.onat*s  Castle,  a  munificent  pateon  of  Welsh  literature,  and  a 
cousin  of  that  Sir  Edward  who  was  so  near  losing  his  life  on  suspicion 
of  being  a  Saxon.  Rhys,  who  was  bom  in  1534  in  Anglesey,  died  in 
1609  in  Brecon,  and  is  said  by  Anthony  a  Wood  to  have  died  as  he 
had  lived,  a  Roman  Catholic ;  but  in  the  title  page  to  his  '  Institu- 
tiones' he  lays  especial  claim  to  the  merit  of  faciliteting  the  study  of 
the  Holy  Scriptures, ''  lately  so  elegantly  and  chastely  translated  into 
Welsh,"  a  circumstance  which,  with  some  others,  favours  the  supposi- 
tion of  his  having  become  a  Protestant. 

One  of  Rhys's  niends,  to  whom  he  refers  in  his  works  as  an  excellent 
genealogist  and  anUquary,  was  Thomas  Jones,  of  Tregaron,  or  Twm 
Sion  Catti,  whose  remarkable  career  has  already  been  noticed  in  con- 
nection with  his  transcript  of  the  '  Triads.'  Jones  was  a  x>oet  as  well 
as  an  antiquary,  but  while  his  reputetion  as  a  robber  and  magician 
still  survives,  that  as  a  poet  has  passed  into  oblivion.  He  died  about 
1620. 

A  metrical  version  of  the  Psalms,  which  was  written  about  this 
period,  is  still  in  high  esteem.  It  was  produced  by  a  captain  in  Queen 
Elizabeth's  fleet— William  Myddelton,  the  elder  brother  of  Sir  Hugh 
Myddelton,  the  projector  of  the  New  River,  and  himself  remarked  for 
having  been  one  of  the  first  three  who  smoked  tobacco  in  England, 
when  crowds  gathered  round  to  witness  the  phenomenon.  He  did 
warlike  service  in  America  and  the  Azores,  and  records  in  a  Latin  note 
to  his  last  Welsh  Psalm  that  he  finished  it  on  the  24th  of  January, 
1595,  at  "  Scutum,"  one  of  the  West  Indian  Islands.  The  Psalins, 
which  appeared  in  1603,  were  a  posUiumous  publication,  but  Captain 
Myddelton  had  issued  in  his  lifetime,  in  1593,  the  first  part  of  i^ 
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treatise  on  tbe  art  of  Welsh  TeraificatioD, '  Barddoniaeih/  wMch  was 
never  completed.    The  Psalms  were  reprinted  in  1827. 

The  most  popular  poem,  not  only  of  that  period,  but  of  any  period 
in  the  history  of  Welsh  literature,  was  produced,  it  is  said,  by  the 
simple  process  of  turning  into  verse  a  series  of  sermons.  The  Rer. 
Rees  Prichard,  known  as  the  Yicar  of  Llandovery,  was  as  popular  a 
preacher  in  his  lifetime  as  after  his  death  he  became  a  popular  poet. 
When  he  preached  at  St.  David's  the  cathedral  was  too  small  to  hold 
his  congregation,  and  he  was  cited  in  the  ecclesiastical  courts  for  having 
set  up  a  movable  pulpit  in  the  churchyard.  Perceiving  the  partiality 
of  bis  flock  for  verse  he  turned  his  homilies  into  rhymes,  and  the  col- 
lection was  first  published  in  1646 — two  years  after  his  death.  "  The 
work,"  says  Williams,  in  his  '  Lives  of  Eminent  Welshmen,*  *'  was  no 
sooner  printed  than  it  appeared  in  almost  every  hand,  and  was  heard 
from  almost  every  mouth  throughout  the  principality,  and  it  is  scarcely 
credible  with  what  uncommon  avidity  and  pleasure  it  was  received, 
read,  and  repeated  by  the  people."  The  Italian  student  is  reminded 
by  this  account  of  the  passage  in  Bernardo  Tasso*s  letters,  in  which  he 
speaks  of  the  first  appearance  of  Ariosto's  epic  and  its  overwhelming 
success.  The  secret  of  the  popularity  of  Prichard*s  volume,  the 
'Canwyll  y  Cymry,'  or  'Candle  of  the  Cambrians,'  as  it  is  called, 
appears  to  have  lain  in  its  combined  religious  and  homely  character — 
it  did  not  fly  one  inch  above  common  apprehension.  A  passage  has 
been  already  quoted  from  an  English  translation  of  it  by  the  Rev. 
William  Evans,  which  was  published  in  I771|  and  this  passage  may  be 
taken  as  an  average  specimen.  The  *  Candle  of  the  Cambrians '  is  not 
yet  extinguished,  for  the  last  edition,  about  the  twentieth,  appeared 
with  notes,  &c.,  in  1858.  Its  author  was  bom  at  Llandovery  in  1579, 
became  vicar  of  the  parish  in  1602,  and  died  at  Llandovery  in  1644, 
and  the  two  last  and  best  editions  of  his  work  are  from  the  Llandovery 
press. 

The  next  bard  who  deserves  attention  in  a  general  survey  of  Welsh 
literature  is  Hnw  Morus,  or  Hugh  Morris,  who  was  bom  in  1622,  and 
survived  till  1709.  *'  He  is  to  1^  ranked,"  we  are  told  in  the  '  Cam- 
brian Register,'  "  among  the  first  of  the  Welsh  poets.  He  eminently 
excelled  in  that  talent  which  we  call  humour,  and  was  equally  master 
of  the  pathetic  and  the  sublime."  The  same  writer  states  that  his 
'  Elegy  on  tho  Death  of  Mrs.  Middleton,'  is  equal  or  superior  to  **  the 
two  most  beautiful  compositions  in  the  Engliish  language  on  the  same 
subject,  the  '  Monody '  on  the  death  of  his  lady,  by  Lord  Lyttelton, 
and  that  *  To  the  Memory  of  a  Young  Lady,'  by  Mr.  Shaw."  The 
works  of  Huw  Morus  were  published  in  two  duodecimo  volumes,  at 
Wrexham,  in  1823,  under  the  title  of  *  Eos  Ceiriog,'  or  '  The  Nightin- 
gale of  Ceiriog.' 

The  most  distinguished  bard  of  the  18th  century  was  Qoronwy 
Owen,  who  is  styled  ^  Owen  Pughe  *'  one  of  the  greatest  poets  that 
appeared  among  the  Welsh."  t  He  was  the  son  of  a  peasant  in  Anglesey, 
wnere  he  was  bom  on  the  1st  of  January,  1722,  and  vras  indebted  for  his 
education  to  Mr.  Lewis  Morris,  a  distinguished  antiquary,  who  had  him 
brought  up  for  the  church.  He  married  in  Oswestiy,  where  he  was  curate, 
and  says  in  one  of  his  letters,"  My  wife  speaks  very  little  Welsh,  yet  she 
understands  some ;  so  that  I  fear  that  if  I  go  not  to  Wales,  my  boys 
will  be  Saxons,  for  by  the  life  of  me  I  cannot  teach  the  eldest  one 
word  of  Welsh."  He  was  curate  to  Dr.  Douglas,  afterwards  bishop  of 
Salisbury,  "  the  person,"  he  says,  in  one  of  his  letters,  "  who  defended 
the  poet  Milton  against  the  insidious  defamation  of  Lauder.  Be  it  as 
it  may,  he  is  sufficiently  severe  and  hard  towards  me.  I  hold  some 
little  land  of  him  appertaining  to  the  school,  and  though  it  was  set  too 
high  before,  yet  he  has  sent  down  this  year  orders  to  raise  the  rent, 
lest  a  poor  wretched  curate  should  gain  anything  in  his  service,  or 
obtain  too  good  a  bargain  at  his  hand."  His  career  appears  to  have 
been  a  very  unfortunate  one ;  but  it  must  not  be  forgotten  that  he  was 
an  incorrigible  drunkard.  His  poverty  led  him  to  petition  the  Cymm- 
rodorion  Society,  in  1757,  for  assistance  towards  paying  his  passage 
for  America,  where  he  settled  at  Williamsburg  in  Virginia ;  and  after 
the  year  1767  nothing  further  Was  heard  of  him-  "About  the  year 
1798,"  says  Owen  Pughe,  in  the  *  Cambrian  Biography,'  "  some  persons 
who  revered  his  memory  tried  to  obtain  information  if  he  were  iJive 
or  dead,  and  with  that  view  sent  a  letter  over  to  bis  son.  Him  they 
found  perfectly  Americanised ;  before  any  answer  was  sent,  he  must 
first  know  who  would  pay  him  for  his  trouble."  In  a  life  of  Goronwy 
Owen  by  Mr.  Borrow,  first  printed  in  the  '  Quarterly  Review '  for 
1861,  it  is  stated  that  he  died  about  1780.  The  principal  poems  of 
Goronwy  Owen  are  to  be  found  in  the  first  volume  of  a  book  called 
I  Diddanwch  Teuluaidd,*  or  '  Domestic  Amusement,'  printed  at  London 
in  1763.  In  a  curious  preface  the  printer  states  that  the  work  was 
'put  into  his  hands  by  the  editor,  Hugh  Jones,'  who  "owned 
himself  incapable  of  writing  an  English  preface  to  it,  and  therefore 
desired  me  to  do  that  ofl!ce  for  him."  "  The  editor,"  he  adds,  *'  being 
an  itinerary  bard  in  the  manner  of  the  ancients,  hath  given  me  leave 
to  tell  his  readers  that  he  pretends  to  neither  learning  nor  languages ; 
he  despises  them  all  except  his  own,  as  the  chief  Greek  poets  did,  calling 
other  languages  barbarous.  He  can  hardly  be  persuaded  that  the 
English  or  French  nations  have  anything  that  may  properly  be  called 
poetry;  such  is  man's  partiality  towards  his  own  countiy  and  people." 

The  prose  literature  of  the  third  period  is  remarkably  poor.  Its 
most  popular  production  is  itself  only  an  adaptation  or  imitation 
of  a  foreign  original,  the  '  Bardd  Cwsg,'  or  '  Sleeping  Bard,'  of  Ellis 


Wynne,  first  published  in  1708,  and  since  frequently  rapnated,  the 
last  time  in  1861,  with  notes  by  Silvan  Evaaa.  It  consists  of  a  aeries  ol 
visions  of  hell  and  the  invisible  world,  chiefly  taken  from  the  viaigiii 
of  Queredo,  the  Spanish  humourist,  which  were  translated  into 
English,  and  for  a  time  enjoyed  considerable  popularity.  Wynne  h^ 
prepared  a  second  work,  '  Gweledigaeth  y  Nev,'  or  '  A  Vision  of 
Heaven,'  but  was  so  mortified  at  being  spoken  of  as  a  plagiaiigt 
from  Quevedo,  that  he  threw  the  manuBoripi  into  the  fire.  Tfa« 
plan]  of  the  *'  Bardd  Cwsg  "  is  a  singularly  gloomy  and  repulsive  one  lijt 
a  satire;  but  the  beauty  of  the  style  is  so  striking,  that  the  boi^k 
remains  popular  in  Welsh ;  and,  strange  to  say,  a  transIaUon  of  it  int» 
English  was  published  in  1861  by  Mr.  George  Borrow,  the  author  o: 
'  The  Gipsies,'  and  '  The  Bible  in  Spain.'  Ellis  Wynne  alao  trai»ku.I 
into  Welsh,  Jeremy  Taylor's  '  Holy  Living,'  and  revised  the  tct>\  :n 
of  the  Common  Prayer,  and  though  most  celebrated  for  his  pn<9e, 
enjoyed  some  reputation  as  a  poet.  He  was  induced  to  take  h% 
orders,  though  he  had  no  inclination  for  the  ministry,  and  held  ths 
rectory  of  Llanvair.    He  was  bom  in  1670  and  died  in  17S4« 

A  vigorousatteropttocallattentiontotheBtudyof  theancient  literaiuK 
was  made  towards  the  end  of  this  period  by  the  Rev.  Moses  WiUUini, 
an  antiquary  and  author,  who  was  in  advance  of  his  age,  and  has  mfc 
yet  received  his  due  share  of  fame.  There  are  in  the  British  Maseian 
printed  *  Proposals  for  printing  by  subscription  a  Collection  of  Writins 
in  the  Welsh  Tongue  to  the  beginning  of  the  Sixteenth  Centurr/ 
dated  July  81st,  1719.  "  This  design,"  it  is  said,  *'  hath  been  approTc-d 
of  by  such  gentlemen  as  have  been  made  acquainted  therewith,  who 
have  promised  to  encourage  it  as  well  by  subscribing  to  it  as  by  or*:- 
municating  their  manuscripte,  some  whereof  are  already  put  into  tie 
publisher's  bands. . .  «  Subscriptions  for  the  first  volume  are  taken  in 
by  Mr.  Alban  Thomas,  at  the  Royal  Society's  House  in  Crane  Court 
Fleet  Street ;  Messrs.  William  and  John  Innys,  booksellers  in  St.  Paol's 
Churchyiud,  London ;  and  by  the  editor,  Moses  Williams."  A  speci- 
men is  subjoined  of  two  pages  of  the '  Liber  Triadum,'  or  Book  of 
Triads,  in  Welsh  only.  Bound  up  in  the  same  yolume  with  it  in  the 
Museum  is  a  manuscript  portion  of  the  intended  preface,  in  lja!asL, 
apologising  for  publishing  the  documents  in  the  original  langua^ 
without  a  translation,  which  is  excused  on  the  ground  of  the  extTeme 
d^culty  of  arriTing  at  a  certain  knowledge  of  the  meaning  of  evcnr 
sentence  in  the  then  state  of  the  study  of  the  language.  The  writn-, 
Moses  Williams,  was,  however,  at  that  time  one  of  the  best  Wekb 
scholars  living,  and  the  glossary  which  he  supplied  to  Wotton's  '  Leges 
Wallicse'  is  a  proof  of  his  erudition.  The  library  of  the  Earl  of 
Macclesfield  contains  a  number  of  transcripts  wlii(£  he  had  made, 
doubtless  for  the  purposes  of  this  intended  work,  and  which  are  likdj 
to  be  of  great  critical  value.  Had  his  proposals  been  reoeived  wi^ 
favour,  he  might  have  had  the  glory  of  anticipating  the  '  Myvynan 
Archaiology.'  Williams  was  a  singularly  diligent  and  accurate  scholar, 
and  (published  a  'Repertorium  Poeticum,'  or  list  of  Welsh  poems, 
and  a  general  catalogue  of  Welsh  books,  which  will  be  mentioned 
more  particularly  hereafter.  Two  Welsh  sermons,  preached  aad 
printed  by  him  in  London,  in  1717  and  1719,  are  in  the  British 
Museum,  and  are  of  considerable  interest  from  tiie  information  they 
contain  on  the  state  of  the  Welsh  church,  and  of  the  Welsh  langoa^e 
at  that  period.  They  are  not  mentioned,  so  far  as  we  are  aware,  in 
any  of  the  notices  on  Williams's  biography,  of  which  the.  most  ampW 
that  we  have  seen  is  in  Williams  of  Llangadwaladr's  *  Lives  of  Kminent 
Welshmen.'  He  was  bom  in  Cardiganshire  inJ1665,  and  died  as  vicar 
of  St.  Mary's,  Bridgewater,  in  1742. 

It  has  been  mentioned  that  the  early  editions  of  the  Welsh  Bible  were 
printed  in  London,  and  the  introduction  of  typography  into  the 
Principality  was  exceedingly  slow.  Cotton,  in  the  '  l^ypographical 
Gazetteer,'  states  that  the  earliest  information  he  possesses  on  tiie 
subject  is  from  one  of  the  Martin  Mar-Prelate  tracts  in  Queen 
Elizabeth's  reign,  in  which  mention  is  made  of  *  knave  Thackwell  the 
printer,  which  printed  popyshe  and  traitorous  Welshe  books  in  Wales/ 
and  nothing  more  has  ever  been  discovered  of  the  printer  or  his  book^ 
Penry,  who  was  hanged  as  the  author  of  the  Mar-Prelate  tracte^  was  by 
birth  a  Welshman.  In  the  'Gentleman's  Magazine'  for  August, 
1821,  it  is  observed  by  a  correspondent,  that  "  from  the  invention  of 
printing  downwards,  so  adverse  were  the  circumstances  attending  the 
difiusion  of  Welsh  literature,  that  there  was  not  a  printing-press  in  the 
principality  until  the  year  1734,  or  thereabouts,  when  a  temporary  one 
was  set  up  by  Mr.  Lewis  Morris,  of  Bod-Edeym,  in  Anglesey.  This 
identical  press,"  the  correspondent  adds,  "  is  still  in  being  at  Trcvriw, 
near  Llanrwst.' 

Fourth  Period — 1760-1861.  A  new  period  in  the  history  of  Welsh 
literature  may  be  said  to  commence  with  the  reign  of  George  III.,  a 
hundred  years  ago,  soon  after  the  middle  of  the  18th  century.  The 
remarkable  increase  of  activity  which  is  observable  in  that  literature 
during  these  hundred  years,  and  especially  during  the  last  forty,  B<.>e£a3 
to  be  attributable  to  Ihe  spontaneous  impulse  given  by  a  few  dis- 
tinguished men;  to  the  spread  of  Methodism  in  \yales;  to  the 
establishment,  for  the  first  time,  of  periodical  publications ;  and  to  the 
institution  or  revival  of  patriotic  societies. 

One  of  the  first  signs  of  a  new  era  in  the  literature  of  Wales  was 
given  by  the  publication  in  1764  of  a  thin   but  important  quarto 
volume.    **  Some  Specimens  of  the  Poetry  of  the  uicient  Welsh  Bards 
translated  into  Wnglihh,  with  explanatory  notes  on  the  historical  passages 
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and  a  short  account  of  the  men  and  places  mentioned  by  the  Bards,  by 
the  Rev.  Mr.  Evan  Evans,  curate  of  Llanvair  Talyhaem,  in  Denbigh- 
shire/' (London,  1764).  It  was  the  first  book  in  which  the  claims  of 
the  Welsh  bards  were  brought  under  the  notice  of  the  English  public 
Kvans  says  in  his  preface  that  it  "  was  first  thought  of  and  encouraged 
some  years  before  the  name  of  Ossian  was  heard  of  in  England,"  but 
it  was  evidently  the  success  of  Macpherson's  Ossian  which  had  brought 
the  project  to  maturity.  "  Certainly,"  says  the  author  in  a  W^sh 
address  to  Mr.  Richard  Morris,  printed  in  the  volume, "  I  would  not 
have  taken  this  labour  upon  me  except  to  put  a  stop  to  the  reproaches 
of  the  English,  who  say  that  we  have  nothing  of  poetry  to  show  the 
world,  while  one  of  the  Scotch  Highlanders  has  translated  portions  of 
their  ancient  bard,  or  rather  has  draued  up  and  adorned  some  recent 
production  and  put  it  forth  in  his  name."  He  is  not  sparing  of  bis 
insinuations  against  the  genuineness  of  Ossian,  and  his  critical  remarks 
on  the  ancient  bards  of  Wales  are  marked  by  acuteness.  His 
greatest  mistake  is  that  he  does  not  question  the  truth  of  the  massacre 
of  the  bards,  of  which  he  remarks  that  it "  gave  occasion  to  a  very  fine 
ode  by  Mr.  Grey." '  Evans's  own  prose  translation  of  pieces  bv  G  walohmai 
and  others  also  gave  occasion  to  some  imitations  by  Gray,  wnich,  though 
of  no  great  merit,  are  of  all  translations  from  Uie  Welsh  by  far  the 
most  extensively  known.  His  volume  concludes  with  an  excellent 
proposal  to  send  a  literary  traveller  through  Wales  to  examine  and 
transcribe  the  remains  of  ancient  poetry ;  but  it  appears  to  have  met 
with  cold  neglect  Evan  Evans  was  born  in  1781,  and  died  in  1789. 
He  entered  the  church,  but  rose  to  no  higher  position  than  that  of  a 
curate  in  a  pariah  said  to  derive  its  name  from  the  ancient  bard, 
Talhaiam,  and  which  also  gave  birth  to  the  living  bard,  Talhaiam.  As 
a  Wekh  poet  his  reputation  is  now  even  higher  than  during  his  lifetime. 
Theophilus  Jones,  the  historian  of  Brecknockshire,  says  in  a  letter 
written  in  1797,  "  I  did  not  think  Evan  Prydydd  Hir  (the  bardic  name 
of  Evans)  the  poet  he  was.  I  knew  him  well,  but  I  suppose  the  cufrw 
had  expelled  the  awen  before  I  became  acquainted  with  him."  Despair 
appears  to  have  driven  the  disappointed  man  of  talent  to  diink,  and  at 
the  time  of  his  death,  in  1789,  he  was  reported  to  have  perished  in  a 
state  of  intoxication  on  a  mountain,  a  report  which  happily  appears  to 
be  unfounded.  He  left  behind  him  a  good  collection  of  transcribed 
manuscripts,  which  passed  on  his  death  to  Mr.  Panton,  of  Anglesey, 
who  had  allowed  him  an  annuity  on  that  condition.  Two  volumes  of 
Welsh  sermons  published  by  him  contained  an  English  preface  so 
caustic  as  to  be  said  to  have  stood  in  the  way  of  his  preferment. 

Of  the  diBtinguished  men  of  this  period  none  seems  to  have  acted 
more  entirely  from  internal  impulse  and  to  have  had  a  stronger  influ- 
ence on  others  than  Owen  Jones.  Owen  Jones  was  bom  at  Llanvih- 
angel  Glyn  y  Myvyr,  in  Denbighshire,  in  17il.  "  In  early  life,"  says 
the  Rev.  Robert  Williams,  "  he  was  sent  to  London,  where  he  was 
taken  into  the  employ  of  Messrs.  Kidney  and  Nutt,  furriers  in  Thames 
Street,  to  whose  business  he  eventually  succeeded,  and  he  continued 
to  carry  it  on  with  credit  until  his  decesse,"  which  took  place  at  his 
house  in  Thames  Street,  in  1814,  at  the  age  of  seventy-three.  Count 
Villemarqu^,  in  the  preface  to  his  translation  of  the  ancient  bards, 
gives  a  very  poetical  sketch  of  the  biography  of  Owen  Jones.  "  While 
still  a  child,'  he  says, "  and  engaged  in  herding  cows,  he  could  see  at  a 
distance  rising  through  the  air  the  snow-covered  peak  of  Snowdon,  the 
Celtic  Parnassus,  on  whose  summit  whoever  slumbers  awakes  inspired. 
He  ascended  it  more  than  once,  and  his  happy  inspiration  might  make 
us  believe  that  there  he  must  have  slept  When  he  was  older,  he  often 
witnessed  on  this  mountain  the  poetical  contests  of  the  bards  and 
harpers  of  the  different  cantons  of  the  country,  and  passing  at  the  foot 
of  the  ancient  castles  which  held  the  poetic,  treasures  of  his  race  he 
formed  the  daring  project  of  bringing  them  to  the  knowledge  of  the 
world." 

There  are  here  some  palpable  mistakes,  as  m  attributing  to  Snowdon 
the  properties  of  Cader  Idris,  on  whose  smnmit  it  is  the  popular  belief 
that  whoever  sleeps  awakes  either  crazy  or  a  poet,  and  it  is  not  probable 
that  Snowdon  was  often  ascended  by  a  Denbighshire  boy.  But  however 
hyperbolically  expressed,  the  sentiment  is  correct  In  the  midst  of  his 
prosperous  business  in  London,  Owen  Jones  was  still  a  warm-hearted 
Welshman,  far  more  munificent  in  the  promotion  of  Ins  country's 
literature  than  all  the  magnates  of  the  country  combined.  In  1771  he 
founded  the  society  of  Gwyneddigion  (or  Men  of  Gwynedd,  a  portion 
of  North  Wales),  which  revived  in  a  manner  the  ancient  congresses  of 
the  bards,  and  distributed  prizes  among  the  heist  performers  on  the 
Welsh  harp  and  the  writers  of  the  best  Welsh  x>oems.  In  1789  he 
published  with  Owen  Pughe  the  poems  of  Ab  Gwilym,  and  in  1801 
and  the  subsequent  years  up  to  1807  he  issued  at  his  expense  three 
volumes  of  the '  Myvyrian  Archaiology,'  so  called  in  his  honour  from 
Myvyr,  the  bardic  name  which  he  had  assumed  in  remembrance  of  his 
native  vale  of  Myvyr,  in  Denbighshire.  Owen  Pughe  and  Edward 
Williams  were,  as  has  been  already  mentioned,  the  editors  of  the  work. 
Tbe  chief  connection  of  Jones  with  the  Archaiology  was  in  supplying 
the  funds,  and  it  is  said  that  he  thus  expended  upwards  of  1000^ — a 
Bum,  large  as  it  was,  by  which  he  cheaply  earned  the  gratitude  and 
respect  of  all  lovers  of  literature  of  his  own  times  and  all  to  come. 
His  last  literary  enterprise  was  the  publication  of  a  periodical,  'T 
Greal,'  which  appeared  in  1805  and  advanced  no  furUier  than  one 
volume.  In  this  too,  Owen  Pughe  was  the  editor  and  Owen  Jones 
only  the  Maecenas.      The  triad  of  his  labours  was  thus  formed  by 


the  Gwyneddigion  Society,  the  'Myvyrian  Archaiology,'  and  the 
'Greal.' 

William  Owen  or  William  Onen  Pughe,  as  he  was  called  in  later  life 
after  he  had  inherited  some  property  in  Wales,  was  an  antiquary,  a 
lexicographer,  and  a  poet.  He  was  bom  in  1759,  in  a  primitive  part  of 
Merionethshire,  close  to  Cader  Idris,  from  which  he  assumed  the  bardic 
name  of  Idrison,  and  he  closed  a  long  life  in  1835,  at  the  foot  of  the 
same  mountain,  to  the  vicinity  of  which  he  happened  to  be  on  a  visit 
Till  he  was  seven  years  old  he  heard  not  a  word  of  English,  and  though 
he  went  to  school  at  Altringham,  near  Manchester,  and  at  the  age  of 
seventeen  was  sent  up  to  London  to  earn  his  living,  he  never  seems  to 
have  acquired  a  thorough  mastery  of  the  English  language.  His 
English  has  always  a  taint  of  Welsh  in  it,  while,  on  the  other  hand,  his 
colleague,  Edward  Williams,  says  that  his  Welsh  writings  "  may  be 
said  to  be  English  written  in  Welsh  words."  In  the  great  city  he 
remained  for  six  years  without  knowing  that  any  other  person  in  it 
ever  thought  of  tne  Welsh  language  and  literature,  till  an  accidental 
meeting  with  another  Welshman,  who  introduced  him  to  Owen  Jones, 
brought  into  connection  two  men  who  scarcely  seem  to  have  passed  a 
day  without  doing  something  for  both.  The  largest  Welsh  and  English 
dictionary  in  existence,  published  in  two  large  volumes  between  1793 
and  1803,  was  the  work  of  eighteen  years  of  Owen  Pughe's  life.  It  is 
said  in  regard  to  it,  by  the  Rev.  R.  Williams,  that  "  while  Johnson's 
Dictionary  of  EngUsh,  as  enlarged  by  Todd,  comprises  only  58,000 
words  and  Webster's  about  70,000,  Owen  Pughe's  Dictionary  of 
Welsh  contains  more  than  100,000  words,  illustrated  by  12,000  quota- 
tions." The  dictionary  would  be  much  improved  by  striking  out  many 
of  these  words  which  appear  to  exist  ozdy  in  its  pages.  In  it  Owen 
introduced  a  new  system  of  Welsh  orthography,  and  his  friend,  the 
Rev.  T.  Charles,  of  Bala,  who  was  appointed  at  the  same  time  to 
superintend  through  the  press  the  edition  of  the  Welsh  Bible,  the 
agitation  for  which  had  given  rise  to  the  British  and  Foreign  Bible 
Society,  took  the  opportunity  of  introducing  it  there ;  but  the  Society 
interfered  and^  the  system  was  obliged  to  be  dropped.  In  the  second 
edition  of  his  dictionary,  issued  at  Denbigh,  in  1832,  the  customary 
spelling  is  used.  There  is  an  abridgment  of  ibe  work  by  Owen  himself 
in  1806,  which  as  much  too  compendious.  In  .1806  Owen  came  into 
possession  of  some  property  by  inneritance^  which  enabled  him  to  take 
up  his  residence  in  Wales,  at  Tros-y-Parc,  near  Denbigh,  and  to  have  the 
conmiand  of  his  time,  which  he  devoted  as  usual  to  Welsh  literature. 
His  most  important  work  of  this  period  is  a  translation  of  '  Paradise 
Lost '  into  Welsh,  which  has  a  peculiar  importance  from  his  having 
thrown  off  in  it  the  shackles  of  "  Cynghanedd  "  or  lUUteration,  which  had 
fettered  the  movements  of  Welsh  poetry  for  centuries.  The  innova- 
tion was  a  most  happy  one :  it  was  adopted  by  the  Eisteddvod  of  Caer- 
marthen  in  the  same  year,  and  has  been  followed  by  many  succeeding 
bards  with  great  advantage.  Owen  Pughe  was  known  to  Southey  the 
poet,  and  is  frequently  mentioned  in  his  correspondence,  but  not  always 
in  terms  of  respect  On  one  occasion  Southey  expresses  his  surprise 
that  Pughe  should  have  translated  'Paradise  Lost,'  of  which,  in 
Southey's  opinion,  he  could  hardly  understand  a  sentence ;  and  on 
another  Southey  says  of  him,  in  a  letter  to  Wynne,  **  full  of  Welsh 
information  he  certainly  was,  but  a  muddier-minded  man  I  never  met 
with."  That  there  was  some  foundation  for  this  opinion  may  be 
inferred  from  the  fact  that  Pughe  was  a  follower  of  Joanna  Southcott, 
and  was  one  of  her  twenty-four  elders.  Edward  Williams,  who 
quarrelled  with  him  in  the  latter  part  of  his  life,  said  in  a  letter,  in 
1813,  that  Owen  "with  his  hobOyhortitMi  absolutely  ruined  everything 
he  ever  took  in  hand." 

Edward  Williams,  still  better  known  by  his  bardic  name  of  lolo 
Morganwg,  is  the  third  of  the  three  associates  of  the  ''Myvyrian 
Archaiology,"  and  undoubtedly  the  most  gifted  of  the  throe.  Less  for- 
tunate than  his  companions,  he  was  bom  in  so  low  a  sphere  of  life  that 
at  the  age  of  mne  he  began  to  assist  his  father  at  his  trade  of  a  stone- 
mason, and  with  all  his  endowments  he  worked  through  life  at  the 
trade,  though  never  in  strong  health,  and  in  his  old  age  was  in  need 
of  the  assistance  of  a  public  subscription.  He  was  bom  in  1745,  in 
the  parish  of  Llancarvan,  in  Glamorganshire,  and  was  noted  in  youth 
for  absence  of  mind  and  literary  enthusiasm.  On  a  quarrel  with  his 
father  he  left  him  abruptly  for  London,  and  worked  as  a  stonemason  at 
Blackfriars  Bridge.  An  interview  which  he  sought  with  Dr.  Johnson 
in  a  bookseller's  shop  only  left  a  painful  impression  of  the  great  lexi- 
cographer's rudeness ;  and  though  he  saw  Cowper,  the  poet,  he  only 
saw  him  in  his  decline.  With  Robert  Southey  he  appears  to  have 
been  intimate,  at  a  time  when  Southey,  like  himself,  was  full  of  repub- 
lican ideas,  and  the  Elnglish  poet  drew  from  him  much  of  the  Welsh 
lore  of  his  '  Madoc/  and  introduces  him  as  a  character  in  the  poem 
under  the  name  of  lolo.  Of  all  English  authors  of  celebrity,  Southey 
took  the  greatest  interest  in  Welsh  history  and  literature ;  and  if  he 
had  carried  out  his  purpose  of  fixing  his  residence  in  the  Vale  of  Neath, 
which  was  only  prevented  by  a  trifle,  the  literary  consequences  might 
have  been  important  He  had  a  high  opinion  both  of  the  talents  and 
the  chaiacter  of  lolo.  "  Bard  Williams  is  in  town,"  he  wrote  once  to 
his  wife,  when  on  a  visit  to  London, "  and  so  I  shall  shake  one  honest  man 
by  the  hand  whom  I  did  not  expect  to  see."  Both  the  bards  had  a 
thorough  abhorrence  of  the  great  metropolis ;  and  Williams,  who  at 
one  time  proposed  to  emigrate  to  America,  not,  like  Southey,  to  found 
a  Pantisocracy,  but  to  search  for  the  descendants  of  Madoc  and  his  men; 
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finally  returned  to  Flemingstone,  in  Glamorg&nBhire,  within  about  two  | 
miles  of  his  birthplace,  and  there  continued  till  his  death.  lolo,  like 
his  friend,  was  a  great  pedestrian,  so  much  so,  that  when  his  son  Taliesin 
bouj^t  him  a  horse,  he  could  not  be  prevailed  upon  to  ride,  and  carried 
his  eccentricity  so  far  as  to  lead  the  animal  about  the  country  on  his 
journeys  without  ever  mounting  it.  He  had  a  personal  triad  of  his 
own  :  "  There  are  three  things  I  do  not  want :  a  horse,  for  I  have  a 
good  pair  of  legs ;  a  cellar,  for  I  drink  no  beer ;  and  a  purse,  for  I  have 
no  money."  It  is  painful  to  record  that  he  quarrelled  with  his  friends 
of  the  *  Myvyrian  Archaiology/  and  complained  that  Owen  Jones  had 
not  paid  lum  some  money  wiiich  was  due  to  him ;  while  at  the  same 
time  his  principles  were  so  high  that  he  refused  to  take  possession  of  an 
estate  in  Janudca,  which  had  been  left  him  by  bis  brothers,  because  it 
was  cultivated  by  slaves.  He  wrote  between  two  and  three  thousand 
Welsh  hymns,  some  of  which  are  highly  esteemed,  and  were  published 
imder  the  title  of '  Salmau  yr  Eglwys  yn  yr  Anialwch '  ('  Psahns  of  the 
Church  in  the  Desert ') ;  but,  as  his  fnend  Waring  tells  us,  *'  his  creed 
appeared  to  be  so  whimsical  a  compound  of  Christianitv  and  Druidism, 
Philosophy  and  Mysticism,  that  the  '  History  of  all  Religions,'  copious 
as  it  is  in  variety,  furnishes  no  definition  of  it."  He  was  surrounded, 
in  spite  of  his  eccentricities,  by  general  respect,  which  was  strikingly 
manifested  at  the  great  Eisteddvod  of  Caermarthen,  in  1819.  His 
death  took  place  in  1826,  at  the  age  of  eighty-one.  He  appears,  from 
some  letters  published  in  the  'Cambrian  Register'  for  1818,  to  have 
written  his  autobiography,  with  a  survey  of  Welsh  literature  during 
his  time,  but  this  work,  which  would  certainly  have  been  of  value,  has 
disappeared.  His  son,  Taliesin  Williams,  was  to  have  written  an  ex- 
tendi biography  of  his  father,  but  the  project  was  never  put  in 
execution.  A  life  of  him,  which  appeared  in  1850,  from  the  pen  of  an 
English  friend,  Elijah  Waring,  who  was  unacquainted  with  the  Welsh 
language,  is  an  amusing  volume  of  light  reading,  but  not  the  sort 
of  biography  required ;  for  though  in  all  his  letters  and  writings  which 
remain,  lolo  Moiganwg  appears  the  frankest  of  the  frank,  there  are 
several  points  in  his  literary  career  which  require  elucidation,  and  on 
which  depend  important  questions  with  regu^d  to  Welsh  literature. 

Edward  Williams  was  an  English  as  well  as  a  Welsh  poet.  His 
'  English  Poems,  Lyrical  and  Pastoral,'  published  in  two  volumes  with 
the  date  of  1794,  present  perhaps  the  most  curious  list  of  subscribers 
that  was  ever  attached  to  any  publication.  It  begins  with  the  name  of 
the  Prince  of  Wales ;  it  contains  those  of  Mrs.  Barbauld  and  Miss 
Bumey,  of  William  Lisle  Bowles  the  poet,  and  William  Bowles,  "  Gene- 
ralissimo  of  the  Creek  nation,"  Miss  Hannah  More  and  Mrs.  Tearsley 
the  milkmaid,  Cowper,  the  poet  of  the  '  Task/  and  Rogers,  the  poet  of 
the  '  Pleasures  of  Memory,'  Cyril  Jackson,  Dean  of  Christ  Church,  and 
Dr.  Priestley  of  Birmingham,  Mr.  Raikes  of  Gloucester,  the  founder  of 
Sunday  Schools,  and  Mr.  Thomas  Paine,  Dr.  Parr  and  Mr.  HomeTooke, 
Citizen  Brissot,  Wilberforce  and  General  Washington.  The  poems  are 
of  some  merit,  but  the  chief  point  of  interest  that  now  attaches  to  the 
volumes  centres  in  the  notes.  One  of  the  pieces  is  an '  Ode  on  the 
Mythology  of  the  Ancient  British  Bards  in  the  manner  of  Talieein, 
recited  on  Primrose  Hill  at  a  meeting  of  British  Bards  in  the  summer 
solstice  of  1792,  and  ratified  at  the  subsequent  autumnal  equinox  and 
winter  solstice.'  Primrose  Hill  was  then  a  comparatively  unfre- 
quented green  height  in  the  fields  between  London  and  Hampstead, 
distinguished  by  a  grove  of  trees  which  was  barbarously  cut  down 
about  1828,  and  being  in  view  of  Owen  Pughe's  residence  at  Pen- 
tonville,  may  have  been  selected  as  a  more  convenient  place  for  a 
meeting  of  bards  than  the  summit  of  Plinlimmon  originally  named. 
Edward  Williams,  who  was  then  an  ardent  republican,  seems  to  have 
been  at  the  same  time  an  equally  ardent  defender  of  the  privileges  of 
the  British  bards.  These,  he  maintained,  were  a  regular  corporate  body, 
traceable  from  the  earliest  times  to  his  own,  in  which  there  was  only 
one  Intimate  board  of  bards  remaining,  the  "  Chair  of  Glamorgan," 
and  only  two  members  of  that,  himself  and  the  Rev.  Evan  Evans  of 
Aberdare. 

In  the  notes  to  his  '  Ode,'  he  gives  a  number  of  Triads  in  Welsh  and 
English,  containing  the  doctrines  of  "the  Bards,"  and  embracing  a 
system  of  theology  which  is  declaredt  o  be  anterior  to  Christianity, 
but  no  more  adverse  to  it  than  the  religion  of  Enoch,  Noah,  and 
Abraham.  **  There  are  three  circles  or  states  of  existence,"  according 
to  one  of  these  Triads :  "the  Circle  of  Infinity,  where  ther^  is  nothing 
but  God  of  living  or  dead,  and  none  but  God  cap  traverse  it ;  the  Circle 
of  Inchoation,  where  all  things  are  by  nature  derived  from  death— this 
circle  has  been  traversed  by  man;  and  the  Circle  of  Felicity,  where  all 
things  spring  from  Ufe— tiiis  man  shall  traverae  in  heaven."  "Ani- 
mated beings  have  three  states  of  existence,"  says  another  Triad ;  "  that 
of  Inchoation  in  the  great  deep  or  lowest  point  of  existence,  that  of 
Liberty  in  the  state  of  Humani^,  and  that  of  Love  which  is  felicity  in 
H^ven. '  The  system  is  further  explained  as  one  of  metempsychosis, 
and  there  is  a  larger  development  of  it  contributed  by  Williams  to  the 
preface  to  his  friend  Owen  Pughe's  edition  of  Llywarch  Hen.  In 
Uiis  it  18  Mid,  among  other  thLigs,  "  No  finite  beings  can  possibly 
bear  the  mfimte  tedium  of  eternity.  They  will  be  relieved  from  it  by 
continual  renovations  at  proper  periods,  by  passing  into  new  modes  of 
existence  and  which  will  not,  like  death,  be  dreaded,  but  be  eagerly 
looked  foi:  and  approached  with  joy.  Every  existence  will  impart  its 
peculiar  epoch- of  knowledge,  for  consciousness  and  memory  will 
t-emain,  or  there  would  be  no  such  thing  as  endless  life." 


These  doctrines,  first  put  in  print  at  the  time  of  the  French  Be? :. 
tion,  certainly  bear  a  close  resemblance  to  many  of  those  Khkh  h : 
their  origin  at  that  period,  and  it  was  a  point  of  sonae  intereit  to  b? 
how  far  back  they  could  in  reality^  be  traced.     Williams  infonned  i- 
readers  of  his  '  Poems '  that  the  Triads  he  had  given  were  •f.nia 
manuscript  collection  by  Llewelyn  Sion,  a   bard  of  Glamargan,  ikz 
the  year  1560.    Of  this  manuscript "   he  added,  **  I  have  a  traxk^xj- 
the  original  is  in  the  possession  of  Mr.  Richard  Bradford,  of  hk:\%- 
near  Bridgend,  in  Glamorgan.    Thia  collection  was  made  from  van  ., 
manuscripts  of  considerable,  and  some  of  very  great,  antiquity-'J.  r 
and  their  autiiors  are  mentioned,  and.  most  or  all  of  them  still  eitasi 
It  is  not  surprising  that  they  were  not  received  with  unlimited «:: 
dence  in  their  authenticity,  but  it  is  v&ry  Burprisiiig  that  lolo  id--. 
take  the  best  method  of  silencing  doubts  by  printing  the  maQUBcr.:' 
in  the  Myvyrian  Archaiology,  which  a  few  years  after  he  waa  eogsiai 
in  editing.    Far  from  this,  he  did  not  even  show  it  to  his  frieDd  ^j 
published  the  extracts.    The  manuscript  in  which  they  were  osmt^. 
bore  the  title  of  '  Cyvrinach  y  Beirdd  *  or  the "'  Secret  of  the  BjtV 
and  was  in  two  parts.    "  Edward  Williams  had  only  the  first  pait  uri 
him  in  London,"  says  Owen  Pughe  in  a  letter  to  his  eon  in  l&lS.i-s 
printed  by  his  grandson  (in  the '  Cambrian  Journal '  for  1S57,  p.  y- 
"  at  least  he  said  he  had  not  the  second,  which  by  his  descriplti 
the  most  curious,  and  the  real  Cyvrinach,"  and  this  Owen  Pughe  ce;? 
saw.    The  association  of  the  Myvyrian  Archaiology  finally  brde  ^ 
without  its  appearing.    "  In  my  collection,"  says  lolo,  in  a  docmas 
printed  by  Waring,  "  I  strenuously  opposed  the  absurd  fables  of  tk 
darker  ages,  which  are  most  obviously  falsehoods  of  the  darkest  bt 
This  gave  ofience  to  my  coadjutors,  who  chaiiged  me  with  rejecta: 
supposititious  documents  which  never  existed,  which  I  with  dilige&x 
could  never  find,  and  which  they  cannot  but  know  do  not  eik  el- 
where.    Such  are  the  fictions  of  GeofiBney  of  Monmouth,  that  of  Kiaf 
Arthur  and  hk  Knights  of  the  Round  Table,  and  many  things  mores 
the  same  character."    It  would  seem  from  this  that  Williams  qsa? 
relied  with  Owen  Pughe  on  the  question  of  the  insertion  of  the  Mas 
nogion,  which  never  appeared  in  the  Archaiology,  but  it  is  stnia 
that  \mder  the  circumstances  he  should  talk  in  this  strain  nspec^ 
"  supposititious  documents."  The  Rev.  Edward  Davies,  in  hia '  Mytk- 
logy  of  the  Druids,'  published  In  1809,  very  plainly  intimated  that  h 
considered  the  *  Bardic  Triads,'  with  their  theophilanthropic  ideas,  i» 
supposititious.    Doubts  on  the  same  score  were  freely  expressed  rj 
many,  but  in  1819,  lolo  Moiganwg  had  a  distinguished  triumph  at  tk 
Eisteddvod  of  Caermarthen,  where  he  invested  Dr.  Buiigeas,  iheEii^]> 
of  St.  David's,  with  the  insignia  of  a  Bard.     From  that  time  Bar6. 
Druids,  and  Ovates,  once  reduced  to  two  in  number,  have  bejxse 
numerous  and  in  vogue,  and  Bardism  has  held  a  poaitioD  in  »3i^ 
analogous  to  that  of  Freemasonry  in  England.     The  call  natunjj 
became  louder  for  the  publication  of  the  documents  on  which  vj 
institution  was  supposed  to  rest;  and  finally,  in  1822,  lolo  Morgans: 
then  a  man  of  seventy-seven,  issued  a  prospectus  to  puhlish  a  work  it 
Wehdi  to  contain  the  '  Esoteric  Literature  of  the  British  BardA    nt 
died  four  years  after  without  having  published  it.    It  was  only  in  l^-^ 
that  his  son  brought  out  the  long-expected  •  Cyvrinach  y  Beirdd,  aw 
in  it,  to  the  surprise  of  all,  though  the  work  was  published  as  coBplfK. 
no  '  Triads  of  Bardism '  were  to  be  found.    The  '  Cyvrinach '  of  k^ 
was  simply  an  excellent  treatise  on  Welsh  versification  by  Llewdp 
Sion,  of  Llangewyd,  interspersed  with  some  very  absurd  statwiienU 
respecting  the  Welsh  language  before  the  Flood,  which  of  course  dem^ 
no  authority  from  having  been  made  by  a  mas  of  the  age  of  Eliawta- 
Acoordinac  to  the '  Cyvrinach  *  there  are  but  three  proper  language 


that  spoken  by  Adam  before  the  FaU,  which  is  now  the  language  li 
God,  the  angels,  and  the  saints  m  Heaven ;  that  written  by  Mos«.  wn'^ 
is  the  language  of  the  Scriptures  (a  statement  showing  that  thewiw 
did  not  know  that  the  Testament  is  in  Greek) ;  and  that  £i%t  s^i^^^ 
by  Enoch,  the  son  of  Seth,  and  now  spoken  by  the  Welsh  in  >Va^ 
Wekh  is  thus  the  only  living  language  of  divine  origin;  and  "^® ,  ^ 
or  poetic  genius  of  the  Welsh  is  due  to  divine  inspiration,  »^«^ 
poetry  of  the  Saxon,  English,  and  other  corrupted  languages,  i»  inspire 
by  their  inventor — ^the  devil.  .^ 

Some  disappointment  was  naturally  felt  at  the  non-appearance  <m^ 
'  Bardic  Triads '  in  the  book,  the  chief  interest  of  which  oonBifll^  » 
its  being  supposed  to  contain  them,  but  no  explanation  wwA 
obtained  further  than  that,  of  the  two  parts  of  the  'Cynmsca, 
Taliesin  Williams  had  only  printed  the  firat    No  pubUc  ^^^^ 
was  vouchsafed  as  to  why  he  had  not  printed  the  second,  or  wh»^ 
become  of  it.     The  admirers  of  the  Bardic  Triads  were  ro'u^w 
look  forward  to  the  publication  of  them  in  a  volume  on  the  lolo  M^ 
scripts,  a  large  collection  of  transcripts  made  by  lolo  ^o'K^^^^^i. 
from  which  Taliesin  was  engaged  by  the  Welsh  Manuscript  ^^ 
to  make  and  publish  a  selection.    By  a  second  misfortune,  W  ' 
Williams  died  in  1847,  before  the  pubUcation  of  the  lolo  Manusai]^ 
as  his  father  had  died  before  the  pubUcation  of  the '  CjnioaciL   ^^ 
much,  however,  had  been  printed  before  his  decease,  as  ^^.'^  ^  lUg 
certain  that  the  Bardic  Triads  would  have  formed  no  V°^^^^    j.d 
volume.    The  lolo  Manuscripts,  published  by  the  Welsh  ^^^^^t, 
Society  in  1849,  contain  a  variety  of  pieces  of  very  different  v     • 
respecting  the  origin  of  which  we  only  learn  that  they  were  taken  c^ 
transcripts  made  by  lolo  Mox;ganwg  from  other  transcripts  ^^^-j^ 
he  mentions  the  possessors,  adding  in  some  cases  from  y>^^  ^^^ 
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t;lioy  were  tranacribecL  One  of  these  pieces,  called  the '  Voice  Conven- 
tional of  the  Bards  of  Britain/  contains  an  account  of  the  origin  of  the 
i^ucient  Welsh  alphabet  at  ike  time  of  the  Creation,  taken  also  from  a 
raanuscript  by  LJewelyn  Sion  of  Llangewyd.  But  again,  as  has  been 
Baid,  the  'Bardic  Triads'  are  missing,  and  in  1861  the  '  Secret  of  the 
IKards '  is  still  a  secrete 

Taliesin  Williams  appears  to  have  told  the  Rev.  Thomas  Price,  after 

tlie  death  of  lolo  ('Cambrian  Journal'  for  1857,  p.  224),  that  "he 

liiniself  had  been  for  twenty  years  under  a  sort  of  druidical  training 

>vith  his  father,  and  that  the  system  was  of  so  sublime  and  intellectual 

a.  nature,  that  unless  he  could  find  some  one  qualified  in  such  a  way  as 

to  be  a  worthy  member  of  the  order  the  secret  should  die  with  hun." 

The  hope,  therefore,  of  developing  the  mystery,  such  as  it  is,  might  be 

abandoned,  but  for  the  declaration  of  the  Rev.  John  Williams  ab  Ithel, 

ill  the  '  Cambrian  Journal,'  of  which  he  is  the  editor  (1857,  p.  57) : 

"  ^luch  of  the  real  Cyvrinach  alluded  to  is  stUl  extant,  as  we  ourselves 

cj\u  testify,  and  we  sincerely  trust  that  measures  will  be  adopted  by 

the  Weliih  Manuscript  Society  for  the  speedv  publication  of  the  whole. 

Until  this  is  done,  the  early  literature  and  history  of  our  country  can 

never  be  properly  understood." 

Much  doubt  was  also  thrown  on  the  discovery  of  the  '  Coelbren 
y  Ueirdd,"  or  Alphabet  of  the  Bards,  an  alphabet  resembling  the  Runic, 
Avhich  was  also  brought  forward  by  lolo  Moiganwg,  and  an  essay  on  its 
^en\iineness  was  proposed  as  the  subject  of  a  prize  at  an  Eisteddvod 
in  1840.     When  the  author  of  the  successful  essay  was  sought  for  by 
opening  the  envelope  containiDg  his  name,  it  was  found  to  be  Taliesin 
^\  illiama,  or,  as  he  was  proud  to  call  himself,  Ab  lolo,  who  thus  strove 
to  vindicate  the  fair  fame  of  his  father.    The  dissertation  is  pronounced 
by  impartial  critics.  Dr.  Williams  of  Llangadwaladr,  and  Dr.  Tregelles, 
to  be  a  masterpiece,  and  the  author  is  said  to  have  shown  satisfactorily 
that  there  were  traces  of  the  alphabet  in  Welsh  literature  long  before 
his  father's  time.    Since  then,  it  has  apparently  been  assumed  by  some 
Welsh  writers,  not  only  that  the  history  of  this  alphabet,  tracing  it 
back  to  the  Creation,  was  shown  to  be  Elizabethan,  or  medieeval,  but 
-was  also  shown  to  be  druidical,  and — strangest  of  all — authentic. 
There  are  many  ilUterate  persons  who  suppose  that  a  statement  must 
necessarily  be  true  because  it  has  appeared  in  print,  but  some  of  the 
Welsh  critics  carry  the  point  still  farther,  and  apparently  believe  every- 
thing they  find  in  manuscript. 

The  three  associates  of  the '  Myvyrian  Archaiology '  had  each  but  one 
son,  and  in  each  case  the  son  became  an  eminent  man.  Taliesin  Wil* 
liams,  or  Ab  lolo,  the  son  of  Edward  WiUiams,  or  lolo  Morgan wg,  who 
has  been  already  so  frequently  mentioned,  was  for  the  greater  part  of 
his  life  a  schoolmaster  at  Mertnyr-TydviL  He  was  born  in  1787.  and 
died  in  1847.  Like  his  father,  he  wrote  both  Welsh  and  English  poetry. 
Aneuriu  Owen,  the  son  of  William  Owen  Pughe,  never  took  the  name 
of  Pughe,  assumed  by  his  fatlier.  His  edition  of  the  '  Laws  of  Wales,' 
already  mentioned,  is  a  lasting  title  to  remembrance.  He  was  bom  in 
1792,  and  died  in  1851.  The  son  of  Owen  Jones,  still  living,  is  Owen 
Jones  the  eminent  architect^  who  produced,  in  conjunction  with  Goury 
and  Gayangos,  the  finest  work  on  the  Alhambra  of  Granada ;  and  after- 
wards reproduced,  with  signal  magnificence,  the  Alhambra  itself  at 
Sydenham,  where  he  employed,  in  the  decoration  of  a  second  Crystal 
Palace,  the  talents  which  had  lai^ely  contributed  to  the  success  of  the 
first 

One  of  the  most  eminent  writers  on  Welsh  antiquities  of  the  com- 
mencement of  the  century,  was  the  Rev.  Edward  Davies,  born  in  Rad- 
norshire in  1756,  who  died,  after  a  long  illness,  on  the  first  day  of  the 
year  1831.     He  first  essayed  his  powers  in  works  of  imagination — 
'  Aphtbarte,'  a  poem,  and  *  Eliza  Powell,  or  the  Trials  of  Sensibility,'  a 
nuvel ;  but  his  chief  productions  were '  Celtic  Researches,'  published 
in  1804,  and  the  'Mythology  of  the  Druids,'  published  in  1809,  two 
volumes  of  no  inconsiderable  ingenuity  and  learning,  employed  in  the 
support  of  a  singular  theory.      According  to  Davies  the  druidical 
supei-stition  was  preserved  and  patronised  in  Wales,  in  an  esoteric 
fashion,  down  to  the  time  of  Edward  I.,  and  was  a  form  of  worship  in 
which  the  bull,  the  horse,  and  the  element  of  fire  were  prominent 
emblems.   "  If  this  be  genuine  British  heathenism,"  he  remarks,  '*  it 
will  be  expected  that  vestiges  of  it  should  be  discovered  in  the  oldest 
bards  now  extant,  and  here,  in  fact,  they  present  themselves  in  horrid 
profusion."    The  translations  of  Davies  are  made  in  so  peculiar  a 
fashion,  that  he  turns  the  Gododin  of  Aneurin  into  a  description, 
not  of  a  battle  at  Cattraeth,  but  of  the  massacre  at  Stonehenge ;  and 
indeed  in  his  hands,  it  is  difficult  to  see  what  any  passage  may  not 
prove.    He  is,  as  might  be  expected,  severe  in  his  criticism  on  lolo 
Morganwg  and  his  '  Bardic  Triads,'  of  the  genuineness  of  which  he 
distinctly  intimated  his  disbelief  in  1809 ;  but  his  own  views  are  in 
many  cases  evidently  ^cif ul,  though  they  have  been  supported,  even 
in  later  years,  by  writers  of  learning.    Davies,  towards  the  close  of 
his  life,  received  one  of  the  literary  pensions  of  100  guineas,  paid  by 
George  IV.  to  the  nominees  of  the  Royal  Society  of  Literature. 

The  Rev.  Thomas  Price,  another  eminent  Welsh  antiquary,  was  a 
much  safer  and  more  candid  guide  than  most  of  those  who  have  been 
equally  enthusiastic  in  the  cause  of  his  country's  language  and  litera- 
ture. He  observed,  in  his  '  Hanes  Cynuru,'  while  praising  the  care 
which  had  been  taken  to  collect  and  print  eJl  the  alleged  productions 
of  the  primitive  bards  in  the  Myvyrian  Archaiology,  that  it  wa^  only 
necessary  to  turn  over  the  pages  to  see  that  some  of  the  pieces  did 


not,  and  could  not,  belong  to  the  names  they  were  ascribed  to,  and  he 
acknowledged  the  difficulties  with  regard  to  the  '  Historic  Triads '  and 
other  documents,  which  are  often  quoted  by  others  without  a  hint  of 
unsoundness.  Thomas  Price  was,  like  Edward  Williams,  the  son  of  a 
stonemason,  but  of  a  stonemason  who,  having  formed  an  attachment  to 
a  clergyman's  daughter,  had  qualified  himself  to  become  a  clergyman, 
and  died  a  Welsh  pluralist  with  a  salary  of  fifty  pounds  a  year.  Mr. 
Price  himself,  who  was  bom  in  1787,  and  died  in  1848,  at  the  age  of 
sixty-one,  rose  no  higher  in  the  church  than  to  the  vicarage  of  Cwmdu. 
He  was  so  indefatigable  a  writer  in  Welsh  periodicals,  chiefly  under 
the  signature  of  "  Camhuanawc,"  that  he  contributed  to  fifteen,  and 
wrote  an  article  for  one  or  the  other  of  them  every  month.  His  chief 
production  in  Welsh  is  the  *  Hanes  Cynwru  a  chenedl  y  Cymry '  (pub- 
lished in  numbers  between  1886  and  1842),  a  'History  of  Wales  and 
the  Welsh  nation  from  the  earliest  times  to  the  death  of  Llewellyn,' 
after  which  it  is  indeed  continued,  but  on  a  very  meagre  scale.  It  is 
the  only  history  of  Wales  in  Welsh  at  all  commensurate  in  size  and 
importance  with  the  histories  of  Wales  in  English  by  Warrington  and 
Woodward.  It  comprises  not  only  a  political,  but  a  literary  history  of 
the  country  diuing  most  of  the  period  that  it  embraces,  and  well 
merits  a  translation.  The  best  of  his  English  works  are  collected  in 
the '  Literary  Remains  of  the  Rev.  Thomas  Price,  with  a  Memoir  of 
his  Life  by  Jane  Williams,'  in  two  volumes  (1854-55),  the  corre- 
spondence in  which  presents,  it  has  been  remarked,  the  fullest  picture 
yet  drawn  of  a  Welsh  literary  life. 

One  of  the  few  instances  of  Welsh  scholars  who  have  obtained  dis- 
tinction in  some  other  walk  is  afiforded  by  the  Rev.  John  Williams, 
archdeacon  of  Cardigan,  author  of  '  Homer'  and  *  Gomer,'  the  former 
a  treatise  on  the  Greek  poet,  and  the  latter  on  the  Webh  language. 
Bom  in  1792,  and  sent  from  the  school  at  Ludlow  to  Balliol  College, 
Oxford,  Williams  was  fortunate  enough  to  meet  with  Lockhart  as  a 
fellow-student,  and  to  form  a  friendship  with  him  which  influenced  his 
whole  future  career.  R^conmionded  by  Lockhart  as  tutor  to  the  second 
son  of  Su-  Walter  Scott,  he  obtained,  by  Sir  Walter's  support,  in  1824, 
the  rectorship  of  the  new  Edinburgh  Academy,  a  sort  of  rival  to  the 
old  High  School  and  formed  one  of  the  circle  of  the  great  poet  and 
romancer,  over  whose  remains  he  finally  read  the  funeral  service  in 
Drybux^h  Abbey.  His  success  as  a  teacher  was  marked,  and  the  first 
*  Dux'  in  his  school  was  Archibald  Tait,  the  present  bishop  of  London. 
After  twenty  years  of  life  in  Scotland,  he  returned  to  Wales,  to  the 
vicarage  of  Lampeter  and  the  archdeaconry  of  Cardigan,  and  continued 
a  career  of  authoi'ship  till  his  death  at  Bushey  Heath  in  December, 
1858.  His  best  known  work  was  a  life  of  Alexander  the  Great,  and 
as  archdeacon  of  Cardigan,  his  ecclesiastical  superior  was  the  Bishop  of 
St.  David's,  Dr.  Connop  Thirlwall,  author  of  the  celebrated '  History 
of  Greece.'  Both  bishop  and  archdeacon  were  also  Welsh  scholars; 
but  Thirlwall  acquired  the  language  after  his  accesidon  to  the  bishopric ; 
Williams  had  always  been  noted  for  his  attachment  to  his  country^ 
language  and  literature,  and  was  zealous  in  Scotland  for  the  honour  of 
Wtdes.  His  writings  on  Welsh  subjects,  however,  did  not  raise  his 
reputation.  In  *  Gomer,'  a  dissertation  on  the  early  forms  and  history 
of  the  language,  he  expressed  himself  with  such  positiveness  on  doubt- 
ful subjects,  and  such  vehemence  on  unimportant  ones,  as  to  weaken 
his  authority.  He  had  announced  a  translation  of  the  poems  of 
Aneurin,  TaUesin,  and  the  other  primitive  bards,  i^ith  a  critical  revision 
and  re-establishment  of  the  text,  which  was  looked  for  with  much  in- 
terest ;  but  though  the  announcement  was  made  in  1841,  nothing  had 
been  done  towards  carrying  it  out  at  his  death  in  1858. 

Among  the  most  eminent  of  living  Welsh  antiquaries  is  another  John 
Williams,  the  Rev.  John  Williams  ah  Ithel,  rector  of  Llanymowddwy, 
Merionethshire,  and  editor  of  the  '  Cambrian  Journal,'  gainer  of  the 
prizes  at  numerous  Eisteddvods,  and  author  of  numerous  works  on 
Cambrian  subjects.  Ab  Ithel  is  an  ardent  believer  in  the  discoveries 
and  disclosures  of  the  last  seventy  years,  with  regard  to  Cambrian 
history.  In  the  year  1856  he  edited,  for  the  Welsh  Manuscript 
Society,  the '  Grammar  of  Edeym  the  Golden  Tongued,'  said  to  be 
compoised  about  the  year  1270,  and  to  which  Mr.  Williams  added  a 
translation  and  copious  notes.  The  first  note  is  as  follows : — **  The 
British  alphabet  is  said  to  be  of  divine  origin.  God  in  the  beginning 
announced  His  name,  and  said  /|N  ,  whereupon  all  things  sprang  simul- 
taneously into  life  and  being,  and  responded  in  a  shout  of  extatic  joy, 
/\\.  At  the  same  time  there  appeared  three  rays  of  light,  forming  the 
divine  name  and  the  three  first  letters,  which  were  also  the  source  of 
all  letters  and  sciences.  Einigan  Gawr,  who  was  favoured  with  this 
sight,  took  three  rods  of  mountain  ash,  and  inscribed  upon  them  the 
name  of  the  Deity,  but  the  people  that  saw  them  mistook  the  rods, 
thus  bearing  His  name,  for  God  himself,  which  caused  Einigan  to  die 
of  grief.  (See  Coelbren  y  Beirdd,  pp.  6,  7,  lolo  Manuscripts,  p.  424.) 
After  his  decease,  Menw  an  y  Teirgwaedd  received  a  knowledge  of  the 
primary  alphabet,  and  developed  it,  as  it  would  seem,  to  the  extent  of 
ten  letters.  These  letters,  or,  as  they  were  originally  termed,  awgrym- 
mau  (signs),  coelbrai  (omen-marks),  or  ystorrynau  (cuttings),  were 
kept  a  secret  by  the  Bards  until  the  time  of  Beli  Mawr,  or,  as 
Llywelyn  Sion  says,  even  unto  his  own  day.  (lolo  Manuscripts,  pp. 
617,  618.  623.)"  As  Llewelyn  Sion,  of  Llangewyd,  of  whom  we  have 
so  often  had  occasion  to  speak,  died  about  the  year  1616,  it  must  be  ac- 
knowledged that  this  was  the  best  kept  secret  on  record.  Mr.  Williams, 
it  will  be  observed,  speaks  of  these  statements,  in  regard  to  the  British 
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alphabet,  not  as  the  dreams  of  infianity,  but  as  duclosures  to  be  received 
with  respect.  He  adopts  the  same  serious  tone  in  the  preface  to  the 
'  Brut  y  Tywysogion,  or  the  Chronicle  of  the  Princes/  edited  by  him  in 
I860,  and '  published  by  the  authority  of  the  Lords  Commissioners  of 
Her  Majesty's  Treasury,  under  the  direction  of  the  Master  of  the 
Rolls.'  *'  The  voice  of  tradition,"  he  begins,  "  would  not  lead  us  to 
suppose  that  the  ancient  Britons  paid  any  very  particular  attention  to 
the  study  of  chronology  previous  to  the  era  of  Prydain,  son  of  Aedd 
the  Great,  which  is  variously  dated  from  the  year  1780  to  480  before 
the  nativity  of  Christ'*  The  remarks  which  follow  are  of  a  similar 
character.  Ab  Ithel  is  now  (1861)  publishing '  The  Traditionary  Annals 
of  the  Cymry ;  reprinted  from  the  Cambrian  Journal/  in  which 
many  of  the  statements  are  based  on  the  manuscript  of  Llewelyn 
Siou,  and  many  others  on  what  are  simply  quoted  aa  "  unpublisned 
manuscripts." 

A  more  complete  contrast  to  Ab  Ithel,  in  the  character  of  his 
criticism,  can  hardly  be  imagined  than  Mr.  Thomas  Stephens,  of 
MoHiyr-Tydvil,  acknowledged  even  by  his  opponents  to  be  one  of 
the  first  of  living  Welsh  scholars.  In  his  'Studies  on  British  Bio- 
graphy/ printed  in  the  '  Cambrian  Journal '  in  which  the  editor  is  in 
the  habit  of  speaking  of  Prydain  ab  Aedd  Mawr  as  a  personage  aa 
historical  as  Llewelyn  ab  Jorwerth,  or  William  the  Conqueror,  Mr. 
Stephens  remarks  that  ''it  is  seldom  that  a  name  can  be  clearly 
demonstrated  to  be  a  myth,  and  the  stages  of  its  growth  fully  and 
satisfactorily  unfolded,  but  we  are  enabl^  to  do  this  in  the  case  of 
Prydain  ab  Aedd  Mawr,  and  to  show  that  the  name  is  one  of  the  best 
specimens  of  a  myth  in  all  literature."  "  On  me  be  the  shame,"  he 
adds, "  if  the  statement  ?a  not  borne  out  by  the  facts  and  reasons  here 
following :  on  those  who  have  deluded  their  counttymen  with  dreamy 
speculations  and  hardy  mis-statements,  if  the  proof  should  be  conclu- 
sive." Mr.  Stephens  forcibly  describes  himself  at  the  end  of  his  article, 
as  one  "who  honestly  endeavours  to  imfold  the  real  history  of  his 
country  and  countrymen,  and  who  aspires  to  teach  them  that  that  can 
be  no  true  patriotism  which  upholds  as  veritable  history  a  tissue  of 
demonstrable  fictions,  which  fears  to  realise  its  own  boast  of '  Truth 
against  the  world,'  and  dreads  nothing  so  much  as  to  see  its  'traditions ' 
subjected  to  a  rigorous  examination  '  in  the  face  of  the  sun  and  in 
the  eye  of  light.'"  The  most  important  work  hitherto  published 
by  Mr.  Stephens  is  his  valuable  volume  on  the  '  Literature  of  the 
Cymry  in  tJie  Twelfth  and  following  Centuries.'  The  reader,  even 
where  he  cannot  agree  with  the  author's  opinions,  feels  assured  that 
they  are  those,  not  only  of  a  man  of  learning,  but  of  sincerity  and 
judgment.  A  complete  history  of  Welsh  literature  from  the  same 
pen  would  be  a  boon,  not  only  to  the  literature  of  England,  but  of 
Europe,  and  the  gratitude  of  men  of  letters  would  make  amends  to 
Mr.  Stephens  for  the  virulence  with  which  he  has  been  sometimes 
assailed  by  the  mistaken  patriotism  of  ill-judging  countrymen,  who  do 
not  perceive  that  he  is  one  of  the  best  friends  and  supporters  of  the 
real  honour  of  Wales. 

It  has  been  already  mentioned  that  Mr.  Stephens's  general  views 
have  found  a  powerful  supporter,  and  in  some  cases  extender,  in  Mr. 
Nosh  of  Cheltenham.  They  are  also  substantially  those  adopted  in 
the  able  '  History  of  Wales  from  the  earliest  times  to  tiie  incorpora- 
tion with  England,  by  Mr.  Bernard  Woodward,  librarian  to  the  Queen. 
Much  excellent  criticism  on  Welsh  Druidism,  Bardism,  and  litera- 
ture may  be  found  embodied  to  the  greatest  advantage  in  a  volume 
which  is  diBtinguished  for  the  vivacity,  as  well  as  the  general  sound- 
ness of  its  views. 

The  music  of  Wales  was  first  brought  before  the  English  public,  in 
connection  with  its  poetry,  in  the  '  Relics  of  the  Welsh  Baids/  pub- 
lished in  1784,  by  Edward  Jones, "Bard  to  the  Prince  of  Wales/'  a 
native  of  Merionethshire,  who  died  at  London  in  1824.  The  work  is 
valuable  from  the  specimens  it  contains  of  both  poetry  and  music, 
but  the  poetry  is  too  paraphrastically  rendei-ed,  and  the  accompanying 
notices  are  little  to  be  relied  on.  A  similar  collection  of  Welsh 
tunes  was  made  by  John  Parry  (bom  at  Denbigh  in  1776,  died  at 
London  in  1851),  a  self-taught  musician,  who  became  composer  to 
Yauxhall  Gardens,  and  was  moreover  honoured  with  the  degree  of 
"  Bardd  Alaw,"  or  Bard  of  Music,  at  a  congress  of  Baj^,  in  1821.  Mr. 
Parry  had  the  good  fortune  to  engage  Mrs.  Hemans  to  write  the 
verses  to  his  collection  of  melodies;  but  Mrs.  Hemans,  though  she 
spent  part  of  her  childhood  and  much  of  her  life  in  Wales,  and  was 
attached  to  the  country,  was  unacquainted  with  the  language.  An- 
other collection  of  Welsh  tunes  is  now  announced  as  in  preparation, 
with  Welsh  words,  by  "  Talhaiam,"  one  of  the  first  of  living  Welsh 
poets,  and  translations  into  English  verse  by  Mr.  Thomas  Oliphant,  of 
the  Madrigal  Society,  author  of  the  '  Musa  Madrigalesca.' 

The  quantity  of  Welsh  poetry,  or  verse,  that  has  been  written 
during  the  last  hundred  years  is  very  remarkable,  and  not  the  less 
remarkable  is  the  general  uniformity  of  its  character.  It  is  almost 
exclusively  lyrical  In  the  whole  range  of  Welsh  literature  for  many 
centuries  there  "was  nothing  of  the  epic  or  narrative  kind,  not  even  so 
much  as  a  ballad,  while  the  most  popular  volume  of  Breton  poetry 
that  has  been  published,  the  '  Barzas  Breiz/  consists  of  a  collection  of 
ballads  gathered  among  the  peasantry.  An  absence  of  fiction  in  prose, 
of  that  class  which  the  Germans  consider  a  branch  of  poetry,  is  also 
very  striking  in  Welsh  literature.  It  might  be  brought  as  an  argu- 
ment against  the  originality  of  the  Mabinogion,  that  the  only  other 
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founded  on  Quevedo ;  and  Uie  only  book  of  the  kind  that  has  £r 
the  mind  of  the  Welsh  in  our  days  ia  '  Uncle  Tom's  Cabio,'  •!_: 
received  the  extraordinary  honour  of  four  different  tnuuklii^i  i:: 
adaptations.  All  these  works,  it  may  be  remarked,  partake  of  a  yv 
glous  character.  We  have  never  heard  of  a  Welsh  tran^  >. . 
'  Robinson  Crusoe/  or  of  a  novel  by  Sir  Walter  Soott.  Some  '  TtL 
ranee  Tales'  have  lately  been  produced  in  answer  to  piiies, aGdi 
observe  that  with  the  present  year  (1861)  a  serial  was  commeoteii 
Llanerchymedd  under  the  title  of  '  Y  Nofelydd,'  '  The  Nowlk'  . 
well  conducted,  we  heartily  wish  it  success.  The  "  Cymro  uotahh- 
the  Welshman  whd  knows  no  languag^e  but  Welsh,  has  been  ls:t  ^^ 
gularly  deficient  in  means  of  literary  recreation.  The  &i^  v 
hardly  be  more  ignorant  of  the  Hterature  of  Wales  than  s^i  i 
"  Cymro  uniaith  "  necessarily  was,  till  very  recently,  of  the  Jite.- 
of  England. 

Some  of  the  poets  of  the  more  recent  period  have  already  bees  £i- 
tioned  in  giving  an  account  of  the  antiquaries, — Owen  Poghe,  fiiir. 
Williams,  and  his  son  Taliesin ;  of  the  others,  the  only  dnnaHc  o&fir 
take  precedence.  "  Twm  o'r  Nant,"  says  Williams,  or  lolo  Morstti 
in  one  of  his  letters,  "  has  been  called  the  Shakspere  of  Wales.  ^:. 
blasphemy  to  name  him  with  the  Shakspere  of  England  I  Yos  h  ■ 
most  probably  seen  a  foolish  crambo  sometimes  put  into  the  kDi' : 
little  children  beginning  to  read,  *  This  is  the  House  ih&t  Jack  uc^ 
It  is  much  fairer  to  compare  this  to  the  writings  of  Shabpere  u 
anything  that  was  ever  written  by  Twm  o'r  Hani,  whose  iausx-^ 
consist  of  nothing  but  the  lowest  and  frequently  the  most  ms^i 
buffoonery  that  can  be  imagined."  "  Twm  o'r  Nant,"  or  "  Tom  <r  -^ 
Valley/'  was  the  bardic  name  of  Thomas  Edwards,  who  vi«  tr 
originator  and  chief  of  a  band  of  strolling  players  who  went  akc  S' 
the  Welsh  vUlages.  His  interludes,  "  Enterlutes,"  as  he  caJla  ihtuz 
Welsh,  resemble,  if  we  may  judge  by  their  titles,  which  are  gim  g 
a  correspondent  in  tiie  '  Gwlad^wr'  (voL  vL,  p.  144),  theMysta;^ 
or  Moralities,  which  preceded  the  estabhshment  of  the  r^uLir  titas 
in  most  countries  of  Europe.  One  of  them  is  a  dialogue  betwK*. . 
Protestant  and  a  Dissenter ;  another  between  Pleasure  and  3t«r 
The  dates  of  these  are  1788  and  1787.  He  afterwards  advanced  m-: 
to  the  regular  drama,  for  in  1812  we  have  the  'Ystori  Ricji' 
Whittington  yr  hwn  a  fu  dair  gwaith  yn  Arglwydd  Maer  Llundam ;  tii 
story  of  Whittmgton  thrice  lord  mayor  of  London.  Their  merit,/: 
may  charitably  suppose,  was  greater  than  Williams  allows  them,  £^ 
some  who  deny  him  the  name  of  the  Welsh  Shakspere  <»M  mm  ^; 
Welsh  Aristophanes.  Edwards  was  bom  in  Denbighshire  in  l^i>^,»^ 
died,  apparently,  before  1820.  Before  his  time  the  only  esiBtm  «P«^; 
mens  of  the  Welsh  drama,  that  we  are  aware  of,  are  a  volana^ 
"interiudes"  of  the  17th  century,  among  the  manuscnpta  ot  tit 
British  Museum.  Since  his  time  we  have  heard  of  no  attempt  ^ 
revive  the  acted  drama  in  Wales;  but  in  a  recent  number  «  ^^ 
Beimiad/  a  periodical,  there  is  an  adaptation  of  David  and  Oo^ 
from  the  original  of  Hannah  More;  and  Talhaiarn  gives  mhapoeSJ 
a  translation  of  a  scene  or  two  from  Shakspere's  '  King  Lear. 

The  poelay  of  the  fourth  period  in  Wales  is  generally  of  asem^ 
character.  Three  Davids  are  mentioned  as  distinguished  amoDg  »• 
bards  — David  Richards  of  Dolgelly  (1761^1827),  known  as  W* 
lonawr ;  David  Thomas  of  Caernarvon  (1769-1822),  known  as  W<^^ 
Ddu  Eryri;  and  David  Owen  of  Eivion  (1784-1841),  by  his  bardicw^ 
Dewi  Wyn,  Davydd  lonawr  is  sometimes  called  *'  the  Chrisia^  }* 
of  Wales/'  his  chief  productions  being  a  sort  of  epic  on  t^^  !«• 
and  a  paraphrase  of  the  history  of  Joseph.  Davydd  Ddu  ls*r^  * 
one  of  the  companions  of  lolo  Moiganwg  in  the  baroic  ni®®*^"o  "* 
1792  on  the  summit  of  Primrose  Hill,  and  in  1793  and  1?^*^^,^ 
with  his  rival,  Walter  Davies,  or  GwaUter  Mechain,  prohibited  ^^J 
contending  at  Eisteddvods  for  a  time,  because,  when  they  did  ^'^ 


JonV1[Gwen£-w^,"or  HolyweHr'in  "rUntrfih-e,  who  emigwtedjj 
America,  and  died  in  Alabama  in  1834,  in  his  twenty-fourtb  y^ 
published  a  small  but  useful  volume,  *  Ceinion  Awen  y  CyxDry, 
Beauties  of  Welsh  Poetry,'  an  acceptable  guide  both  to  the  ^fr^S^^ 
native.  A  larger  volume  of  this  description,  with  biographical  uo, 
of  the  poets,  on  the  plan  of  Mackenzie's  '  Specimens  of  Gaelic  rwj 
is  much  required  in  Welsh  literature.  Lloyd  Jones  had  also  J^^*^. 
into  Welsh,  Thomson's '  Seasons/  and  the  *  Deserted  Village,  and  ^^ 
set  an  example,  which  has  been  followed  by  Daniel  Silvan  ^'^ 

by Jones  (Talhaiam),  of  enabUng  the  Welsh  reader  to  tast<  s^ 

of  the  beauties  of  the  bards  of  England.  Merthyr-Tydvil  ^^^^Z^. 
boasted  of  three  poets— TaUeein  Williams,  already  repeatedly  n»^ 
tioned ;  Edward  Williams,  an  innkeeper,  who,  to  distinguish  luni  ^^^^ 
the  more  famous  Edward  Williams,  or  lolo  Mor^mwg,  was  called  ^ 
Mynwy;  and  John  Thomas,  said  by  his  adnurers  to  be  ^^  .^ 
minstrel  in  South  Wales.  Two  eminent  Welsh  bards  were  ^^^^\^ 
Oxford  together— the  Rev.  Daniel  Evans,  of  Jesus  CoU^'  V^ 
assumed  the  name  of  Daniel  Ddu  o  Geredigion,  from  "'f  .fT^J 
Cardigan,  and  the  Rev.  John  Jones,  of  Christ  Church,  who  took  t^ 
Tcgid,  from  having  been  bom  near  Llyn  Tegid.    A  collection  ot  W^ 
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by  tlie  former  was  published  at  Llandovery  in  1881,  under  the  name 
of  '  Qwinllan  y  Bardd/  -^  The  Poet's  Vineyard.'  The  productions  of  the 
ot.lier  haye  not  yet,  that  we  are  aware,  been  collected,  though  the 
deatli  of  Tegid  took  place  some  years  ago,  and  his  poems  are  such  tC^ 
liis    countrymen    would    not  willingly  let    die.      The  Rev.  Walter 
X>avies,  called  GwiUter  Mechain,   from  his  birthplace,  Llanvechain, 
in  ^Montgomeryshire,  was  bom  in  1761,  and  died  in  1849,  in  his  eighty- 
ninth  year,  still  an  active  contributor  to  Welsh  periodicals,  for  which  he 
liad   then  been  in  the  habit  of  writing  for  more  than  half  a  century. 
As  a  Welsh  poet  he  was  more  remarkable  than  his  friend  lolo  Morganwg, 
and  his  influence  at  the  Eisteddvod  of  1819  was  strong  against  Cyngha- 
nedd.    The  Rev.  James  Hughes,  bom  in  1779,  at  first  a  peasant  in  Car- 
diganshire, then  a  workman  in  Deptford  dockyard  from  his  twenty-firstto 
his  forty-fifth  year,  became,  in  1 SIO,  aCalvinisticMethodistpreacher,  was 
for  many  years  minister  in  Jewin  Crescent  Chapel,  and  died  in  1846. 
His  Welsh  commentary  on  the  New  Testament  is  in  high  esteem,  and 
he  was  also  considered  a  good  poet  and  critic.    Among  his  productions 
18  a  translation  of  Gray's  '  fiard.'    Some  Welsh  verses  are  inscribed  on 
his  tombstone  in  Bunhill  Fields  burying-ground,  in  full  view  of  the 
passengers  along  the  busy  City  Road,  whose  eye  they  often  catch.    The 
Hev.  William  Rees,  of  Liverpool  (Gwilym  Hiraethog),  is  a  poet  of  high 
reputation,  who  generally  exercises  his  pen  on  serious  subjects,  and  the 
chief  production  in  whose  volume  of  poems  is  a  paraphrase  on  the 
Book  of  Job.    The  Rev.  William  Williams,  of  Caernarvon  (Gwilym 
Caledf ryn),  author  of  '  Grawn  Awen '  ('  llie  Treasure  of  the  Muse '), 
and  other  volumes  of  poetry,  has  been  for  the  last  forty  years  one  of 
the  leaders  of  the  poetical  choir.     It  is  somewhat  remarkable  that  we 
hear  of  no  "  tenth  Muse,"  no  poetess  whatever  in  the  Welsh  Parnassus, 
though  of  late  even  female  preachers  and  female  lecturers  have  been 
numerous  in  the  country,  and  its  history  and  literature  owe  permanent 
obligations  to  the  Englishwoman  Mrs.  Hemans  and  the  Scotchwoman 
Lady  Charlotte  Guest.    A  poem  entitled '  Wales/  which  has  appeared 
hi  America,  is  a  tribute  to  her  native  country  by  MJss  Maria  James, 
who,  when  she  left  the  Old  World  at  the  age  of  eight,  was  acquainted 
with  no  language  but  Welsh,  and  whose  first  lesson  in  English  was  to 
learn  on  board  the  vessel  the  meaning  of  **  Get  out  of  the  way."    But 
even  in  her  tribute  to  Wales  she  adopted  the  English  language.    One 
good  effect  of  the  prizes  proposed  by  the  Welsh  societies  lus  been  that 
of  late  some  versified  narrative  has  been  introduced  to  give  a  little  more 
variety  to  Welsh  poetry.     It  is  singular  to  observe  with  what  undo* 
viating  constancy  the  national  mind  has  run  for  centuries  in  the  track 
of  funeral  elegies  and  eulogies,  so  that,  even  in  modem  times,  scarcely 
any  respectable  clergyman  is  lost  to  his  congregation  without  being 
celebrated  in  verse.    The  poet  whose  Bardic  name  is  Talhaiam,  but 

whose  real  name  is  Jones,  seems  to  offer  an  exception  in  many 

respects  to  the  general  coiirse  of  his  countrymen.  He  writes  poetry 
in  English  as  well  as  Welsh ;  he  appears  to  appreciate  and  enjoy 
English  literature;  and  his  productions  are  of  a  lighter  and  more 
amusing  kind  than  usual.  A  long  residence  abroad,  not  only  in 
England,  but  in  France,  in  pursuit  of  his  profession  as  an  architect, 
appears  to  have  emancipated  him  from  many  of  the  narrow  ideas 
which  are  still  found  in  tne  glens  of  Wales. 

The  cultivation  of  Welsh  prose  has  lately  taken  a  much  wider  range 
than  formerly,  owing  to  the  great  spread  of  periodical  publications. 
Of  separate  works  there  aro  few,  except  of  a  purely  theological  cast, 
and  these  are  generally  commentaries  on  the  Scriptures,  in  which  the 
matter  is  taken  from  English  commentators,  and  only  arranged  in  a 
new  manner.  The  Rev,  Thomas  Price's  *  Hanes  Cymru,'  a  history  of 
Wales  which  has  been  already  noticed,  is  almost  the  only  volume  of 
original  research.  A  volume  entitled  '  Brutusiana  sef  Casgliad 
Detholedig  o*i  Cyfansoddiadau '  ('  Brutusiana,  or  a  Select  Collection 
of  his  Compositions '),  by  David  Owen,  who  writes  under  the  signature 
of  Brutus,  is  considered  to  contain  some  of  the  best  specimens  of 
modem  Welsh  prose,  which  are  chiefly  reprinted  from  the  periodical 
entitled  *  Yr  Haul/  of  which  Mr.  Owen  was  editor.  The  subjects  are 
mostly  religious.  Mr.  Hugh  Williams,  known  imder  the  bardic  name 
of  Caclvan,  and  formerly  editor  of  the  '  Cymro,'  a  newspaper  pubUshed 
at  Bangor,  is  also  celebrated  as  a  writer  of  elegant  and  idiomatic  Welsh 
prose,  and  was  presented  with  a  testimonial  on  that  account  by  his 
countrymen  in  London,  in  May,  1860.  Mr.  Williams  is  one  of  the 
translators  into  Welsh  of '  Uncle  Tom's  Cabin.' 

The  spread  of  Methodism  in  Wales  has  been  referred  to  as  one  of  the 
causes  of  the  revival  and  extension  of  its  literature,  and  the  proof  is 
at  hand  in  the  fact,  that  no  other  literature  whatever  is  so  emi- 
nently sectarian.  Methodism  in  Wales,  as  elsewhere,  has  found  its 
chief  acceptance  among  the  lower  classes.  In  England  the  Methodists 
have  a  literature  of  their  own,  but  it  is  couched  in  the  common  lan- 
guage of  the  country ;  in  Wales  that  literature  is  in  the  peculiar 
language  of  the  peasantry.  The  peasantry  are  delighted  beyond 
measure  to  hear  themselves  addressed  from  the  pulpit  in  their  native 
tongue.  The  two  popular  preachers  of  Anglesey,  Christmas  Evans 
(1766-1838)  and  John  Elias  (1774-1841),  produced  wonderful  effects  on 
their  Welsh  congregations.  Christmas  Evans,so  baptised  because  he  was 
born  on  Christmas-day,  was  noted  for  his  fine  voice  and  his  theatrical 
action.  John  Elias,  who  paid  a  visit  to  London  every  three  years,  and 
also  took  tours  through  England,  preaching  in  Welsh  in  towns  where 
no  othor  Welsh  sermon  had  ever  been  heard,  was  a  sort  of  apostle  to 
hifl  countrymen.    The  great  body  of  modem  Welsh  literature  is  thus 


of  a  theological  and  sectarian  cast,  and  it  is  supported  by  many  to 
whom  nationalitv  and  national  traditions  are  a  matter  of  comparative 
indifference.  There  are  also  many,  to  whom  theological  disputes 
are^  matters  of  less  interest^  but  who  are  enthusiastic  for  their 
nationality  and  their  language.  Between  the  two  are  all  shades  of 
combinations  of  the  two  feelings— theological  and  national;  and 
the  progress  of  both  is  more  faithfully  delineated  than  anywhere  else 
in  the  Welsh  periodical  press.  In  almost  every  country  the  periodical 
portion  of  its  literature  has  now  assumed  an  importance  unknown 
to  previous  stages  of  its  history,  but  in  no  country  is  it  so  predominant 
as  in  Wales. 

The  first  Welsh  periodical  of  any  kind  appeared  about  1770  :  its  title 
was  '  Yr  Eurgrawn  Cymraeg,'  or  the  *  Welsh  Treasure,'  and  it  was 
edited  by  the  Kev.  Peter  Williams,  of  Caermarthen,  and  Evan  Thomas, 
a  Welsh  poet,  froni  Montgomeryshire,  then  resident  in  that  town. 
Allusion  has  ah-eady  been  made  to  '  Y  Greal,'  or  '  The  Miscellany,' 
which  was  set  on  foot  by  Owen  Jones,  under  the  editorship  of  Owen 
Pughe,  in  1805,  and  did  not  proceed  further  than  one  volume.    The 
*Seren  Gomer,'  or  'Star  of  Gomer/  was  the  first  periodical  that 
achieved  a  decided  success  in  Wales.    There  are  three  different  stages 
of  its  career,— as  a  weekly  newspaper,  a  monthly  magazine,  and  a 
quarterly  miscellany.    The  first  number  of  it  appeared  at  Swansea,  on 
Saturday,  the  1st  of  January,  1814,  and  was  the  first  Welsh  newspaper 
ever  printed.     Its  object  was  stated  by  the  editor,  in  his  opening 
address,  to  be  to  arrest  or  prevent  the  extinction  of  the  language, 
which  it  appears  was  then  expected  by  many  not  to  siu^ive  that  gene- 
ration.    The  editor,,  the  Rev.  Joseph  Harris,  a  Baptist  minister  of 
Swansea,  was  a  self-taught  man,  who  carried  his  admiration  of  his 
native  laiiguage  to  a  fanatical  extent.    The  *  Seren  Gomer '  newspaper 
was  at  first  very  successful,  but  its  supporters  soon  began  to  cool  and 
fall  off,  and  it  came  to  a  close  with  No.  85,  in  1815,  the  proprietors, 
six  in  number,  suffering  it  is  said  a  loss  of  10002.  by  the  enterprise. 
In  1818,  it  was  resumed  as  a  monthly  magazine  at  Caermarthen,  under 
the  same  title  and  with  the  same  editor ;  but  this  time  it  had  more 
of  a  sectarian  character,  and  it  struck  deep  root.     Even  the  loss  of  its 
editor,  Harris,  did  not  check  its  success  :  he  died  in  1825,  of  a  broken 
heart  at  the  loss  of  his  only  son,  who  had  died  the  year  before  at  the 
age  of  twenty-one,  and  was  already  known,  under  the  name  of  Jeuan 
Ghm  Tawy,  as  a  poet  of  merit.    The  '  Seren  Gomer '  continued  to  be 
for  many  years  the  most  popular  magazine  in  Wales,  though  its  success 
gave  birth  to  several  rivals.    Its  general  character  waa  that  of  the 
English  magazines  of  the  early  part  of  the  19th  century,  the  contents 
consisting  mainly  of  articles  j^om  chance  contributors,  and  every  num- 
ber comprising  a  digest  of  foreign  and  domestic  news,  with  the  state  of 
the  markets,  so  as  to  give  the  reader  the  advantage  of  a  monthly 
newspaper.     Questions  of  theologv  and  churoh  government  took  how- 
ever such  a  prominence  in  its  columns,  as  would  have  caused  it  to  be 
classed  in  England  among  the  religious  magazines,  such  as  the  '  Evan- 
gelical,' or  the '  Baptist.'  Its  price  as  a  monthly  magazine  was  sixpence; 
it  is  now  raised  to  a  shilling,  and  the  '  Seren  Gomer'  of  1861  is  a 
quarterly  pubUcation. 

Several  of  the  other  periodical  which  arose  in  consequence  of  its 
success  were  connected  with  religious  bodies.  *  Y  Drysorfa,'  or  '  The 
Treasury,'  edited  by  John  Parry,  and  commenced  in  1831,  was  under 
the  superintendence  of  the  Calvinists.  *  Y  Diwygiwr,'  or  '  The 
Reformer/  commenced  at  Llanelly  in  1886,  was  conducted  by  a  com- 
mittee of  the  Independents ;  and  '  Y  Dysgedydd,'  or  '  The  Teacher, 
published  for  the  la«t  thirty  years  at  Dolgelly,  is  edited  by  six  or  seven 
Congregational  ministers.  Most  of  the  other  magazines  are  organs  of 
Wesleyaas,  Independents,  Baptists,  or  Universalists.  The  '  Cylch- 
grawn,'  or  'Circulator,'  consisting  principally  of  translations  from 
the  publications  of  the  Society  for  the  Diffusion  of  Useful  Knowledge, 
in  particular  the  '  Penny  Magazine,'  and  '  Penny  CyclopaKiia,'  had 
a  very  short  career,  ^In  consequence  of  the  distaste  of  the  Welsh 
public  for  all  but  religious  publications.  It  was  commenced 
in  1884,  and  discontinued  in  18S5.  Its  editor  was  the  Rev.  John 
Blackwell,  of  Mold,  in  Flintshire,  who  had  raised  himself  from 
the  position  of  a  shoemaker  to  that  of  rector  of  Meinordeifi,  in 
Cardiganshire,  and  had  some  poetical  reputation.  Other  publications 
were  more  successftil,  which,  though  not  excluding  sectarian  matter, 
had  a  strong  tincture  of  literature.  '  Y  Gwladgarwr,'  or  '  The  Patriot,' 
published  at  Chester  and  Liverpool  from  1833  to  1841,  under  the 
editorship  originally  of  the  Rev.  Evan  Evans  (Jeuan  Glan  Geirionydd), 
contains  amusing  and  instructive  biographical  articles.  '  Yr  Haul,'  or 
'  The  Sun,'  published  by  Rees  of  Llandovery,  though  espousing  the 
interests  of  the  Established  Churoh,  was  edited  by  a  layman,  David 
Owen,  and  contained  some  valuable  and  non-ecclesiastical  matter. 
But  the  leading  literary  organ  of  Wales  for  some  years  has  been  a 
quarterly  periodical  entitled '  Y  Traethodydd,'  or  '  The  Elssayist,'  com- 
menced in  1845  at  Denbigh.  This  is  a  production  of  a  class  answering 
to  the  English  quarterly  reviews,  the  articles  in  it  being  all  of  a 
superior  character,  and  supplied  by  paid  contributors.  It  takes  a 
wider  and  freer  range  than  its  predecessors,  and  is  the  only  Welsh 
periodical  which  contains,  for  instance,  an  "essay"  on  Goethe's  '  Faust,' 
and  ftiother  on  Kant's  '  Philosophy.'  Many  of  its  articles  well  merit 
translation  :  we  may  cite,  as  an  instance,  a  curious  account  of  the 
French  invasion  at  Fishguard,  much  fuller,  we  believe,  than  any 
that  has  yet  appeared  in  English.    Since  1859  a  companion  hal  ariseo 
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to  the  '  Traethodydd '  in  'Talicsin/  a  quarterly  magazine  issued  at 
Kuthyn,  which  publishes  the  productions,  both  poetical  and  in  prose, 
-which  have  received  the  prizes  at  the  Eisteddvods,  in  addition  to 
reviews  of  new  books  and  miscellaneous  articles.  The  Welsh  pe- 
riodicals form  altogether  the  most  striking  and  attractive  feature  in 
their  modem  literature.  Their  number  is  astonishing,  and  they  are 
issued  even  in  secluded  towns  and  villages.  In  the  catalogue  of 
the  periodical  publicationa  in  the  Library  of  the  British  Museum,  we 
find  two  Welsh  magazines  published  at  Llangollen,  three  at  Llanidloes, 
and  four  at  Llanelly.  An  interesting  notice  of  them  was  given  in  some 
articles  of  the  '  Athenoeum '  (8th  and  15th  November,  1850),  which 
enumerated  sixteen  magazines  and  six  newspapers.  The  leading  news- 
paper is  the  '  Amserau '  (the  '  Times '),  published  at  Liverpool,  whose 
circulation  was  computed  in  the  '  Athenteum,'  but  no  doubt  very  erro- 
neously, at  100,000.  Penny  newspapers  are  now  numerous  and  well 
conducted.  '  Yr  Herald  Cymraeg,'  published  at  Caernarvon,  and  *  Yr 
Udgom  y  Bobl'  (*The  People's  Trumpet*),  published  at  Denbigh, 
contain  letters  from  correspondents  at  London,  Liverpool,  Dublin, 
Hirwaun,  &o.,  &c.,  which  though  not  remarkable  for  purity  of  language, 
furnish  much  more  amusing  reading  than  was  formerly  within  reach  of 
the  Welsh  reader.  It  was  mentioned  in  the  'Athenaeum'  that  a 
selection  of  extracts  from  the  Welsh  periodicals  was  issued  at  New 
York,  under  the  title  of  '  Y  Detholydd,'  or  '  The  Selector,*  and  that 
there  were  also  original  Welsh  periodicals  in  America :  'cY  Cenhadwr ' 
('  The  Messenger '),  *  Y  Seren '  ('  The  Star  *), '  Y  CyfaUl  o'r  Hen  Wlad  * 
(' The  Friend  from  the  Old  Country'),  "and  many  others."  Samuel 
Jenkins,  of  Philadelphia,  who  contributes  a  letter  on  eminent  Welsh- 
men to  a  book  by  Alexander  Jones  on  the  Welsh  in  America,  entitled 
*  The  Cymry  of  76,'  published  at  New  York  in  1855,  mentions  that  of 
four  Welsh  magazines  then  published  in  the  United  States,  one  was 
issued  in  the  city  of  New  York,  two  in  towns  in  Oneida  county,  and 
the  other  in  Pottsville,  Pennsylvania.  We  have  ako  seen  mentioned 
a  newspaper  at  New  York,  'Y  Cymro  Americanaidd'  ('The  American 
Welshman'),  which  is  said  to  have  5000  subscribers.  In  an  enume- 
ration of  the  newspapers  published  in  America  in  1861,  it  is  stated 
that  there  are  five  in  the  Welsh  language, — and,  we  believe,  exactly 
four  thousand  in  the  English. 

One  of  the  greatest  enterprises  of  Welsh  publishing  is  the  Welsh 
Encyclopsedia,  commenced  by  Mr.  Gee,  of  Denbigh,  in  the  year  1856, 
under  the  editorship  of  the  Rev.  John  Parry,  of  Bala.  Its  title  is 
'  Encyclopaedia  Cambrensis-Y  Gwyddoniadur  Cymreig.'  It  is  divided, 
on  the  plan  of  the '  EngpLish  Cyclopsedia,'  into  several  sections,  of  which 
the  first,  which  is  now  publishing,  is  that  of  Divinity,  Philosophy,  and 
Antiquities.  The  first  number  of  the  fourth  volume,  just  issu^  (in 
August,  1861),  carries  it  to  the  article  DyfniDal  Modmud,  in  which,  as 
in  the  article  on  Bardd,  which  occupies  36  closely-printed  pages,  a  full 
and  impartial  account  is  given  of  the  views  of  both  of  the  parties  in 
Welsh  antiquities,  but  in  a  manner  which  leaves  no  doubt  that  the 
writer's  judgment  is  adverse  to  the  supporters  of  Bardic  tradition. 
The  Encyclopeedia  is  a  work  which  injts  literary  character  does  honour 
to  Welsh  literature,  and  in  its  typogitiphioal  execution  does  honour  to 
the  Welsh  press.  ^ 

This  is  perhaps  the  most  appropriate  place  to  mention  that  some 
of  the  most  valuable  information  in  print  with  regard  to  the  literature 
of  Wales  is  comprised  in  five  periodicals  in  the  English  language, 
devoted  exclusively  to  Welsh  subjects.  The  earliest  of  Uiese,  '  The 
Cambrian  Register,'  extends  to  three  volumes,  the  first  of  which  was 
published  in  1796,  the  second  in  1799,  and  the  third  in  1818.  It 
would  be  difficult  to  name  three  volumes  of  a  periodical  publication 
more  rich  in  original  information  of  interest.  The  letters  of  distin- 
guished Welsh  antiquaries,  which  form  a  portion  of  its  contents,  are 
particularly  entertaining ;  and  a  history  of  Welsh  poetry,  which  appears 
in  the  first  volume,  contains  more  information  on  the  subject  of  its 
recent  authors  than  will  be  found  elsewhere.  Dr.  Owen  Pughe  was 
one  of  its  principal  contributora,  and  is  said  to  have  been  its  editor. 
'The  Cambro-Briton  and  General  Celtic  Repository,'  also  in  three 
volumes,  published  in  the  yeare  1819— 1822,  is  an  excellent  periodical, 
replete  with  information  of  every  kind,  and  remarkably  free  from 
frivolous  or  unimportant  matter.  Its  editor  was  Mr.  John  Humffi-eys 
Parry,  secretary  to  the  Cymmrodorion  Society,  author  of  the  '  Cam- 
brian Plutarch'  and  other  works  of  reputation.  The  'Cambrian 
Quarterly  Magazine,'  in  five  volumes,  published  from  1829  to  1833,  is 
unfavourably  distinguished  from  its  predecessors  by  the  admission  of 
articles  of  mere  light  reading :  but  some  of  these  are  extremely  well 
written.  The  present  successor  to  these  works  is  the '  Cambrian  Journal, 
published  under  the  auspices  of  the  Cambrian  Institute,'  and  edited 
by  the  Rev.  John  Williams  ab  ItheL  It  was  commenced  in  1854, 
and  the  four  quarterly  niunbers  form  a  volume  each  year.  The 
articles  are  of  a  very  varied  kind,  and  of  extremely  different  degrees 
of  merit,  and  opinions  of  the  most  opposite  character  are  freely  and 
strongly  expressed.  The '  Archseologia  Cambrensis,'  or  '  Journal  of  the 
Cambrian  Archaeological  Association,'  though  of  course  less  devoted 
to  literary  subjects  than  the  other  periodicals,  contains  a  good  deal 
that  bears  upon  them.  It  has  produced  on  annual  volume  of  four 
quarterly  numbers,  with  occasional  supplements,  since  its  commence- 
ment in  1846.  The  editor  is  the  secretary  of  the  society,  the  Rev. 
Longueyille  Jones.  The  volumes  of  these  periodicals,  now  about 
thirty  in  number,  should  find  a  place  in  every  public  library  in 


r." 


I  England,  where  the  literature    of   ancient   Britain  and  iat 
;  literature  of  a  considerable  portion  of  it,  are  not  objects  of 
ence.    They  comprise  almpst  all  the   information  on  the  k.,--- 
present  accessible  to  the  Eng^Ush  reader — defective  in  many  r-.-r 
it  is  true,  and  scattered  over  many  volumes ;  but  we  can  sorce-T 
plain  of  the  deficiency  of  a   general   and  satisfactory  mrey.: 
literature  of  Wales,  while  as  yet  we  have  nothing  of  a  BimiW'kb: 


our  own. 


In  speaking  of  the  periodicals  we  have  anticipated  some  of  ovir 
mation  with  regard  to  societies.      The   literary  aasodaUons  of  iv.. 
though  not  very  successful  at  first,  have  been  in  the  long  r&c  i 
effectual  in  reviving  the  taste  for  its  literature.    The  earliest  of  t., 
seems  to  have  been  the  Cymmrodorion  (Associates)  or  Metropolitan '.  ^ 
brian  Institution,  which  was  originallv  established  in  London  io  IJJL . 
immediate  purpose  was  to  cultivate  tne  lan^age  and  litentureof  v,\, 
and  its  members  were  also  to  "  contribute  their  endeavours towxnk..- 
instruction  of  the  ignorant  and  the  relief  of  the  distressed  partcfu. 
countrymen."    It  collected  some  scarce  books  and  manuacripta  re:L. 
to   Wales,  which  were  afterwards   deposited  in  the  Ubnrj  d  \ 
Welsh  school  in  Gray's  Inn  Lane,  but  did  little  else  in  a  literarrpi 
of   view,  and  after  an  existence    of   thirty  years  appears  t*: ; 
gradually  expired  of"  inaction.    Its  place  was  more  vigoroiulj  w.l  . 
by  the  Qwyneddigion,  or  Society  of  the  Men  of  Gwynedd,w5r. 
Wales,  which  was  established  in  London  in  1771,  by  that  indefaiia. 
patriot  Owen  Jones  of  Myvyr.      This  association  at  differeo:  tir 
patronised  various  literary  works  connected  with  the  prindpiLij,  -I 
its  chief  aim  was  to  keep  alive  the  attachment  to  the  natioMl  L'.-r 
and  poetry.    With  this  view  it  revived  the  ancient  coiigrwaesi^i 
bards,  and  distributed  medals  among  the   best  performers  k  l 
national  instrument,  the  harp,  and  the  writers  of  the  beat  W-^ 
poems  on  subjects  selected  annually  for  the  occasion.    In  V.-'d. 
"  Eisteddvod  "  was  held  under  the  auspices  of  Owen  Jones,  at  (^rsn 
in  Flintshire,  which  prepared  the  way  for  the  "  Eisteddvoda"  cf  l^ 
recent  times.    The  London  Cymreigyddion  Society,  founded  ioj." 
was  intended  to  place  the  natives   of  Wales  on  something  a  c 
equality  with  the  natives  of  Great  Britain,  in  respect  of  the  orcr 
tunities  of  acquiring  useful  knowledge ;    and  for   this  puipM  -^ 
meetings  once  a  month  were  to  be  devoted  to  the  d^veryofk'y^ 
in  the  Welsh  language  on  scientific  and  useful  subjects,  many  oiik  ^ 
were  printed  and  published.    This  society  now  appears  to  be  ei±c  , 
and  one  of  its  last  public  acts  was  to   reward  in   18i0,  theEer.*  i 
Bray  for  his  '  Essay  on  the  Means  of   Promoting  the  Litmtat : 
Wales,*  in  which  he  recommended  the  systematic  diacouragunwrt 
the  Welsh   language.      The   second  "  C^mrodorion"  Sodetj  r^ 
formed  in  1820,  at  a  meetmg  held  at  the  Freemasons' Tarem,  :i 
has  similar  objects  with  the  first.      It   commenced  the  publjaii 
of  its  'Transactions'  in  1822,  and  completed  a  second  rdoffi*  = 
1848,  after  which  it  appears  to  have  come  to  a  stand-still    u 
"Society  for  the  Publication  of  Ancient  Welsh  Manuscripta/^ 
founded  at  Abergavenny  in  1837,  and  was  announced  in  its  prosfe^^'- 
to  be  acting  in  conjunction  with  the  "  Cymmrodorion  Society,  foaaL^ 
at  London  in  1760,"  by  which  the  second  Cymmrodorion  Societjw 
probably  meant,  though  the  date  given  is  anterior  even  to  the  t- 
mation  of  the  first.    The  Manuscript  Society  after  issuing  the '  Ltw 
LaudavensiB,'  or  the  '  Ancient  Kegister  of  the  Cathedral  Churci  v 
Llandaff,'  in  Latin  and  English,  under  the  editorship  oftbeRe^]^ 
J.  Rees,  the  '  Henddic  Visitation  of  Wales,'  the  *  Lives  of  the  ^^ 
Saints,'  and  other  valuable  pubUcations,  the  lolo  Manuscripts,  and  p^ 
*  Grammar  of  Edeym,'  appears  to  have  fallen  into  a  Bta,tA  of  W*^' 
It  wos  recently  announced,  however,  as  already  stated,  that  meassire 
are  about  to  be  taken  for  restoring  its  vigour.  .   , 

The  Cambrian  Institute,  founded  in  1868,  hasheJdafewoccM»to 
meetings  in  London,  and  has  a  number  of  sectional  committees  a& 
local  secretaries,  but  its  activity  is  chiefly  displayed  in  the  P^''"'?j* 
of  the  'Cambrian  Journal,' which  is  circulated  among  its  suteffioei^ 

It  is  remarkable  that  one  of  its  earliest  patrons  and  its  P^'^^'^,^^ 
dent  is  Prince  Louis  Lucien  Bonaparte,  nephew  of  Napoleon  I, 
cousin  of  the  present  Emperor  of  the  French,  who  has  in  «nj*Df  '^ 
distinguished  himself  as  a  cultivator  and  student  of  the  Celtic  ^ 
guoges  as  well  as  of  others  of  the  less  known  tongues  of  Europe. 
Prince  was  bom  in  England,  and  on  the  WeMi  border,  at  tae 
that  his  father,  Lucien  Bonaparte,  was  resident  in  this  country,  aur^ 
thQ  reign  of  the  first  Napoleon.    Another  distinguished  name  ra^ 
list  of  the  Institute  is  that  Of  the  poet-kureate,  Alfred  Tennyw" 
peculiarly  appropriate  one,  not  only  because  Tennyson  has  ^^^  ^ 
brilliancy  in  our  time  to  the  legends  of  Elng  Arthur,  but  hecao^  ^ 
office  he  holds  is  one  peculiarly  in  keeping  with  Cambriaa  ^^|'^^ 
privileged  bards  and  poets  named  by  authority.    The  first  P^^J^  ^ 
of  the  English  court  was  appointed  in  the  reign  of  Edward  I>  •; 
is  said  in  some  Welsh  Guide-Books  to  have  been  bom  in  ^^f'.  -^ 
While  the  Societies  have,  as  a  general  rule,  been  8^""?^^J^jo 
a  brilliant   success   has  attended  the  revival  of  the  Eiflteddv^^ 
(literally 'sessions'),  or  meetings  for  poetry  and  niusic, aucii a« 
first  re-inaugurated  in  1798  by  Owen  Jones,  who  seems  to  have   ^ 
happy  tact  in  discovering  what  was  likely  to  succeed,  *^°^.i7  j ^i?, 
himself  in  advance  of  his  time.    Their  progress  was  obscure  tiii   ^> 
when  one  was  held  at  Caermarthen,  under  the  presidency  o    ^ 
Bui^ess,  then  bishop  of  St,  David's,  but  in  reaUty  prompted  and  w 
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ported  by  Dr.  Joseph  Harris,  the  Baptist  editor  o£  the '  Seren  Gomer/ 
and  conducted  and  enliyened  by  lolo  Morgaawg,  who  completely  took 
the  lead  and  put  in  practioe  many  of  the  ideas  which  appear  m  the 
notes  to  his  '  Ode  on  Frimrose  Hill.     This  Eisteddvod  was  so  successful 
as  to  form  an  epoch  in  their  history,  and  ever  since  they  have  been 
becoming  more  frequent  and  more  popular.    The  idea  at  the  basis  of 
such  meetings,  ti^t  of  holding  a  sort  of  Fair  for  poetry  and  music,  is 
one  that  was  practised  in  the  "  singer^s  festivals  "  of  the  Minne-singers 
and  the  floral  games  of  the  Troubadours,  and  even  among  the  Anbs 
before  Mohammed,  whose  poetical  rivalries  at  the  fair  of  Ocadh  gave 
rise  to  the  '  Moallakat/  which  are  some  of  the  most  flassical  com- 
positions of  Arabic  literature.    The  same  principle  received  a  new 
application  in  the  Fairs  for  Science  introduced  by  Oken  in  Germany 
in   1822,  on  the  model  of  a  meeting  of  naturalists  in  Switzerland 
in   1815,  and  the  idea  was  imported  from  Germany  to  England  by 
the  foundation  of  the  British  Association  in  1881.    Meetings  of  agri- 
culturists, archsQologists,  orientalists,  men  of  science,  and  others,  are 
now  held  in  many  parts  of  Europe,  but  fairs  for  poe^  and  author- 
ship appear  to  be  still  peculiar  in  modem  times  to  Wales  and  Pro- 
vence.   A  distinct  idea  of  the  nature  of  an  Eisteddvod  may  be  most 
readily  obtained  by  observing  the  proceedings  at  one  of  the  most 
Bueceaaf  ul  of  them — ^that  held  at  Lbmgollen  in  the  autumnal  equinox 
of  1 858.    The  meeting  took  place  at  the  equinox,  in  obedience  to  lUleged 
bardic  custom,  and  was  consequently  rather  too  late  in  the  year,  so 
that  there  were  several  days  of  rain.    A  pavilion  was  erected  on  the 
bowling-green  adjacent  to  the  Ponsonby  Arms  Hotel,  at  Llangollen, 
so  spacious  as  to  be  capable  of  containing  five  thousand  persons ;  and 
at  the  last  meeting  it  is  stated  that  this  pavilion  was  "literally 
crammed,  with  such  an  assembly  as  ^as  scarcely,  if  ever,  witnessed  in 
the  Principolifcy."    On  the  first  day  the  proceedings  commenced  witii 
a  procession  of  Bards,  Druids,  Ovates,  and  others,  with  the  members 
of  the  three  orders  attired  in  their  distinctive  costumes— the  bards 
in  a  loose  habit  of  blue,  the  druids  in  snowy  white,  and  the  ovates 
in  green.     The  procession  led  to  a  spot  where  three  hugh  stones  were 
plaiced  in  the  order  /|\ .    '*  These  lines,  or  pencils  of  light,  as  they 
are  termed,  form,"  we  are  told  in  the  Report,  "  the  mystic  symbol 
known  amongst  the  bards  and  druids  as  the  name  of  God — the 
'  Word'  or  attribute  of  creation — it  being  held  by  the  bards  that  God 
created  the  umverse  by  showing  and  pronouncing  His  own  name." 
It  will  be  remembered  that  seventy  years  ago  this  tradition,  such  as 
it  is,  was  unheard-of  in  Wales,  and  only  existed  in  an  unpublished 
manuscript.    The  Rev.  John  Williams  ab  Ithel,  presiding  bard  of 
the  Eisteddvod,  stood  on  the  central  stone  within  a  drde,  and  de- 
livered an  address,  received  with  "  frequent  marks  of  applause,"  to 
the  effect  that  the  Cymry  succeeded  beyond  all  other  nations  in  keep- 
ing the  ancient  religion  of  Noah  uncomipted  till  the  coming  of 
the  Messiah,  when  "  &ey  received  the  Gosp«l  as  the  superstructure 
or  completion  of  Druidism,  and  their  ancient  system  was  clothed 
with  Christianity."     A  ceremony  then  took  place  of  receiving  and 
admitting  candidates  for  the  orders  of  bards,  druida,  and  ovates.    In 
the  course  of  the  day,  speeches  were  delivered,  and  various  essays 
were  read  which  had  been  determined  to  be  the  best  sent  in  to 
compete  for  prizes.    One  of  these  prizes  was  of  twenty-five  pounds, 
offered  by  the  young  men  of  Llangollen,  for  the  best  treatise  on 
the  mineral  resources  of   Wales,  with  the  stipulation  tfiat  if  the 
successful  composition  should  be  in  English,  it  should  be  translated 
into  Welsh  at  the  author^s  expense.    The  prize  was  adjudged  to 
an  essay  signed  "Didascalos;"  and  the  author  lieing  called  for,  appeared 
in  the  person  of  the  Rev.  John  Jones,  Baptist  minister  of  Llangollen, 
who  was  publicly  presented  with  the  prize  by  Miss  Williams  ab 
Ithel.    The  proceedings  of  tiie  day  terminated  with  a  concert,  at  whidi 
about  three  thousand  persons  attended,  to  admire  Mr.  Ellis  Roberts's 
performance  on  the  harp,  laugh  at  Owen  Alaw's  comic  song  of  "  Hen 
Fori^sm  a'  i  Wraig"  (Old  Morgan* and  his  Wife),  and  enjoy  similar 
festivities.    On  the  second  day,  an  English  gentieman,  B£r.  Kenward, 
recited  some  lines  of  a  poem  on  *  Eoglish  Sympathy  with  Wales ; ' 
but,  say  the  reporters, "  a  feeling  of  impatience  being  mamfested  l^ 
the  Welsh  portion  of  the  audience  who  did  not  imderstand  English, 
Mr.  Kenward^  felt  reluctant  to  read  the  whole,  and  retired  from  the  plat- 
form."  Another  English  gentleman  remonstrated,  and  Ab  Ithel  came 
forward  to  inform  the  meeting  that  Mr.  Kenward  was  a  person  who 
pre-eminently  "  loved  our  nation,"  and  had  been  most  indefatigable  in 
poUecting  subscriptions  for  the  Eisteddvod,  on  which  he  was  allowed 
to  proceM  through  about  twenty  stanzas.    More  speeches  and  Pennil- 
Hon  singing  followed,  and  an  adjudication  of  the  prize  of  ZOL  for  an 
Ode  in  WeUh  on  "  the  Battle  of  Bosworth  Field,  by  which  the  Cymry 
recovered  the  monarchy  of  the  isle  of  Britain."    On  another  day  the 
main  feature  was  the  presentation  of  a  "Cambrian  gold  toroue  of 
valour" to  Gosporal  Shields,  of  the  Welsh  Fusileera,  who  had  fou^t 
in  the  Crimea.  Close  to  Llangollen,  on  the  summit  of  a  Ull,  are  the  ruins 
of  Dinas  Bran,  a  name  sometimes  translated  "  Crow's  CasUe,"  Bran  being 
the  Welsh  word  for  "  crow,"  but  supposed  to  take  its  origin  from  the 
mountain-torrent.  Bran,  which  runs  beneath.     Some  antiquariea  have 
absurdly  supposed  the  castle  to  be  named  after  Brennuz,  Idng  of  the 
Gauls,  and  uie  Rev.  R  W.  Momn,  in  presenting  the  torque,  took  occasion 
to  mention  it  thus :  "  Corporu  Shields  is  a^Cymro,  the  representative  of 
a  race  that  from  the  earliest  ages  has  been  distinguished  by  two  grand 
characteristics — ^profoimd  religious  feeling,  and  chivalry  m  the  field. 
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Towering  above  us,  frown  the  ruins  of  the  castle  of  one  of  the  earliest 
of  the  great  conquerors  of  mankind,  Br&n  or  Brennus,  the  captor  of  the 
Eternal  City,  the  founder  of  the  Cisalpine  empire  and  its  dviliaation, 
the  first  general  that,  long  antecedent  to  Hannibal,  crossed  the  glaciera 
and  snows  of  the  Alps,  and  vanquished  the  opposing  bulwarks  of  Nature 
herseU.  (Loud  cheers.)"  Choral  singing,  contentions  wi^h  the  harp, 
impromptu  poetical  contests,  recitations  of  the  speech  of  Caractacus  by 
boys,  competitions  of  the  best  female  singers  to  the  ha^,  and  the  best 
female  hanpists,  filled  up  the  remainder  of  the  four  days  during  which 
the  Eisteddvod  lasted,  each  day  concluding  with  a  concert.  The 
devotion  to  the  charms  of  poeti^  and  music,  which  was  shown  by  so 
large  a  pofadation,  many  of  tne  peasant  class,  was  certainly  a  high  mark 
of  civiluation  and  refinement  of  diaracter ;  but  the  patriotism  of  many 
of  the  speeches  was  of  the  spurious  kind,  which  Ib  as  ready  to  boast  of 
the  false  as  the  true,  and  the  semi-religious  character  x>i  many  of  the 
proceedings  presented  still  graver  matter  of  objection.  There  seems 
too  much  resemblance  between  the  adherents  of  the  Book  of  Llewelyn 
Sion  of  Llangewyd  and  the  believers  in  the  Book  of  Mormon,  who  are 
unhappily  numeroua  in  Wales. 

One  speech  at  an  Eisteddvod,  of  a  different  character  from  those 
usually  delivered,  contains  some  remarks  which,  though  expressed  in 
rough  and  homely  terms,  it  would  be  well  for  Cvmric  patriots  to 
consider.  They  occur  in  the  Welsh  portion  of  the  woi^  of  the 
modem  Talhaiam,  in  the  report  of  a  speech  delivered  at  an  Eis- 
teddvod at  Uanfairtalhaiam : — "  It  is  the  greatest  folly  in  us  to  shout 
out  that  we  are  at  the  head  of  the  world  in  poetry  and  prose.  It 
is  a  very  great  mistake ;  for  the  fact  is  the  Saxons  beat  us  all  to 
pieces  in  poetry,  philosophy,  and  all  kinds  of  learning.  Do  you  think 
I  say  this  to  hurt  or  insult  my  country  or  my  nation  ?  Nothing  of  the 
kind.  I  reverence  and  love  them  both,  nor  will  I  ever  go  about  to  seek 
to  find  fault  with  either.  Neither  will  I  soil  my  lips  with  an  untruth 
to  please  any  man,  nor  will  I  do  an  injustice  to  my  neighbour  by 
boasting  of  what  is  really  nothing  to  bostst  of.  If  you  could  all  read 
Shakspeare,  Milton,  Byron,  and  Bums,  the '  Times,'  and  '  Blackwood's 
Magazine,'  and  some  other  authors,  magazines,  and  newspapers,  j^u 
would  all  believe  with  me  that  the  Saxons  are  much  our  superiopk 
Well,  you  will  say,  and  have  not  we  a  literature  ?  Yes,  most  certainly, 
and  an  excellent  literature  too,  considering  that  Wales  is  but  a  little 
comer  of  the  world.  My  only  purpose  was  to  wean  you  from  the  siUy 
boast  that  we  are  at  the  head  of  the  world  in  literature;  there  never 
was  such  nonsense." 

The  formation  of  a  librarr  of  ancient  Welsh  manuscripts  on  a 
liberal  and  extensive  scale  in  the  possession  of  a  public  establishment 
appears  an  object  greatly  to  be  desired.  The  history  of  the  fate  of 
Welsh  manuscripts  during  the  last  two  centuries  afibraa  ample  proof 
of  the  danger  to  collections  of  this  kind  in  private  hands,  to  say 
nothing  of  the  fact  that  in  many  cases  all  access  to  the  manusoripta 
has  been  denied  to  the  very  men,  such  as  Lhuyd,  who  would  have 
made  the  best  use  of  them,  and  that  in  all  oases  there  is  necessarily 
a  delicacy  of  intruding  on  the  courtesy  of  a  private  proprietor.  The 
number  of  libraries  destroyed  by  fire  has  been  unusually  large  in  the 
case  of  the  country  gentlemen  of  Wales.  The  collection  of  transcripts 
by  Lhuyd,  which,  after  his  death,  was  unfortunately  declined  both 
by  the  University  of  Oxford  and  by  Jesus  College,  passed  into  the 
hands  of  Sir  Thomas  Sebright,  by  purchase,  and  was  long  afterwards 
divided  by  sale  between  the  libraries  of  Hafod  and  Wynnstay.  The 
portion  in  the  splendid  collection  of  Colonel  Johnes,  at  Hafod,  perished 
with  that  collection  in  the  fire  of  1807.  The  portion  belonging  te 
the  Wynnes  was  almost  entirely  destroyed  by  a  fire  at  a  bookbinder's 
in  London,  and  the  confiagration  of  Wynnstay  itself,  in  1858,  probably 
consumed  the  remainder,  as  on  that  occasion  only  the  books  that  had 
been  casually  sent  to  a  bookbinder's  in  London  wore  saved.  In  the 
preface  to  the '  Myvvrian  Archaiology '  is  given  a  list  of  the  libraries 
public  and  private  m  Wales,  London,  and  Oxford,  in  which  valuable 
Welsh  collections  were  preserved,  amounting  to  twenty-five  in  number. 
Four  of  these  libraries  were  in  London,  that  of  the  British  Museum, 
of  the  Welsh  School,  in  Gray's  Inn  Lane,  of  Mr.  Owen  Jones,  the 
originator  of  the  '  Myvyrian  Archaiolonr,'  and  of  3Ir.  Edward  Jones, 
author  of  the  'lielics  of  British  Bards.'  Three  of  these  are  now 
united,  the  collections  of  the  Welsh  School  and  Owen  Jones  having 
been  presented  to  the  British  Museum  in  1848.  These  books  are  thus 
preserved  in  one  collection  under  public  care,  and  it  would  be 
most  conducive  to  the  interests  of  literature  if  others  were  to  follow. 
Some  of  the  perpetual  disputes  about  the  accuracy  of  the  trans- 
cripts of  lolo  Morganwg  which  agitate  Welsh  literature  might  be 
settied  at  once  if  the  'Book  of  Aberpergwm'  were  in  a  collection 
where  any  one  might  examine  it.  It  is  stated  in  the  'Myvyrian 
Archaiology,'  in  1801,  that  the  editors  had  some  hope  that  the  Earl  of 
Macclesfield  would  deposit  in  the  Museum  the  collection  of  manuscripts 
made  by  the  learned  Moees  Williams,  and  which  WOliams  had  be- 
quelled  to  Mr.  Jones,  father  of  tiie  celebrated  Sir  William  Jones, 
who  bequeathed  them  to  the  then  Earl  of  Macclesfield,  with  the  singular 
injunction  not  to  show  them  to  any  person  whatever.  These  manuscripts 
however  are  still  In  the  possession  of  the  noble  hxxalj  of  Macclesfield. 
The  famous  tibrary  of  the  Yaugfaans,  at  Hengwrt,  in  Merionethshire, 
is  now  united  with  the  collection  of  Mr.  W.  E.  Wynne,  of  Peniarth, 
M.P.,  for  Merioneth,  to  whom  it  was  bequeathed  by  Ids  friend  thQ 
Ute  Sir  R.  W.  YaughaiL 
•      '  8^ 
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There  is  no  collection  of  WelBh  printed  books  approaching  to  com- 
pleteness, the  best  in  existence  being  probably  that  in  the  British 
Museum,  which  contains  an  assemblage  of  magazines  and  newspapers  in 
that  language,  to  which,  though  far  from  perfect,  it  would  be  difficult  to 
find  a  rival.  Welsh  books  were  first  collected  at  the  Museum,  about  the 
year  1 838,  and  the  presentation  of  the  libraries  of  the  Welsh  School, 
and  the  Cymmrodorion  in  1843  made  some  augmentation  to  the  stock. 
Another  Welsh  collection  of  some  extent  is  to  be  found  where  it 
would  scarcely  be  looked  for,  in  the  library  of  Brown  University,  at 
Providence,  in  Rhode  Island,  to  which  it  was  bequeathed  in  1818  by 
the  Rev.  William  Richards,  of  Lynn,  in  Norfolk.  The  books  are 
enumerated  in  the  excellent  catalogue  of  that  library  published  by 
Professor  Jewett.  , 

The  bibliography  of  Wales  was  first  cultivated  by  the  Rev.  Moses 
Williams,  the  able  and  indefatigable  antiquary,  who  has  been  men- 
tioned as  having  nearly  anticipated  the '  Myvyrian  Archaiology.'  Owen 
says  of  him,  in  his  '  Cambrian  Biography,'  that  '*  he  published  nothing 
of  consequence  besides  an  index  to  the  Welsh  poets,*'  but  in  this  he 
is  mistaken.  In  addition  to  the  '  Repertorium  Poeticum,  sive  Poema- 
tum  Wallicorum,  quotquot  hactenus  videre  contigit  Index  Alpha- 
beticus'  (London,  1726,  8vo),  which  contains  an  index  of  pieces  o| 
Welsh  poetry,  according  to  their  first  lines,  and  the  fullest  catalogue 
of  poets  we  have  seen,  Williams  issued  a  '  Cofrestr  o'r  hoU  Lyfrau 
Pnntiedig  gan  mwyaf  a  gyfansoddwyd  yn  y  Jaith  Gymraeg,  neu 
a  gyfjeithwyd  iddi,  hvd  y  Flwyddyn  1717'  (London,  1717,  8vo) — 
^  A  catalogue  of  all  the  books  that  have  been  printed,  and  several 
:hat  have  been  composed,  in  the  Welsh'  Language,  or  translated 
tnto  it,  up  to  the  year  1717.'  This  catalogue  does  not  extend 
to  more  Uian  a  single  sheet,  but  it  is  verv  closely  printed.  The 
original  edition  is  now  very  scarce,  but  the  wnole  of  it  was  reprinted 
in  the  periodical  entitled  *  x  Qwyliedydd,'  for  1832.  In  the  '  Gwlad- 
garwr '  for  1840  a  list  of  Welsh  publications  is  given,  from  the  earliest 
time  to  the  year  1709;  but,  though  valuable,  it  is  probably  very 
imperfect,  as  it  omits  even  some  of  the  works  inserted  in  Williams's 
catalogue.  The  number  of  articles  it  enumerates  is  620,  but  these 
include  a  few  works  relating  to  Wales  in  other  languages  than  the  Welsh. 
In  the  volume  of  the  '  Traethodydd '  for  1852,  was  commenced  a 
valuable  series  of  articles  on  WeUh  bibliography,  '  Llyf ryddiaeth  y 
Cymry/  containing  not  only  the  titles  of  the  books  but  bibliographical 
notes  and  observations,  but  it  was  not  continued  so  long  aa  biblio- 
graphers would  have  desired.  A  work  of  the  same  kind  in  English, 
&om  the  pen  of  the  Rev.  Robert  Jones,  of  Rotherhithe,  a  scholar 
eminently  qualified  for  the  task,  was  spoken  of  some  time  ago,  but  has 
not  yet  appeared.  A  very  useful  bibliographical  list  of  works  on 
Wales  ahd  its  literature  is  to  be  found  in  the  German  work, '  Das 
alte  Wales,'  (Bonn,  1859)  by  Ferdinand  Walter,  a  continental  scholar 
who  has  lately  studied  the  subject  with  German  diligence.  A  biblio- 
graphical periodical  intended  to  be  quarterly,  'The  Cambrian  Book 
Register,'  was  commenced  in  June,  1857,  by  Mr.  Pryse,  a  bookseller  of 
Llanidloes  and  Rhayader,  but  never  advanced  we  believe  beyond  the 
first  number. 

The  earliest  attempt  at  a  collection  of  WeUh  lives  is  Owen  Pughe's 
'  Cambrian  Biography,  or  Historical  Notices  of  celebrated  men  among 
the  Ancient  Britons '  (London,  1803,  12mo),  but  the  notices  are  so  ex- 
tremely brief,  averaging  four  or  five  to  a  page,  that  the  book  can  hardly 
be  regarded  in  any  other  light  than  an  index.  The  dates  are  also  very 
far  from  accurate.  The  'Cambrian  Plutarch '  of  John  Humffreys  Parry 
(London,  1824,  8vo),  is  much  more .  satisfactory,  but  embraces  only 
twenty-two  lives.  A  biographical  dictionary  under  the  name  of '  Lives 
of  Eminent  Welshmen,'  was  commenced  in  numbers  in  1843  and  com- 
pleted in  1862,  by  the  Rev.  Robert  WilliMns  of  Llangadwaladr.  The 
articles  are  too  brief,  and  not  so  entertaining  as  they  might  have  been 
made  by  the  use  of  Uie  materials  existing  in  Welsh ;  but  the  volume 
is  indispensable  in  every  Welsh  library,  and  one  to  which  we  have 
been  much  indebted  in  this  general  summary  of  the  history  of  Welsh 
literature. 

WEN,  the  name  of  those  tumours  occurring  on  the  human  body 
which  assume  the  form  of  a  bag  or  cyst,  and  contain  a  variety  of 
contents.  These  cysts  have  been  namc^i  according  to  the  character 
of  their  contents.  When  the  contained  matter  resembles  fat  or  suet, 
the  tumor  is  called  SitaJtwiw.;  when  it  resembles  honey  in  con- 
sistence, Afeliceria  ;  and  when  it  is  like  a  poultice  or  pap,  it  is  called 
Atheroma,  These  however  are  mere  artificial  distinctions,  and  can 
seldom  be  satisfactorily  applied.  These  tumours  consist  essentially  of 
a  serous  or  mucous  bag  varying  in  size,  and  the  contents  are  of  an 
exceedingly  varying  and  sometimes  anomalous  character.  Those  which 
are  commonly  called  wens,  and  which  are  usually  situated  immediately 
under  the  skin,  are  mostly  enlai^gements  of  the  sebaceous  follicles 
which  naturally  exist  in  the  skin.  Sir  Astley  Cooper  says  that  in  wens 
a  dark-coloured  spot  may  be  often  seen  on  the  skin  in  the  centre  of 
the  tumour,  and  such  spot,  he  says,  is  caused  by  the  construction 
of  the  orifice  of  one  of  the  sebaceous  ghmds  of  the  skin.  Such  also  is 
the  origin  of  many  of  the  cysts  of  the  mammae,  which  consist  of 
dilated  lactiferous  ducts.  But  this  is  not  the  origin  of  many  of  the 
larger  forms  of  encysted  tumours,  as  those  of  the  ovary,  &c.  There 
are  many  forms  of  encysted  tumour  occurring  in  the  internal  viscera, 
in  which  the  lining  membrane  is  composed  of  serous  tissue,  as  those  of 
the  liver,  lungs,  &c.    Those  tumours  also  called  ganglions,  which  occur 


within  the  sheaths  of  tendons,  have  a  serous  lining,  but  ouglit  not  '.o 
be  referred  to  imder  the  character  of  wens. 

The  cysts  of  wens,  especially  those  of  the  atheromatous  kind,  v-rj 
much  in  thickness.  When  situated  on  the  head,  back,  and  trunk,  it^y 
are  very  dense;  but  when  on  the  face,  often  very  thin.  St>media=ii 
the  cysts  become  hardened  by  the  deposition  of  cartilaginous  anu  erc-r. 
ossific  matter.  It  is  from  this  process  that  many  of  these  cysts  bar  -  j 
tendency  to  assume  the  hardness  and  even  the  lorm  of  homa.  Th-r^ . 
homy  formations  are  however  the  result  of  the  ulceration  of  the  .t^  . 
and  the  homy  matter  is  produced  by  the  secretion  from  the  w^i  .  5 
the  cyst.  These  horns  mostly  grow  on  the  forehead  or  some  iar~. 
of  the  scalp.  They  are  generally  small,  but  instances  are  on  ree:^r.'.  •. : 
their  being  eight  or  nine  inches  long  and  two  or  three  in  circumfei^i  _. . 

In  ordinary  cases  the  cyst  has  only  one  cavity,  but  it  not  iiL£r.r- 
quently  happens  that  there  are  partitions  in  it,  dividing  its  inu-r.  - 
into  cells  of  different  sizes.  The  contents  of  the  cysts  are,  as  hti  ~ 
stated,  frequently  very  anomalous.  Some  are  filled  with  a  thin,  irii  i 
brown  fluid,  mixed  with  flakes  of  the  fibrinous  parts  of  the  bl.>: ; 
some  contain  serum ;  some  a  matter  of  gelatinous  consistence ;  sosr  x 
calcareous  matter;  some  a  black  fluid;  and  others  hair,  teeth,  «il 
other  organic  substances.  Those  containing  hair  are  mostly  ioMud  z: 
the  neighbourhood  of  the  eyebrows  or  eyelids. 

On  dissecting  these  tumours,  some  part  of  their  surface  is  l-v.^  1 
firmly  adhering  to  the  skin,  while  other  parts  are  connected  witi  \z 
by  cellular  membrane.  The  cyst  is  always  more  or  leas  embeddcJ  i- 
cellular  membrane.  In  some  cases  these  cysts  are  congenital  a^.i 
persons  who  have  them  are  frequently  troubled  with  a  great  nuole; 
in  various  parts  of  their  body. 

In  the  treatment  of  wens  two  modes  may  be  had  recourse  to ;  ft 
one  by  puncture,  the  other  by  removal  When  the  cyst  is  small  a^ '. 
presents  a  small  black  point  on  its  centre,  it  may  be  opened  and  dr 
contents  pressed  out,  when  it  will  sometimes  get  well.  But  h 
frequently  happens  when  these  tumours  are  punctured,  that  BET«d« 
inflammatory  action  is  the  result,  so  that  painful  suppuration  ooc^jri, 
and  life  is  put  in  danger,  and  sometimes  a  bleeding  fungus  hiu  ffv 
truded  itself  through  the  aperture.  The  safest  mode  of  treatment  :s 
the  whole  is  to  remove  them  with  the  knife,  where  their  situation  vX 
permit  of  it^  When  this  is  done,  the  cyst  may  either  be  dissected  c-^t 
entire,  or  it  may  be  cut  into  two  halves,  and  each  half  may  be  disaeoiai 
out  separately.  In  both  cases  great  care  should  be  taken  to  rem<jT« 
the  whole  of  the  cyst. 

WERST,  or  VERST,  the  Russian  itinerary  measure,  being  3fi>.< 
English  feet,  or  nearly  two-thirds  of  a  mile.     From  the  number  of 
worsts  subtract  its  third,  i^d  also  one  for  every  250  wersts^  and  tk 
,  result  will  be  near  enough  to  the  answer  ii^  English  miles. 

WESTMINSTER  ASSEMBLY  OF  DIVINES.  One  of  five  bilk 
to  which  it  was  proposed  by  the  Parliamentary  Commissioners  that  th^' 
King  (Charles  I.)  should  give  his  consent  in  the  negotiations  at  Oxfom 
(from  30th  January  to  17th  April,  1643)  was  entitled '  A  Bill  for  calling 
an  Assembly  of  learned  and  godly  Divines  and  others  to  be  consulted 
with,  by  the  Parliament  for  the  settling  of  the  government  and  lituTt^r 
of  the  Church  of  England,  and  for  the  vindication  and  clearing  of  iLr 
doctrine  of  the  said  church  from  false  aspei-aions  and  interpretation^.' 
This  bill  was  afterwards  converted  into  '  An  Ordinanoe  of  the  Lords 
and  Commons  in  Parliament,'  and  passed  12th  June,  1643. 

The  persons  nominated  in  the  ordinance  to  constitute  the  asscmblj 
consisted  of  a  hundred  and  twenty-one  clei^gymen,  together  with  tes 
lords  and  twenty  commoners  as  lay  assessors.  Among  the  com- 
moners were  John  Selden,  Francis  Rouse,  Sir  Henry  Vane,  senior  as-i 
junior,  John  Qlynn  (the  recorder  of  London),  John  Whyte,  Bulstrcdc 
Whitelock,  Sergeant  Wild,  Oliver  St.  John,  John  Pym,  and  John 
Maynard.  Among  the  most  distinguished  of  the  clerical  membcTd 
were,  Dr.  Ralph  Brownrigge,  bishop  of  Exeter ;  Mr.  Anthony  Burges 
(considered  the  head  of  the  Puritans),  Edmund  Calamy,  Dr.  Fraudi 
Cheynel,  Thomas  Coleman,  Thomas  Gataker  (the  editor  of  '  Marcus 
'  Antoninus'),  Dr.  Thomas  Goodwin,  Dr.  John  Hacket  (afterwards  bishop 
of  Lichfield),  Dr.  John  Lightfoot,  Dr.  George  Morley  (afterwards  biishop 
of  Winchester),  Dr.  William  Nicholson  (afterwards  bishop  of  Qloucc?- 
ter),  Philip  Nye,  Dr.  John  Prideaux  (bishop  of  Worcester),  Dr.  Edwnrd 
Reynolds  (afterwards  bishop  of  Norwich),  Dr.  Robert  Saunderson 
(afterwards  bishop  of  Lincoln),  Dr.  James  Usher  (archbishop  of 
Armagh),  George  Walker,  Dr.  Samuel  Ward,  and  John  Wallis  (the 
mathematician).  Several  other  persons  (about  twenty  in  all)  were 
appointed  by  the  Parliament  from  time  to  time  to  supply  vacauciGs 
occasioned  by  death,  secession,  or  otherwise,  who  were  called  sujicr- 
added  divines.  Finally,  two  lay  assessors,  John  Lord  Maitland  and 
Sir  Archibald  Johnson  of  Warristen,  and  four  ministers,  Alexander 
Henderson  and  Geoi^ge  Gillespie  of  Edinburgh,  Samuel  Rutherford  of 
St.  Andrews,  and  Robert  BaiUie  of  Glasgow,  were,  on  the  15th  of  Sep- 
tember, 16^3,  admitted  te  seats  and  votes  in  the  assemblv  by  a  warrant 
from  the  Parliament  as  comnussioners  from  the  Church  of  Scotland. 
They  had  been  deputed  by  the  General  Assembly,  to  which  body,  and 
te  the  Scottish  Convention  of  Estates,  commissioners  had  been  sent 
from  the  two  houses  of  the  English  Parliament,  and  also  from  the 
Assembly  of  Divines,  soliciting  a  union  in  the  circumstances  in  which 
they  were  placed.  This  negotiation  between  the  supreme  civil  and 
ecclesiastical  authorities  of  the  two  countries  gave  rise  to  the  Solemn 
League  and  Covenant,  which  was  drawn  up  by  Henderson,  moderator 
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(or  president)  of  the  QeneraJ  Aflsembly,  and,  having  been  adopted  by  a 
xmaninious  vote  of  that  body  on  the  17th  of  August,  was  then  for- 
Avarded  to  the  English  Parliament  and  the  Assembly  of  Divines  at 
"Westminster  for  their  consideration. 

The  meeting  of  the  Assembly  of  Divines  had  been  forbidden  by  the 
king  in  a  proclamation  dated  the  22nd  of  June.  The  only  effect  how- 
ever of  that  prohibition  had  been  to  induce  the  greater  number  of  the 
members  of  episcopalian  principles  to  refrain  from  attending.  On 
Saturday,  the  Ist  of  July,  the  day  named  in  the  ordinance,  sixty-nine 
clerical  members  assembled  in  Henry  the  Seventh's  chapel,  in  West- 
niioHter  Abbey.  They  appeared,  it  is  recorded,  not  in  their  canonical 
habits,  but  mostly,  after  the  fashion  of  foreign  Protestant  clergymen, 
iu  block  coats  and  bands.  At  subsequent  sittings  the  attendance 
appears  to  have  ranged  between  sixty  and  eighty.  About  twenty-five 
ol*  the  persons  who  had  been  nominated  members  of  the  Assembly 
(including  one  or  two  who  had  died)  never  took  their  seats ;  and  even 
of  the  sixty  or  seventy  who  attended  pretty  regularly,  only  from  twelve 
to  twenty  were  frequent  speakers. 

In  theological  doctrine  the  divines  of  the  Westminster  Assembly 
were  almost  to  a  man  of  one  mind.    They  were  all,  or  nearly  all,  Cal- 
vinistic  or  anti-Arminian.    But  upon  the  subject  ol  ohuroh  govern' 
nient  they  were  divided  into  several  violently  hostile  sections.    Episco- 
pacy, even  of  the  most  mitigated  kind,  comd  scarcely  be  said  to  have 
any  representative  in  the  synod  as  actually  constituted;   the  great 
majority  were  Presbyterians ;  but  there  was  a  small  party  who  passed 
under  the  name  of  Erastians ;  and  there  was  a  more  numerous  and 
also  a  more  active  body  of  Independents,  or,  as  they  called  themselves, 
Congregationalists,  who,  formidable  from  the  perseverance  and  ability 
of  their  leaders,  were  still  more  so  from  the  ascendancy  which  their 
principles  were  fast  acquiring  in  the  Parliament^  in  the  army,  and 
throughout  the  nation.    The  chiefs  of  the  Independent  party  in  the 
Assembly  were  Dr.  Thomas  Goodwin,  Philip  Nye,  Jeremiah  Burroughs, 
William  Bridge,  and  Sidrach  Simpson,  often  spoken  of  as  the  Five 
Dissenting  Brethren  :  their  followers  might  amount  to  about  as  many 
more.    The  heads  of  the  Erastian  party  were  Selden,  and  the  two 
divines,  Lightf oot  and  Thomas  Coleman ;  the  only  other  steady  mem- 
bers of  the  sect  being  the  laymen  Whitelock  and  St.  John.     In  the 
Parliament  however  Erastianism  was  nearly  as  strong  as  Independency : 
indeed,  however  much  the  two  systems  might  differ  in  the  grounds  on 
which  they  professed  to  stand,  they  came  practically  to  very  nearly 
the  same  thing,  or  at  least  were  easily  recondleable ;  and  some  persons 
were  probably  to  be  classed  as  adherents  of  both. 

This  position  of  parties  explains  and  makes  intelligible  the  history 
of  the  proceedings  of  the  Westminster  Assembly,  and  the  results  of  its 
deliberations.    The  ordinance  of  the  Lords  and  Commons  by  which 
the  Assembly  was  constituted  only  authorised  the  members,  tmtil 
further  order  should  be  taken  by  the  two  houses, "  to  confer  and  treat 
among  themselves  of  such  matters  and  things  touching  and  concerning 
the  Liturgy,  discipline,  and  government  of  the  Church  of  England,  or 
the  vindicating  and  clearing  of  the  doctrine  ol  the  same,"  &c«  as  should 
be  "proposed  to  them  by   both  or  either  of  the  said  houses  of 
Parliament,  and  no  other,'*  and  to  deliver  ^ear  opinions  and  advices  to 
the  said  houses  from  time  to  time  in  such  manner  and  sort  as  by  the 
said  houses  should  be  required.    They  were  not  empowered  to  enact  or 
settle  anything.    It  was  expressly  provided  that  the  Assembly  should 
not  assume  to  exercise  any  jurisdiction,  power,  or  authority  ecde- 
siastical  whatsoever,  or  any  other  power  except  merely  this  right  of 
delivering  their  opinion  and  advice  upon  the  matters  submitted  to  it. 
As  its  discuBsions  proceeded,  a  discordance  of  principles  and  views  upon 
various  points  between  the  ruling  Presbyterian  party  in  the  Assembly 
and  the  growing  Independent  or  Erastian  majority  m  the  Parliament 
became  more  and  more  evident;   while  the  progress  of  events  also 
tended  to  separate  the  two  bodies  more  widely  every  day,  and  at  last 
to  place  them  almost  in  opposition  and  hostihty  to  each  other.    The 
Assembly  of  Divines  continued  to  sit  under  that  name  till  the  22nd  of 
February,  1649,  having  existed  five  years,  six  months,  and  twenty-two 
days,  during  which  time  it  had  met  1163  times.    The  Scottish  com- 
missioners had  left  above  a  year  and  a  half  before.    Those  of  the 
members  who  remained  in  town  wwe  then  changed  by  an  ordinance  of 
the  Parliament  into  a  committee  for  trying  and  examining  ministers, 
and  continued  to  hold  meetings  for  this  purpose  every  Thursday 
moming  till  Cromwell's  dissolution  of  tiiie  Long  Parliament,  26th  of 
March,  1652,  after  which  they  never  met  again. 

AU  the  important  work  of  the  Assembly  was  performed  in  the  first 
three  or  four  years  of  its  existence.  On  the  12th  of  October,  1648,  the 
Parliament  sent  them  an  order  directing  that  they  should  "forthwith 
confer  and  treat  among  themselves  of  such  a  discipline  and  government 
as  may  be  most  agreeable  to  Ood's  holy  word,  and  most  apt  to  procure 
and  preserve  the  peace  of  the  church  at  home,  and  nearer  agreement 
with  the  Church  of  Scotland  and  other  Beformed  churches  abroad,  to 
be  settled  in  .this  church  in  stead  and  place  of  the  present  church 
government  by  archbishops,  bishops,  &c.,  which  is  resolved  to  be  taken 
away;  and  touching  and  concerning  the  directory  of  worship  or 
Liturgy  hereafter  to  be  in  the  diurch."  This  order  produced  the 
Assembly's  Directory  for  Public  Worship,  which  was  submitted  to 
parliament  on  the  20th  of  April,  1644 ;  and  their  Confession  of  Faith, 
the  first  part  of  which  was  laid  before  Parliament  in  the  beginning  of 
October,  1646,  and  the  remainder  on  the  26th  of  November  in  the 


same  year.  Their  Shorter  Catechism  was  presented  to  the  House  of 
Oonmions  on  the  5th  of  November,  1647  ;  their  Larger  Catechism  on 
the  I5th  of  September,  1648.  The  other  publications  of  the  Assembly 
were  only  of  temporary  importance,  such  as  admonitory  addresses  to 
the  Parliament  and  the  nation,  letters  to  foreign  churches,  and  some 
controversial  tracts.  What  are  called  their  Annotations  on  the  Bible 
did  not  proceed  from  the  Assembly  at  all,  but  from  several  members 
of  the  Assembly  and  other  clergymen  nominated  by  a  committee  of 
Parliament,  to  whom  the  business  had  been  entrusted. 

The  Directory  of  Public  Worship  was  approved  of  and  ratified  by 
the  Qeneral  Assembly  of  the  Church  of  Scotland  held  at  Edinburgh  in 
Februarvi  1645 ;  the  Confession  of  Faith,  by  that  held  in  August, 
1647 ;  the  Lai^er  and  Shorter  Catechisms,  by  that  held  in  July,  1648 ; 
and  these  formularies  still  continue  to  constitute  the  authorised 
standards  of  that  establishment.  The  Directory  of  Public  Worship 
was  also  ratified  by  both  houses  of  the  English  Parliament  on  the 
2nd  of  October,  1644 ;  and  so  was  the  doctrinal  part  of  the  Confession 
of  Faith,  with  some  slight  verbal  alterations,  in  March,  1648.  On  the 
18th  of  October,  1647,  the  House  of  Commons  passed  an  order  that 
the  Presbyterian  form  of  church  government  ^ould  be  tried  for  a 
year ;  but  it  was  never  conclusively  established  in  England  by  legis- 
lative authority;  and  even  what  was  done  by  the  parliament  in  partial 
confirmation  of  the  proposals  of  the  Westminster  Assembly  of  Divines, 
having  been  done  without  the  roysl  assent,  was  all  regaraed  as  of  no 
validity  at  the  Restoration,  upon  which  event  episcopacy  resumed  its 
authority  without  any  act  bemg  passed  to  that  effect. 

It  is  remarkable  tliat  there  is  not  in  existence,  as  far  as  is  known, 
any  complete  account  of  the  proceedings  of  the  Westminster  Assembly 
of  Divines,  either  printed  or  in  manuscript.  The  official  record  is 
commonly  supposed  to  have  perished  in  the  fire  of  London.  Three 
volumes  .of  notes  by  Dr.  Thomas  Gkodwin  are  preserved  in  Dr.  Wil- 
liams's Library,  London ;  and  two  volumes  by  Qeorge  Gillespie  in  the 
Advocates*  Library,  Edinburgh.  Baillie's  Letters,  however,  contain 
very  full  details  of  what  was  done  daring  the  period  of  his  attendance ; 
and  a  Journal  kept  by  Lightf  oot  has  also  been  printed.  Much  in- 
formation is  to  be  found  scattered  in  various  works,  such  as  Raid's 
'Memoirs  of  the  Westminster  Divines;*  Orme's' Life  of  Owen;'  and 
especially  Neal's '  History  of  the  Puritans.' 

WESTPHALIA,  TREATY  OP.    [Tbeaties,  Chronological  Table 
ofJ^^ 
wEY.    [Weights  and  Measubes.] 
WHALE  FISHING.    [Fi8HERIE8.J 

WHALEBONE  is  the  homy  lanunated  substance  found  in  the 
mouth  of  the  whale.  It  is  not  really  whale-5(m€,  but  bears  a  nearer 
resemblance  to  horn  in  its  structure :  m  commerce  it  is  usually  termed 
whaU-Jin.  There  are  in  the  mouth  of  a  whale  two  extensive  rows,  each 
consisting  of  upwards  of  300  blades  or  plates ;  and  each  of  these  blades 
is  a  piece  of  whalebone.  The  blades  are  on  an  average  about  10  feet 
long,  but  some  attain  a  length  of  15  feet.  The  substance  is  naturally  of 
a  bluish  or  brownish-black ;  but  in  some  animals  it  is  striped  longitudi- 
nally with  white.  Three  principal  kinds  are  known  in  commerce — the 
Greenland  whalebone,  from  ihe  North  Atlantic  and  Icy  Seas ;  the  South 
Sea,  or  black  fish ;  and  the  North- West,  from  the  North  Pacific  and 
Behring*s  Straits.  [Cetacea,  cols.  895-98,  in  Nat.  Hist.  Div.]  Some- 
times as  much  as  5>000,000  lbs.  have  been  imported  in  one  year ;  but  the 
supply  is  generally  from  2,000,000  to  8,000,000  lbs.  All  the  kinds  of 
whalebone  are  nearly  alike  in  constitution.  It  consiste  chiefly  of  albu- 
men hardened  by  a  small  proportion  of  phosphate  of  lime.  The  surface 
of  each  blade  is  compact,  and  takes  a  high  polish.  The  texture  is  lamellar 
or  fibrous  in  the  direction  of  its  length,  so  that  the  substance  easily 
splite  and  divides.  The  middle  of  each  blade  is  of  looser  texture  than 
tne  ^ds,  presenting  the  appearance  of  coarse  bristly  hairs.  When 
whalebone  has  been  boiled,  it  takes  a  harder  texture  and  deeper  colour 
than  before; 

The  peculiar  structure  of  whalebone  renders  it  applicable  to  many 
useful  purposes.  It  is  cut  into  quadrangular  sticks  for  the  ribs  or 
stretchers  of  umbrellas  and  parasols,  ranging  in  length  from  20  to  40 
inches.  It  is  made  into  stay-bones,  from  ^ths  to  1}  inch  in  width, 
and  from  12  to  16  inches  long.  It  is  cut  into  lengths  of  what  is 
called  bristle-bone,  of  different  thicknesses,  for  making  brushes  and 
brooms,  chimney-sweeping  machines,  and  road-sweeping  machines.  It 
is  used  in  thin  strips  for  covering  whip-handles,  walking-stidLS,  teles- 
copes, and  other  articles.  In  thinner  uiavings  it  is  plaited  like  straw 
into  light  hats  and  bonnets ;  while  the  waste  shavings  are  employed 
by  upholsterers  as  a  stuffing  for  cushions,  for  filling  fire-grates  in 
summer,  and  for  other  purposes.  Occasionally  solid  pieces  of  mixed 
tints  are  twisted  into  walking-stioks.  And  when  all  the  useful  frag- 
ments have  been  rendered  available,  the  refuse  sells  as  manure. 

The  nature  of  whalebone,  something  midway  between  horn  and 
hair,  pointe  to  the  mode  in  which  it  is  worked.  It  cannot  be 
soldered  or  joined  like  tortoiflesheU,  but  must  be  used  in  distinct 
pieces.  Whien  boiled  in  water  for  several  hours,  it  becomes  soft 
enough  to  be  cut  up  into  pieces  of  various  sizes  and  shapes.  With- 
out being  heated  and  softened,  it  is  easily  cut  into  strips  and  fibres 
by  means  of  a  compound  guarded  knife.  The  different  qualities  in 
ditferent  parte  of  each  blade  are  closely  examined  by  the  Workmen, 
in  order  to  apply  each  part  to  the  best  use.  Whalebone  takes  a 
very  good  jet-black  dye,  but  is  not  well  fitted  for  dyeing  in  bright 


colours.  It  ia  generally  poliidied  by  being  tenp«d  with  i.  iteel  edg« 
or  a  piace  of  gUes,  rubbad  with  eniarj-paper,  and  finaUy  rubbed 
with  a  wooUsD  clotli  dipped  in  tripolipDwd^;  or  bja  poliabing-wlieel, 
ai  in  the  caae  of  born  or  totolaeahelL 

ComiDoa  honi,  it  ateepcd  tor  aereial  dajt  In  a  aolution  of  gelatine, 
and  then  in  a  liquid  containing  nvanl  In^edients,  aoquina  propertiea 
which  enable  it  to  be  uicd  for  iome  porpoaea  aa  a  cheap  lubatitute  for 
whalebona. 

WHARF,  a  place  conatructad  or  aet  apart  tor  the  loading  and 
unlcading  of  gooda.  In  this  ■eon  the  word  indndn  the  qnaja  ot  all 
aea-poiti  at  which  gooda  are  required  to  be  abipped  or  landed.  The 
aea-beach,  or  natural  ground  on  the  banka  of  a  river  or  canal,  i>  not  a 
wharf.  Wharfs  in  docla  and  eimilar  utuationa  are  made  legil  by 
ipsdat  acta  of  parliament,  aa  the  London  Docks,  to. ;  and  there  an 
iome  plaoea  which  are  deemed  wharfa  from  immemorial  usage,  aa  at 
Cfaepatow.  For  the  uae  of  a  wharf  certain  ratee  of  compennation  are 
uaiu^  ohatged,  which  ore  called  vharfage ;  and  the  act  22  Car  IL 
clI,alIowaany  one  to  load  or  unload  gooda  on  paying  wharhge  at  the 
ratea  appointee!.  The  wharfl  of  the  port  of  London  were  eatabliahed 
in  166S,  in  the  first  year  of  the  rdgn  of  Queen  Elisabeth.  Several 
nfferann  ^karft  have  been  linca  added  to  theae,  under  the  authority 
)f  the  Commiaiioaeia  ot  Cuatoma,  and  other  auS^wce  wharfa  i 


■ionally  authoiiaed  for  ths  laoding  and  keei^  ot  gooda  by  the 
Cuatom-Honae  till  the  duties  i 
No  gooda  except  diamonda 


atKhna  and  l..,— „ 

re  paid  or  the  good*  bonded. 

and  bumon,fi    '  "  '     


Cuatom-Honae  till  the  duties  __.  ^  ...._..„. .    .     . 

1,  frah  fiah  of  Britiah  taking 
and  tiubota  and  lobatera  fresh,  however  taken  or  imported,  are  allowed 


hipped  from  any  ship  arriving  from  f ondgn  parte  beyond  aeaa 
.  or  put  on  shore,  except  at  1^^  quays  appointed  by  her 
tbjeaty  tor  lantling  of  gooda,  or  at  aome  wharf  ^ipointed  by  the  Com 
niiaaionen  ot  Cuatoma.  Qooda  entitled  to  drawbadc  or  bounty  are 
onlj  to  be  shipped  in  Great  Britain  by  wharfingen  jqipointed  by  the 
Conuniarionera  of  Cuatoma. 

WHEAT.  The  botanical  chanctera  of  wheat  will  be  found  under 
the  word  Tniriouu,  in  Nat.  Hist.  Div.  Some  botaniata  have  divided 
wheata  into  difierent  apeciea,  from  aome  nuAed  peculiarity  in  their 
formation.  Othen,  oonaideriDg  that  they  iiKietly  form  hybrida  when 
mixed  in  the  aowing,  and  that  weir  peculiaritiea  vaiy  with  (he  ainl  and 
climate,  have  looked  upon  all  the  culUvated  wheat*  aa  mere  varietlta. 
There  are,  however,  three  principal  varieties,  so  diflbrent  in  appearance 
that  they  dahn  peouliar  attention.  These  an  the  hard  wbeata,  the 
aoft  wheats,  and  th«  Polish  wheat*.  The  hard  wheats  sre  the  jsoduce 
of  warm  dimatei.  such  as  Italy,  Sicily,  and  Barbaiy.  TiM  wait  wheata 
grow  in  the  uoitEem  parts  of  Europe,  aa  in  Belgium,  England,  Den- 
mark, and  Swedeiu  The  Foliah  wbeata  grow  in  the  country  from 
which  they  derive  their  name,  and  are  also  lianl  wheats.  It  is  from 
their  external  form  that  they  are  diitinguiihed  from  other  wheats. 
The  hard  wheals  have  a  compact  seed  neoHy  transparent,  which,  when 
bitten  through,  breaks  short,  and  shows  a  vaty  white  flour  within. 
The  soft  wbeata  are  tboae  usually  cultivated  in  Britain  :  they  havi 
opaque  coat  or  skin,  which,  when  first  [«aped,  givea  way  readily  to 
pressure  ot  the  finger  and  thumb.  These  wheats  require  to  be  well 
dried  and  hardened  before  they  can  be  conveniently  groond  into  flour. 
The  Polish  wheat  has  a  long  chaff  which  ia  much  longer  than  the  aeed, 
a  large  oblong  hard  aeed,  and  an  ear  cylindrical  in  appearaikce.  It  is  a 
delicate  spring  wheat,  and  not  very  produoUva  m  the  climate  of 
England :  heiwe  it  has  only  been  accaatooallj  cultivated  by  way  of 

The  following  cuts  represent  some  peculiar  varietiea  of  wheat.    The 
first  ia  n  compoiuid  ear,  common  in  Egypt.    The  second  la  ths  spelter 
wheat,  ot  which  the  chaff  is  ao  itrorigl;  attached  to  the  groin  as  to  be 
separated  only  t^  pasnng  through  a  mill.    It  is  an  inferior  variety, 
but  grows  in  leas  fertile  soUa.    The  third  is  ths  Polish  wheat,  with 
ver7  long  chafT  and  hard  gialna.    The  fourth  ia  n  variety  which 
ripens  one  seed  in  each  apuielet,  and  is  not  much  cultivated.    The 
is  common  soft  bearded  wlieat.    If  the  awns  ot  this  kind  are  oblite- 
rated, it  forma  our  oomnum  aoft  whaat,    The  drmunstsnce  of  aw 
seems  not  to  afleot  the  nature  of  the  wheat,  and  they  dlfier  ao  much 
length  Uiat  ths  varieties  of  amooth-eared  and  bearded  wheats  n 
tnsradbly  Into  each  other. 

The  distinction  between  the  irintar  and  summer  wheats  is  one  which 
arlass  SDtirely  from  the  ssason  in  which  they  have  been  usually  sown 
for  they  can  readi>r  be  ooDverted  Into  each  other  bj  sowing  earlier  oi 
later,  and  gradua%  acndnsting  or  retarding  th«r  growths.  Tht 
original  dinrsnce  in  colour  between  red  and  white  wheata  is  owing 
chiefly  to  the  soil ;  white  wheats  gradually  beoome  darker  and  ulti- 
mately red  in  some  stiff  Wet  soils,  sad  the  red  wheats  lose  (heir  colour 
and  become  first  yellow  and  then  white  on  rich,  light,  and  mellow 
soils.  It  is  remarkable  that  the  grain  sooner  changes  colour  than  the 
chaff  and  straw.  Hence  we  have  red  wheats  with  white  chaff,  and 
white  wheats  with  red  chaff,  which  on  the  toregrang  principle  is  readily 
accounted  for.  The  chaff  retains  the  original  colour  when  ths  akin  ' 
the  gTMO  has  already  changed  to  another.  We  state  this  on  our  ov 
experience.  The  soil  best  adapted  to  the  growth  of  wheat  is  a  deep 
loam  indined  to  clay,  with  a  dry  subaoiL  If  this  is  not  dry  naturally, 
it  must  be  drained  artificially,  to  ensure  good  orooa  of  wheat  In  audi 
a  soil  wli—f  mav  be  sown  every  third  year,  wiUi  proper  intermediate 
cn^s.  Formerty  ths  preparation  for  a  wheat  crop  was  generally  by  a 
"''""  "-^-^  *.if™.   — tk  •  »~»-^  addition  of  manurey  the  remaina  of 


ploui  naked  talfow,  with  a 


1.  BfTiitUn  Wheal  (Tritlonm  Efrptlsema) ;  t,  Spsltsr  Wboat  (TrlUenai 
^Mlta) ;  S,  LonK-ehoSed  Pallah  Wheal  (TrlUeaBi  PotoDlBom];  4,  aiogtt- 
fislnad  Wheat  (TriUcom  monoBMaiua] ;  S,  CosimoB  Btanled  Wlint 
(TriUonm  tnigUnm). 

of  wheat  could  never  be  forced  beyond  a  oertain  average ;  for  if  more 
than  ths  usual  portion  of  manure  was  carried  on  the  land  the  wheat 
fiuled,  by  being  laid  before  it  arrived  at  maturity.  Thus  a  limit 
appeared  to  have  been  aet  to  its  increase.  New  modea  ot  cultivation 
have  shown  that  this  was  not  wilhout  its  remedy,  and  that  it  was 
recent  manuring  which  caused  the  wheat  to  lodge  ;  but  that  an  in- 
ereoaed  fertility,  produced  by  judicioua  pr«>umtion,  enabled  the  land 
to  bear  crops  of  wheat  tor  superior  to  what  it 
Wheat  requires  a  soil  in  which  the  o 
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•with  the  earthy  ingredients ;  where  it  can  have  a  firm  hold  by  its  roots, 
and  can  at  the  same  time  stoike  the  fibres  of  them  doMmwaras,  as  well 
as  around,  in  search  of  food.  When  it  meets  with  such  a  soil  and  is 
deposited  at  a  proper  depth,  it  vegetates  slowly,  pushing  to  the  surface 
one  cylindriad  fihunen^  while  numerous  fibres  strike  into  the  soil 
from  the  seed.  These  supply  tiie  plant  with  regular  nourishment,  and 
in  due  time  a  knot  is  formed  at  the  surface  Of  the  soil,  from  which 
several  roots  and  stems  branch  out.  This  is  called  the  tillering  of  the 
wheat.  The  new  roots  near  the  siurface  soon  become  the  chief  source 
of  nourishment,  and  in  a  rich  compact  soil,  where  there  is  room,  nume- 
rous stems  arise,forming  a  tuft,  and  each  of  these  in  time  bears  a  lazge 
ear  well  filled  with  seeds;  so  that  firom  a  very  moderate  quantity  of 
seed  a  great  return  is  produced.  The  strong  stems  supporting  each 
other  are  well  able  to  resist  the  effect  of  storms  and  rains,  which  would 
lay  weaker  plants  level  with  the  ground.  The  effect  of  surface  manur- 
ing immediately  before  the  seed  is  sown  is  to  produce  too  rapid  a 
growth,  weakening  the  straw,  and  increasing  its  quantity  often  at  the 
expense  of  the  ear,  which  does  not  attain  its  proper  development. 
This  is  called  nmning  to  straw.  Ammoniacal  and  nitrogenous  manures 
have  this  effect ;  which  is  corroborated  by  late  experiments  with  sul- 
phate of  ammonia,  saltpetre,  and  nitrate  of  soda. 

Lime  has  been  often  comddered  as  the  most  efficacious  manure  for 
wheat,  even  more  than  dung.  As  long  as  there  is  organic  matter  in 
the  soil,  lime  acts  beneficially,  and  the  richer  the  land,  which  does  not 
contain  carbonate  of  lime  already,  the  more  powerful  the  effect  of 
liming.  But  experience  has  proved  that  lime  has  little  effect  on  poor 
soils,  until  they  are  first  manured  with  animal  and  vegetable  substancesi 
To  produce  good  wheat  then,  the  land  should  be  gradually  brought 
to  the  proper  degree  of  fertility,  by  abundant  manuring  for  preparatory 
crops,  which  will  not  suffer  from  an  over-dose  of  dung,  and  will  leave 
in  Uke  soil  a  sufficient  Quantity  of  humus,  intimately  blended  with  it, 
for  a  crop  of  wheat.  Clover  is  a  plant  wUch  will  bear  a  considerable 
f oroing,  and  so  are  beuis,  and  both  are  an  excellent  preparation  for 
wheat.  The  roots  left  in  the  ground  from  a  good  crop  of  either,  decay 
slowly,  and  thus  furnish  a  regular  supply  of  food  for  the  wheat  sown 
in  the  next  season.  Potatoes  also  admit  of  much  forcing,  but  the 
necessary  loosening  of  the  soil  for  this  crop  renders  it  less  fit  as  a  pre- 
paration for  wheat.  Experience  has  fully  proved  that,  as  a  general 
rule,  it  is  better  to  sow  barley  and  clover  after  potatoes,  and  let  them 
be  succeeded  by  wheat. 

Although  wheat  thrives  best  on  heavy  soils,  and  without  due  pre- 
paration produces  only  scanty  and  uncertain  crops  in  those  which  are 
naturally  light  and  loose,  it  may  be  made  to  give  a  very  good  return  in 
soils  which  would  once  have  been  thought  fitted  only  for  the  growth 
of  rye  and  oats.  But  then  the  texture  and  composition  of  these  soils 
must  have  been  greatly  improved  by  judicious  tillage  and  manuring. 
WhUe  the  heavy  soils  are  repeatedly  ploughed  and  pulverised  to  render 
them  mdlow,  the  lighter  are  rendered  'more  compact  by  marling, 
where  this  can  be  rea£ly  done,  by  adding  composts  in  which  the  prin- 
cipal earth  is  day,  and  especially  by  such  plants  as  have  substantial  and 
long  roots,  by  which  the  soil  is  kept  together,  such  as  clover,  lucem, 
sainfoin,  and  other  grasses.  If  these  plants  have  beea  well  manured, 
and  cover  the  ground  weU,  keeping  in  the  moisture,  the  soil  wiU  have 
become  sufflcientiy  compact  to  bear  wheat.  One  ploughing  is  then  quite 
sufficient,  and  if  a  heavy  land-presser  is  made  to  follow  two  ploughs 
and  press  in  the  furrows,  so  as  to  leave  deep  smooth  drills  eight  or 
nine  inches  apart,  in  which  seed  can  find  a  solid  bed,  there  will  be 
every  probabUity  of  a  good  crop,  of  wheat,  which  wUl  come  up  in 
regular  rows,  the  roots  being  at  such  a  depth  as  to  run  no  riik  of 
wanting  moisture  till  the  stem  has  arisen  to  its  full  height,  and  the 
ear  is  formed :  a  few  diowers  at  that  critical  time  will  make  the  grain 
swell,  and  insure  a  good  crop. 

On  some  soils  it  may  not  be  judicious  to  attempt  to  sow  wheat ;  but 
these  are  the  poorest  loose  sandi^  which  naturally  would  bear  only  oats 
and  buckwheat ;  on  these,  unless  they  can  be  abundantly  marled,  it  ia 
much  better  to  sow  rye.  When  wheat  is  sown  on  light  soils  in  good 
heart,  it  grows  vigorously  in  spring,  if  it  has  not  been  injured  by  the 
frost,  which  is  very  apt  to  raise  up  the  roots  and  throw  them  out  of 
the  ground.  The  driving  of  sheep  over  the  field  presses  the  roots  into 
the  ground,  and  prevents  this  throwing  out ;  but  a  vigorous  growth  of 
straw  is  not  always  a  sure  sign  of  a  good  crop  at  harvest,  as  many 
formers  know  by  sad  experience :  what  would  be  advisable  in  heavy 
soils  is  not  always  so  in  lighter.  A  heavy  rolling  in  spring  after  a 
light  harrowing  is  very  useful  at  a  time  when  the  surface  is  moist  It 
closes  the  pores  and  checks  the  evaporation:  and  the  tighter  the 
surface  can  be  made  the  better  the  chance  there  is  of  a  fair  crop.  The 
Norfolk  rotation,  as  it  is  generally  called,  in  which  wheat  is  sown  after 
clover,  is  the  only  one  well  adapted  for  wheat  on  light  soils.  The 
manure  having  been  put  abundantly  for  the  turnips,  and  the  land  being 
freed  from  weeds,  the  barley  whioi  follows  is  generally  a  good  crop; 
the  clover,  which  is  sown  in  this,  is  trodden  in  the  reaping  and  cany- 
ing  of  the  barley :  and  there  is  only  one  ploughing  from  the  time 
the  barley  is  sown  to  the  sowing  of  Uie  wheat.  If  this  be  dibbled  on 
the  turned  sward  of  the  clover,  the  land  will  receive  another  treading 
by  the  dibblers,  the  seed  will  be  regularly  deposited  at  a  proper  depth, 
and  no  preparation  of  light  land  can  be  more  likely  to  produce  good 
wheat  On  heavy  soils  the  process  must  be  varied;  the  suiisce, 
instead  of  being  rendered  more  oompaot,  will  often  be  so  bound  as  to 


require  to  be  stirred  by  harrowing  or  hoeing  before  the  wheat  plant 
can  properly  tiller.  If  a  farmer  is  anxious  to  have  good  crops  of  wiieat, 
he  must  not  rest  satisfied  after  he  has  ploughed,  manured,  and  sown : 
he  must  watch  the  growth  of  this  important  crop  daily,  and  use  the 
means  which  experience  and  observation  have  suggested  to  assist  the 
growth  and  to  remove  the  causes  of  failure. 

In  either  case  it  is  of  importance  to  sow  the  proper  quantity  of  seed 
per  acre  in  rows  far  enough  apart  One  bushel  per  acre  is  enough  on 
well-cultivated  soUs — ^two  bushels  are  not  too  much  where  there  is 
liability  to  loss  by  water,  wireworm,  and  weather.  If  sown  by  drUl 
from  10  to  12  inches  is  a  proper  interval  between  the  rows. 

In  heavy  soils  nothing  is  more  detrimental  than  excess  of  moisture. 
Even  in  well-drained  fields  the  water  will  stand  too  long  in  the 
furrows  if  there  is  not  a  proper  outlet  for  it  The  furrows  should  be 
well  cleared  out  with  the  spade  as  soon  as  the  seed  is  sown,  drilled,  or 
dibbled,  the  earth  being  thrown  evenly  over  the  surface  of  the  stitdies, 
and  not  left  in  an  unsightly  ridge,  which  crumbles  down  with  the 
furrow  at  the  first  frost  In  proper  places  and  at  regular  distances 
deeper  water  furrows  should  be  dug  out  after  the  plough  has  ploughed 
a  deep  furrow  in  the  intended  line ;  and  this  should  then  be  finished 
as  is  said  above :  so  that  if  a  heavy  fall  of  rain  should  come  suddenly, 
the  water  would  have  a  regular  course  and  outlet  into  the  ditches 
which  lie  in  the  lowest  part  of  the  land,  without  soaking  into  the  soil, 
which  is  already  too  retentive  of  moisture.  It  is  chiefly  in  spring  and 
when  snow  melts  that  there  should  be  a  daily  inspection  of  the  wheat- 
field.  An  experienced  eye  going  along  the  bottom  of  the  ridges  of  a  laige 
field  will  discover  at  once  whether  there  is  any  stoppage  of  the  water; 
and  by  means  of  a  spade  or  shovel  it  will  be  remedied  with  little 
trouble.  When  the  surface  binds,  as  it  does  in  some  soils,  and  prevents 
the  access  of  air  to  the  roots,  the  land  is  harrowed  or  hoed,  and  in  a 
few  days  the  effect  will  be  i^parent 

It  is  a  very  common  notion  that  good  wheat  and  bean  land  is  not 
well  adapted  to  the  growth  of  roots,  especially  of  such  as  are  usually 
fed  off  the  land  by  sheep,  because  the  treading  of  anhnals  is  injurious 
in  winter  and  spring,  when  these  crops  are  usually  wanted;  and  if 
th^  are  carted  off,  the  wheels  and  the  horses  make  such  impressions 
as  are  equally  detrimental  or  more  so.  But  all  roots,  even  the  wldte 
turnips  will  grow  luxuriantly  on  heavy  soils  well  prepared  and  manured ; 
and  they  may  be  so  managed  as  to  be  taken  off  Mforo  the  winter.  The 
land  being  ploughed  immediately  on  the  removal  of  the  roots,  will  be 
well  prepared  for  wheat,  or,  when  mellowed  by  the  winter's  frost,  may 
be  sovm  in  spring  with  beans,  barley,  or  oats.  The  manure  wUl  be 
incorporated  wi£  the  soil,  even  if  it  has  been  put  on  in  a  very  fresh 
state  for  the  roots,  which  can  only  be  recommended  on  very  compact 
soils.  If  the  root  crops  are  well  cleaned,  fallows  may  be  avoided,  or 
at  least  recur  veiy  seldom^  and  then  only  when  root  weeds  have  accu- 
mulated from  neglect 

When  the  wheat  has  blossomed,  and  the  grain  in  the  ear  is  fully 
formed,  it  should  be  watched,  and  as  soon  as  the  seed  feeb  of  the  con- 
sistence of  tough  dough,  and  the  straw  is  cby  and  yellow  below  the 
ear,  it  should  be  reaped.  The  skin  of  the  grain  will  be  thinner,  and 
its  substance  will  harden  readily  by  mere  drying,  while  the  straw  is 
better  fodder  for  the  cattla  It  is  found  by  experience  that  the 
increase  of  flour  by  adopting  this  method  is  very  considerable.  The 
operation  of  reaping  is  now  best  done  by  the  reaping  machine. 

The  choosing  of  wheat  for  seed  is  a  matter  of  great  importance. 
Some  fanners  like  to  change  their  seed  often;  others  sow  the  pro- 
duce of  their  own  land  continually,  and  both  seem  persuaded  that 
their  method  is  the  best  The  &ict  is,  that  it  is  not  always  the 
finest  wheat  which  makes  the  best  seed;  but  it  depends  on  the 
nature  of  the  land  on  which  it  grew.  Some  soils  are  renowned  far  and 
wide  for  producing  good  seed,  and  it  is  well  known  that  this  seed 
degenerates  in  other  soils^  so  that  the  original  soil  is  resorted  to  for 
fresh  seed. 

While  the  wheat  is  growing  it  is  exposed  to  various  accidents,  which 
it  is  often  difficult  to  foresee,  and  more  difficult  to  guard  against  llie 
smut  and  burnt-ear  are  diseases  which  may  be  generally  prevented  by 
a  proper  preparation  of  the  seed  before  it  is  sown.  Many  corrosive 
substances  have  been  recommended  to  steep  the  seed  in,  such  as  blue 
vitriol,  one  pound  to  a  quarter  of  a  grain,  dissolved  in  water  enough  to 
wet  every  seed.  It  seems,  however,  that  washing  the  seed  well  with 
plain  water,  or  with  salt  and  water,  and  afterwards  drying  it  with  quick- 
lime, sufficiently  destroys  the  germ  of  the  smut  to  prevent  its  propa- 
gation. The  most  eommon  steep  is  water  in  which  so  much  salt  has  been 
dissolved  as  will  enable  it  to  float  an  egg.  In  this  the  seed  may  bo  left 
for  twelve  hours  or  more,  and  then  spread  on  a  floor  and  mixed  with 
as  much  quicklime  as  will  absorb  the  moisture,  and  allow  it  to  be 
sown  or  dnlled,  without  the  grains  adhering  to  one  another. 

In  the  second  volmne  of  the  '  Journal  of  the  Royal  Society  of  Agri- 
culture of  England,'  PArt  I.,  is  a  valuable  paper,  by  the  Kev.  T.  S. 
Henslow,  on  the  diseases  of  wheat  He  describes  the  different /hm^ 
which  produce  the  various  diseases  of  pepper-brand,  dust-brand,  rust, 
and  mudew.  The  ergot  in  wheat  is  an  excrespence  from  the  ear,  like  a 
small  horn,  into  which  the  seed  is  transformed.  It  has  a  poisonous 
quality  and  a  medicinal  one.  The  cause  of  this  monstrosity  in  the 
seed  is  not  f uUy  known.  It  is  supposed  to  be  caused  by  the  puncture 
of  some  insect  introducing  a  virus  which  has  entirely  altered  the 
functions  of  the  germ,  and  made  it  produce  this  ergot,  instead  of  a 
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is  described  by  Mr.  Bftuer  in  the  'Philosophical  Transactions '  for  182S 
This  disease  is  not  so  common  as  tiie  smiit  and  the  pepper-brand.  It 
is  probable,  according  to  Mr.  Henslow,  that  the  animalcula  may  be 
killed  by  exposing  the  grain  to  a  certain  heat,  so  as  not  to  destroy  its 
power  of  vegetation,  but  sufficient  to  kill  the  tibrio.  The  wheats 
midge  {Cecidomyia  triiici)  is  another  external  enemy,  which  does  more 
harm  to  the  crop  than  is  generally  known.  It  deposits  its  eggs  at  the 
root  of  the  germ  in  the  ear,  and  prevents  the  filling  of  the  grain,  the 
maggot  living  on  the  nutritive  jui<^  which  should  produce  the  farina. 
The  Hessian  fly,  which  caused  such  depredations  in  America  and 
Canada  at  one  time,  is  a  different  s{)ecie6  of  the  same  fly.  This  deposits 
its  eggs  in  the  straw  near  the  root,  and  tiius  destroys  the  whole  plant. 
We  must  refer  the  reader  for  further  particulars  to  the  paper  above 
mentioned. 

Qreat  attention  has  been  lately  paid  to  the  introduction  of  the  best 
and  most  prolific  varieties  of  wheat,  and  by  merely  observing  what  ears 
appear  much  superior  to  others  in  a  field  of  ripe  wheat,  and  collecting 
these  to  be  sown  separately  in  a  garden  or  portion  of  a  field,  the 
variety,  which  may  have  been  produced  by  some  fortuitouid  impregna* 
tion,  or  some  peculiarity  in  the  spot  where  it  grew,  is  perpetuated.  By 
carefully  selecting  the  seed  which  is  best  adapted  to  the  soil,  by  a  more 
careful  and  garden-like  cultivation,  And  by  adding  those  manures 
which  are  found  most  adapted  to  favour  its  perfect  vegetation,  crops 
of  wheat  have  been  raised,  which,  at  one  time,  Would  have  been  thought 
marvellous ;  and  the  average  produce  of  this  important  grain  has  been 
'  increased  on  nil  soils. 

WHEEL.  A  mechanical  oontrivance,  by  means  of  which  the  inter- 
mittent and  limited  action  of  the  lever  is  extended  to  any  distance, 
and  made  to  act  continuously  and  uniformly.  The  direction  and  the 
velocity  of  movement  of  a  machine  are  commonly  regulated  by  the 
disposition  and  character  of  the  wheelwoi^  which  enters  into  its 
composition ;  but  the  principle  upon  which  aU  wheels  really  act,  con- 
sists in  the  application,  in  a  continuous  manner,  and  in  a  circular 
direction,  of  the  power  obtained  by  leverage. 

Wheels  are  either  of  the  kind  known  as  carriage  wheels,  or  fridion 
wheels,  or  teethed  wheels ;  including  under  the  second  division  hand 
wheels,  and  under  the  third  the  various  kinds  of  cog,  trundle,  ipur, 
crown,  and  beviUed  wheels.  In  a  system  of  wheelwork  the  wheels 
may  be  either  mtdtiplying  or  diminuhing,  according  to  their  relative 
sizes;  they  may  either  x>erform  complete  revolutions,  or,  as  in  the 
case  of  balance  wheels,  only  revolve  over  small  arcs;  they  may 
revolve  either  horizontally  or  vertically;  they  may  bl  used  to  produce 
motion  or  to  communicate  ^t ;  or,  finally,  they  may  be  used  for  the 
purpose  of  regulating  the  velocity  of  the  machineiy  to  which  they  are 
annexed,  as  in  the  case  of  fy  wheels.  Water-wheels  constitute  a  sepa- 
rate class  of  machinery,  known  under  the  same  generic  name  of  wheels, 
in  which  the  power  is  produced  by  the  direct  action  upon  the  wheel 
itself.  [Water- Whisbls.]  In  ordinary  wheels  the  power  is  applied 
originally  to  the  shaft  bearing  them,  by  the  intervention  of  cranks, 
handles,  winches,  or  levers. 

In  carriage  wheels  the  object  sought  to  be  attained  is  to  convert  a 
sliding  friction  into  a  rolling  one,  in  order  to  facilitate  the  horizontal 
movement  of  heavy  loads.  The  efficiency  of  a  carriage  wheel,  there- 
fore, consists  in  tiie  length  of  the  lever  it  ofiers  (or,  in  other  words, 
upon  its  diameter) ;  upon  the  direction  in  which  the  power  is  'implied 
to  it ;  and  upon  the  sxnall  extent  of  surface  producing  friction ;  always 
provided  that  the  surface  should  be  sufficient  to  prevent  the  load  from 
forcing  the  wheels  into  the  materials  over  which  they  run.  It  is  for 
the  avowed  object  of  insuring  the  application  of  the  power  exercised 
by  a  horse,  in  drawing  a  cart  or  carriage,  above  the  horizontal  line 
passing  through  the  centre  of  the  fore  wheels,  that  they  are  made 
smaller  than  tiie  hind  wheels ;  but,  as  an  abstract  proposition,  it  may 
be  stated  that  the  larger  a  wheel  is,  the  greater  is  the  useful  efieot  it 
produces,  provided  the  line  of  draught  pass  horizontally  through  its 
centre.  Another  abstract  proposition  with  respect  to  carriage  wheels 
is,  that  title  narrower  their  surfaces,  the  lees  friction  they  must  de- 
velope ;  but  evidently  the  character  of  the  roadway  over  which  the 
load  travels  must  re-act  upon  this  condition,  for  upon  a  soft  surface  a 
narrow  wheel,  heavily  laden,  would  compress  the  road  materials,  and 
thus  create  a  continually  occurring  series  of  obstacles  to  its  own  pro- 
gress. Upon  soft  roadways,  under  heavy  loads,  carriage  wheels  must 
therefore  be  made  wide  upon  the  face  of  the  felloes ;  for  quick  traffic, 
on  hard  roads,  when  the  carriages  do  not  convey  heavy  loads,  narrow 
wheels  are  generally  resorted  to. 

In  the  earliest  wheeled  carriages,  the  wheels  were  made  of  solid 
planks,  and  the  axles  were  fastened  to  them,  so  that  wheel  and  axle 
turned  together;  the  load  in  such  cases  being  borne  upon  collars 
worked  upon  the  axles.  Rude  carts  of  this  description  have  beea 
used  in  England  within  a  very  short  period,  and  they  may  still  be  seen 
upon  the  provincial  roads  of  such  countries  as  Spain  or  southern 
I^y.  W^hen  the  roads  are  habitually  of  a  superior  character,  how- 
ever, carriage  wheels  are  made  as  hghtly  as  the  work  they  are 
required  to  perform  will  admit  of ;  and  they  consist  usually  of  a  nave, 
CT  centre  boss,  into  which  the  spokes  or  radiating  arms  are  fastened  at 
one  end,  whilst  the  spokes  at  their  other  ends  bear  the  felloet ;  the 


whole  assemblage  being  bound  tofi;ether  by  an  iron  tire,  nailed  to  ihi 
felloes  whilst  it  is  hot,  in  order  that  the  shrinkage* of  the  iron  b 
cooling  may  "  force  the  various  joints  home,"  as  workmen  say.  Th* 
nave  is  usually  bored  out  to  receive  a  box  of  iron  (or  of  gnn  raetsl  h 
some  cases),  in  which  ihe  collar  of  the  axle  is  inserted,  so  tliat  ih-; 
wheels  on  the  respective  sid^  of  the  carriage  can  revolve  independentlT 
of  one  another  in  their  horizontal  positions,  but  are  maintained  at  fixed 
distances  apart  horizontally.  In  wheeled  carriages  the  bodies  are- 
attached  to  the  axles,  either  with,  or  without,  the  intervention  of 
springs;  in  four-wheeled  carriages  the  front  pair  of  wheels  is  ustia^]/ 
znade  to  revolve  on  a  pivot  fixed  under  the  fore  part  of  the  body.  Of 
course  the  dimensions  of  all  the  details  of  carriage  wheels  must  aepen^ 
tipon  the  weights  they  are  intended  to  transport,  and  upon  the  velootr 
at  which  they  are  intended  to  travel;  in  railway  carnages  the  nare^, 
spokes,  felloes,  and  tires  of  the  wheels  are  executed  of  iron,  or  of  staej  ; 
in  common  carriages,  wood  is  the  material  principally  used. 

The  friction  wheels  of  mill-work  are  introduced  for  the  same  purpoe 
that  wheels  are  adapted  to  ordinary  carriages ;  that  is  to  say,  for  ihs 
purpose  of  convertihg  sliding  friction  into  rolling  friction.  They  are 
used  to  facilitate  the  horizontal  or  vertical  movement  of  traversicg 
beds,  of  guide  rods,  ftc.,  and  therefore  the  only  conditiozia  they  an 
required  to  fulfil  are,  that  Ihey  should  revolve  freely  on  tiieir  otri 
axles,  and  present  smooth  surfaces  (able  to  retain  a  lubricating  flisf!!) 
to  the  bodies  moving  over  them,  or  over  which  they  may  more. 
Driving  band-whe^,  on  the  contrary,  are  fixed  on  their  bearing  shafts, 
and  have  their  surfaces  formed  in  such  a  manner  as  to  canse  the  straps 
or  bands,  to  adhere  to  them  by  their  mere  friction  upon  the  aaperitte?, 
and  thus  to  produce  motion  in  the  secondary  band-vrheels  of  the 
machinery  to  whidi  they  are  applied,  by  the  rotation  of  the  first 
wheels.    In  some  cases  also,  motion  is  communicated  by  meam  d 
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wheels  whose  surfaces  are  in  contact,  and  which  act  upon  one  another 
by  the  mere  unevenness  of  those  surfaces ;  if,  however,  any  serious 
resistance  should  be  encountered,  the  wheels  would  be  likely  to  elide 
over  one  another,  and  they  are  therefore  only  used  in  light  and  delicate 
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machinery.  Indeed  all  descriptions  of  band- wheels  are  exposed  to  the 
same  objection,  because  they  only  communicate  motion  by  the  fricticm 
of  the  bands  upon  the  respective  surfaces,  and  when  the  resistance 
exceeds  that  friction,  the  bands  must  slide  over  the  wheels ;  but  iLvj 
present  so  many  facilities  for  the  introduction  of  speed  pulleys,  (that  is 
to  say,  of  pulleys  by  means  of  which  the  rate  of  revolution  may  be 
modified  at  will)  that  they  are  constantiy  resorted  to  in  machinery, 
especially  when  it  is  desirable  to  avoid  making  a  noise.  Band-wheelt$ 
are  commonly  arranged  so  as  to  present  on  the  same  axle,  and  in 
immediate  proximity  to  one  another,  what  are  called  /a»t  and  loose 
pulleys ;  the  fast  pulleys  being  fixed  upon  the  axle,  so  that  the  two 
must  turn  together,  wjiilst  the  loose  pulley  turns  freely  upon  the  axle, 
and  does  not  communicate  any  motion  to  the  latter.  When,  therefore, 
it  IB  desired  to  put  band- wheels  with  fast  and  loose  pulleys  out  of  gear, 
all  that  is  required  to  be  done  is  to  pass  the  band  upon  the  loose 
pulley,  and  the  communication  of  the  movement  immediately  ceasoi 


Band-wheels  also  present  great  advantages  from  the  ease  with  which 
they  admit  of  the  change  in  the  direction  of  the  ^motion.  If,  for 
instance,  it  be  desired  to  TOverse  the  motion,  the  band  is  simply  crossed, 
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and  endless  bands  may  be  made  to  communicate  motion  in  every 
possible  direction  with  respect  to  the  driving  pulley.  Long  bands  are, 
however,  objectionable,  as  they  have  a  tendency  to  stretch;  and  it 
must  also  be  observed  that  the  circumferences  of  band-wheels  should  be 
made  slightly  rounded,  because  there  is  a  tendency  in  bands  running 
over  puUeys  to  work  towards  the  portions  of  those  pulleys  which  are  of 
the  largest  diameter;  and  thus,  perhaps,  to  "cast  off."  The  friction 
cones,  used  by  rope-spinners,  may  be  cited  as  amongst  the  most  valu- 
able illustrations  of  the  use  of  these  modifications  of  wheel- work ;  as 
may  also  be  cited  the  speed  pulleys  of  lathes,  the  carrying-bands  of 
printing  machinery,  the  friction-rollers  upon  which  the  endless  sieves 
of  papei^making  machines  traverse,  &c. 

In  teethed  wheels,  a  series  of  projections,  or  teeth,  '^are  formed  on 
the  outer  rim  of  one  wheel,  which  work  into  corresponding  projections 
upon  the  outer  rim  of  the  wheel  connected  with  it,  in  such  a  manner 
as  to  allow  the  teeth  of  the  former  to  communicate  their  motion  by 
the  sliding  or  rubbing  of  their  surfaces  upon  the  surfaces  of  the  teeth 
of  the  second  wheel  Cog-wheeU  are  those  in  which  the  teeth  are 
made  of  a  different  material  to  the  wheel  itself,  but  the  cogs  are  never- 
theless of  the  same  outline  in  principle  as  ordinary  teeth.  Trundle- 
wheels  are  those  in  which  the  teeth  are  formed  by  cylinders  of  small 
diameter,  and  short  lengths,  fixed  between  two  discs ;  they  are  much 
used  in  coarse  miU-wo«,  on  account  of  the  smoothness  of  their  action, 
and  the  small  friction  to  which  they  give  rise.  Pm-wheels  are  those 
in  which  similar  cylinders  are  placed  upon  the  surface  of  a  revolving 
disc ;  croim-wheels  are  those  in  which  the  teeth  are  cut  out  of  the 
rim  of  the  wheel ;  awnuZar- wheels  are  those  in  which  the  teeth,are  out 
upon  the  inner  surface  of  the  rim ;  beviUed-yrheela  are  those  in  which 


the  faces  of  tSie  teeth  are  portions  of  cones  whose  apices  meet,  and  are 

inclined  so  as  to  allow  the  motion  of  the  first,  or  ann'n^-wheel  to  be 

changed  in  its  direction ;  fpur-wheels  are  those  which  transmit  motion 

in  directions  parallel  to  that  of  the  revolution  of  the  driving-wheeL 

The  first  wheel  in  all  these  instances  bears  the  name  of  the  fint  motion 

or  drtn'n^-wheel ;  the  secondary  wheel  is  called  the  foUawer,  or  the 

pinion  in  the  case  of  cog-wheels,  but  sometimes  it  is  called  the  tifallower, 

in  the  case  of  trundle-wheels.    The  wheels  themselves  are  composed  of 

the  central  boss,  the  arms,  and  the  rim,  bearing  the  teeth ;  sometimes, 

however,  in  small  pinions  the  arms  are  replaced  by  a  solid  plate,  and 

then  they  are  known  by  the  name  of  pZate-wheels ;  the  inner  rim  of  a 

first  motion  annular-wheel  is  known  by  the  name  of  the  annulus. 

When  it  is  essential  that  no  sliding  should  take  place  on  the  surfaces  of 

wheels  the  faces  are  broken  into  what  are  called  compound  or  combined 

wheels,  which  consist  of  a  series  of  parallel  concentric  ranges  of  teeth, 

so    placed  that  the  contact  of   any  pair  of  teeth  should  only  be 

momentary.    Dr.  Hooke  introduced  this  kind  of  wheel,  and  indeed  it 

is  at  times  known  by  his  name ;  but  it  is  too  complicated,  and  too 

liable  to  fracture,  for  ordinary  work. 

Li  setting  out  a  wheel,  the  basis  of  the  operation  is  the  pitch  circle, 

or  the  working  circumference ;  the  term />i<(^  itself  means  the  distance 

apart  of  the  centres  of  tiio  teeth  upon  that  circle.    The  only  condition 

which  regulates  the  pitch  is,  that  the  material  should  be  strong  enough 

to  bear  the  effort  to  which  it  is  to  be  exposed ;  and  in  practice  it  is  found 

that  cast-iron  wheels  work  satisfactorily  with  pitches  varying  between  1 

and  3  inches  in  large  wheels,  and  between  a  quarter  of  an  inch  and  three 

quarters  of  an  inch  in  very  small  ones.    The  number  of  teeth  depends 

upon  the  circumference,  and  upon  the  pitch ;  or  calling  the  number  of 

c 
teeth  n,  the  circumference  c,  and  the  pitch  p;  then  n  =  — ,  all  the 

dimensions  being  in  inches ;  or  the  diameter  d  will  be  found  by  making 

d  =  oTITg-    The  velocities  at  which  the  various  wheels  of  a  piece  of 

machinery  are  required  to  revolve  determines  their  respective  diameters, 
and  they  are  calculated  upon  the  principles  to  be  described  in  the 
sequel ;  but  it  is  to  be  observed  that  the  true  radii  are  always  rather 
larger  than  the  primitive  radii,  which  latter  serve  to  define  the  pitch 
circle ;  the  true  radii,  on  the  contrary,  define  the  extremities  of  the 
teeth.  Another  general  law  is  that  the  number  of  teeth  in  the  tpur- 
(or  driving-)  wheel  is  to  the  number  of  teeth  in  the  pinion  (or  follower) 
in  the  ratio  of  their  reef^ective  radii ;  or  calling  the  diameter  of  the 
spur-wheel  a  b  ;  tiie  diameter  of  the  pinion  o  D ;  and  the  number  of 
teeth  on  the  former  N ;  then  the  number  of  teeth  on  the  pinion  wUl  be 
found  thus  : —  ▲  B  :  o  D  : :  N  :  lu    The  Outlines  of  the  teeth  are  ascer- 


tained by  dividing  the  pitch  circle  into  equal  parts  corresponding  with 
the  proposed  number  of  teeth ;  the  pitch  is  then  subdivided  into  four 
parts,  to  obtain  the  centres  of  the  intervals,  and  also  the  flanks  of  the 
teeth  within  the  line  of  the  pitch  circle.  Beyond  that  line  the  flanks 
of  the  spur  teeth  are  formed  by  i)ortions  of  an  epicycloid  generated  by 
the  revolution  of  a  circle,  whose  diameter  is  equal  to  the  radius  of  the 
pinion  pitch  circle  around  the  pitch  circle  of  the  spur ;  and  the  flanks 
of  the  extremity  of  the  teeth  of  the  pinion  are  formed  by  portions  of 
a  hypocycloid  generated  by  the  revolution  of  the  circle  before  named 
on  the  interior  of  the  pitch  circle  of  the  pinion  Itself.  The  projection 
of  the  teeth  beyond  their  respective  pitch  circles  is  regulated  by  the 
condition  that  Uie  epicycloidal  and  hypocycloidal  curves  shall  be  suffi- 
ciently long  to  cause  the  latter  to  bear  upon  the  side  of  the  teeth, 
through  an  extent  of  circumferential  movement  equal  to  the  length  of 
the  pitch.  Practically  this  length  may  be  found  by  describing  a  circle 
of  a  diameter  equal  to  the  radius  of  the  pinion  upon  the  line  of  centres, 
and  at  the  point  where  it  intersects  the  radial  line  forming  the  flank  of 
the  second  tooth,  describing  the  true  radius  of  the  spur.  The  depth 
of  the  intervals  is  made  so  as  to  leave  a  small  space  between  the 
extremity  of  the  teeth  and  the  rim,  and  it  is  customary  to  leave  a  littie 
play  between  the  teeth,  equal  to  about  <|^|th  or  ^th  of  the  pitch ;  the 
interior  angles  of  the  teeth  are  rounded  off  in  order  to  increase  their 
strength.  In  setting  out  a  pinion  intended  to  drive  a  lantern-wheel, 
the  teeth  must  still  be  made  portions  of  epicycloids ;  but  in  the  case 
of  racks  driven  by  teethed  pinions  the  curves  must  be  involutes  of  the 
pitch  circle,  and  in  annular  wheels  the  teeth  of  the  annulus  must  be 
portions  of  a  hypocycloid.  The  portion  of  the  tooth  beyond  the  pitch 
circle,  to  which  the  above  peculiar  forms  are  given,  is  occasionally 
known  by  the  name  of  the  addendum,  and  it  is  usually  about  ^ths  of 
the  pitch  employed.  In  common  construction  the  proportions  of  the 
various  parts  of  a  pair  of  teethed  wheels  gearing  into  one  another  are 
as  follows : — 


Depth  of  addendum  .        •        . 

Working  depth,  from  addendum  to  flank 

'Whole  depth 

Thickness  of  tooth  on  pitch  lino  .        • 
Breadth  of  space  on  ditto  •        • 


1^  of  pitch. 
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In  small  wheels  with  few  teeth  the  depth  of  the  addendum  must  be 
increased  above  the  proportion  above-mentioned. 

Beyilled  gearing  coDsists.  of  frustra  of  cones,  which  are  supposed  to 
roll  upon  one  another,  and  whose  apices  are  supposed  to  meet  in  one 
point ;  and  in  this  case  the  form  of  the  addenda  ought  to  be  a  portion 
of  a  spherical  epicycloid,  according  to  strict  theory,  but  in  practice  a 
much  more  simple  form,  devised  by  Telford,  and  described  in  Buchanan's 
'  Treatise  on  Mill-work,'  p.  58  (1841),  is  used.  Indeed,  it  is  very  rarely 
that  the  faces  of  wheels  are  made  with  cycloidal  forms  of  any  descrip- 
tion ;  and  practical  men  adopt,  instead  of  them,  simpler  circular  forms. 
Professor  Willis,  in  his  '  Principles  of  Meclumism,'  has  described  an 
instrument  of  his  own  invention,  for  drawing  the  teeth  of  wheels  by 
arcs  of  circles ;  and  has  accompanied  the  description  by  tables  illus- 
trating its  use.  The  reader  is  referred  to  the  various  books  above 
mentioned,  and  to  Warr's  '  Construction  of  Machinery,'  Ckimus  *  On  the 
Teeth  of  Wheels,'  Hachette's  'Traits  des  Machines,'  Armengaud'a 
'  Dessin  Industriel/  and  W.  Johnston's  '  Practical  Mechanic,'  for  more 
specific  details  with  respect  to  the  principles  upon  which  teethed  wheels 
of  the  various  kinds  enumerated  are  designed.  Professor  Willis's 
'  Principles  of  Mechanism '  may,  perhaps,  be  cited  as  containing  the 
most  viduable  information  on  the  subject. 

It  is  necessary  here  to  add  that  in  some  cases  it  is  desirable  to  pro* 
duce  in  machinery  an  intermittence  in  its  action,  or  a  certain  alterna- 
tion of  motion  and  of  rest,  in  the  wheels  gearing  into  one  another. 
This  is  effected  by  leaving  a  portion  of  the  circumference  of  the 
driving-wheel  without  teeth  for  a  length  corresponding  with  the 
desired  period  of  repose;  precautions,  however,  must  be  taken  to 
insure  that  the  teeth  should  fall  into  their  proper  places  when  contact 
is  restored,  for  which  purpose  pins  and  guides  on  the  face  of  the 
wheel  are  commonly  introduced.  JZo/c^-wheels,  or  those  which  only 
revolve  in  one  direction,  and  have  a  species  of  alternate  reciprocating 
action  on  the  driver  (in  this  sense,  th&t  they  are  raised  gradually  for  a 
certain  portion  of  the  revolution,  and  are  then  suddenly  released),  are 
introduced  for  the  purposes  either  of  preventing  the  wheel- work  from 
revolving  in  more  than  in  the  direction  originally  selected,  or  for  ob- 
taining aitemate  vertical  or  horizontal  motion  in  the  shafts  of  a  piece 
of  madiinery.  The  pin  which  prevents  the  alteration  of  the  rotation 
of  a  ratchet-wheel,  is  usually  placed  on  a  pivot,  and  is  able  to  be  thrown 
out  of  gear  at  will :  it  is  commonly  known  by  the  name  of  a  paulU 
Mill  work  of  all  kinds  may  either  be  kept  permanentiy  in  gear,  or  it 
may  be  constructed  so  as  to  allow  any  of  its  parts  to  work,  or  to  rest, 
independentiy  of  the  general  combination,  by  means  of  couplings, 
clutch-boxes,  friction,  or  reversing-gear.  In  the  construction  of  ma- 
chinery, wheels  play  very  important  parts  by  the  action  of  drivers 
upon  the  various  combinations  for  producing  change  of  motion,  such 
as  racks,  endless  screws,  cams,  eccentrics,  teethed  arcs,  ftc. ;  but  the 
consideration  of  these  functions  of  wheels,  as  also  of  those  by  which 
they  are  made  to  regulate  the  motion  of  the  machinery  to  which  they 
ore  attached,  by  reason  of  their  power  of  retaining  momentum,  belongs 
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Mpeciallv  to  the  proyinoe  of  applied  mechanics.  Before  closing  this 
article,  however,  it  is  essential  to  allude  cursorily  to  some  of  the 
mechanical  conditions  invplved  in  the  application  of  wheels. 

The  simplest  manner  in  which  those  contrivances  for  the  trans- 
mission of  power  are  used,  is  the  one  known  by  the  term  of  the  wheel 
and  axle.  [Wheel- and-Azlk.]  In  the  wtndlata  the  power  is  applied 
to  the  axle  by  means  of  a  cranked  lever  revolving  in  a  circular  path, 
instead  of  by  a  wheel ;  but  the  principle  of  the  action  of  this  form  of 
lever  is  predsely  the  same  as  that  of  the  wheel,  with  only  the  difference 
that  the  moments  of  inertia  of  the  moving  machinery  are  slightly 
changed.  [Windejiss.]  In  htad-whedi  the  power  is  obtained  by 
causing  the  men  or  animals  who  act  upon  the  machinery  to  exercise 
their  effect,  by  the  application  of  their  weight,  upon  the  periphery  of 
the  wheel.  When  equable  motion  is  required  to  be  produ<^  by  a 
wheel  animated  by  a  variable  power,  it  is  obtained  by  the  interposition 
of  a  cone,  or  of  some  such  contrivance  for  increasing  the  leverage  of 
the  power  in  proportion  as  the  power  itself  diminishes ;  as,  for  instance, 
in  the  spiral  spiings  and  fusees  of  watch-work. 

The  power  of  a  combination  of  two  cog-wheels  is  ascertained  by 
multiplying  the  distance  at  which  the  power  is  applied  from  the  centre 
of  the  first  wheel,  by  the  radius  of  the  second  wheel ;  and  dividing 
that  sum  by  the  sum  of  the  distance  at  which  the  resistance' acta  from 
the  centre  of  the  second  wheel,  multiplied  by  the  radius  of  the  first :  the 
quotient  will  represent  the  ratio  of  the  power  to  the  resistance  it  is 
able  to  overcome.  In  a  combination  of  any  number  of  teethed  wheels 
the  power  of  the  system  may  be  ascertained  by  taking  the  radii  of  the 
wheels  as  the  even  terms  of  a  series,  and  the  distances  at  which  the 
power  and  resistanoe  act  from  the  centres  of  their  respective  wheels  as 
the  odd  terms  (or  the  intermediate  ones)  of  the  series ;  then  the  pro- 
duct of  the  odd  terms,  divided  by  the  product  of  the  even  terms,  will 
represent  the  ratio  of  the  power  to  the  resistance.  The  even  terms 
will  in  this  case  represent  the  flyen  or  driven,  and  the  odd  ones  the 
followers f  and  the  product  of  the  former  will  give  the  velocity  of  the 
power,  whilst  that  of  the  latter  will  give  the  velocity  of  the  weight 
or  resistance. 

Very  good  practical  rules,  and  examples  for  their  application,  of  the 
relations  of  the  various  parts  of  a  i^stem  of  wheel-work  are  to  be 
found  in  the  Memorandum-book  of  Mr.  Telford,  inserted  in  his 
'Biography,'  and  reprinted  in  the  'Engineer's  Pocket  Book;'  but 
none  of  these  easy  practical  solutions  of  the  mechanical  problems 
involved  in  this  branch  of  applied  mechanics,  can  dispense  the  engineer 
from  the  study  of  their  principles.  These  are  discussed  at  considerable 
length  in  such  works  as  those  previously  mentioned,  and  in  Moseley's 
'  Mechanics  am>lied  to  the  Arts ; '  his  work  on  '  Engineering  and 
Architecture;  in  Warr's  'Dynamics;'  Weisbach's  'Mechanics  of 
Machinery ; '  Borgnis,  '  Traits  complet  de  M^canique  appliqu^  aox 
Arts ; '  Bupin's '  Q^ometrie  et  M^canique  des  Arts ;'  Lans  et  B^tan- 
court, '  Esni  sur  la  Composition  des  Matchines,'  &c. ;  and  to  them  the 
student  is  earnestly  referred. 

WHEEL-AND-AXLEy  is  a  machine  oonsistinff  usuaUv  of  a  cylinder 
to  which  a  wheel  is  firmly  united,  so  that  the  mathematical  axes 
of  both  are  coincident.  The  wheel  and  cylinder  are  of  wood  or 
metal,  and  the  diameter  of  the  former  is  greater  than  that  of  the 
latter. 

A  cylinder  on  the  drcumferenoe  of  which  are  fixed  exteriorly  boards 
whose  planes,  if  produced,  would  pass  through  the  axis,  and  which 
(being  turned  by  the  force  of  running  water,  or  by  the  weight  of  men 
in  the  act  of  stepping  from  one  board  to  the  next  above  it)  is  emploved 
to  raise  a  heavy  body  by  means  of  a  rope  passing  over  a  smaller 
cvlinder  on  the  same  axis,  as  in  the  treadmill,  is  a  simple  machine  of 
dais  kind  :  the  same  may  be  said  of  a  hollow  cylinder  which,  with  its 
axle^  is  made  to  revolve  by  men  or  animals  walking  in  the  direotion  of 
its  circumference,  in  its  interior  surface.  The  capstan,  the  windltt^ 
and  the  helm- wheel  of  a  ship  are  only  so  many  different  forms  of  the 
same  class  of  machines.  Fluently  also  the  axle  is  made  to  cany  a 
wheel  with  teeth  on  its  circumference,  in  order  Uiat,  by  revolving, 
motion  may  be  communicated  to  machinery :  such  are  the  wind  and 
water  mills  which  are  employed  for  grinding  com. 

When  it  is  required  to  exhibit  the  mechanical  properties  of  the 
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wheel-and-axle,  a  weight  representing  the  moving  power  is  applied  at 
oke  extremity  of  a  skiiig  which  at  the  other  extremity  is  attached  to 


and  passes  round  the  circumference  of  the  wheel ;  and  a  weight, 
sentmg  the  resistance  to  be  overcome,  is  applied  in  like  manner  at  one 
end  of  a  string  which  passes  round  the  axle  or  blinder.  Liet  mx 
(in^.  1)  be  a  section  passing  through  the  wheel  ana  cylinder  perpen- 
dicularly to  their  common  axis,  and  let  ca,  or  oa',  and  cb  be  the 
semi-difunetera  of  the  circles  in  that  section:  let  p  represent  the 
moving  power  and  w  a  weight  to  be  raised,  or  held  in  equilibrio ;  ap 
or  a'p  ,  and  bw,  being  the  directions  of  the  strings  to  which  those 
weights  are  attached;  and  for  simplicity,  let  these  lines  be  in  coe 
plane  and  coincident  with  tangents  to  the  circles  at  a,  or  ▲%  and  at  b. 
Here  it  is  evident  that  the  mechanical  power  of  the  wheel-sund-^xle  is 
the  same  as  that  of  a  lever  of  the  first  kind ;  for  (tihe  thickness  of  the 
ropes  and  the  weight  and  inertia  of  the  materials  being  disregarded) 
the  forces  p  and  w  acting  perpendiculariy  to  the  arms  oa  and  cb,  the 
effect  is  the  same  as  if  those  forces  were  applied  tnmiediaiely  at  the 
extremities  of  the  straight  line  ab,  or  of  the  bent  line  a'cb,  and  c 
being  the  fulcrum  or  pomt  of  support,  we  have,  by  the  nature  of  ths 
lever,  in  the  case  of  equilibrium, 

BO 

F  :  w  : :  Bc  :  AC  (=a'c),  or  p=w.  -— . 

The  wheel-and-axle  has  manifestly  however  a  great  advantage  oro* 
the  simple  lever,  sinep  the  weight  w  may  be  raised  to  any  height 
which  is  consistent  with  the  lengths  of  the  ropes^  by  winding  the  rope 
round  the  axle. 

If  the  power  p  or  f'  do  not  act  in  the  direction  of  a  tangent  to 
the  circle,  but  in  some  other,  as  ap";  then  letting  fall  CD  perpen- 
dicularly on  f"a,  produced  if  necessary,  we  have^  by  the  lever, 

f"  :  w  : :  BO  :  CD. 

If  the  ropes  to  which  the  wei^ts  are  attached  have  BenaiUe  thid- 
nesses,  ana  it  is  thought  proper  to  take  those  thiekneeaes  into 
consideration,  the  ropes  may  be  conceived  to  be  redaoed  to  thdr 
mathematical  axes,  and  these  to  pass  over  the  oircumferencea  of  the 
wheel  and  cylinder  at  distances  equal  to  the  semidiameten :  thus,  if 
r  and  b  be  the  semidiameten  of  the  ropes  passing  over  those  circam- 
fotences,  respectively,  we  obtain,  in  the  case  first  supposed, 

p  :  w  : :  bo  +  b  :  ACf  r. 

If  it  be  required  to  determine  the  pressures  on  the  snimorts  of  a 
wheel-and-axle  when  the  weights  applied  to  it  are  in  equilibrio,  and 
the  whole  machine  is  at  rest,  the  investigation  may  be  conducted  in 
the  following  maijner : — Let  the  weight  of  the  wheel  be  represeatad 
by  A  and  that  of  the  cylinder  by  b  ;  luso  let  M  and  K  (in  fig.  2)  be  the 
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points  on  which  the  two  pivots  rest ;  then  Jb  is  evidently  the  pressure 
supported  on  each  of  the  points  m  and  v,  arising  from  the  weight  of 
the  cylinder  alone.  Let  the  weight  a  be  supposed  to  act  at  c,  the 
centre  of  the  wheel,  and  let  OM=fi»,  QV^n;  then,  by  meohanics^ 


m  +  n  :  m  :  :  A  :  pressure  at  v. 


m+i» 


a: 


in  like  manner. 


m-\-n 


A  expresses  the  pressure  at  m;  each  of  these 


pressures  arising  from  the  weight  of  the  wheel  aUme, 

In  order  to  find  the  pressures  arising  from  the  weights  p  and  w,  the 
sum  of  those  weights  must  be  considered  as  applied  at  a  point  o  in 
the  axis  of  the  machine,  where  that  axis  would  be  cut  by  a  vertical 
plane  passing  through  the  common  centre  of  gravity  of  the  two 
weights :  let  o  and  &  be  points  in  which  the  axis  is  cut  by  vertical 
planes  passing  through  the  respective  centres  of  gravity  of  p  and  w ; 
then,  in  order  to  find  o,  we  have,  by  mechanics. 


F+w  :  CO' : :  F  :  00 


V         F-fW/» 


F.OO'  F.CO'-|-Sl(P  +  W) 

hence  y- -  +«,or :^^^ ,  =ito» 


andfi  — 


p.  00' 
p-hw  ' 


or 


F+w 
n(p-l-w)— p.oo' 
F+w 


,  =aH; 
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therefors,  s^md  by  meduuiiei. 


/      p.cc'  +  i»(p  +  w)\ 
»(p  +  w)-F.cg' 


Conaequently  the  wbola  pi 


-l-"(P  +  ^)  + 


kail  OD  N,  is  4b  -»■ 

It  the  nheal  and  Of  lindar  are  in  >  state  of  tootioa  about  Uisir  matb«- 
matioal  aiia,  the  prenure  on  the  lupporta  will  erideDtly  ba  diminiahed 
by  the  force  with  which  the  common  ceotre  ot  gravity  of  the  waighta 
p  aod  w  tends  to  descend ;  the  value  of  tluB  force  ia  inveatigatad  in 
treatlaes  on  dynamioa. 

If  two  wheels  sjid  cyluidBi*  are  connected  together  by  a  atnng 
iadfim  '-  ■"  -■- -■- 
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tion  aooording  to 

We  ahaU  oonten. .,._  ^.. 

commonly  employed,  witi  a  few  ramju^  _„  _.  _„  „.  ^„„  „,„ 
for  cutting  the  ipaoea  between  the  teeth,  which  operation  is  uauaJIy 
termed  outting  the  teeth  of  a  wheal,  althon^  in  reality  the  teeth  are 
thoaa  portion!  of  the  mel^  which  are  left  standing.  We  shall,  hoirever, 
em^oy  the  common  phrtse,  as  it  will  perhaps  be  best  understood  by 

a  strong  frame 


double  lever  of  the  Grrt  or  second  kind.  Far  the  power  P  msy  be 
conceived  to  be  applied  at  a  paniendiculariy  to  the  semidiaiiMter  ca, 
and  it  will  be  in  Ajuilibrio  with  a  t«sistaaoe  at  a,  perpendioulit  to 

CO,  which  may  be  expressed  by  p .  r-  :  let  this  be  reineented  by  p. 


may  l)e  aiprened  by  p  —  ;  therefore,  subatituting  in  it  the  above 


And  in  like  manner  toay  the 
be  found,  in  the  ca 


value  of  J),  we  have  w=p. 
relation  between  the  power 
equtlibrium,  whatever  be  the  number  of  wheels  and 

It  is  to  be  understood,  in  the  above  description,  that  the  ailas 
die  two  wheels  KN  and  bs  are  supposed  to  be  parallel  to  one  another 
and  to  the  borinin ;  and  that  the  parte  of  the  string  tad/  are  in  a 
vertical  plane  perpendicular  to  tboee  axes,  in  order  to  avoid  (he 
reductions  which  would  be  necessary  on  account  of  a  loss  ot  power 
resultmg  from  an  oblique  action  of  the  forces  at  a  and  b.  The  forces 
acting  in  af  and  bw,  or  ne,  are  also  supposed  to  be  exactly  or  vety 
nearly  in  one  vertical  plane,  in  order  to  avoid  the  strain  on  the  axle 
which  would  otherwise  take  place.     [UUtbbiaU,  Stbehoth  or.] 

If  the  string  passing  over  the  circumference  of  the  wheel  HB  and 
the  axle  Cb  were  to  cross  itself,  ss  represented  by  the  lince  bdaf,  the 
relation  between  the  powers  would  be  the  same  as  before,  but  the 
weight  u'  would  be  raued  in  the  direction  w'r'  instead  of  wF. 

It  is  easy  to  perceive  that  (as  in  the  lever  and  other  mechanical 
powers)  the  spaces  described  by  the  weights  B  and  w,  in  a  given  time, 
when  in  motion,  are  to  one  another  in  the  invune  ratio  ot  those 
weights ;  fur  the  spaces  described  are  respectively  equal  to  the  lengths 
of  the  strings  which  pass  over  the  circumferences  of  the  wheel-and-axle 
in  the  given  time ;  and  theie  lengths  sre  proportional  to  the  circum- 
ferencee,  or  ntdii,  that  is,  inversely  as  the  wughia  acting  at  the 
circumtereoces. 

Hence  the  advantage  in  the  wheel-and-axle  may  be  increased  etther 
b;  increasing  the  ladius  of  the  wheel,  or  by  diminishmg  that  of  the 
aile.  In  the  latter  esse,  of  course,  the  aile  would  soon  become  too 
weak  to  sustain  (he  weight.  This  is  beautifully  avoided  by  the  use  of 
a  eomptnmd  axle,  one  part  of  which  is  of  smaller  radius  than  the  otLer. 
One  end  of  the  cord  carrying  w  is  wound  round  the  Oucktr,  snd  the 
other,  in  a  contrary  direction,  round  the  thiniur  part.  As  r  descends, 
some  of  the  cord  unwinds  from  the  thinner  axle,  while  anotiier  part  is 
wound  up  round  the  thicker ;  but  as  the  latter  part,  of  course,  exceeds 
the  former  in  length,  the  weight  is  raised  in  uiIb  proportion.  Thus 
we  may  have  an  axle  of  virtually  vanishing  radius,  and  may,  con- 
sequently, almost  indefinitely  increase  the  power,  but,  of  oourscy  only 
at  the  expense  of  time. 

Taking  the  measurements  as  in  fg.  1,  and  repreaenting  the  radins  of 
the  (Aiciter  axle  by  bo,  and  that  ot  the  Viijnttr  by  a  quantity  a,  lesa 
than  BO ;  since  the  whole  weight  w  is  supported  t^  the  Aw  parts  of 
the  cord,  the  tension  of  the  o(n<d  =  ^w. 

Hence,  by  mechanics,  taking  moments  aboat  0,  we  get, 

.■.■p.OA-iw{CB-o) 
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of  castiron  oonnisting  of  two  paraUel  plates,  the  stouter  the  better 
firmly  connected  together,  but  so  that  the  plates  are  from  S  to  fi  inchn 
apart,  to  allow  the  dividing-plAte  F  f  to  revolve  between  them.  The 
{Mate  rr  is  fixed  firmly  to  the  axis  c  (about  8  or  S  inches  long),  which 
works  at  its  upper  end  in  a  collar  d,  in  the  upper  plate,  and  its  lower 
end  in  the  centre  of  a  screw,  B  :  this  axis  e  has  a  hole  down  from  its 
upper  end,  about  thiva-tomiJis  of  its  length,  to  receive  the  smaller 
axes,  arbon,  i^  pinions  of  the  wheels  which  are  to  be  cut  B  is  a  hori- 
zontal slide,  of  which  Uie  vertical  part  e'  is  formed  into  a  dove-tail,  on 
which  slides  the  vertical  slide  t,  to  which  ie  securely  attached  a  frame 
a,  having  two  projecting  sides  through  which  pass  two  screws,  one  of 
which  is  seen  at  H.  These  screws  have  female  centres  to  receive  the 
ends  of  the  arbor  which  carries  the  cutter  I :  j,  a  pulley  on  the  cutter- 
arbor  which  receives  the  band  by  which  motion  is  communioited 
to  the  cutter  i ;  I,  the  handle  of  a  lever,  whose  centre  of  motion  is  at 
r  on  a  piece  projecting  from  the  beck  of  the  fixed  dovetail  e*,  to  which 
Is  attached  the  connecljng-rod  m,  for  depreasing  the  slide  r,  and 
thereby  passing  the  cutter  through  the  wheel ;  o,  a  piece  attached  to 
the  back  of  the  dovetail  x',  far  the  purpose  of  fixing  the  spring  »,  one 
end  ot  which  is  attached  to  the  slide  F,  and  operatee  to  bring  up  the 
slide  after  the  cutter  has  passed  through  the  wheeL  The  slide  B  is 
for  the  purpose  of  bringing  the  cutter  to  the  requisite  distance  from 
the  centre  ot  the  wheel  to  be  cut,  and  has  a  screw,  not  seen  in  the 
drawing,  for  the  purpoae  of  setting  it  fast  when  brought  by  the  screw 
4  to  its  proper  place.  'Hie  dividing-plate  PF  has  on  its  surfaoe  a 
number  of  oonoentric  citclas,  which  occupy  that  portion  of  tbe  plats 

eat  its  circumference:  theas  circles  are  each  accurately  divided 

each  a  number  of  equal  parti  as  ore  likely  to  be  suitable  for  the 
els  requited  to  be  cut ;  the  outer  drclee,  being  tbe  largest,  gene- 
rally contain  high  numbers,  such  as  40O,  360,  IBS,  IfiS,  160,  IfiO,  UO, 
136,  130,  Ac.,  and  with  these  almost  any  common  number  of  teeth  can 
be  out.  Firmly  fixed  on  a  moveeble  centre  or  joint  attached  to  the  frame 
of  the  engine  ia  an  indea  u,  capable  of  a  motion  on  its  joint  parallel  to 
the  plate  ff,  and  having  at  its  end  a  pin  i,  with  a  rather  long  conical 
point.  On  Uie  plate  ff,  at  the  intereection  of  eooh  division  with  ila 
oorreaponding  circle,  is  drilled  a  hole ;  and  if  these  holes  ore  drilled 
quite  through  (he  plate  all  the  better.     Tbe  ]^  i:  !s  attached  to  the 

'  .  H  by  a  moveable  piece  which  Is  acted  upon  '03  the  screw  t,  and 
>  the  purposeof  shifting  the  plat«FF  any  small  quantity  less  than 
the  distance  of  a  single  division  on  the  i^te ;  and  10  is  a  nut  to  set 
thepin  Ic  fast  in  any  required  poeition. 

The  index,  being  placed  with  its  conical  point  i  in  one  of  the  bole* 
in  any  circle  by  meens  of  slit  «  (say  that  of  360  divisions),  is  screwed 
tut  by  the  screw  (,  and  the  elasticity  of  the  index  keeps  It  sufficiently 
tight  In  the  hole  to  prevent  the  plate  and  arbor  from  moving  round  : 
it  the  end  of  the  spnng  or  index  be  now  lifted  np  by  the  hant^  and  the 
plMe  be  moved  toiud  till  Uie  next  division  or  hole  in  the  same  circle 
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comes  under  the  conical  point,  and  the  point  k  be  then  dropped  into 
it,  the  distance  moved  over  by  the  plate,  and  also  by  the  wheel  which 
is  screwed  or  otherwiBe  fixed  on  to  the  end  of  the  arbor  c,  will  be 
^th  part  of  a  circle.  The  cutter  having  beep  adjusted  to  suoh  a  di«- 
tanoe  from  the  centre  of  the  arbor  c  as  is  required  to  cut  a  iproper 
depth  into  the  wheel,  the  operation  of  cutting  is  performed  by  bnhging 
dowp  the  slide  F  which  carries  the  cutter-arbor  by  the  lever  h  the 
arbor  being  carried  round  by  the  band  which  passes  round  the  pulley 
/,  and  a  wheel  similar  to  a  lathe-wheel,  which  the  operator  keeps  in 
motion  by  the  foot  acting  on  a  treadle  in  the  same  way  as  in  a  common 
lathe.  As  soon  as  the  cutter  has  passed  through  the  thickness  of  the 
wheel,  the  pressure  is  taken  ofT  the  lever  by  which  the  cutting-frame 
or  slide  has  been  depressed,  and  it  is  brought  back  to  the  position  it 
had  before  by  the  spring  n,  the  plate  is  shifted  one  division,  and  the 
operation  of  cutting  is  repeated.  It  will  be  perceived  that  any  number 
can  be  cut  from  each  circle,  provided  the  required  number  is  an 
aliquot  part  of  the  divisions  in,  the  circle  used  :  thus,  on  the  circle  of 
S60,  by  passing  over  two  divisions  between  each  cutting,  180  will  be 
cut ;  throe  divisions,  120 ;  four  divisions,  00 ;  and  so  on. 

In  some  engines  the  edge  of  the  dividing-plate,  or  rather  a  rim  just 
within  the  edge  on  the  under  side  of  the  plate,  has  a  screw  cut  upon  it, 
into  which  a  tangent-screw  is  made  to  act ;  and  the  head  of  tlus  screw 
consists  of  a  small  wheel,  or  dividing-plate,  removeable  at  pleasure,  in 
order  to  substitute  another  of  a  different  number.  By  such  an  arrange- 
ment as  this  just  described,  not  only  may  any  number  (even  prime 
numbers)  be  cut,  but  the  plate  itself  may  be  divided.  The  cutting  of 
wheels,  or  rather  shifting  the  plate  by  the  screw,  would  take  too  much 
time  for  ordinary  wheel-cuttmg ;  hence  the  numbers  most  in  use  are 
drilled  in  the  plate  as  above  described.  A  great  many  ingenious 
methods  are  resorted  to  in  wheel-cutting  for  the  purpose  of  cutting 
odd  numbers,  for  moving  the  plate  over  any  number  of  divisions  rapidly 
without  the  possibility  of  making  a  mistake,  the  details  of  which  ovu* 
limits  will  not  allow  us  to  go  into  :  what  we  have  said  above  we  deem 
sufficient  to  illustrate  the  principle.  It  is  necessary  here  to  observe 
that  the  cutter,  previous  to  commencing  to  operate,  should  be  adjusted 
so  that  a  plane  paasing  through  the  centre  of  its  cutting-edge,  and 
parallel  with  its  sides,  should  pass  also  through  the  centre  of  the  arbor 
on  which  the  wheel  is  fixed ;  otherwise  the  teeth  will  not  be  cut  in 
straight  to  the  centre,  and  will  have  the  appearance  of  being  bent 
on  one  side.  It  is  also  uecessary  that  the  downward  motion  of  the 
slide  containing  the  cutter-arbor  should  be  pcnrfectly  at  right  angles 
with  the  plane  of  the  wheel.  We  have  hitherto  spoken  of  the  wheels 
as  being  screwed  to  the  arbor  c,  but  we  have  also  said  the  arbor  e  is 
hollow,  for  the  purpose  of  receiving  the  axes  of  the  wheels  to  be  out. 
This  hollow  arbor  is,  in  fact,  capable  of  receiving  end-pieces,  whidi  are 
firmlv  fixed  therein ;  and  it  is  on  these  latter  pieces  that  the  wheels 
which  have  no  axes  of  their  own,  but  simply  a  hole  through  them,  are 
screwed.  But  when  the  wheel  to  be  cut  Is  already  fixed  on  an  axis, 
the  hollow  arbor  is  used  with  an  apparatus  shown  in  the  figure,  which 
we  shall  now  describe : — 1, 1,  port  of  a  very  firm  bar  attadied  to  the 
lower  frame,  and  extending  horizontally  across  the  centre  of  the  engine- 
plate,  the  extremities  of  which  bar  terminate  in  two  pins  or  pivots ; 
2,  2,  one  of  which  is  not  seen,  extending  a  short  distance  beyOnd  the 
edge  of  the  dividing-plate ;  on  to  these  pms  are  hooked  two  pieces,  8, 8, 
which,  at  their  upper  ends,  pass  through  slits  in  the  piece  of  iron,  4, 4, 
which  has  a  screw,  6,  passing  through  its  centre.  (In  all  this  apparatus, 
except  the  screw,  6,  there  must  be  no  nice  fitting,  but  perfect  n4edom.) 
The  screw  5  has  a  centre,  either  male  or  female,  by  which  it  presses 
down  the  hollow  cone  y  ;  but  tiie  foregoing  apparatus,  called  tne  gal- 
lows,  will  be  best  understood  by  deseriUng  the  mode  of  putting  on  a 
wheel  having  an  arbor  in  it : — ^Remove  the  gidlows ;  on  to  the  end  of 
axis  e  drop  a  flange  x,  a  little  less  in  diameter  than  the  circle  which 
corresponds  with  the  bottom  of  the  teeth  to  be  cut :  through  the  centre 
of  this  flange  drop  the  longer  nart  of  the  arbor  of  the  wheel  io,  to  be 
out,  BO  that  the  wheel  rests  on  tae  flange  x  ;  then  over  the  wheel  drop 
the  flange  or  collar  a/  (of  the  same  diameter  as  x);  over  the  shorter 
part  of  the  axis  of  wheel  w  place  the  hollow  cone  y :  bring  ^e  gallows 
over  the  cone ;  screw  down  screw  5  just  sufficiently  tight  to  hold  the 
gallows  in  its  position,  but  not  to  set  the  wheel  v>  fast ;  remove  the  pin 
k  from  the  plate  P  p,  and  cause  the  latter  to  revolve  rapidly  by  the  hand 
or  otherwise ;  the  wheel  w  will  in  all  probability  be  £v  from  concentric 
with  the  plate,  as  will  also  the  centre  of  cone  y.  With  the  hand  slip 
the  wheel  v>  or  cone  y,  or  both,  as  may  be  required,  together  with  the 
upx>er  flange  a/,  as  nearly  concentric  with  the  plate  p  p  as  the  hand  and 
eye  will  enable  you  in  one  or  two  seconds  to  do ;  next  slide  the  piece  6 
so  as  to  bring  tiie  screw  8  to  a  convenient  distance  from  the  wheel  to, 
and  set  fitst  by  screw  7 ;  then  by  revolving  the  pkte  rapidly,  and 
gradually  bringing  the  end  of  8  to  the  edge  of  wheel  w,  it  will  be  got 
perfectly  concentric ;  next  screw  down  6  sufficiently  tight  to  prevent 
the  wheel  from  moving,  and  set  fast  screw  $  by  tigfateiSng  nut  9  :  the 
oatter  being  then  adjusted  so  as  to  out  the  teeth  a  proper  depth,  the 
cutting  proceeds  as  before  described.  This  operation  of  setting  the 
wheel  perfectly  concentric  will  not  occupy  an  experienced  hand  more 
than  fifteen  seconds. 

Of  the  CuUen,  and  ike  mode  of  making  and  usimg  (hem,—l!h%  cutters 
vary  with  the  nature  of  the  work  to  be  done,  and  much  depends  upon 
having  good  ones  and  well  adapted  for  the  purpose.  The  first  kind  we 
shall  describe  Is  used  for  the  commonest  work,  that  is,  merely  for  cut- 


ting spaces  whose  sides  are  parallel  through  their  whole  leogth  (in 
which  case  the  teeth  have  to  be  rounded  u»  afterwards),  and  the  cutter 
is  merely  a  circular  disc  of  steel  with  teedi  on  its  edge,  girnilar  to  a 
circular  saw,  the  two  sides  being  slightly  undercut,  as  seen  in  the  sec- 
tion No.  1 :  this  allows  the  cutter  tQ  pass  freely  through,   the  met&l 


No.  1. 
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without  clogging,  which  it  would  do  were  the  aides  parallel.  Tbes? 
teeth  in  the  cutter  are  sometimes  made  with  a  file  by  hand,^  but  thej 
are  mu(di  better  made  in  the  engine.  Putters  of  thia  description  are 
genersUy  tempered  so  low,  after  having  been  hardeoed,  aa  to  allow  oi 
the  teeth  bemg  renovated  with  a  3-square  file  when  they  become  dull, 
and  answer  the  purpose  well  enough  for  common  purpoaea.  jL  better 
sort  of  cutter,  and  more  lasting,  is  made  with  from  aix  to  aiytfwn  or 
eighteen  teetht  u  |a  No.  8,  whidi  givw  a  aide-view  and  aeotios)  :  these 


No.  S 


are  laft  very  har4,  being  tempered  only  to  a  light  straw-oolonrt  and  sre 
sharpened  with  einerr  and  oil  on  a  metal  null  or  lap ;  these  take  much 
longer  making  than  those  first  described.  When  these  consiat  of  pot 
more  than  six  teeth,  each  tooth  is  generally  relieved  in  direction  shovn 
in  section  No.  8,  but  not  on  the  sides,  bv  which  means  the  cutter  frets 
itsell  better,  and  cuta  on  ita  sides  to  the  very  root  of  its  tooth,  whic^ 
can  be  kept  sharper  and  in  much  better  working  condition  than  the 
foregoing. 

Cutters  sre  also  made  having  but  one  tooth,  others  with  two,  three, 
and  four ;  but  these  are  more  frequently  used  when  the  teeth  are  to 
be  cut  and  rounded  up  at  one  operation,  in  which  esse  the  aide  view 
and  section  No.  3  will  represent  the  form  in  which  they  require  to  be 

No.  a. 
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made  to  produce  the  necessary  curve  for  the  wheel-teeth ;  and  great 
nicety  is  required  to  produce  two  curves  on  each  side  of  the  cutting- 
tooth  exactly  similar,  for  unless  they  are  so,  the  teeth  in  the  wheel  cut 
therewith  will  have  a  very  unsightly  appearance. 

It  will  be  necessary  to  say  a  few  woroB  on  the  diiVbrent  kinds  of  work 
to  which  the  various  cutters  above  described  are  applicable.    No.  1  ij 
used,  when  tempered  low,  for  soft  metal,  such  as  gold  and  brasa  aud 
gun-metal ;  if  left  hard,  they  should  be  sharpened  with  oilstone  dust  or 
very  fine  emery,  and  they  can  then  be  used  for  harder  metals,  such  as 
iron  and  steel.    No.  2  may  also  be  used  for  the  same  purposes,  but 
when  used  for  the  harder  metals  should  have  a  greater  number  of  teeth, 
from  20  to  80  not  being  too  many  in  a  cutter  of  three-quarters  of  an 
inch  in  diameter.     In  general,  the  harder  the  metal  to  be  cut  the 
greater  the  number  of  teeth  required  in  the  cutter ;  and  with  some 
metals,  such  as  steel  and  bell-metal,  it  is  requisite  to  keep  the  oatter 
well  supplied  with  oil,  and  in  all  cases  where  hard  metals  are  under 
operation  the  cutter  should  have  a  slow  motion.   Cutters  with  from  one 
to  six  teeth  may  revolve  from  10,000  to  20,000  times  in  a  minute  in 
cutting  the  softer  metals,  and  those  with  10  to  20  teeth  from  5000  to 
8000  or  10,000 ;  in  fact,  cutters  with  few  teeth  cannot  be  used  for  the 
harder  metals  with  advantage,  and  the  others  should  not  have  more 
than  from  60  to  100  revolutions  in  a  minute.     These  observations 
apply  to  cutters  whose  diameter  is  about  three-quarters  of  an  inch;  if 
the  cutters  are  larger,  they  must  have  a  proportionably  less  number  of 
revolutions.    Cutters  are  sometimes  made  for  cutting  steel,  and  indeed 
for  all  the  metals,  having  very  fine  teeth,  from  200  to  800  in  the  inch ; 
but  the  use  of  them  is  now  almost  obsolete :  in  fact,  t^e  process 
approximates  very  closely  to  filing,  and  such  cutters  may  be  regarded 
as  circular  files.    One  great  disadvantage  is  that  the  keen  edges  are 
soon  lost,  aud  they  cannot  be  renovated  without  softening. 

Wheel-cutting  is  one  of  those  operations  in  which  much  depends 
upon  the  manual  dexterity  and  judgment  of  the  operator ;  for  it  some- 
times happens  that  steel,  one  of  the  hardest  metals,  may  be  cut  with  s 
more  rapid  motion,  and  a  less  number  of  teeth  in  the  cutter,  than 
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iB  stated  ftbo^e;  but  it  is  only  when  the  metal  is  of  a  particulsifly 
mild  quality,  or  has  been  prepared  especiallj  for  the  purpose  by 
softeoiiig.  The  following  mode  of  soft^iing  the  steel  to  be  cut  is  a 
Tery  good  one,  and  may  be  frequently  adopted  with  great  adrantage : — 
Envelope  the  articles  in  a  mass  of  loam,  clay,  or  lime,  with  sufficient 
moisture  .to  make  it  adhedve,  taking  care  that  the  articles  to  be 
softened  have  a  Considerable  thickness  of  the  thaterial  all  r«mnd  them. 
Heat  the  mass  gradually  to  a  blood-red  heat;  keep  it  at  this  heat  as 
long  as  convenient,  and  let  it  remain  in  the  fire  to  cool  gnidually  as  the 
fire  goes  out,  afte^  which  the  artides  may  be  removed,  and  will  be 
found  more  uniform  in  texture  and  easier  to  be  ctlt  than  before  being 
subjected  to  the  operation.  In  making  cutters,  as  well  indeed  as  any 
other  edge-tools,  the  susceptibility  of  receiving  and  retaining  a  keen 
edge  will  be  eondderably  increased  by  subjecting  the  steel  to  gteat 
condensation,  b^  cold  hammering,  previous  to  the  process  of  hardening, 
and  more  especiaUy  if  the  scale  left  after  forging  be  first  removed  with 
a  file.  Harden  in  water,  but  do  not  heat  your  steel  too  hot ;  for  every 
degree  that  steel  is  heated  above  its  hardening  point  deteoriorates  its 
quality. 

WHEEL  MANUFACTURE.  The  simplest  fotm  of  wheel  that  can 
be  used  for  any  purpose  is  that  of  a  plain  circular  disc,  such  as  might 
be  procured  by  a  transverse  section  of  the  trunk  of  a  tfee  of  tolerably 
regular  form.  Solid  wooden  wheels  are  still  occasionally  used  in 
machinery,  but  if  large  they  are  usually  formed  of  two  or  three  thick- 
nesses of  planking  fiutened  together,  with  the  grain  crossing  in  various 
directions.  Wooden  wheels  for  mfllworic,  when  not  required  to  be 
solid,  tisually  have  the  perlphety  formed  oi  segments,  ttie  inner  sidefl 
or  edges  of  which  are  left  straight  The  p«riphery  may  consist  of 
three  thicknesses  of  planking,  each  Composed  of  six  or  eight  such  ssg- 
ments ;  and  if  the  three  thicknesses  are  properly  break- jointed,  a  wheel 
of  considerable  strength  may  be  tiius  |)Toduced.  '  The  arms,  or  radii,  of 
the  wheel  are  fitted  to  the  inner  or  strjught  iddes  o^  the  segments  by 
bolting  or  other  modes  of  fastening.  m>oden  wheels  aire  oecasiohaDy 
morticed  into  their  iihafts  or  axes ;  but  a  pntferable  plan  is  to  use  four 
arms,  arranged  in  two  pairs  crossing  at  right  angles,  and  halved  into 
each  other  in  the  centre,  where  their  intersection  leaves  a  square  open- 
ing for  the  shafL  This  opening  diotdd  be  somewhat  larger  than  the 
shaft  itself,  and  the  difference  of  sise  should  be  made  np  by  the  inser* 
tion  of  wedges,  whidi  affbrd  the  means  of  adjusting  the  wheel  pe^ 
fectly  true  upon  the  axis.  In  very  large  wheels,  such  as  water-wheels, 
two  complete  sets  of  clasp  arms,  one  on  each  side  of  the  wheel,  are 
used.  In  mounting  faoe-wheels  it  is  not  unusual  to  add  stays  at  bracee 
from  the  back  of  the  wheel  to  a  point  at  some  distance  along  the  shaft, 
to  resist  the  tendency  of  the  trundle  or  phnon  to  force  the  whed 
out  of  its  true  position  at  risfat  angles  with  the  shaft.  Hornbeam 
is  considered  to  be  the  best  kind  61  Wood  f  of  the  cogs  or  teeth  of 
wheels. 

In  modem  machlneiy  cast-iron  has  almost  entirely  superseded  the 
use  of  wood  for  cog-wheels  of  evefv  descriptictf.  If  they  do  not  ex- 
ceed eight  or  ten  feet  in  diameter,  tney  mav  be  Cast  in  one  piece ;  but 
if  above  that  size  it  is  desirable  to  form  diem  into  two  of  more  parts, 
because  of  the  difftcultv  of  cooling  a  very  hoge  casting  without  tUMqual 
contraction.  Where  the  diametef  does  not  exceed  twelve  or  fourteen 
feet,  the  rim  may  still  be  formed  in  one  piece,  and  the  centre  and  arms 
in  another,  the  two  to  be  united  by  bolts ;  but  when  thom  dimensions 
are  exceeded,  a  further  subdivision  is  necessary.  The  rim  may  then 
be  cast  in  three  segments,  the  box  or  centre  in  one  piece,  and  the  arms 
in  several  pieces,  each  terminating  in  &  rib  forming  half  the  thickness 
of  7m  arm,  for  convenience  of  boHing  together.  Large  iron  wheels  are 
adjusted  accurately  on  their  axes  by  w^ges  or  keys ;  but  small  ones 
may,  in  many  cases,  be  adjusted  by  turning  the  periphery  in  a  lathe 
after  mounting. 

Carriage-wheels  are  those  in  which  the  greatest  ingenuity  of  con- 
struction is  called  for,  as  they  are  exposed  to  strains  far  greater  for 
their  aize  and  weight  than  almost  any  othen.  The  peculiar  nature  of 
these  strains  requires  not  only  that  the  wheels  be  made  exceeding^ 
strong,  but  also  that  they  possess  a  degree  of  dasticity  soflicient  to 
enable  them  to  bear  the  violent  conctissions  to  which  they  are  con- 
tinually exposed,  without  tiA  of  fracture  or  without  the  starting  of 
any  of  their  numerous  ioints.  An  ordinary  carriage- wheel  consiBts  of 
the  nate,  a  cylindrical  block  of  wood,  usualfy  elm,  which  forms  the 
centre  of  the  wheel,  and  is  pierced  longitudinally  with  a  hole  to 
receive  the  axle ;  the  ipokes,  which  are  radiating  arms  framed  into  the 
nave  at  equid  distances ;  and  the  /sSdet,  wliich  are  circular  segments 
framed  on  to  the  outer  extremities  of  the  spokes,  and  forming  ooHec- 
trrely  the  periphery  or  rim  of  the  wheel.  Tne  external  surface  of  the 
feQoes  is  usmmy  protected  by  a  covering  of  fron,  called  tiie  Hre,  which 
may  either  be  nut  on  in  several  pieces,  or  Orakes,  the  joints  of  which 
are  made  to  alternate  witli  tiroBC  of  ^e  felloes,  or  in  a  sinrie  piece, 
forming  a  hoop-tire.  The  simplest  form  in  which  such  a  wheel  as  here 
alluded  to  could  be  formed,  would  be  that  in  which  the  spokes  would 
stand  at  right  angles  with  tiie  axis,  and  would  form  a  flat  or  t^ane 
figure  when  the  wheel  is  viewed  edgewise ;  but  such  a  wheel  woiud  be 
ill  adapted  to  meet  the  lateral  shocks  to  whidi  a  carriage-wheel  is 
exposed.  The  more  common  form  is  that  caQed  the  cftsfteS-T^ee!,  in 
which  the  centre  or  nave  is  made  to  fall  badt  a  little  from  the  phme  of 
the  folloes,  so  that  the  foce  of  1^  wheel  is  not  fiat,  but  slightly  con- 
care.    The  elasticity  of  ihia  form  is  a  very  great  recommendation. 


It  possesses  also  this  advantage :  that  if  the  axle  be  sUglitly  bent 
downwards  towards  its  extremity,  so  as  to  bring  the  spokes  of 
the  lower  half  of  the  wheel  into  a  nearly  verUcal  position,  which 
will  enable  them  to  bear  the  greatest  possible  weight,  the  upper 
nail  of  the  wheel  will  have  such  an  inclination  outwards  as  to  leave 
toore  room  for  the  body  of  the  carriage,  and  to  throw  particles  of 
dirt,  caught  up  in  its  revolution,  away  from  it.  Tery  etronft  wheels 
are  occasionaUy  made  in  a  double-dwhed  form,  of  with  the  spokes 
alternately  inclining  outwards  and  inwards  ftom  the  felloes,  so  that  the 
oajtre  or  nave  of  the  wheel  forms  the  bsse  of  a  pyramid  of  which  the 
feUoe  forma  the  apex ;  but  such  wheels  are  very  deficient  in  elasticity 
a^  consequently  wiU  nd  bear  much  concussion.  In  ordinary  dished 
wheels  the  spokes  are  arranged  in  two  sets,  being  alternately  more  and 
less  indmed  or  dished;  and  in  some  cases  every  alternate  spoke  is  set 
absolutely  straight  or  square  with  the  nave.  The  dished  form  of 
wheel,  together  with  the  bending  of  the  axle,  involves  some  increase 
of  axle  friction,  and  also,  if  the  wheel  be  wide,  the  use  of  a  conical 
tire,  which  cannot  poesibiy  roll  in  a  Straight  line  without  a  degree  of 
rubbing  friction  most  injurious  to  the  road,  ahd  which  also  increases 
the  draught.  Some  years  ago  the  use  of  conical  wheels  for  waggons, 
combined  with  the  inordinate  breadth  of  tire  encouraged  by  injudicious 
legislation^  was  carried  to  a  most  absurd  extent,  and  broad-wheeled 
waggons  were  used  which  were  far  better  adapted  fof  grinding  stones 
into  dust  and  mud  than  for  the  purpose  of  locomotion.  This  extrava- 
gance, however,  is  now  seldom  seen. 

The  ordinary  mode  of  making  a  coach-wheel  Is  aS  follows.  The 
piece  of  elm  for  the  4iave  is  turned  in  a  kthe  to  the  proper  size  and 
shape,  and  is  hollowed  witfahi  to  receive  the  axle.  It  is  then  fixed  hi  a 
groove,  ttid  holes  are  chiselled  out  for  the  reception  of  the  ends  of  the 
spokes.  There  is  nothing  but  the  practised  eye  of  the  workman  to 
guide  him  in  making  these  holes  in  the  projOer  position  for  producmg 
the  diihin^  of  the  wheels ;— half  of  the  spokes  are  near  one  end  of  iSe 
nave,  and  half  near  the  other,  and  the  holes  have  to  be  regulated 
accordingly.  The  pieces  of  oak  for  the  spokes  are  shaped  by  iSnd  •  a 
small  cutting  tool,  called  a  8poke-$have,  brfng  the  chief  instrument 
employed.  One  end  of  each  spoke  is  formed  into  k  tenon  to  fit  the 
mortice-hole  in  the  nave.  The  spokes  are  fixed  ioto  the  holes  by  driv- 
ing With  a  mallet,  and  are  finally  shaped  after  fixing.  The  rim  being 
formed  of  several /s2fee8,  and  eadi  felloe  befaig  large  enough  to  receive 
the  ends  of  two  spokes,  the  pieces  of  ash  to  form  them  require  to  be 
wrought  into  segments  of  curves ;  this  is  done  by  means  of  pattern- 
boards  and  various  cutting  tools.  The  felloes  are  drilled  with  holes  to 
jofai  them  ti^gether  hy  means  of  dowels,  with  other  holes  to  receive  the 
ends  of  tbe  spokes. 

Few  mechanical  dperatiens  of  equal  complexity,  and  requiring  an 
equal  amount  of  predaion,  have  received  so  little  aid  from  machinery 
as  the  manufacture  of  carriage-wheels :  though  wheels  made  by 
machinery  are  said  to  be  superior  in  truth,  firmness,  and  durability  to 
any  others.  In  ordinary  wheels  the  neatness  and  strength  are 
increased  by  the  application  of  h  hoop  of  iron  to  each  end  of  the  nave 
to  enable  it  the  better  to  resiKt  the  strain  of  the  spokes.  The  spokes! 
Which  are  usually  formed  of  o^  saplings,  are  wrought  into  the  proper 
form  after  being  driven  into  the  nave,  and  are  usually  cut  to  a  narrow 
edge  in  front  to  Hghten  their  appearance.  Wheels  have  been  made 
with  the  periphery  in  one  or  two  pieces,  bent  into  the  required  form 
after  being  softened  by  boiling  and  steaming ;  but  the  plan  has  not 
been  found  sttccessful,  because,  among  other  disadvantages,  the  wood 
is  injured  by  the  long  boiHng  required.  In  ordinary  coach-wheels, 
from^  4  feet  Z  inches  to  i  feet  8  inches  high,  there  are  fourteen  spokes ; 
and  in  fore-wheels,  which  are  about  a  foot  lower,  there  are  commonW 
twelve  spokes ;  and  the  usuid  arrangement  is  to  have  half  as  many 
felloes  as  there  are  spokes.  The  introduction  of  solid  or  hoop  tires  is 
a  great  improvement  upon  the  former  system  of  wheel-makmg,  as  it 
aflfords  the  means  of  binding  the  whole  of  th6  wheel  together  with 
irresistible  force.  The  tire  is  made  very  hot,  and  the  wheel  is  imuie 
of  such  a  size  as  onl^  just  to  receive  it  when  it  iS  thus  expanded ;  but 
so  soon  as  the  hoop  is  brought  fnto  its  proper  place,  water  is  thrown 
upon  ih.9  wheel  to  cool  the  th*e,  and  to  prevent  the  wood-work  from 
catching  fire,  and  the  result  of  the  sudden  contraction  of  the  hoop  ia 
to  compress  the  felloes,  and  to  force  each  spoke  into  a  slightly  curved 
form,  so  that  when  complete  the  wheel  forme  a  flat  dome-shaped 
figure,  admirably  adapted,  by  its  combined  strength  and  elasticity,  for 
the  purpose  for  which  it  is  designed.  The  tire  is  further  secured,  after 
coolhig,  by  a  few  pins  driven  through  it  and  the  fenoes^  and  riveted 
inside  the  latter. 

Having  f oxmd,  during  his  experiments  on  steam  locomotion  upon 
common  roads,  that  wheels  ox  the  ordinary  construction  were  not 
strong  enon^  for  his  purpose,  Mr.  Hancock  contrived  and  patented  a 
whera  in  whidi  l^e  nave  is  abandoned  altogether,  and  the  iimer  ends  of 
the  spokes  are  formed  into  wedges  which  abut  ajg^innf:  each  other,  ^ayl 
form  a  kind  of  arch  surrounding  the  axle-box.  They  are  firmly 
secured  in  their  places  by  an  iron  plate  on  each  side  of  the  wheel,  and 
a  bolt  passiag  through  each  spoke.  Though  too  rigid  for  very  rapid 
motion,  this  wheel  is  exceedingly  strong,  and  its  simplicity  of  construo- 
tion  formB  a  great  recommendation. 

The  rapid  motion  of  railway  carriages,  coupled  \idth  their  great 
weight,  so  greatly  increases  the  efiect  of  such  ooncuasiona  as  must 
occur  on  even  t^e  smoothest  road,  that  wooden  wheels  have  been  fonud 
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ntterlT  unsuitable  for  them.  Gftst-iron  wheeb  have  been  much  uaed 
on  couiery  railways,  and  in  some  cases  where  rapid  motion  is  required; 
but  while  they  may  be  made  abundantly  strong,  as  £ar  as  direct  pres- 
sure is  concerned,  their  brittleness  renders  them  very  unsuitable  for 
-passenger  carriages.  Many  ingenious  plans  for  the  combination  of 
wrought-iron  and  cast-iron  in  the  same  wheel  have  been  devised ;  but 
whil>  some  of  these  have  been  brought  into  operation,  wheels  entirelv 
composed  of  wrought-iron  have  been  by  far  the  most  generally  adopted. 
The  facility  with  which  that  material  may  be  worked  into  form  has 
led  to  endless  variety  of  plans,  some  of  which  are  highly  ingenious,  for 
combining  the  requisite  degrees  of  strength  and  elasticity.  In  some 
wheels  the  annular  space  between  the  central  boss  or  nave  and  the  rim 
is  filled  up  by  a  series  of  elliptical  loops,  formed  of  thin  bars  of  iron, 
abutting  against  each  other ;  in  others  there  are  spokes,  but  instead  of 
consisting  of  single  rigid  bars,  each  consists  of  two  halves,  having  a 
slight  degree  of  curvature.  By  these  and  similar  contrivances  elasticity 
is  insured  without  dishing  the  wheels,  which  would,  for  railway 
carriages,  be  inconvenient.  In  some  cases  a  portion  of  the  annular 
space  above  described  is  filled  with  segmental  blocks  of  wood,  resem- 
bling the  felloes  of  a  conmion  wheel;  but  while  this  arrangement 
claims  some  advantages,  its  appearance  is  very  inferior  to  that  of  the 
light  and  often  elegant  wheels  formed  entirely  of  wrought-iron.  One 
kmd  of  iron  wheel  which  claims  notice  is  that  patented  by  Mr. 
Theodore  Jones.  These  wheels  may  be  compared  to  double^ished 
wheels  in  general  appearance,  but  their  principle  is  very  different. 
They  consist  of  an  iron  rim  pierced  at  intervals  with  conical  holes,  the 
lazgest  apertures  of  which  are  on  the  outside ;  two  sets  of  round  rods 
or  si)okes,  with  pyramidal  heads  to  fit  in  the  conical  holes  of  the  rimy 
the  two  sets  radiating  or  inclining  altematelv  inwards  and  outwards, 
like  the  spokes  of  a  double<Ushed  wheel;  ana  a  cast-iron  nave,  which 
18  formed  hollow,  with  holes  to  receive  Uie  inner  ends  of  the  spokes, 
which  are  secured  by  nuts  screwed  on  to  them  within  the  nave.  The 
peculiarity  of  this  construction  is,  that  instead  of  the  weight  resting 
almost  entirely,  as  in  a  common  wheel,  upon  those  spokes  which  happen 
to  be  below  the  nave,  it  is,  as  it  were,  suspended  by  means  of  the  x^ds 
or  spokes  which  are  above  the  nave,  from  the  top  of  the  wheel,  the  rim 
of  which  is  considered  as  an  inflexible  arch.  On  this  account  Uie 
wheels  are  called  ttupemion-^iokedi ;  and  as  the  strength  of  wrought- 
iron  to  resist  tension  is  far  greater  than  its  strength  to  resist  compres- 
sion, a  wheel  on  this  principle  may  be  made  to  bear  a  much  greater 
load  in  proportion  to  its  buOc  and  weight  than  any  other. 

As  an  example  of  railway-wheels,  we  may  advert  toi  that  of  Messrs. 
Hollis  &  Lee.  It  is  built  together  in  four  parts,  of  wluoh  each  com- 
prises two  spokes,  a  quadrant  of  rim,  and  one  fourth  part  of  the  nave. 
The  nave  thus  formed  is  square.  The  rim-pieces  are  a  continuation  of 
the  spokes,  bent  round  to  a  curve,  and  fastened  at  the  spoke  ends  by 
tenon  and  mortice  joints. 

latent  ncitdeu  wheels  have  been  made  with  tirasof  india-rubber,  and 
with  various  contrivances  for  ensuring  durability  while  obtaining 
elasticity  and  noisdessness;  but  they-  have  not  come  extensively 
into  use. 

The  wheels  used  by  cutlers,  lapidaries,  seal-engravers,  and  glass 
engravers,  imder  the  names  of  brush-wheels,  buff-wheels,  cloth-wheels, 
oomposition-wheelQ^  crocus-wheels,  emery-wheels,  lap-wheels,  &c.,  are 
mostlv  made  of  metal  or  wood,  coated  with  some  other  substance  at 
the  edge.  Their  manufacture  needs  no  description. 

WHETSTONE,  a  smooth  flat  stone  used  for  uHveUmg  or  sharpening 
edged  instruments  by  friction.  Whetstones,  which  are  sometimes 
called  honat  are  made  of  various  kinds  of  hard  close-grained  stone,  and 
are  moistened,  when  in  use,  with  either  oil  or  water.  The  latter  is 
preferred  by  some,  for  giving  a  keener  edge  to  cutting  instruments ; 
but  as  it  allows  closer  contact  between  the  stone  and  the  metal,  it  does 
not  appear  so  well  adapted  for  producing  a  very  smooth  surface.  The 
proper  \ise  of  a  whetstone  involves  a  degree  of  skill  and  dexteritsy  which 
can  only  be  obtained  by  much  practice. 

WHEY.  JChebsi.] 

WHIG.  This  term,  like  that  of  Tobt,  was  adopted  as  a  term  of 
reproach,  although  its  origin  is  by  no  means  certaui.  North,  in  his 
•  Examen,'  says  it  "  was  very  significative  as  well  as  ready,  being  ver- 
nacular in  Scotland  (from  whence  it  was  borrowed)  for  corrupt 
and  sour  whey."  In  point  of  fact,  wA^,  according  to  the  Scottish 
lexicographers^  is  not  whey,  but  the  slightly  acidulated  serum  of 
butter-nulk. 

Quite  a  different  account  from  this,  however,  is  given  by  Burnet,  in 
his  '  Historv  of  his  Own  Time/  under  the  year  1648.  That  writer  says, 
"  The  south-west  counties  of  Scotland  have  seldom  oom  enough  to 
serve  them  round  the  year ;  and  the  northern  parts  producing  more 
than  they  need,  those  in  the  west  came  in  the  summer  to  buy  at  Leith 
the  stores  that  come  from  the  north ;  and  from  a  word  vhiggam,  used 
in  driving  their  horses,  all  that  drove  were  called  whig^amon  and, 
^orte^  the  10^*^.  Now,  in  that  year,  after  the  news  came  down  of 
Duke  Hamilton's  defeat,  the  ndnisten  animated  their  people  to  rise 
and  march  to  Edinburgh ;  and  they  came  up  nuLrohing  on  the  head  of 
then-  parishes,  with  an  unheard-of  fury,  praying  and  preaching  all  the 
way  as  they  came.  The  Marquis  of  Ai^le  and  his  party  came  and 
bearded  them,  they  being  about  6000.  This  was  called  the  whigga- 
mors'  inroad;  and  ever  after  that  all  that  opposed  the  court  came 
in  contempt  to  be  called  whiggt;  a^d  from  Scotland  the  word  was 


brought  into  England,  where  it  is  now  one  of  our  unlu^ipy  tenns 
of  distinction." 

Probably  this  is  the  true  origin  of  the  name  Whig,  and  that  it  was 
really  its  previous  application  to  the  Scotch  Covenanters  which  led  to 
its  revival  as  a  designation  for  the  opponents  of  the  court  in  KngUnd 
in  1679.  Kirkton,  m  his '  History  of  the  Church  of  Scotland  from  the 
Restoration  to  1678'  (edited  bv  C.  K.  Sharpe,  Esq.,  4to.,  Edinb.,  1817), 
savs,  under  the  year  1667,  "  The  poor  people,  who,  were  in  contempt 
called  Whiggs,  became  name-fathers  to  all  that  owned  one  honest 
interest  hi  Britain,  who  were  called  Whiggs,  after  them,  even  at  the 
court  of  England :  so  strangely  doth  providence  improve  man  s 
mistakes  fort£e  furthering  ofme  Lord's  purposesi" 

With  regard  to  the  partv  opinions  of  the  Whigs,  it  is  scarcely  neces- 
sary to  add  anything  to  what  has  been  stated  under  the  word  Tobt. 
The  Whigs  of  the  last  centtiry  and  a  half  are  generally  viewed  as  the 
representatives  of  the  friends  of  reform  or  chuige  in  the  ancient  con- 
stitution of  the  country,  ever  since  the  popular  element  became  active 
in  the  legislature,  whether  they  were  called  puritans^  nonconf ormiate, 
round-heads,  covenanters,  or  by  any  other  name.      Down   to   the 
Revolution  of  1688  the  object  of  this  reform  par^  was  to  make  such 
change ;  since  that  event,  at  least  till  recently,  it  has  principally  been 
to  maintain  the  principles  of  the  change  then  made.    Of  couTse,  how- 
ever, this  party,  like  oil  other  parties,  has  both  shifted  or  inodified  its 
professions,  principles,  and  mcdes  of  action  within  certain  limits  from 
time  to  time,  in  conformity  with  the  continual  variations  of  eircum- 
stances,  and  has  seldom    been  without  several  shades  of    opinion 
among  the  persons  belonging  to  it  in  the  same  a^  ^  These  differ- 
ences have  been  sometimes  less,  sometimes  more  distinctive ;  at  one 
time  referring  to  matters  of  apparently  mere  temporary  policy,  as 
was  thought  to  be  the  case  when  the-Wlugs  of  the  last  age,  aoon  after 
the  breaking  out  of  the  French  Revolution,  sidit  into  two  sections, 
which  came  to  be  known  as  the  Old  and  New  Whigs ;  at  another,  seem- 
ing to  involve  so  fundamental  a  discordance  of  ultimate  vievra  and 
objects,  if  not  of  first  principles,  ss  perhaps  to  make  it  expedient  for 
one  extreme  of  the  party  to  drop  the  name  of  Whig  altogether  and 
to  call  itself  something  else,  as  we  have  seen  the  Radicals  do  in  oar 
own  day.    All  parties  in  politics  indeed  are  liable  to  be  thus  drawn 
or  forced  to  shift  their  ground  from  time  to  time ;  even  that  party 
whose  general  object  is  to  resist  change  and  to  preserve  what  exists, 
although  it  has  no  doubt  a  more  definite  course  marked  out  for  it 
than  the  opposite  party,  must  stUl  often,  as  Burke  expresses  it,  vary 
its  means  to  secure  the  imity  of  its  end ;  besides,  upon  no  principkB 
will  precisely  the  same  objects  seem  the  most  desirable  or  impor- 
tant at  all  thnes.    But  the  izmovating  party,  or  party  of  the  move^ 
ment)  is  more  especially  subject  to  this  change  of  views,  aims,  and 
character :  it  can,  properly  speaking,  have  no  fixed  principles ;  as  soon 
as  it  begins  to  assume  or  profess  such,  it  loses  its  true  character  and 
really  passes  into  its  opposite.    Accordingly,  in  point  of  fact^  much 
of  what  was  once  Whiggism  has  now  beoome  Toryism  or  Conserva- 
tism, the  changes  in  the  constitution  which  were  formerly  sought 
for   being  now  attained;    and,  on  the  other  hand,  as  new  objects 
have  presented  themselves  to  it,  Whiggism  has,  in  so  far  as  it  retains 
its  proper  character,  put  on  new  aspects,  and  even  taken  to  itself 
now  names. 

WHIRLINO-MACHINE  is  an  apparatus  invented  by  Mr.  Robins  for 
the  purpose  of  determining  the  resistance  of  the  air  against  bodies 
movmg  with  velocities  less  than  those  for  which  the  resistanoe  can  be 
detenmnod  by  the  Ballistio  pendulum. 

It  consists  of  a  brass  cylinder,  2  inches  in  diameter  and  about  tf 
inches  long,  which  is  fitted  in  a  frame  so  as  to  be  capable  of  turning 
freely  with  its  axis  in  a  vertical  position  between  the  base  of  the  frame 
and  a  horizontal  plate  of  wood  or  metal  which  is  supported  above  the 
base  by  four  small  pillars.  The  axle  of  the  cylinder,  which  is  of  steel, 
passes  through  that  plate,  and  terminates  about  i  inches  above  it.  To 
this  is  attached  horizontally,  and  immediately  upon  the  i^ate,  a  thin 
arm  of  wood  or  metal  about  4  feet4ong,  and  formed  with  what  is  called 
a  feather  edge  on  each  side :  to  the  extremity  of  this  arm  is  affixed  the 
object  which  is  to  be  used  in  the  eiq)eriment,  and  a  wire  proceeding 
from  the  top  of  the  steel  axle  to  the  extremity  of  the  arm  serves  to 
prevent  the  latter  from  bendmg  by  its  weight. 

A  silk  line  made  fast  at  one  end  to  the  surface  of  the  cylinder  is  in 
part  wound  round  the  latter ;  the  line  then  passes  over  a  pulley  fixed 
in  a  vertical  position  at  the  opposite  extremity  of  the  machine,  and  to 
its  lower  end  is  attached  some  given  weight :  the  descent  of  the  weight 
causes  the  cylinder,  and  consequently  the  object  at  tiie  extremity  of 
the  arm  above  mentioned,  to  revolve  about  tiie  vertical  axis  during  the 
experiment  The  weight  at  the  end  of  the  line  being  acted  on  by 
gravity  descends  at  fint  with  an  accelerated  motion,  and  consequently 
Uie  circular  movement  of  the  object  at  the  extremity  of  the  bar  is  also 
accelerated;  but  after  a  few  revolutions  the  resistance  of  the  air  against 
the  object  becomes  very  nearlv  equal  to  the  weight  of  the  descending 
body,  and  from  that  time  the  descent  of  the  weight  and  the  revolving 
motion  of  the  object  become,  as  to  sense,  uniform.  When  tbds  imiform 
or  terminal  velocity  is  obtained  in  any  experiment,  the  descending 
weight  evidently  expresses  the  amount  of  the  air's  resistanoe  together 
with  the  inertia  of  the  machine. 

An  instrument  of  this  kind  was  much  used  by  Dr.  Hutton,  of 
Woolwich,  during  the  years  1786  and  1787,  in  his  researches  concern- 
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ing  the  reeistanoe  experienced  by  military  projectiles  in  passing 
through  the  air ;  and  the  objects  which  this  mathematician  applied  at 
the  extremity  of  the  revolving  arm  were  hemispheres  of  pasteboard. 
Any  one  of  these  he  could  at  pleasure  dispose  so  that  either  its  con- 
vex or  plane  surface  might  be  resisted  by  the  air :  there  was  also 
provided  a  flat  plate  of  lead  equal  in  weight  to  the  hemisphere 
employed,  which  couJd  be  fixed  to  the  arm  when  the  hemisphere  was 
removed,  for  the  purpose  of  ascertaining  the  resistance  opposed  by  the 
air  to  the  motion  of  the  arm  itself. 

The  radius  of  the  circle  described  by  each  hethisphere  in  its  revolu- 
tion is  measured  from  the  axis  of  the  cylinder  to  the  centre  of  the 
sphere,  of  which  the  revolving  object  is  the  half,  and  the  radius  of  the 
cylinder  is  measured  from  the  same  axis  to  the  middle  of  the  sUk  line 
passing  round  the  surface :  let  the  latter  radius  be  represented  by  r, 
and  the  former,  when  any  one  of  the  hemispheres  is  applied,  by  a. 
The  time  is  marked  by  a  stop-watch  at  the  end  of  each  revolution,  and 
the  differences  between  them  are  taken  for  the  times  of  the  revolu- 
tions. After  a  few  revolutions  the  differences  are  very  nearly  constant; 
and  a  mean  of  ten  or  twelve  of  these  nearly  constant  differences  may  be 
considered  as  the  time  of  revolution,  when  the  motion  is  uniform  in 
consequence  of  the  equality  of  the  resistance  and  inertia  to  the  weight 
of  the  descending  body ;  let  this  weight  be  represented  by  w. 

In  order  to  discover  the  resistance  due  to  the  inertia  of  the  machine 
and  the  action  of  the  air  upon  the  arm  (the  plate  of  lead,  with  its 
plane  in  a  horizontal  position,  being  fixed  at  the  end  of  the  arm), 
different  weights  are  attached  to  the  silk  line,  till  some  one  is  found 
which  causes  the  arm  to  revolve  uniformly  in  the  same  tune  as  the 
hemisphere  may  have  been  observed  to  revolve  when  its  motion  was 
uniform.  This  weight,  which  may  be  represented  by  w,  is  evidently 
the  equivalent  of  that  reeiBtance  and  inertia ;  and  the  difference  w— v 
is  the  value  of  the  air's  resistance  against  the  anterior  surface  of  the 
revolving  hemisphere  only.  The  velocity  of  the  latter  is  measured  by 
the  length,  in  feet,  of  the  arc  described  by  its  centre  in  one  second,  and 
the  weight  or  resistance  w— w  is  supposed  to  be  applied  at  the  cir- 
cumference of  the  cylinder,  to  which  the  silk  line  is  a  tangent.    Tliia 

term  must  consequently  bo  multiplied  by  -,  in  order  to  reduce  it  to 

the  value  of  that  which  would  be  equivalent  to  it  if  applied  at  the 
centre  of  the  revolving  object 

From  a  mean  of  numerous  experiments  with  a  hemisphere  whose 
diameter  was  6'875  inches,  and  which  revolved  with  velocities  varying 
from  8  feet  to  20  feet  per  second.  Dr.  Hutton  found  that  the  resistance 
of  the  air  against  the  flat  side  was  to  the  resistance  against  the  convex 
side  as  2*48  to  1 :  bv  theoxy  it  should  be  as  2  to  1  only.  From  experi- 
ments made  with  hemispheres  of  different  ma^tudes,  also  with  a 
whole  sphere,  a  cone,  and  a  very  short  cylinder,  it  was  found  that  the 
resistance  experienced  by  similar  suidhoes  (the  velocities  varying  from 
10  feet  to  20  feet  per  second)  were  nearly  proportional  to  the  sur&ces, 
increasing  a  little  above  that  proportion  witb  tne  greater  surfftoes ;  and 
that  the  resistances  on  the  same  surface  varied,  at  a  mean,  with  the 
2*04  power  of  the  Velocity,  gradually  increasing  wiUi  the  increasing 
velocities.  When  a  hemispherical  or  conical  surface  was  acted  on  by 
the  air,  the  resistance  was  less  than  that  which  was  experienced  by  a 
plane  surface  of  equal  diameter;  but  the  sharper  surfiace  had  not 
alwavB  less  resistance  than  one  which  was  round :  the  convex  surface 
of  a  hemisphere,  for  example,  experienced  less  resistance  than  that  of 
a  cone,  contrary  to  the  result  of  theory.  The  reeiBtance  on  the  base  of 
a  cone  was  to  the  resistance  on  the  convex  surfiice  as  2*3  to  1 :  by 
theory  it  should  be  as  4  to  1.  The  resistance  on  the  base  of  a  short 
cylinder  was  less  than  that  on  the  base  of  a  cone,  though  the  areas 
were  equal;  also,  on  account  of  the  different  manner  in  which  air  acts 
on  the  posterior  surfaces,  the  base  of  a  hemisphere  experienced  less 
resistance  than  that  of  a  oone,  and  the  convex  surface  of  a  hemisphere 
less  than  that  of  a  whole  sphere  of  equal  diameter. 

The  whirling-machine  invented  by  Ferguson  is  a  frame  or  box  of 
wood,  containing  a  wheel  about  2  feet  in  diameter,  on  each  side  of  which 
is  a  pulley  about  6  inches  in  diameter ;  the  axes  of  all  are  in  vertical 
positions,  and,  by  strings  passing  over  the  wheel  and  pulleys,  the  latter 
are  niade  to  rev<uve  on  turning  the  wheel  by  means  of  a  handle.  The 
machine  was  intended  to  exhibit,  in  a  popular  manner,  the  principal 
effects  of  centripetal  or  centrifugal  forces,  when  bodies  revolve  in  the 
circumferences  of  circles. 


easily  along  two  horiaontal  wires  extending 
from  the  centre  to  one  extremity  of  the  bar  :  a  silk  line  attached  to 
this  plate  paases  under  a  small  brass  pulley  near  the  centre  of  the  bar, 
and  over  a  similar  pulley  fixed  in  a  brass  frame,  about  6  inches  above 
the  first  pulley ;  the  line  is  afterwards  attached  to  a  brass  plate  or 
carriage,  which  is  capable  of  sUding  up  or  down  in  the  brass  frame, 
according  as  the  first  plate  moves  from  or  towards  the  centre,  along 
the  wires  on  the  horizontal  bar.  A  given  weight  is  placed  on  this  first 
carriage  at  any  distance  from  the  centre,  and  the  pulley,  to  whose  axle 
the  bar  is  fixed,  is  made  to  revolve  by  turning  the  handle  on  the  axle 
of  the  wheel :  then,  on  placing  such  a  weight  on  the  carriage  in  the 
brass  frame  as  will  just  allow  the  former  weight  to  recedem  conse* 
quence  of  the  centrifugal  force  which  tJ^t  weight  with  its  carriage 


acquires  by  the  revolution,  the  weight  in  the  frame,  including  that  of 
its  carriage,  is  to  be  considered  as  the  equivalent  of  the  centrifugal 
force. 

For  example,  let  the  two  pullevs  be  of  equal  diameters,  and  let  eadi 
be  znade  to  carry  on  its  axle  a  horizontal  bar  with  a  sliding  plate  or 
carriage :  then,  if  a  weight  of  6  ounces,  including  the  carriage,  be  plaoed 
at  3  inches  from  the  centre  of  motion  on  one  bar,  and  2  ounces, 
including  the  carriage,  on  the  other  Imut,  at  9  inches  from  its  centre  of 
motion;  upon  making  the  two  bars  revolve  rapidly,  the  centrifugal 
forces  will  cause  any  equal  weights  on  the  carnages  in  tiie  two  brass 
frames  to  rise  to  the  tops  of  those  frames  at  the  same  instant.  Here 
the  velocities  of  rotation  are  represented  by  3  and  9,  and  the  weights 
by  6  and  2,  so  that  the  ratio  compounded  of  tiie  velocities  and  masses 
is  one  of  equality ;  and  this  is  considered  as  verifying  the  proposition 
that  if  bodies  revolve  in  circular  orbits,  the  centrifugal  forces  are  equal 
when  the  products  of  the  masses  snd  velocities  are  equal  Again,  let 
the  diameter  of  one  of  the  pulleys  be  twice  as  great  as  that  of  tiie 
other,  so  that  when  the  ban  are  plaoed  on  the  azles  and  are  made  to 
revolve  by  turning  the  wheel,  the  angular  velocity  of  one  may  be  haJf 
the  angular  velocity  of  the  other :  then,  if  any  equal  weights,  for 
example,  be  fixed  on  the  carriages  which  slide  on  the  two  bars,  at  equal 
distances  from  the  centres  of  motion,  and  if  there  be  plaoed  on  the 
carriages  in  the  brass  frames  above  those  centres,  weights,  including 
those  of  the  carriages,  such  that  the  weight  above  the  larger  pulley 
may  be  one-fourth  of  that  which  is  above  the  smaller  pulley ;  the  cen- 
trifugal forces  arising  from  the  revolutions  wUl  allow  these  weights  to 
be  raised  at  the  same  instant,  proving  that  both  the  revolving  bodies 
are  retained  in  circular  orbits.  Here  the  angular  velocities  of  the 
revolving  bodies  are  as  1  to  2,  and  the  weights  in  the  frames,  which 
represent  the  centrifugal  forces,  are  as  1  to  4;  and  the  experiment 
shows  that  when  equal  bodies  revolve  in  equal  circular  orbits,  the 
centrifugal  or  centripetal  forces  are  to  one  another  as  the  squares  of 
the  angular  velocities. 

It  is  easy  to  understand  that  such  experiments  may  be  varied  so  as 
to  exhibit  all  the  phenomena  of  circular  movements. 

WHIRLPOOL,  a  place  in  a  river,  or  in  the  sea,  where  in  con- 
sequence of  obstructions  from  banks,  rocks,  or  islands,  or  the  oppo- 
sition of  winds  and  currents,  the  waters  acquire  a  revolving  motion. 

The  agitation  of  the  waters  which  is  constantly  observed  near 
Messina,  and  which  is  usually  designated  the  whirlpool  of  Charybdis, 
is  now  well  known  to  be  unaccompanied  by  any  vertiginous  motion  by 
which  vessels  might  be  absorbed,  and  is,  rather,  an  incessant  undula- 
tion of  the  water.  The  agitation  is  said  to  exist  in  several  different 
places  at  the  same  time,  within  the  circumferences  of  circles  whose 
diameters,  when  the  wind  is  modemte,  do  not  exceed  100  feet,  and  is 
caused  by  the  wind  acting  obliquely  on  the  rapid  current  which  sets 
towards  the  faro,  or  lighthouse,  from  the  north  during  six  hours,  and 
from  the  south  during  the  next  six  hours,  and  so  on  alternately ;  the 
changes  taking  place  respectively  with  the  risiog  and  setting  of  the 
moon.  SpalUmzani,  who  was  rowed  over  the  spot  when  Uie  wind  was 
lights  experienced  no  danger,  though  the  boat  was  much  tossed  by  the 
waves :  he  was  informed  however  that  when  the  wind  is  high,  the 
swelling  of  the  waves  is  more  violent  and  extensive,  so  that  small 
vessels  which  are  driven  within  the  limits  of  the  agitation  may  be  sunk 
by  the  waves  breaking  over  them,  and  large  ones  may  be  driven  on  the 
Italian  shore,  where  they  are  sometimes  wrecked  on  the  rock  of  Scylla. 
The  dashing  of  the  waves  on  the  hollow  rocks  about  Cape  Peloro 
produces  a  noise  which  is  said  to  resemble  the  barking  of  dogs ;  and  it 
is  probable  that  these  sounds  gave  rise  to  the  fable  that  a  female 
monster  surrounded  by  ferocious  dogs  and  wolves  lay  there  in  wait  to 
devour  the  mariners  who  might  be  wrecked  on  the  coast. 

Some  of  the  descriptive  particulars  of  the  Galofaro,  the  supposed 
Charybdis  [Calabria,  col.  286,  in  Qeoo.  Div.],  just  given,  are  derived 
from  Captain  (now  Admiral)  W.  H.  Smyth's  account  of  Sicily  and  its 
islands.  We  now  add  the  following,  as  given,  from  that  worx,  in  the 
author's  subsequent  memoir  on  &e  Mediterranean,  pp.  181, 182 : — 
"  To  the  undecked  boats  of  the  Rhegians,  Locrians,  S^noleans,  and 
Greeks  it  must  have  been  formidable ;  for  even  in  the  present  day 
small  craft  are  sometimes  endangered  by  it,  and  I  have  seen  several 
men-of-war,  and  even  a  74-gun  ship  {the  Qiteen,  bearing  theJUtg  of  JZeor- 
Admiral  Sir  CharUa  Penrote),  whirled  round  on  its  surface;  but  by 
using  due  caution  there  is  generally  very  little  danger  or  inconvenience 
to  be  apprehended.    The  Galofaro  appears  to  be  an  agitated  water,  of 

from  70  to  90  fathoms  in  depth. It  is  owing  probably  to  the 

meeting  of  the  harbour  and  lateral  currenta  with  the  main  one,  the 
latter  being  forced  over  in  this  direction  by  the  opposite  point  of  Pezzo. 
TMs  agrees  in  some  measure  with  the  relation  of  Thucydides,  who  calls 
it  a  violent  reciprocation  of  the  Tyrriiene  and  Sicilian  seas ;  and  he  is 
the  only  writer  of  remote  antiquity  I  remember  to  have  read  who  has 
assigned  this  danger  its  true  situation  and  not  exaggerated  its  effects. 
Many  wonderful  stories  are  told  respecting  this  vortex,  particularly 
some  said  to  have  been  related  by  the  celebrated  diver.  Colas,  who  at 
last  lost  his  life  here.  I  have  never  found  reason,  however,  during  my 
examination  of  this  spot,  to  believe  one  of  them.  The  formation  of 
the  Tangdora  shoals,  stretching  out  on  each  side  of  the  little  kind  of 
bay  off  which  the  Galofaro  is  situated,  is  probably  owing  to  the  eddies 
of  Charybdis." 

The  Maelstrom,  bet)?een  tbe  islands  of  Mosker  and  Wairae  on  the 
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ooAtt  of  Norway,  appears  to  be  of  a  nmilar  nature :  the  tide  there  f ortni 
a  cuirent  which  miia  with  yiolence  alternately  from  north  to  eonth, 
and  in  a  contrary  direction ;  and  when  this  ii  opposed  by  the  winds, 
there  is  created  tax  agitation  of  the  water,  the  Sound  of  which  is  heard 
at  sea  to  the  distance  of  many  leagues.  At  high  and  at  low  water^ 
in  modeitite  weather,  ships  pass  through  the  strait  ^thout  danger ; 
but  during  strong  gales  they  keep  at  a  oonsiderable  distance  in  order 
tu  aToid  being  drawn  into  the  current,  in  oonsequenoe  of  which  they 
might  founder  among  the  wares,  or  be  otherwise  destroyed.  Whales 
and  fish,  it  is  said,  are  often  found  dead  on  the  shores,  against  which 
they  have  been  dashed  by  the  Tiolenoe  with  which  the  waters  rush 
through  the  channeL 

Whirlpools  are  produced  among  the  Orkney  Islands  by  the  actions  of 
winds  and  currents ;  but  boats,  it  is  said,  pass  over  the  spots  in  safety, 
a  log  of  wood  or  a  bundle  of  straw  proTiousIy  thrown  into  the  Water 
being  sufficient  to  arrest  its  reyolVing  motion. 

The  circular  or  spiral  motion  of  the  water,  which  constitutes  a 
whirlpool  or  eddy  in  a  river,  is  produced  by  flexures  of  the  bonks  or 
contractions  of  the  bed ;  in  consequence  of  which  the  current,  instead 
of  continuing  parallel  to  the  general  direction  of  the  river,  is  turned 
obliquely  towards  the  middle:  the  particles  of  water  between  this 
oblique  current  and  the  bank  by  which  the  waters  from  the  upper 
part  of  the  river  are  reflected,  are  acted  upon  by  forces  in  different 
directions;  and  the  centrifugal  force  resulting  from  the  curvilinear 
motion  causes  the  centres  of  the  whirlpools  to  be  on  a  lower  levd  thsn 
the  general  surface  of  the  water  In  the  river. 

Let  A  B  be  the  distance  between  the  two  banks  of  a  river  at  a  part 
where  a  contraotion  of  the  bed  besins  to  take  place,  and  let  ii  ft  be  the 
narrowest  part  of  the  channel,  In  the  vicinity:  the  water  in  part 
arrested  by  the  bank  a  o,  rises  above  the  general  level  of  the  wat<sr  in 
the  river  at  that  place,  and  being  reflected,  will  be  made  to  take  an 
oblique  direction,  as  a  «  ;  at  the  same  time,  the  velocity  in  the  con- 
tracted section  becomes^  by  the  laws  of  hydrodynamics^  greater  than  that 
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of  the  river  above  a  b.  Then  the  particles  of  water  within  the  space 
aoc,  rushing  towards  ac,  the  surface  within  that  space  becomes 
depressed,  and  the  particles  about  D  descend  into  the  space  by  their 
gravity.  It  follows  that  there  is  a  constant  tendency  of  the  waters 
from  D  towards  c  a,  and  from  c  towards  a  c,  besides  the  ourrent  in  the 
direction  ac;  and  by  the  action  of  the  forces  in  these  directions  the 
revolving  motion  takes  place.  Whirlpools  are  continually  being  formed 
in  this  manner,  and  are  carried  to  some  distance  downthe  river  by  the 
general  ciurent. 

Whirlpools  may  in  like  manner  be  formed  at  the  same  time,  below 
b,  on  the  opposite  bank  of  the  river,  il  this  should  have  a  MtniUr  form 
to  the  bank  between  a  and  o ;  or  the  stream  a  c  may  be  reflected  ttom 
E,  should  there  be  a  contraction  at  that  place,  and  whiripools  may  be 
formed  in  the  enlaivement  beyond,  as  shown  in  the  diagram.  Plecisely 
in  like  manner  are  formed  ihe  whirlpools  or  eddies  at  the  shoulders  of 
the  piers  of  a  bridge,  when  the  breadth  of  the  river  is  so  much  con- 
tracted as  to  cause  its  surface  above  the  bridge  to  be  oonoidetmbly 
higher  than  the  surface  below.  Under  these  whirlpool  the  bed  of 
the  river  must  evidently  sustain  less  pressure  than  takes  place  on  the 
ports  about  them :  consequentlv,  the  water  under  the  bed,  acting 
hydrostatically  upwards,  may  lift  up  the  earth  and  stones,  and  thus 
undermine  the  piers;  or  it  may  blow  up  the  piles  driven  for  the 
formation  of  diuna.  Bv  this  cause  the  accidents  which  occur  In 
hydraulic  operations  are  frequently  produced. 

Inequalities  m  the  depth  of  the  bed  of  a  river  must  evidently  give 
rise  to  vertical  whirlpools  by  the  reflexion  of  the  water  from  the 
ascending  slopes ;  the  particles  then  take  an  obUque  direction  upwards, 
BO  as  to  rise  like  a  wave  above  the  general  surface :  also,  a  sudden 
depression  of  the  bed  will  produce  a  vertical  whirlpool  in  the  lower 
part,  nearly  as  the  horizontal  whirlpools  befofe  mentioned  are  supposed 
to  have  been  formed. 

WHIRLWIND.    [Wind.] 

WHISKET.  The  preparation  of  this  spirit  is  sufficiently  described 
under  Distillbbt  ;  while  the  trade  and  the  taxation  connected  with  it 
are  noticed  under  Wdhb  and  Sfibit  Tbadb.  The  name  is  derived  from 
the  Insh  word  uitgue,  *  water;'  and  KsgiMftafi^A,  the  name  of  a  cordial 
at  one  time  m  much  request,  is  derived  from  the  Irish  ttu^M  UoOm, 
water  of  Me.  We  may  here  remark,  among  the  discoveries  of  the 
rectifiers,  that  a  few  drops  of  creosote  and  fusel  oil  will  give  a  whiskey 

wST^«™TxrJ^HS?  fl^^*"  ''^^S'^  London  gin,  if  long  kept. 

WHISPERING  PLACES  are  vaults  or  gaU^ie^  in  wWch  the  sound 
of  words  uttered  with  a  low  voice  is  augmented,  so  aa  to  become 
audible  at  a  considerable  distance  from  the  speaker. 

When  the  air  is  agitated  by  any  impulse,  as  the  utterance  of  a  word 
at  some  spot,  the  undulations  extend  spherically  in  every  direction. 


and  thus  give  rise  to  pereeptions  ol  sound  which  diminish  rapidly  in 
intensity  as  the  distance  of  the  auditor  increases;  but  if  the  impulse 
be  given  at  one  of  the  extremities  of  a  tube,  it  is  evident  that  the 
undulations  will  be  prevented  from  spreading  laterally,  and  the  whok 
effeot,  augmented  In  consequence  of  the  condensation  of  the  particles 
of  air  in  tiie  tube,  will  be  experienced :  in  this  manner  may  be  explained 
the  increase  of  the  intensity  of  sound  in  a  trumpet  or  a  speaking-pipe. 
[Fipb.]  a  like  effect  takes  plaee  in  a  less  degree  when  sound  ascends 
from  the  bottom  of  a  deep  well,  or  when  words  are  tittered  at  o&e 
extremity  of  a  long  corridor  or  passage  in  a  building.  It  is  said  that  if 
a  pin  be  dropped  into  the  well  in  Corisbrooke  Castle,  in  the  Isle  of 
Wight,  the  sound  produced  when  it  strikes  the  water  is  distinctly 
heud  at  the  mouth :  the  well  is  above  200  feet  deep.  The  souzid  of 
words  spoken  near  the  sur&ce  of  any  long  wall  is  sinmarly  augmented 
in  the  direotion  of  the  length  of  the  wall ;  thA  latter,  in  eome  measoxe 
preventing  the  undulation  from  being  diffused  hi  the  atmosphere.  The 
effect  in  a  corridor  is  frtquently  increased  when  the  corridor  has  bends 
in  its  length,  or  when  it  is  smaller  at  one  extremity  than  at  the  other. 

When  the  place  il  in  the  form  of  a  dome,  the  undulations  of  the  air, 
which  are  produced  by  a  sound  emitted  near  the  concave  sur£u»,  at 
any  part  of  the  base  of  the  dome,  are,  by  conUnual  deflections  from 
every  part  of  the  concave  surface,  transmitted  to  a  point  in  the  base 
diametrically  opposite  to  that  from  whence  the  sound  proceeded ;  and 
there  the  waves  are  concentrated  so  as  to  cause  the  pereeption  of  a 
sound  many  times  louder  than  that  whleh  was  emitted. 

The  whispering  gallery  in  Qloucester  Cathedral,  which  is  described 
in  Birch's  '  History  of  the  Royal  Society,'  voL  i.,  is  a  passage  leading 
from  one  aisle  to  uie  oppositei  behind  the  east  window  tA  the  choir :  it 
is  8  feet  wide,  and  about  64  feet  hi|^ ;  its  whole  length  is  about  75  feet, 
and  its  form  on  the  plan  is  half  an  irregular  octegon :  the  waUs  and 
ceiling  are  of  freeetone,  and  the  latter,  whi<ui  ii  flat,  is  unevcmly  wrou^t^ 
If  two  persons  are  placed,  one  at  each  end,  near  either  waU,  and  one 
converses  with  the  other  in  the  lowest  whisper,  the  words  are  as  dis- 
tinctly heard  ss  if  the  persons  were  dose  together.  The  vrhispering 
gallery  in  St.  Paul's  Cathedral,  London,  is  tluit  which  surrounds  the 
base  in  the  concave  surface  of  the  interior  dome:  here  a  pei^im 
speaking  in  a  whisper  near  the  surfiatce  of  the  vault  Is  heard  distinctly 
b^  a  person  also  near  the  sur^ice  and  at  the  opposite  extremity  of  a 
diameter,  persons  in  any  other  part  not  being  able  to  hear  the  sound. 

WHITE  ARSENIC.  A  popular  name  for  ansnious  odd.  [Abaesk. 

WHITE  CANONS,  so  oalled  from  their  habit,  which  was  a  white 
cassock  with  a  rochet  over  it,  a  long  white  doak,  and  white  caps, 
belonged  to  the  Premonstratensian  Order  of  Ihe  Augustine  Monks. 
They  were  brought  into  England  shortlv  after  1140,  and  settled  first  at 
Newhouse  in  Lincoinshira  They  had  in  England  a  eonservator  of 
their  privilsges,  but  were  nevertheless  often  visited  by  their  superiors 
of  Premonstre,  who  nised  great  oontributions  out  of  them,  as  the 
generals  or  foreign  heads  of  the  Cluniacs  or  Cistercians  also  did  from 
their  order,  till  restrained  fiom  it  by  the  parliament  of  Carlisle,  in  the 
last  year  of  Edward  1, 1807.  They,  however,  oontinned  under  the 
jurisdiction  of  the  Abbot  of  Premonstre  and  the  general  chapter  of 
the  order  till  1612,  when  they  were  exempted  from  it  by,  a  bull  of  Pope 
Julias  IL,  ounfirmed  by  King  Henry  VIII.,  when  the  superiority  of  all 
the  houses  of  this  order  in  England  and  Wales  was  ^ven  to  the  Abbot 
of  Welbeek,  in  Nottinghamshire.  Tanner  reckoned  about  thirty.fire 
houses  of  this  order  in  England.  (Tanner,  iVbfit.  ifMoit. ;  Dugd., 
MvH,  An§L) 

WHITE  FLUX.  A  substance  used  in  metaUurgioal  operations  on 
a  small  scaler  It  consists  chiefly  of  carbonate  of  potash,  and  ii 
prepared  by  calcining  bitartfate  of  potash  {oream  of  Utriar)  with  twice 
its  weight  of  nitrate  of  potash. 

WHITE  QUNPOWDSR.  A  oompositicm  consisting  of  thi^  porta 
of  chlorate  of  potash,  one  part  of  white  sugar,  and  one  of  ferrocyanide 
of  potassium.  The  ingredients  must  be  $iparatelg  reduced  to  fine 
powder  and  then  intimately  mixed  in  a  wooden  mortar  with  a  wooden 
pestle.  Its  explosive  force  is  much  greater  than  ordinary  gunpowder, 
and  the  ingredients  mav  be  kept  separate  until  the  powder  is  wanted, 
which  would  prsvent  all  danger  of  the  accidental  extOosion  of  large 
quantities.  Its  manulMture  is,  however,  attended  with  considerate 
risk,  as  it  explodes  by  friction  and  percussion,  and  several  serious 
accidents  have  already  resulted  even  fix>m  its  preporatbn  on  a  small 
scale.  Contact  with  a  minute  drop  of  sulphuric  Odd  causes  it 
instantly  to  explode. 

WHITE  LEAD.    [LsaD.] 

WHITE  PRECIPITATE.    [MMtcimT.    WhUe  prreipUate.l 

WHITE  SWELLING,  a  disease  of  the  joints,  so  called  on  account 
of  the  unaltered  oolonr  of  the  skhL  Under  this  term  are  included 
nearly  all  those  diseases  of  the  joints  which  are  the  result  of  chronic 
inflammation  in  the  bones,  cartilageB,  or  membranes  constituting  the 
joint.  These  inflammations  are  constantly  attended  with  sw^ing, 
which  is  droumsoribed ;  the  port  is  sometimes  hard,  resistmg  the 
pressure  of  the  fingers,  and  thus  leading  to  the  impression  that  the 
bone  is  swollen  and  diseased;  or  it  may  be  ebstzc,  snd  yielding  U 

Sressure ;  or  so  soft  as  to  produce  the  impmession  of  the  presence  of 
uid.    Sometimes  these  sweDings  are  attended  with  no  paui ;  at  other 


times  pain  is  one  of  the  earliest  symptoms,  and  is  constantly  present, 
and  greatly  aggravated  by  the  motion  of  the  limb.    In  some  cases  the 
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motions  of  the  joint  are  but  little  impsdod,  whilit  in  others  they  fure 
entirely  destroyed.  These  genenJ  symptoms  however  fuimit  of  dis- 
tinction, and  several  forma  of  white  swelling  can  now  be  traced  to 
different  parte  of  the  joint  as  their  seat. 

Amongst  old  writers  these  disensep  have  been  deeoribed  under  the 
names  of  ipina  ventoia,  funffut  ardeuli,  lymphatic  tumour*  and  other 
names.  A  common  division  of  these  duMases  is  also  into  rheumatic 
and  scrofulous,  according  as  they  were  supposed  to  have  their  origin  in 
a  rheumatic  or  scrofulous  stste  of  the  system.  The  more  active  were 
referred  to  the  former  and  the  ohronio  to  the  latter.  Many  other  dis- 
tinctions are  founded  more  upon  the  age,  temperament,  and  constitution 
of  the  patient,  than  upon  essential  d^erenoes  of  the  disease.  The 
following  are  the  diseases  of  the  joints  which  are  generally  denominated 
white  swellingB. 

1.  I^fiamvMUion  of  tlu  Synovial  Membnma. — This  disease  may  be 
either  acute  or  ohronia  When  acute,  the  skin  is  generally  red,  and  the 
joint  Tery  painful  and  tender.  It  commencee  with  pain  at  one 
particular  spot,  and  in  a  day  or  two  after,  swelling  takes  place.  The 
BwelUng  may  be  felt  at  first  to  undulate,  from  the  effuaion  of  fluid  into 
the  membrane ;  but  this  becomes  leas  evident  as  the  disease  advances, 
from  the  thickening  of  the  membranes  and  also  from  the  effusion  of 
lymph.  The  swelling  always  assumes  the  form  and  direction  of  the 
synovial  membranes.  In  a  fewdsys  the  disease  subaidee  altogether 
or  assumes  the  chronic  form.  When  the  inflammation  is  chronic 
from  the  beginning,  the  pain  and  tenderness  are  much  less»  so  that  the 
patient  is  able  to  walk  about  without  much  difficulty.  There  is  little 
or  no  fever,  the  skin  retains  its  natural  colour,  the  swelling  increases 
only  slowly,  and  the  symptoms  are  rendered  worse  by  exposure  to  cold 
and  exertion.  In  these  cases,  although  the  eflbsed  fluid  may  at  length 
become  absorbed,  the  synovial  membrane  remains  thickened,  and 
swelling  and  stiffness  of  the  joint  are  the  consequence,  constituting  a 
very  common  form  of  white  swelling.  The  causes  of  this  disease  am 
both  constitutional  and  local  It  may  arise  as  an  efifoct  of  phlebitis, 
gout,  rheumatism,  syphilis^  or  mercury ;  or  it  may  be  produced  by 
sprains,  contusions,  wounds,  dislocations,  or  fractures  of  the  heads  ai 
the  bones. 

The  treatment  ol  this  disease  must  vary  according  as  it  is  acute  or 
chronic,  or  dependent  on  local  or  constitutional  causes.  In  the  acute 
and  local  form  of  the  disease  perfect  quietude  must  be  insisted  on, 
cupping  and  leeches  to  the  part  should  be  had  recourse  to,  with  saline 
purgatives  and  diaphoretica  When  the  skhi  is  tense,  fomentations 
and  poultices  may  be  used ;  but  where  not,  cold  lotions  will  be  best 
In  the  early  stage  of  the  chronic  form,  leeches  and  cold  lotions  to  the 
part  may  be  applied  and  perfect  quietude  enjoined.  In  the  latter 
stages,  counter-irritants  may  be  used,  such  as  blisters,  the  savine  cerate, 
ointment  of  tartarised  antimony,  ftc  When  persons  are  well  enough 
to  move  about,  the  joint  should  be  kept  trom  movement  by  strapping 
it  with  soap-phuster,  or  covering  it  with  a  bandage  or  a  cap  of  leather 
or  other  material  made  to  fit  tight.  Bathing  with  cold  salt  water,  or 
pouring  on  the  part  cold  water  may  be  recommended.  For  the 
removal  of  the  stiffiiess,  shampooing,  the  vapour-bath,  or  friction  with 
the  hand,  may  be  employed.  When  the  inflammation  arises  from 
rheumatism  or  syphilis,  the  treatment  should  be  the  same  as  for  those 
diseases. 

2.  Pulpy  TkiekeHing  qf  the  Sjftiovial  Membrane.^ThiB  disease 
generally  occurs  in  young  persons  between  the  ages  of  sixteen  and 
twenty-five,  and  is  mostly  confined  to  the  knee-joint.  There  is  not 
much  pain  in  the  joint,  but  swelling  and  rigidity  come  on  slowly. 
The  joint  on  being  touched  appears  to  have  fluid  in  it.  This  disease 
goes  on  sometimes  for  years,  till  at  last  it  destroys  the  joint ;  and 
unless  the  limb  is  amputated,  hectic  symptoms  ensue  and  destroy  the 
patient.  This  disease  consists  in  a  total  disorganisation  ol  the  synovial 
membrane,  which  is  converted  into  a  brownish  or  lightish  brown  pulpy 
substance,  varying  from  a  quarter  of  an  inch  to  ha&  an  inch,  in  tiiick- 
ness.  ^  In  its  advanced  stages  the  cartilages,  bones,  and  ligaments  of 
the  joint  become  impUoated  in  the  disease. 

The  well-marked  cases  of  tins  disease  must  be  looked  upon  as  incur- 
able, and  only  amputation  will  give  a  chance  of  rolief .  In  mild  or 
doubtful  cases  the  only  plan  that  seems  to  ofier  success  is  perfect 
quietude  of  the  joint,  which  may  be  secured  by  pasteboard  or  other 
splints,  or  by  soap-plaster.  The  general  health  should  be  attended  to, 
and  local  applications  made  according  to  the  symptoms.  Inflammation 
should  be  subdued  by  leeches,  and  gentie  counter-irritants  may  be 
kept  constantiy  applied. 

8.  Ulceraticn  of  the  CarUlagei,-^TlnB  disease  oooun  chiefly  in 
children  or  adults  under  the  middle  age.  It  is  frequentiy  a  conse- 
quence of  the  preceding  diseases,  but  often  occurs  alone,  although  in 
its  progress  it  may  involve  the  whole  joint.  The  joint  in  which  it  is 
most  frequently  seen  is  the  hip,  producing  the  greater  amount  of  the 
diseases  known  by  the  name  of  hip- joint  diseasei  When  it  occurs  in 
the  knee,  it  differs  from  inflammation  of  the  synovial  membrane  by 
the  pain  at  the  commencement  of  the  disease  being  slight,  and  its 
going  on  increasing  in  intensity.  The  pain  is  also  present  sometimes 
four  or  five  weeks  before  any  swelling  is  perceived.  The  swelling, 
when  it  does  occur,  arises  from  inflammation  of  the  cellular  tissue  out- 
side the  joint,  and  often  appears  much  Uuger  than  it  really  is,  from 
the  previous  wasting  of  the  leg  from  want  of  use.  In  many  cases  an 
effusion  takes  place  into  the  synovial  membrane  and  increases  the 


swelling.  In  the  progress  of  the  disease  abscesses  form,  ha\ing  fistulous 
'conneotions  with  the  synovial  membrane  and  the  surrounding  inflamed 
tissue.  As  the  cartilaginous  tissue  is  renewed  with  difficulty,  the 
most  favourable  termination  of  this  disease  is  generally  attended  with 
anchylosis  of  the  joint 

In  the  treatment  of  this  disease  rest  is  essential ;  whatever  moves 
the  limb,  affects  the  diseased  cartilage.  The  limb  may  be  placed  in 
splints,  or  bandaged  up  with  soap-plaster,  or  perfect  quietude  of  the 
joint  may  be  secured  by  M'Intvre's  fracture-splint,  which  has  the 
advantage  of  being  easily  removed  for  the  purpose  of  niaking  applioa- 
tions  to  the  part  affected.  Where  the  joint  is  hot,  cold  lotions  and 
leeches  may  be  applied ;  but  where  it  is  cool,  counter-irritants,  blisters, 
issues,  mozas,  antunonial  ointment,  or  croton  oil.  On  the  continent 
the  actual  cautery  is  rocommended.  For  the  swelling  and  rigidity 
which  so  constantly  remain,  relief  m^y  be  sought  in  t^e  cold  douche, 
shampooing,  or  friction  with  the  hand. 

4.  ScrqftUous  Di^eaH  qf  the  Joint9,  banning  in  the  Bonea. — At  one 
time  all  white  swellings  were  supposed  to  involve  the  bones,  and  thi« 
on  account  of  the  apparent  enlargement  of  the  bones  of  the  affected 
joint  That  this  is  not  the  esse  the  existence  of  the  above  forms  of 
disease  proves,  but  even  the  fact  on  which  the  supposition  was  founded 
is  not  correct  8o  far  from  the  bones  being  always  enlarged  in  these 
cases,  there  are  only  a  very  few  on  record  in  which  dissection  has 
shown  the  bones  to  be  enlarged.  The  bone  has  been  supposed  to  be 
swelled  from  the  hardness  of  the  part  and  its  size :  but  the  former 
arises  from  the  natural  texture  of  the  parte,  and  the  latter  is  made  to 
appear  greater  by  contrast  with  the  wasting  diseased  limb.  But  the 
bones  aro  subject  to  disease  which  begins  in  their  cancellous  texture. 
The  phosphate  of  lime  is  removed  from  them  or  deposited  in  less 
quantity,  and  a  yellow  caseous  substance  is  secreted  in  its  place.  The 
beads  of  the  bones  are  altogether  weakened  and  softened,  and  deposits 
of  bony  matter  of  an  irregular  form  are  found  on  their  outside. 
Whilst  tius  change  is  going  on  the  patient  experiences  pain ;  the  knee, 
which  ia  the  joint  it  most  commonly  attacks,  sweUs ;  the  motions  of 
the  joint  are  affected,  and  it  becomes  more  or  lees  contracted,  so  as  to 
inevent  it  being  straightened.  In  the  course  of  time  matter  ii  formed 
in  the  cavity,  and  makes  its  way  out  by  ulceration  through  the  synovial 
membrane,  or  abscesses  form  on  the  outside  of  the  joint  Sometimes 
sinuses  occur,  and  run  to  a  considerable  extent  from  the  joint  under 
the  fascia,  or  between  it  and  the  skin. 

This  condition  of  a  limb  is  generally  connected  with  a  scrofulous 
constitution,  and  the  more  decided  the  sorof  ulcus  disposition,  the  more 
difficult  wiU  the  disease  be  to  treat.  However,  whatever  may  be  the 
state  of  the  constitution,  this  must  be  attended  to  primarily  in  the 
treatment  of  theee  cases.  [Scrofula.]  The  local  treatment  must  be  the 
same  as  for  other  oases  of  white  swelling.  Quietude  of  the  joint  should 
be  secured  on  some  of  the  plans  proviously  proposed ;  and  as  there  is  a 
constant  tendency  to  anchylosis,  care  should  be  taken  if  possible  that 
the  anchyloais  occurs  in  a  position  most  convenient  for  using  the  limb. 
Counter-irritants  will  be  found  of  great  utility  in  these  cases,  such  as 
bhsters,  antimonial  ointment,  and  croton  oil.  Care,  however,  must  be 
taken  that  they  are  not  employed  whilst  there  is  a  tendency  to  inflam- 
matory action ;  and,  on  the  other  hand,  the  means  that  are  employed, 
such  as  leechee,  cold  lotions,  &c.,  for  an  increased  activity  of  the  part, 
should  be  immediately  abandoned  when  that  activity  ceases.  When 
the  morbid  process  has  been  arrested,  shampooing,  friction,  and 
pouring  water  on  the  part  from  a  height,  should  be  had  recourse  to 
for  the  purpose  of  strengthening  it  The  abscesses  which  form  in 
these  cases  iSiould  be  opened  early ;  if  left  to  themselves,  they  often 
leave  ulcerations  which  are  difficult  to  heaL 

(Cooper,  First  Lines  of  Surgery  ;  Surgical  IHctionary  ;  Brodie,  Patha» 
logical  and  Surgical  Observations  on  Diseases  of  the  Joints,) 

WHITE  VITRIOL.    [Vitriol.] 

WHITING.  An  impure  carbonate  of  lime,  prepared  by  grinding 
and  then  washing  chalk,  so  as  to  separate  the  coarser  and  heavier 
particles  from  the  lighter  and  finer  ones,  which  latter  are  then  col- 
leoted  into  masses  ana  dried. 

WHITLOW  is  an  inflammation  affecting  the  phalanges  of  the 
flngers,  and  generaUy  proceeding  to  suppuration.  The  part  attacked, 
however,  is  not  confined  to  the  fingers;  the  same  disesse  may  also 
appear  in  the  toes.  Paronychia  and  Onychia  are  terms  which  are  used 
to  express  the  same  disease.  Surgical  authors  describe  several  forms 
of  whitlow,  or  paronychia,  according  to  the  textures  which  the  inflam- 
mation attacks.  Thus  it  may  be  situated  in  the  skin,  the  cellular 
tissue  imder  the  skin,  the  tendons  or  theca  of  the  fingers  or  toes,  in 
the  periosteum,  or  it  may  be  seated  in  the  cellular  tissue  under  the 
naiL  When  the  inflammation  is  confined  to  the  skin,  vesicles  araear, 
which  quickly  advance  to  suppuration,  and  the  case  requires  Uttle 
attention.  When  the  subcutaneous  cellular  tissue  is  affected,  the  case 
ia  more  serious,  though  it  seldom  extends  :  there  is  throbbing  pain  of 
the  part,  and  there  may  be  severe  constitutional  disturbance,  and 
suppuration  is  a  less  pr  greater  length  of  time  in  taking  place.  The 
whitiow  under  the  nail  differs  from  this  form  only  in  situation.  In 
these  cases  only  the  cellular  tissue  imder  the  cutis  is  affected,  and  no 
great  danger  or  mischief  is  to  be  apprehended  from  the  whitlow* 
When,  however,  the  inflammation  extends  to  the  tendons,  periosteum, 
and  bone,  then  the  symptoms  are  very  severe ;  and  by  extending  from 
the  finger  affected,  up  the  arm,  and  involving  a  large  extent  of  surlacej 
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fatal  consequences  haye  BometimeB  been  the  result.  The  commenoe- 
ment  of  this  form  of  whitlow  is  indicated  by  a  burning,  shooting, 
throbbing  pain  of  the  finger,  with  a  yarying  degree  of  constitutional 
disturbance.  Sometimes  Uie  febrile  symptoms  are  very  violent ;  and 
when  the  arm  is  involved,  delirium  and  other  alarming  symptoms  come 
on.  At  first  there  is  no  perceptible  change  in  the  part  affected :  at 
length,  however,  slight  swelling  comes  on,  which  may  extend  up  the 
arm,  even  to  ^e  axilla.  In  these  cases  a  small  quantity  of  matter  is 
collected  under  the  flexor  tendon  of  the  finger,  or  under  the  periosteum, 
in  which  latter  case  tiie  bone  is  mostly  affected  with  caries. 

Whitlows  may  be  caused  by  some  external  injury,  such  as  a  prick 
from  a  needle,  pin,  thorn,  or  other  pointed  object,  or  they  may  arise 
spontaneously.  The  latter  not  unfrequently  occurs  in  young  persons 
who  are  apparently  in  a  good  state  of  health. 

In  the  treatment  of  whitlow  the  inflammation  can  rarely  be  subdued 
before  it  proceeds  to  suppuration.  It  may  however  be  tned,  and  cold 
lotions  and  local  bleeding,  with  general  antiphlogistic  treatment,  will 
sometimes  subdue  the  inflammation.  When  matter  is  formed,  the 
best  thing  that  can  be  done  is  to  get  rid  of  it  as  soon  as  possible,  and 
this  must  be  done  by  cutting  down  quite  upon  the  seat  of  inflammation 
and  pain.  When  matter  is  formed,  ease  is  immediately  given  by  its 
being  discharged ;  and  even  should  an  incision  be  made  before  suppura- 
tion has  taken  place,  it  will  alleviate  the  symptoms.  Where  matter  is 
formed  extensively  under  the  tendons,  free  incisions  should  be  made 
wherever  it  is  collected.  Where  caries  of  the  bone  exists  in  whitlows, 
it  may  be  sometimes  a  question  as  to  whether  amputation  is  not  the 
most  effectual  treatment.  Where  whitlow  occurs  under  the  nail, 
the  matter  maybe  discharged  either  by  an  incision  under  the  nail 
from  the  side,  or  by  scraping  the  nail  and  making  the  incision  from 
above. 

WHITSUNTIDE  is  probably  a  contracted  form  of  White  Sunday 
tide  or  time.  In  the  early  ages  of  Christianity  the  favourite  seasons 
for  administering  the  rite  of  baptism  were  Easter  Sunday,  the  anni- 
versary of  Uie  resurrection  of  Christ,  and  Whitsunday,  that  of  the 
Jewish  feast  of  Pentecost,  when  the  apostles  were  *'  baptised  with  the 
Holy  Ghost  and  with  fire,"  and  they  themselves  commenced  their 
pubUo  ministry  by  baptising  three  thousand  persona  As  emblematic 
of  the  spiritual  purity  which  the  rite  of  baptism  is  supposed  to  confer, 
those  who  received  it  were  clothed  in  white,  and  the  day  is  hence  con- 
jectured to  have  received  its  name  of  White  Sunday  (Dominica  alba). 
Other  etymologies  more  remote  and  less  probabte  have  been  given. 
The  rite  of  baptism  was  performed  in  early  times  on  Easter  Sunday  eve 
and  Whit  Sunday  eve,  that  is,  on  the  preceding  Saturday  evening,  when 
there  was  a  special  ceremony  of  hallowing  the  font.  In  a  volume  of 
manuscript  homilies  in  the  Harleian  Library,  in  the  British  Museum, 
No.  2871,  it  is  stated,  that  "  in  the  begynnyng  of  holy  chirph,  all  the 
cluldren  weren  kept  to  be  crystened  on  thys  even,  at  the  font  hal- 
lowyng ;  but  now,  for  enchesone  that  in  so  long  abydynge  they  might 
dye  without  crystendome,  therefore  holy  chirch  ordeyneth  to  crysten 
at  all  times  of  the  yeare ;  save,  eyght  diayes  before  these  evenyns,  the 
chylde  shalle  abyde  till  the  font  hallowing,  if  it  may  savely  for  perrill 
of  death,  or  ells  not." 

Our  ancestors  seem  to  have  indulged  to  excess  in  the  season  of 
Whitsuntide  in  all  kinds  of  exercises  and  amusements,  for  which  many 
of  the  parishes  provided  the  needful  stimulus,  and  out  of  which  they 
claimed  their  due  share  of  profit :  for  this  purpose  a  house  or  bam, 
which  was  called  the  churcn-house,  was  set  anut,  and  a  quantity  of 
fde  was  brewed,  which  was  called  Whitsun  Aie,  or  Church  Ale,  and 
was  sold  to  the  parishioners  who  came  there  to  feast  and  drink,  and 
gamble,  and  the  profits  were  applied  to  the  repairs  of  the  church,  and 
sometimes  to  chuitable  and  ouier  purposes. 

(Brady's  Clavis  CaUndaria  ;  Strutt's  Sports  and  PaaUmet  by  Hone ; 
Brand's  Popular  AnliquUia,  by  Ellis.) 

WIFE;  HUSBAND  and  WIFE.  Many  of  the  legal  incidents 
attached  to  the  relation  of  husband  and  wife,  or,  as  they  are  called  in 
our  law  books.  Baron  and  Feme,  have  been  already  noticed  under  their 
several  heads :  the  mode  of  contracting  the  connection  may  be  found 
under  Mabriaob,  and  of  dissolving  it,  under  Divorcr  ;  the  provision 
for  the  wife  out  of  her  husband's  real  estates,  made  l^  the  common 
law  and  modified  by  statutes,  is  treated  of  under  Doweb  ;  and  the 
right  derived  from  the  same  source  by  the  husband  to  a  life  interest  in 
his  wife's  real  estate  if  he  survives  her  and  has  had  a  child  capable  of 
inheriting,  under  Coubtest  of  Ekolamd;  the  voluntary  provision 
which  may  be  made  for  the  husband,  the  wife,  and  the  oflbpring  of  the 
marriage,  is  discussed  under  Settlsmsmt  and  Jointubb;  and  the 
nature  of  the  property  which  the  wife  has,  if  not  independently  of  her 
husband,  concurrently  with  him,  is  described  under  Paraphernalia 
wad  Sbpabatb  Property.  The  article  Parent  and  Child  shows  what 
little  right  the  law  has  conceded  to  the  wife  with  regard  to  the  children 
of  the  marriage.  It  is,  therefore,  onlv  necessary  now  to  give  a 
general  sketch  of  the  subject^  so  as  to  bring  the  separate  parts  under 
one  view,  and  to  supply  such  informatiiMi  as  may  not  yet  have  been 
given. 

The  common  law  treats  the  wife  (whom  it  calls  a  feme  covert,  and 
her  condition  coverture)  as  subject  to  the  husband,  and  gives  him 
leave  to  exercise  over  her  reasonable  restraint,  and  it  has  been  said  to 
inflict  on  her  moderate  chastisement.  The  wife  may  now,  however, 
obtain  security  that  the  husband  shall  keep  the  peace  towards  her.    It 


looks  on  the  husband  and  wife  in  most  respects  as  one  penkm,  having 
only  one  mind  or  will,  which  is  exercised  by  the  husband.     Hence 
a  wife  cannot  sue  separately  from  her  husband  for  injuries  do&e 
to  her  or  to  her  property,  or  be  sued  alone  for  debts,  unless  her 
husband  shall  have  abjured  or  been  banished  the  realm ;  or  ahe  hu 
obtained  a  judicial  separation,  or  protipUon  for  her  eanungs,  in  con- 
sequence of  his  having  deserted  her;  or  unless  where,  by  particular 
customs,  she  is  permitted  to  trade  alone,  as  in  London;   but  erai 
here  the  husband  should  be  joined  as  defendant  by  way  of  conformitj, 
though  execution  will  issue  against  the  wife  alone.    For  injuries  to 
the  wife's  person  or  property  we  remedy  is  by  a  joint  action,  or  some- 
times by  the  separate  action  of  the  husband.    Hence  again  not  only 
can  they  not  in  any  case,  by  the  common  law,  contract  with  or  sue 
one  another;  but  compacts  made  between  them  and  all  debts  con- 
tracted towards  each  other  when  single  (unless  those  made  in  ooDa- 
deration  or  at  least  in  contemplation  of  marriage)  are  made  void  a>t  the 
common  law  by  their  union.    This  rule  does  not,  however,  ^ply  to 
debts  due  from  the  husband  to  the  wife  in  a  representative  character, 
as  administratrix  or  executrix,  for  instance.    They  cannot  make  gracta 
one  to  another  to  take  effect  during  the  joint  lives;  nor  can  the  wife, 
excepting  in  the  exercise  of  a  power,  devise  lands  to  her  husband  or  tj 
any  other  person  ;  but  the  husband  may  devise  to  his  wife  property 
to  be  enjoyed  by  her  after  his  death.  They  can  give  evidence,  howerer, 
touching  one  another,  except  in  criminal  cases,  or  proceedings  arismg 
out  of  or  relating  to  adultery.    In  criminal  prosecutions,  however, 
founded  on  injuries  committed  by  either  party  on  the  person  of  the 
other,  the  injured  party  may  {ex  necetdtate  m')  be  a  witness.     Neither 
can  rob  the  other  in  the  contemplation  of   law.     The  property  of 
both  is,  with  some  modifications,  liable  to  the  debts  of  either,  and  with 
the  person  of  his  wife  the  husband  takes  the  liability  to  her  debts  ccm- 
tracted  before  marriage ;  but  those  debts  are  only  recoverable  during 
the  wife's  life.    If  she  dies  before  him,  he  is  relieved  from  that  rt- 
mnsibility,  whatsoever  fortune  he  may  have  had  with  her,  exoeptmg 
wat  he  must  apply  to  the  discharge  of  such  debts  any  assets  which  are 
received  by  him  as  his  wife's  administrator.    As  the  law  considers  the 
wife  to  be  under  the  perpetual  control  of  her  husband,  it  relieves  her 
from  responsibilitv  for  offences  short  of  murder  and  hi{^  treason  com- 
mitted at  his  instigation— the  evidence  of  that  instigation  being  his 
presence  durixig  the  commission  of  the  offence.    For  the  same  reascKi 
all  deeds  executed  by  her  are  void;  unless  in  fulfilment  of  powen 
vested  in  her  or  under  the  guarantee  of  certain  solemnities  to  ensure 
her  free  agency.    A  disposition  by  a  woman  of  her  property  after  the 
commencement  of  a  treaty  for  marriage,  without  the  privity  and  con- 
currence of  her  intended  husband,  is  deemed  by  courts  of  equity  to  be 
fraudulent,  and  will  be  set  aside  after  the  marriage  as  an  injury  to  her 
husband;  a  will  made  before  marriage  is  also  revoked  by  the  sub- 
sequent marriage  of  the  party  maUng  it.    [Will  and  Testament.] 

This  l^gal  identity  cannot  be  dissolved,  whether  in  the  eyes  of  the 
civil  or  ecclesiastical  courts,  by  any  voluntary  act  of  the  parties.  Thus 
no  deed  of  separation,  unless  it  contains  an  immediate  and  certain  yto- 
vidon  for  the  wife,  and  no  advertisement  or  other  public  notiticatioii 
wUl  relieve  a  husbMid  from  the  liability  to  provide  his  wife  with 
necessaries  fitting  to  her  rank  in  life  (the  question  of  fitness  being 
decided  by  a  jury),  or  consequently  from  the  duty  of  paying  the  debu 
contracted  for  such  necessaries,  if  she  has  been  driven  from  his  house 
by  his  misconduct.  On  the  other  hand,  a  wife  cannot  recover  at  law 
from  her  husband  from  whom  she  lives  apart  any  allowance  which  he 
has  contracted  with  herself  to  pay  her  in  consideration  of  the  separa- 
tion, if  he  desires  that  their  union  should  be  renewed.  Nor  again  is  a 
deed  of  separation  a  sufficient  answer  to  a  suit  promoted  by  either 
party  for  restitution  of  conjugal  rights ;  far  less  is  it  an  answer  to  the 
chaige  of  adultery  committed  either  before  or  after  separation.  (Hag< 
gards  '  Consistory  Reports,'  i  148.) 

But  this  union  may  be  dissolved,  when  sought  for,  hond  fde,  by 
either  party  without  collusion  with  the  other,  as  a  remedy  for  that 
other's  conjugal  offences  (^DrvoRCEl ;  and  the  dissolution  relieves  the 
husband  of  his  responsibihty  for  his  wife's  debts  contracted  after  the 
decree  is  |)ronounced,  or,  in  case  of  his  wife's  adultery,  contracted 
after  the  discovery  of  the  adultery  and  the  consequent  separation ;  for 
if  no  separation  takes  place,  or  if  the  husband  abandons  his  usual 
residence  to  his  wife  and  her  paramour,  he  will  be  liable  to  debts  con  • 
tracted  by  her  with  tradesmen  who  are  ignorant  of  the  focts.  So  too, 
by  the  coDunon  law,  a  husband  is  not  liable  for  the  debts  of  his  wife 
contracted  after  she  has  quitted  lus  house  without  sufficient  cause,  and 
he  has  given  particular  notice  to  the  tradesmen  that  he  will  not  pay 
her  debts.  Still  less  is  he  liable  for  debts  contracted  while  she  is 
living  in  open  adultery.  On  the  other  hand,  where  the  separation  or 
divorce  is  obtained  by  the  wife  on  account  of  the  cruelty  or  adultery 
of  her  husband,  the  court  continues  on  him  the  duty  of  maintaining 
her  (if  her  separate  property  will  not  enable  her  to  live  according  to 
her  rank  in  life)  by  requiring  him  to  make  her  an  allowance  propor- 
tionate to  his  means.  [Aldcont.]  The  common  law  recognises  this 
light  of  the  wife  in  such  circumstances  to  an  allowance  under  the 
name  of  her  estovers ;  and  grants  her  a  writ  for  the  recovery  of  them ; 
but  this  remedy  is  now  never  resorted  to. 

Such  is  the  general  and  leading  principle  of  the  common  law ;  but 
this  supposed  identity  of  perBon,  of  interest,  and  of  property  by  no 
means  involves  equal  rights. 
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The  theory  of  the  law  iB,  that  the  hiuband  has  over  his  wife's 
personal  property  absolute  control,  and  over  real  pxx>pertY  a  control 
modified  pamv  by  the  general  rules  of  descent,  partly  oy  statute, 
partly  by  the  decisions  of  courts  of  equity,  which  always  lean  to  the 
protection  of  the  wife's  property  and  the  maintenance  of  any  contract 
or  provision  made,  whether  by  her  husband  or  others,  for  her  benefit, 
even  so  far  as  to  admit  a  suit  of  the  wife  in  the  name  of  her  next 
friend  against  the  husband  for  injuries  done  by  the  latter  toiler 
pi*operty  or  for  the  recovery  of  rights  withheld  by  him.  To  this  end 
thoy  interpret  the  Statute  of  Uses,  as  giving  the  wife,  by  the  inter- 
position of  trustees,  independent  rights  to  property  and  control  over  it. 
Thus  although  she  cannot  take  by  direct  grant  from  her  husband,  she 
may  avail  herself  of  such  a  grant  by  him  to  trustees  for  her  benefit, 
and  generally  she  may  take  by  devise  and  by  descent  directly ;  and  by 
settlement^  or  by  gitmt  through  the  intervention  of  trustees ;  she  may 
herself  be  a  trustee,  and  (although  that  position  has  been  controverted) 
she  may  devise  her  trusts.  Again,  the  common  law  vests  in  her 
husbana  not  only  her  personal  property  (excepting  her  paraphernalia), 
but  her  chattels,  real  or  leasehold  interests ;  yet  if  a  settlement  has 
not  been  made  on  her  expressly  in  consideration  of  her  fortune,  those 
portions  of  her  personal  property  which  consiat  of  securities  for  money 
or  beneficial  contracts,  and  ner  chattels  real,  survive  to  herself,  pro- 
vided the  securities  have  not  been  realised,  and  the  chattels  real  hiave 
not  been  aliened,  during  his  life  by  her  husband;  to  arrears  of  rent 
due  on  the  wife's  separate  estate,  the  husband  is,  however,  entitled  by 
statute  32  Henry  VIII.  c.  87.  [Choses  in  Action.]  Nor  does  the 
settlement  deprive  her  of  this  right  with  regard  to  things  in  action 
acquired  subsequently  to  the  execution  of  the  settlement,  unless  it 
expressly  reserves  to  the  husband  future  as  well  as  present  personalty. 
If  a  husband  requires  the  intervention  of  a  court  of  equity  for  the 
purpose  of  reducing  into  possession  his  wife's  property,  me  court  will 
require  him  to  make  on  her  a  settlement  proportionate  to  the  benefit 
which  he  derives.  Usually  one-half  of  the  fund  is  settled  upon  the 
wife  and  children,  but  the  court  takes  all  the  circumstances  into  con- 
sideration, especially  whether  any  settlement  already  exists.  The 
adultery  of  the  wife  deprives  her  of  her  equity  (unless  she  has  been  a 
ward  of  court  married  without  the  consent  of  the  court);  but  her 
delinquency  will  not  induce  the  court  to  vest  the  whole  of  her  pro- 
perty in  her  husband,  because  he  does  not  maintain  her.  The  court 
will  secure  the  property  for  the  benefit  of  the  survivor  and  the 
children.  On  the  other  nand,  in  case  of  the  cruelty  of  the  husband  or 
his  deseition  of  his  wife,  the  court  will  award  to  her  and  her  children 
not  only  the  whole  principal,  but  the  interest  of  the  property  in 
question.  On  the  same  principle,  if  the  husband  is  insolvent,  the  court 
will  grant  to  the  wife  out  of  her  trust  property  an  allowance  usually 
equal  to  half  the  proceeds  of  that  property.  The  interest  which  the 
husband  takes  in  his  wife's  real  estate  of  which  she  is  seised  in  fee 
vests  the  profits  in  him  during  her  life,  but  it  gives  him  no  power  over 
the  inheritance.  By  the  common  law  a  husband  might  alien  his  wife's 
real  estate,  or  lease  it  for  her  life  or  that  of  the  tenant,  and  she  was  left 
to  her  remedy  if  she  survived  him,  or  her  heir  at  law  had  his  remedy  if 
the  husband  survived :  if  they  neglected  that  remedy,  the  alienation 
by  the  husband  was  good ;  but  by  the  32  Henry  YIII.,  c  28,  the  wife 
or  her  heir  may  enter  and  defeat  the  husband's  act.  By  that  statute 
the  lease  of  lands  held  by  a  man  in  right  of  his  wife,  or  jointly  with 
her,  is  good  against  husband  and  wife  if  executed  by  both ;  the  lease 
may  be  for  years  or  for  life,  but  it  must  relate  to  land  usually  leased, 
it  must  not  be  by  anticipation  or  in  consideration  of  a  fine ;  it  must 
reserve  a  fair  yearly  rent  to  the  husband  and  wife ;  and  the  husband  is 
restricted  from  aliening  or  discharging  the  rent  for  a  longer  term  thsm 
his  own  life.  If,  however,  the  wife  receives  rent  after  her  husband's 
death  upon  any  lease  of  her  estate  improperly  granted  by  him,  she  con* 
firms  that  lease.  A  wife's  copyhold  estates  are  forfeited  to  the  lord  by 
any  such  acts  of  her  husband  as  are  ruinous  to  the  estate  (for  example, 
waate),  as  destroy  the  tenure  (for  example,  an  attempt  to  convert  it 
into  a  freehold),  or  otherwise  deprive  the  lord  of  his  rights,  as  a  posi- 
tive refusal  to  pay  rent  or  perform  service.  But  courts  of  equity  will 
relieve  the  tenant  when  the  forfeiture  is  not  vrilful  or  can  be  com- 
pensated. 

The  husband  may  mortgage  his  wife's  real  property  during  their 
joint  lives  and  during  his  life  in  addition,  if  he  survives  her,  and  become 
tenant  by  the  courtesy ;  if  the  wife  joins  in  that  mortgage,  and  recog- 
nises it  after  her  husbaiid's  death,  she  will  be  bound  by  it ;  but  she 
may,  if  she  thinks  fit,  repudiate  it.  Before  fines  were  aboliished,  her 
levying  a  fine  rendered  a  mortgage  a  good  security  against  her  and  her 
heirs ;  and  since  the  act  abolishing  that  form  of  assurance,  a  deed 
acknowledged  by  her*  as  the  act  prescribes  effects  the  same  object. 
[Fine  of  Lands.]  A  mortgage  made  by  a  wife  of  her  estate  for  the 
sole  benefit  of  her  husband,  and  not  to  discharge  a  debt  of  her  own, 
gives  her  a  right  at  equity  to  compensation  out  of  his  assets. 

Such  are  the  principal  rights  which  a  husband  acquires  in  his  wife's 
property,  and  the  limitations  of  those  rights.  On  the  other  hand,  the 
conunon  law  gives  to  her  if  she  survives  him  an  estate  for  life  in  a 
third  part  of  all  such  estates  of  inheritance  as  he  was  aoldy  seised  of 
during  the  marriage,  and  as  any  children  of  the  marriage  might  pos- 
sibly have  inherited.  [Bower.]  That  right t>f  dower  may  be  forfeited 
in  various  ways,  and  it  may  be  defeated  by  a  provision  for  her,  made 
before  marriage,  in  the  shape  of  jointure.    [JoiNTUBE.]    Since  the 
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Stat  8  &  4  Wm.  IV.  c  105,  in  marriages  subsequent  to  Ist  January, 
1884,  dower  does  not  attach  unless  the  husband  died  possessed  ;  and  it 
does  accrue  on  estates  disposed  of  by  the  husband  during  his  life  or  by 
will,  while  it  may  be  defeated  by  a  declaration  of  the  husband  by  deed 
or  willy  that  his  estates  are  not  to  be  subject  to  dower. 

The  Statute  of  Distributions  (22  &  23  Car.  IL  a  10)  gives  to  the 
widow  of  an  intestate  husband  (if  her  claim  has  not  been  barred  by 
settlement)  one-third  of  his  personal  property  where  there  is  issue  of 
the  marriage  living,  and  one-half  where  there  is  none.  Marriage 
revokes  powers  of  attorney  previously  granted  by  the  wife,  apd  d&- 
ables  her  from  granting  them;  but  it  does  not  disable  her  from 
accepting  such  a  power,  or  from  acting  on  one  granted  to  her  before 
coveo^ure.  She  may  too  be  attorney  for  her  husband.  She  cannot 
bequeath  her  personal  estate  by  will  unless  under  a  power,  or  with  the 
consent  of  her  husband. 

The  separate  property  of  the  wife  has  been  already  treated  under 
that  head. '  [Separate  Property  ;  Pin-money.] 

There  remains  only  the  separation  of  husband  and  wife ;  which  may 
be  by  deed  or  by  decree  of  the  Court  for  Divorce  and  Matrimonial 
Causes.  The  ecclesiastical  courts  considered  all  deeds  of  separation 
and  all  covenants  in  the  nature  of  such  deeds  to  be  void  The  courts 
of  law,  however,  not  only  have  supported  such  deeds  against  the 
husband,  but  have  enforced  a  covenant  made  by  him  with  his  wife's 
trustees  to  pay  her  an  annuity  as  a  separate  maintenance  in  the  event 
of  their  future  separation,  with  the  approbation  of  the  trustees.  But 
courts  of  equity  will  not  interfere  to  enforce  such  deeds,  though  by  a 
strange  inconsistency  they  will  enforce  the  husbuid's  covenant  for  a 
separate  maintenance  if  made  through  the  intervention  of  trustees, 
and  indeed  in  certain  rare  cases  if  made  between  the  husband  and  wife 
alone.  Nor  is  the  adultery  of  the  wife  a  sufficient  answer  to  her  claim 
to  the  separate  maintenance.  The  separation  by  decree  is  either  a 
judicial  separation  or  a  divorce.  A  ¥rife  when  deserted  by  her  husband 
may  obtain  an  order  to  protect  her  earnings  from  him  or  his  creditors, 
and  she  vrill  then  be  able  to  contract  as  if  she  were  a  feme  sole.  But 
when  the  desertion  of  the  husband  extends  over  a  period  of  two  years, 
or  when  he  treats  her  with  cruelty,  or  commits  adultery,  the  wife  may 
obtain  a  judicial  separation.  [Separation.]  When,  again,  the  hus- 
band commits  incestuous  adultery,  or  to  adultery  adds  the  crimes  of 
bigamy  or  rape,  cruelty  or  desertion  for  two  years,  or  is  guilty  besides 
the  adultery  of  an  tmnatural  offence,  the  wife  may  obtain  a  dissolution 
of  the  marriage.    [DrvoRCB.] 

WIFE.  (Scotland.)  The  moveable  or  personal  estate  of  a  husband 
and  vrif e  is  under  the  administration  of  the  husband ;  according  to  the 
phraseology  of  the  law  it  is  called  "  the  goods  in  communion,"  because 
on  the  dissolution  of  the  maniage  by  the  death  of  either  party  it  falls 
to  be  so  divided  that  if  there  be  issue  of  the  marriage  a  third,  and  if 
there  be  no  issue  a  half,  goes  to  the  nearest  of  kin  or  to  the  legatees  of 
the  deceased,  whether  husband  or  wife,  the  remainder  being  the  pro- 
perty of  the  survivor.  During  the  continuance  of  the  marriage  the 
husband's  right  as  administrator  is  in  all  respects  equivalent  to  the 
right  of  a  proprietor,  and  whether  the  common  property  has  been 
acquired  by  himself  or  by  the  wife,  it  is  entirely  at  his  disposal,  in  so 
far  as  that  disposal  is  intended  to  have  effect  during  his  lifetime.  Ilis 
right  of  bequeathing  it  is  limited  by  the  Scottish  law  of  succession. 
[Will.]  As  the  husband  has  the  administration  of  the  wife's  property, 
he  is  responsible  not  only  to  the  extent  of  the  goods  in  communion,- 
but  personally,  for  the  wife's  obligations,  whether  contracted  before  or 
after  marriage.  No  suit  can  be  brought  against  a  married  woman 
unless  the  husband  be  made  a  party.  The  wife  cannot  of  herself  enter 
into  a  contract  exigible  by  execution  against  the  goods  in  communion 
and  the  person  of  her  husband,  unless  in  certain  cases  in  which  by 
general  law  or  by  practice  she  holds  an  agency.  To  this  effect  she  is 
pr(eposita  negoHis  domesiicis,  and  whatever  debts  she  incurs  for  house- 
hold purposes  are  debts  against  the  husband ;  but  the  husband  may 
discharge  himself  from  responsibility  for  debts  so  incurred  by  obtaining 
an  "  inhibition "  against  her.  A  wife's  agency  may  be  extended  like 
that  of  any  other  agent ;  but  it  does  not  extend,  without  special  autho< 
rity,  to  the  borrowing  of  money. 

Heritable  property  (a  term  nearly  eqidvalent  to  that  of  real  property 
in  England)  belonging  to  either  psuty  is  in  the  administration  of  the 
husband.  He  can  nowever  grant  no  lease  of  his  wife's  heritable  pro- 
perty, to  last  beyond  his  own  life,  without  her  concurrence.  On  the 
other  hand,  from  the  date  of  the  proclamation  of  the  banns  all  deeds 
granted  by  the  wife  are  null  if  they  do  not  bear  the  husband's  concur- 
rence. His  right  of  administration,  including  the  necessity  for  his 
concurrence  in  the  wife's  deeds,  may  be  excluded  by  his  resigning  his 
jus  mariti  in  an  antenuptial  contract  of  marriage,  or  by  the  special  ex- 
clusion of  the  jus  mariii  in  the  title  of  any  estate  conveyed  to  the  wife. 
Every  deed  executed  by  a  wife  is  presumed  to  have  been  executed 
under  the  coercion  of  her  husband,  and  may  be  set  aside  imless  the 
wife  ratify  it  by  oatJi  before  a  magistrate. 

A  separation  of  married  parties  may  take  place  either  by  judicial 
interference  or  voluntary  contract.  Personal  violence  or  acts  physi- 
cally or  morally  injurious  on  the  part  of  the  husband,  will  justify  a 
judicial  separation  at  the  suit  of  the  wife,  in  which  an  alimentary 
allowance  is  awarded  to  her  proportioned  to  his  means.  A  voluntary 
separation  may  take  place  by  mutual  agreement,  but  in  such  a  case  an 
alimentary  allowance  will  not  be  awarded  unless  it  has  been  stipulated 
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for.  The  huabftnd  whow  wife  is  either  judicially  or  voluntarily  sepa- 
rated from  lum  ceases  to  be  responsible  for  the  debts  incurred  by  ner 
after  the  date  of  the  separation.  Her  own  property  is  liable  to  ezeou- 
tlon  for  her  obligations,  but  not  her  penon,  unless  her  husband  be 
living  out  of  Scotland^  in  which  esse  it  has  been  decided  that  a  wife 
transacting  business  on  hor  own  account  is  liable  to  diligence  sgainst 
her  person,  or  arrest  and  imprisonment.  The  husband  has  the  luicon- 
trolled  custody  of  the  children  of  the  marriage  during  pupiUsrity.  The 
court  of  session  will  interfere  for  their  protection  in  the  case  of  their 
personal  ill*usage,  or  of  danger  of  contamination,  but  not  on  the  ground 
of  a  special  estate  being  settled  on  a  child  by  a  third  partv. 

On  tiie  dissolution  of  a  marriage  by  the  death  of  either  party,  an 
anterior  question  to  that  of  the  distribution  of  the  property  is,  whether 
the  marriage  was  permanent^  A  permanent  marriage  is  one  which  has 
lasted  for  a  year  and  part  of  a  day,  or  of  which  a  living  chUd  has  been 
bom.  In  the  case  of  dissolution  by  death  of  a  marriage  not  pezinanent, 
there  is  a  question  of  accounting,  and  the  property  of  the  pifeirties  is,  as 
nearly  as  circumstances  will  permit,  so  distributed  as  it  would  have 
been  had  no  marriage  between  them  been  solemnised.  In  the  case  of 
a  permanent  marriage,  the  moveable  property  is  divided  as  above 
stated,  the  survivor  getting  a  half,  if  there  is  no  issue,  and  a  third  if 
there  is  issue.  Of  any  real  property  in  which  a  wife  dies  inf ef t,  if 
there  have  been  a  living  child  bom  of  the  marriage,  and  if  there  is  no 
surviving  issue  of  the  wife  by  a  former  marriage^  the  widower  enjoys 
the  life-rent  use;  this  is  callea  '*  the  courtesy  of  Scotland."  A  widow 
enjoys  the  life-rent  of  one-third  part  of  the  lands  over  which  her 
husband  has  died  infeft,  by  way  of  *'  Terce."  Tha  distribution  of  the 
property,  personal  or  heritable,  may  be  otherwise  arranged  by  ante- 
nuptial contract,  or  equivalents  to  the  property  to  which  a  party  would 
succeed  may  be  made  by  the  settlements  of  the  deceased. 

On  the  dissolution  of  marriage  by  divorce,  the  ofifending  party  forfeits 
whatever  provisions,  legal  or  conventional,  he  or  she  might  be  entitled 
to  from  the  marriage ;  and  the  innocent  party,  at  whose  instance  the 
suit  of  divorce  is  brought,  retains  whatever  benefits,  legal  or  conven- 
tional, he  or  she  may  have  become  entitled  to  by  the  marriage.  It 
follows  that  when  the  divorce  proceeds  at  the  suit  of  the  wife,  she 
obtains,  at  the  date  of  the  decree  of  divorce,  the  provisions  which,  as 
above,  she  would  be  entitled  to  on  the  death  of  her  nusband ;  and  that, 
on  the  other  hand,  if  the  suit  be  at  the  instance  of  the  husband,  the 
wife  not  only  loses  her  right  to  such  provisions,  but  forfeits  to  the 
husband  whatever  property  she  may  have  brought  into  the  goods  in 
oommunion. 

WIFE,  ROMAN.    [Mabriaqe,  Romas.] 

WILL.    [Fbm-Will.] 

WILL  AND  TESTAMENT.  Before  the  passing  of  the  82  Hen. 
VIII.  c.  7,  commonly  called  the  Statute  of  Wills,  and  the  34  k  85 
Hen.  YIII.  c.  6,  there  was  no  general  testamentary  power  of  freehold 
land  in  England,  but  the  power  of  making  a  will  of  personal  property 
appears  to  have  existed  from  the  earliest  period.  Yet  this  power  did 
not  originally  extend  to  the  whole  of  a  man's  personal  estate ;  but  a 
man's  goods,  after  paying  his  debts  and  funeral  expenses,  were  divisible 
into  three  equal  parts,  one  of  which  went  to  his  children,  another  to 
his  wife,  and  the  third  was  at  his  own  disposal  If  he  had  no  wife  or 
no  chilcbren,  he  might  bequeath  one  half,  and  if  he  had  neither  wife 
nor  children,  the  whole  was  disposable  by  will  (2  Bl.  '  Comm.,*  522, 
Mr.  Kerr^s  edit ;  Fitaherbert,  '  Nat  Brev.,^  122).  The  law,  however, 
was  gradually  altered  in  other  parts  of  England,  and  in  the  province  of 
York,  the  principality  of  Wales,  and  in  the  city  of  London  more  lately 
by  statute,  so  as  to  give  a  man  the  power  of  bequeathing  the  whole  of 
his  personal  property.  At  present  by  the  1  Vict  o.  26,  for  the  amend- 
ment of  the  law  with  respect  to  wills  (whereby  the  former  statutes 
there  enumerated,  with  respect  to  wills  are  repealed,  except  so  far  as 
the  same  acts  or  any  of  them  respectively  relate  to  any  wills  of  estates 
fur  autre  vie  to  which  this  act  does  not  extend),  it  is  enacted  that  it 
shall  be  lawful  for  every  person  to  devise,  bequeath,  and  dispose  of , 
by  his  will,  executed  as  required  by  that  act,  all  real  and  personal 
estate  which  he  shall  be  entitled  to  either  at  law  or  in  equity  at  the 
time  of  his  death.  Qreat  alterations  have  been  introduced  into  the 
law  of  wills  by  this  statute ;  but  as  it  does  not  extend  to  any  will 
made  before  the  Ist  of  January,  1838,  it  is  necessary  to  consider  the 
law  as  it  stood  previous  to  the  act 

In  general  all  persons  are  capable  of  disposing  by  will  of  both  real 
and  personal  estate  who  have  sufficient  understanding.  The  power  of 
the  king  to  make  a  will  is  defined  by  the  89  &  40  Geo.  III.  c.  88,  s.  10. 
By  the  former  Statute  of  Wills,  married  women,  persons  within  the 
age  of  twenty-one  years,  idiots  and  persons  of  non  sane  memory,  were 
declared  incapable  of  making  wills  of  real  estate.  These  disabilities 
also  applied  to  a  bequest  of  personal  estate,  except  that  infants  of  a 
certain  age,  namely,  males  of  fourteen  and  females  of  twelve,  might 
dispose,  by  will,  of  personalty;  and  that  by  the  12  Car.  II.  c  21,  s.  8,  a 
father  under  twenty-one  might,  by  a  will  attested  by  two  witnesses, 
appomt  guardians  to  his  children.  But,  by  the  second  section  of  the 
Wills  Act,  no  will  made  by  any  person  under  the  age  of  twenty-one 
years  is  valid;  and  no  will  made  by  any  married  woman  is  valid, 
except  such  a  will  as  might  have  been  made  by  a  married  woman 
before  the  passing  of  the  new  act  The  disability  of  a  married  woman 
is  not  absolute.  She  may  make  a  will  of  her  personal  property  if  her 
husband  consents  to  that  particular  will,  and  it  will  be  operative  ^f  he 


survive  her.  The  validity  of  a  lunatic's  will  depends  upon  the  state  of 
his  mind  at  the  time  of  making  it  Persons  bom  deaf  and  dumb  an 
presumed  to  be  incapable  of  making  a  will,  but  the  presumption  may 
be  rebutted  by  evidence.  Blindness  and  deafness  alone  do  not  produce 
incapacity.  Devises  of  lands  by  aliens  are  at  least  voidable,  the  crown 
bdng  entitled,  after  office  found,  to  seize  them  in  the  hands  of  the 
devisee,  ha  it  might  have  done  in  those  of  the  alien  during  his  life. 

Previously  to  the  act  1  Vict  c.  26,  the  general  power  of  testaton 
was  subject  to  exceptions.    Customary  freeholds  and  copyholds  were 
not  within  the  Statute  of  Wills,  and  therefore,  unless  where  devisable 
by  special  custom,  could  in  general  be  passed  only  by  means  of  a  sur- 
render to  tl^e  use  of  a  will.    By  the  55  Geo.  III.  c  192,  the  vrant  of  a 
surrender  was  supplied  in  cases  where  it  was  a  mere  form,  but  the  act 
did  not  apply  to  cases  where  there  was  no  custom  to  surrender  to  the 
use  of  a  wUl,  nor  to  what  are  called  customary  freeholds.    A  devisee 
or  surrenderee  of  copyholds  could  not  devise  before  admittance,  thou^ 
an  heir-at-law  might    Conditions  were  not  devisable,  nor  were  rights 
of  entry  or  action,  Xkor  contingent  interests  when  ike  person  to  be 
entitled  was  not  ascertained :  lands  acquired  after  the  execution  of  the 
will  also  did  not  pass  by  it ;  but  by  section  8  of  1  Vict  c  26,  the 
power  of  disposition  by  vml  extends  to  all  real  and  personal  estate^  and 
to  all  estates,  interests,  and  rights  to  which  the  testator  may  be 
entitled  at  the  time  of  his  death,  though  acquired  subsequently  to  the 
execution  of  his  will.    There  is  no  restriction  as  to  the  persons  to 
whom  devises  or  bequests  may  be  made,  except  under  the  34  &  85 
Hen.  YIIL  c  6,  which  forbids  devises  of  lands  to  bodies  politic  and 
corporate.    Exceptions  to  this  statute  have  been  introduced  by  the 
43  Qea  III.  c  107,  and  48  Qea  III.  c.  108,  which  authorise  devises  of 
lands  to  the  governors  of  Queen  Anne's  Bounty,  and  for  the  erection 
or  repair  of  churches  or  chapels,  the  enlargement  of  churchyards  or 
of  the  residence  or  glebe  for  ministers  of  the  Church  of  England. 
Alienage  cannot  be  properly  called  an  incapacity  to  take  by  devise,  as 
the  devised  lands  remam  in  the  alien  till  office  found,  when  they  vest 
in  the  crown.    By  the  9  Geo.  II.  c.  86,  no  lands  or  personal  estate  to 
be  laid  out  in  the  purchase  of  or  charged  on  land  can  be  given  to  any 
charitable  use  by  way  of  devise.    [Mortmain.]    By  the  40  Geo.  III. 
c.  98,  no  disposition  of  property  can  be  made  by  wUl  or  otherwise,  so 
as  to  accumulate  the  income  for  a  longer  period  than  for  twenty-one 
years  after  the  death  of  the  settlor,  or  during  certain  minorities 
[Aooumulation]  ;  and  by  what  is  called  the  rule  against  perpetuiti@, 
no  property  can  be  settled  by  deed  or  vriU  so  as  to  be  inalienable  for 
more  than  a  life  or  lives  in  being,  and  twenty-one  years  afterwards. 

Before  the  1  Vict.  c.  26,  wills  of  personal  estate  might  even  be  nun- 
cupative, that  is  to  say,  might  be  declared  by  the  testator  without 
writing  before  witnesses,  provided  they  were  made  in  conform!^  with 
the  directions  contained  in  the  19th  section  of  the  Statute  of  Frauds 
(29  Car.  II.  c.  8).  A  will  of  freehold  lands  of  inheritance  was  required 
to  be  executed  in  the  manner  prescribed  by  the  5th  section  of  the 
Statute  of  Frauds,  which  required  it  to  be  signed  by  the  party  devising 
or  by  some  other  person  in  his  presence  and  by  his  express  direction, 
and  to  be  attested  and  subscribed  in  the  presence  of  the  devisor  by 
three  or  more  credible  witnesses.  The  term  "  credible,"  which  gave 
rise  to  much  discussion  under  the  old  law,  is  omitted  in  the  1  Vict  c. 
26,  and  it  is  enacted  in  the  14th  section  that  no  will  is  to  be  void  on 
account  of  the  incompetency  of  any  attesting  witness.  By  the  15th 
section  gifts  to  attesting  witnesses  or  their  wives  or  husbands  are 
declared  void.  This  is  an  extension  of  the  25  Geo.  II.  c  26,  which 
related  only  to  wills  which  at  that  time  required  the  attestation  of 
witnesses,  tnat  is  to  say,  to  wills  of  real  estate.  The  words  as  to  wives 
or  husbands  are  new.  The  signature  of  the  testator  was  not  required 
for  the  validity  of  a  will  of  personalty  or  of  copyholds,  whether  the 
instrument  was  in  his  own  hand-writing  or  in  that  of  another.  But  by 
the  9th  section  of  1  Vict.  c.  26,  no  will,  whether  of  real  or  personal 
estate,  is  to  be  valid  unless  it  be  in  writing,  and  signed  at  the  foot  or 
end  by  the  testator  or  by  some  person  in  his  presence  and  by  his 
direction ;  and  such  signature  must  be  made  or  acknowledged  by  the 
testator  in  the  presence  of  two  or  more  witnesses  present  at  the  same 
time,  and  such  witnesses  must  attest  and  subsci-ibe  the  will  in  the 
presence  of  the  testator,  but  no  particular  form  of  attestation  is  neces- 
sary. Section  10  enactis  that  all  appointments  made  by  will  are  to  be 
executed  in  the  manner  above  prescribed,  and  are  to  be  valid  when  so 
executed  notwithstanding  the  non-observance  of  any  other  ceremonies 
required  by  the  power  under  which  the  appointment  is  made.  By  the 
11th  and  12th  sections,  it  is  declared  that  the  act  is  not  to  afiect  the 
wills  of  soldiers  on  actual  service,  or  of  mariners  at  sea,  which  are  to 
remain  subject  to  the  particular  provisions  made  respecting  them  by 
the  11  Geo.  IV.  and  1  WilL  IV.  c.  20.  Questions  formerly  arose  as  to 
what  was  a  publication  of  a  will,  but  section  13  of  I  Vict  c.  26  enacts 
that  no  other  publication  shall  be  requisite  than  execution  in  the 
maimer  prescribed. 

It  is  the  rule  in  England,  that  a  will  of  lands  is  regulated  by  the 
law  of  the  country  in  which  the  lands  are.  The  place  where  and  the 
language  in  whidi  such  a  will  is  written  are  imimportant :  the  locality 
of  the  Lmds  is  the  only  point  to  be  considered.  A  will  made  in  France 
and  written  in  French,  of  lands  in  England,  must  contain  expressions 
which  when  translated  into  English  would  properly  designate  the 
lands  in  question,  and  must  be  executed  according  to  the  forms 
required  by  the  English  hyf,    I^ands  in  England  which  belong  to  an 
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English  subject  domiciled  sbroad  and  dying  intestate,  will  descend 
according  to  the  English  law.  With  respect  to  personalty,  on  the 
other  hand,  in  cases  both  of  testacy  and  intestacy,  the  law  is  different. 
If  a  British  subject  becomes  domiciled  abroad,  the  law  of  his  domicile 
at  the  time  of  hia  death  is  the  rule  wluch  the  English  courta  follow  in 
determining  the  validity  of  his  will  and  administering  lus  personal 
property  in  England,  and  viee  vertd  in  the  case  of  a  foreigner  dying 
domiciled  in  England.  Cases  sometimes  arise  in  which  it  is  difficult  to 
determine  what  was  the  domicile  at  the  time  of  the  death  of  the  party, 
and  consequently  what  rule  is  to  be  followed  in  the  diiitribution  of 
his  personal  estate.  If  an  Englishman  domiciled  abroad  has  real  pro- 
perty in  England,  he  ought  on  account  of  the  difference  of  the  doctrine 
with  respect  to  real  and  personal  property,  to  make  two  wills,  one  duly 
executed  according  to  the  English  law  for  devising  his  real  estate,  and 
another  framed  according  to  &e  law  of  his  domicile  for  the  disposal  of 
his  personal  property. 

A  will  is  a  revocable  instrument.  It  was  an  established  rule  of  law 
that  the  will  of  a  feme  9ole  was  revoked  by  her  marriage,  but  marriage 
alone  was  not  considered  a  revocation  of  the  will  of  a  man ;  thou^ 
marriage  and  the  birth  of  a  child,  whomv  the  will  would  disioherit, 
conjointly  were  admitted  by  the  courts  to  have  that  effect,  on  the 
ground  that  these  circumstances  together  produced  such  a  change  in 
the  testator  s  situation,  that  it  could  not  be  presumed  he  could  intend 
any  previous  disposition  of  his  property  to  continue  unchanged.  By 
section  18  of  the  act  1  Vict  c.  2(5,  every  will  made  by  a  man  or  woman 
is  revoked  by  marriage,  except  a  will  made  in  exercise  of  a  power  of 
appointment  when  the  real  or  personal  estate  thereby  appointed  would 
not,  in  default  of  appointment,  pass  to  the  heir,  personal  representative, 
or  next  of  kin  of  the  appointor.  And  by  the  19th  section  no  will  is 
to  be  considered  as  revoked  by  any  presumption  of  intention  on  the 
ground  of  an  alteration  in  circumstances.  By  the  20th  section  no 
will  or  codicil  is  revocable  except  as  above  mentioned,  or  by  another 
will  or  codicil  executed  in  the  manner  required  by  the  act,  or  by  a 
writing  declaring  an  intention  to  revoke,  executed  in  the  same  manner, 
or  by  burning,  tearing,  or  otherwise  destroying  the  will  by  the  testator 
himself,  or  by  some  other  person  in  his  presence,  and  by  his  direction, 
with  intent  to  revoke.  By  the  21  st  section  no  obliteration,  interlinea- 
tion, or  other  alteration  made  in  any  will  after  execution  is  to  have  any 
effect,  except  in  so  far  as  the  words  or  effect  of  the  wiU  previous  to  the 
alteration  cannot  be  made  out,  unless  the  alteration  be  executed  as  a 
will,  such  execution  to  be  in  the  margin  opposite  or  near  to  the  altera- 
tion, or  to  a  memorandum  referring  to  the  alteration.  By  the  Statute 
of  Frauds  witnesses  to  a  will  were  required  to  sign  in  the  testator's 
presence,  but  it  was  not  necessary  that  he  should  sign  in  their  presence, 
whereas  by  section  6  of  that  act,  a  mere  revocation  in  writUig  must 
have  been  signed  by  the  testator  in  presence  of  the  witnesses,  but  they 
were  not  required  to  sign  in  his  presence.  This  inconsistency  is  now 
removed.  The  21st  section  alters  the  law  as  to  the  effect  of  oblitera* 
tions  where  the  words  remain  legible,  and  of  cancellation  by  drawing 
lines  across  the  whole  or  any  part  of  Uie  will  These  acts  will  now  be 
of  no  effect  unless  properly  executed  and  attested.  By  the  28rd  section 
no  conveyance  or  other  act  made  or  done  subsequently  to  the  execution 
of  a  will  of  real  or  personal  estate,  except  an  act  of  revocation,  is  to 
prevent  the  operation  of  the  will  upon  such  estate  or  interest  as  the 
testator  has  power  to  dispose  of  at  the  time  of  his  death  :  and  by  the 
24th  section  every  will  is  to  be  construed  with  reference  to  the  real 
and  personal  estate  comprised  in  it,  so  as  to  take  effect  as  If  it  had  been 
executed  immediately  before  the  death  of  the  testator,  unless  a  con- 
trary intention  appear  on  the  will 

Republication  of  a  will  is  in  fact  a  re-execution  of  it»  being  a  repeti- 
tion of  the  ceremonies  required  for  its  original  validity :  before  the  act 
1  Victw  0.  26,  a  devise  of  lands  could  only  be  republished  by  signature 
and  attestation  by  three  witnesses,  while  with  respect  to  copyholds  and 
personalty  a  vrill  might  be  republished  without  any  formal  execution, 
and  even  by  the  mere  parol  acts  and  declarations  of  the  testator. 

The  22nd  section  of  the  act  provides  that  no  will  or  codicil,  or  any 
part  thereof,  which  dball  have  been  in  any  manner  revoked,  shall  be 
revived  otherwiso  than  by  the  re-execution  thereof,  or  by  a  codicil 
executed  in  manner  required  by  the  act,  and  showing  an  intention  to 
revive  the  same ;  and  when  any  will  or  codicil  which  shall  be  partly 
and  afterwards  wholly  revoked,  shall  be  revived,  the  revival  is  not  to 
extend  to  such  parts  as  had  been  revoked  before  the  revocation 
of  the  whole,  imleas  a  contrary  intention  appear.  Under  the  old 
law,  if  a  second  will  or  codicil  which  revoked  a  former  will  was 
afterwards  cancelled,  the  first,  if  it  had  been  kept  undestroyed,  was 
held  to  be  revived.  It  had  previously  been  determined  (4  Yes.,  610) 
that  a  subsequent  codicil,  merely  for  a  particular  purpose  and  con- 
firming the  will  in  other  respects,  did  not  amount  to  a  republication  of 
parts  of  the  will  revoked  by  a  former  codicil.  This  section  extends 
the  doctrine  to  the  caae  where  a  will  had  been  first  partially  and  after- 
wards wholly  revoked. 

Estates  or  interests  in  property  created  by  way  of  executory  devise 
or  bequest,  that  is  to  say,  such  as  are  made  expectant  on  the  determi- 
nation of  prior  estates  in  the  same  property,  may  be,  like  estates 
created  by  way  of  remainder  in  a  deed,  either  vested  or  contingent. 
Bo  far  as  depend^  upon  the  nature  of  ^e  limitations  themselves,  the 
same  rules  are  in  general  applicable  to  executory  devises  or  bequests  as 
to  remainder* ;  but  testamentary  instruments  are  not  oonitrued  with 


the  same  strictness  as  deeds,  and  in  determining  the  question  of  vesting 
or  contingency,  many  considerations,  depending  on  expressions  in  the 
wiU  or  o^her  circumstances  appearing  upon  the  face  of  it,  are  admitted 
as  affording  presumptions  of  the  intention  of  the  testator.  It  is  im- 
possible here  to  give  any  enumeration  of  the  numerous  rules  which 
have  been  laid  down  on  this  subject,  and  which  are  of  course  liable  to 
be  modified  according  to  the  circumstances  of  each  particular  case.  It 
may  however  be  observed  generally  that  when  a  future  gift  is  preceded 
by  a  gift  of  the  immediate  interest,  it  is  to  be  presumed  that  the  enjoy- 
ment only  is  postponed,  and  that  the  future  gift  is  vested  in  interest; 
whereas  when  there  is  no  ^ii  of  the  immediate  interest,  the  contrary 
presmnption  obtains :  and  again,  that  when  the  enjoyment  of  a  gift  ut 
postponed,  not  on  account  of  circumstances  persoxial  to  the  object  of 
the  gift,  but  with  a  view  to  the  circumstances  of  the  estate,  the  gift  is 
to  be  presumed  vested.  With  respect  to  pecuniary  legacies,  some  dis- 
tinctions, borrowed  from  the  civil  law,  are  admittea  which  have  no 
place  as  to  real  estate.  One  of  these  distinctions  is  that  where  futurity 
IS  annexed  to  the  iuJbttance  of  the  gift,  the  vesting  is  in  the  mean  time 
suspended :  but  where  the  lime  of  pavmerU  only  is  future,  the  legacy 
vests  immediately.  If  however  the  only  gift  is  contained  in  the  direc- 
tion to  pay,  this  case  is  to  bo  regarded  as  one  in  which  time  is  annexed 
to  the  substance  of  the  giftw  When  a  future  gift  of  a  principal  smn  is 
coupled  with  a  gift  of  the  interest  in  the  mean  time,  a  strong  presump- 
tion exists  in  favour  of  vesting.  It  is  generally  considered  that  a  very 
dear  expression  of  intention  must  exist  in  order  to  postpone  the  vest- 
ing of  residuary  bequests,  on  the  ground  that  intestacy  may  often  bo 
the  consequence  of  holding  them  to  be  contingent. 

Qreat  changes  have  been  introduced  in  the  law,  as  to  the  interpreta- 
tion of  wills  bv  the  above-mentioned  24th  section  of  the  act,  which 
declares  that  wiUs  are  to  be  construed  to  speak  as  if  thev  were  executed 
immediately  before  the  death  of  the  testetor,  and  by  the  six  following 
clauses.  The  25th  section  enacte  that,  unless  a  contrary  intention 
appear  on  the  will,  a  residuary  devise  shall  include  all  estates  com- 
pnised  in  lapsed  and  void  devises.  This  alters  the  former  law,  whereby 
such  estates  devolved  on  the  heir.  The  26th  clause  enacte  that  a 
general  devise  of  the  testator's  lands  shall  include  copyhold  and  lease- 
hold as  wdl  as  freehold  lands,  unless  a  contrarv  intention  appear. 
This  also  effecte  a  considerable  alteration  in  the  law  of  devises. 
Formerly  neither  copyholds  (unless  surrendered  to  the  use  of  the  will) 
nor  leaseholds  would  pass  by  a  general  devise  of  lands  or  other  general 
words  descriptive  of  real  estate,  unless  the  testator  had  no  freehold 
lands  on  which  the  devise  might  operate.  Since  the  statute  of  the 
65  Qeo.  III.  c.  192,  which  dispenses  with  the  necessity  of  surrenders 
in  certain  cases,  copyholds  stood  upon  nearly  the  same  footing  as  free- 
holds, in  respect  to  a  general  devise ;  but  leaseholds  still  continued 
subject  to  the  old  rule  of  law.  By  the  27th  section,  unless  a  contrary 
intention  appear,  a  general  devise  of  real  estate  and  a  general  bequest 
of  personal  estate  are  respectively  to  include  estotes  and  property  over 
which  the  testetor  has  a  general  power  of  appointments  It  was  never 
considered  necessary  in  the  execution  of  a  power  of  appointing  real 
estete,  whether  general  or  special,  to  refer  expressly  to  the  power.  It 
was  sufficient  if  the  intention  to  exereise  it  appeared  from  a  description 
of  the  propertv  in  the  will  or  by  other  means.  If  the  testator  had  no 
other  lands  which  answered  the  description,  a  general  devise  would 
have  been  a  good  execution  of  the  power;  but  it  was  otherwise  if  he 
had  any  other  lands  which  would  satisfy  the  terms  of  the  devise.  The 
enactment  applies  only  when  the  testator  has  a  general  power  of  ap- 
pointment Where  the  power  is  limited  or  special,  it  seems  that  the 
old  rule  of  construction  will  still  hold.  As  to  personal  property  the 
rule  was,  that  there  must  be  some  reference  to  the  power,  on  the 
somewhat  unsatis&ctory  ground  that  as  any  person  must  be  supposed 
possessed  of  some  personalty,  there  was  enough  to  make  a  general 
bequest  operative  without  reference  to  the  property  comprised  in  the 
power.  With  respect  to  devises,  it  seems  that  the  old  rule  must  still 
prevail  where  the  power  is  special  or  limited.  By  the  28th  section  a 
devise  of  real  estete  without  words  of  limitetion  is,  unless  a  contrary 
intention  appear  by  the  will,  to  be  construed  to  pass  the  fee.  This 
clause  introduces  a  very  conadderable  alteration  of  the  old  law,  under 
which,  in  accordance  with  the  doctrine  that  the  heir  was  not  to  be  dis- 
inherited by  implication,  it  was  settied  that  a  devise  of  lands  without 
words  of  limitetion  conferred  on  the  devisee  an  estete  for  life  only, 
notwithstanding  the  appearance  of  a  contrary  intention  in  other  parte 
of  the  will.  The  29th  section  enacte,  that  in  any  devise  or  bequest  of 
real  or  personal  esiate  the  words  "  die  without  issue,"  *  die  without 
leaving  issue,"  or  "  have  no  issue,"  or  any  other  words  of  the  like  im- 
pori^iuiall  be  construed  to  mean  a  want  or  fiulure  of  issue  at  the  time 
of  the  death,  and  not  an  indefinite  failure  of  issue,  unless  a  contrary 
intention  appear;  except  in  cases  where  such  words  mean.  If  no  issue 
described  in  a  preceding  gift  shall  be  bom,  or  if  there  shall  be  no  issue 
who  shall  live  to  attain  the  age  or  otherwise  answer  the  description 
required  for  obtaining  a  vested  estate  by  a  preceding  gift  to  such  issue. 
Under  the  old  law,  when  a  testetor  gave  an  estete  .to  A  and  his  heirs, 
and  directed  that  if  A  died  without  issue  it  should  go  to  B,  though 
lus  meaning  in  most  cases  waa  that  B  should  have  it  unless  A  bad  issue 
living  at  the  time  of  his  death,  the  word  "  issue  "  was  hekl  to  comprise 
descendante  of  every  degree  existing  at  any  distance  of  time,  and  the 
consequence  was,  that  where  the  subject  of  the  devise  was  real  estate, 
A  took  an  estete  tail  and  acquired  the  absolute  dominion  over  the  pro* 
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perty,  and  where  it  was  personalty  the  ulterior  disposition  to  B  was 
void  for  remoteness. 

By  the  30th  section  every  devise  of  real  estate  (not  being  a  right  of 
presentation  to  a  church)  to  a  trustee  or  executor  is  to  be  construed  to 
pass  a  fee  simple,  unless  where  a  definite  term  of  years  or  an  estate  of 
freehold  less  tiian  the  fee  simple  is  expressly  given  to  him.  And  by 
tiie  31st  section  trustees  under  an  unlimited  devise  to  them,  when  the 
trust  may  endure  beyond  the  life  of  a  person  beneficially  entitled  for 
life,  are  to  take  the  fee.  When  the  limitation  in  a  will  was  made  to  a 
trustee  by  way  of  use,  he  took  the  legal  estate  by  the  operation  of  the 
Statute  of  Uses,  without  reference  to  the  nature  of  the  trust.  But  in 
other  cases  the  question  was  determined  by  the  intention  of  the  testator, 
as  collected  from  the  nature  of  the  trust ;  and  the  trustee  was  considered 
to  take  only  that  quantity  of  estate  which  the  exigencies  of  the  trust 
required.  Such  a  rule  of  construction  was  obviously  of  very  difficult 
operation,  and  it  was  often  not  easy  to  determine  in  whom  the  fee  was 
vested  at  any  given  period,  and  therefore  who  were  the  proper  parties 
to  deal  with  the  property  and  to  join  in  a  conveyance  of  it.  The 
enactments  contained  in  the  two  last-mentioned  sections  will  in  a  great 
measure  remedy  this  inconvenience. 

It  follows  from  the  nature  of  wills  that  the  devises  and  bequests 
contained  in  them  are  liable  to  failure  from  the  death  of  the  devisee 
or  legatee  before  the  testator.  This  is  called  the  doctrine  of  lapse.  It 
applies  equally  to  devises  of  real  estate  and  to  bequests  of  personalty. 
It  is  a  general  rule  that  words  of  limitation  to  heirs  or  executors 
superadded  to  a  gift  have  no  effect  in  preventing  lapse  in  case  of  the 
devisee  or  legatee  dying  before  the  testator,  for  they  are  considered 
not  as  words  of  gift,  but  merely  as  indicating  the  legal  devolution  of 
the  property.  When  the  gift  is  to  several  persons  as  joint  tenants, 
imless  all  the  objects  die  before  the  testator,  there  can  be  no  lapse ; 
for  as  joint  tenants  are  each  takers  of  the  whole,  any  one  existing  at 
the  death  of  the  testator  will  be  entitled  to  the  whole.  The  same  is 
the  case  where  the  gift  is  to  a  class,  unless  where  the  individuals  of 
the  class  were  ascertained  before  the  lapse.  Two  changes  have  been 
introduced  into  the  law  of  lapse  by  the  new  act.  The  32nd  section 
enacts  that  devises  of  estates  tail  shall  not  lapse,  bu^  that  where  the 
devisee  in  tail  dies  during  the  life-time  of  the  testator,  leaving  issue, 
the  devise  shall  take  efi'ect  as  if  he  had  died  immediately  after  the 
testator,  unless  a  contrary  intention  appear  by  the  will :  and,  by  the 
dSrd  section,  gifts  to  children  or  other  issue  who  shall  die  before  the 
testator,  having  issue  living  at  the  testator's  death  are  not  to  lapse, 
but,  if  no  contrary  intention  appear  by  the  will,  are  to  take  effect  as  if 
the  persons  had  died  immediately  after  the  testator.  As  a  will  of 
personalty  operated  upon  all  the  property  of  that  kind  belonging  to 
the  testator  at  the  time  of  his  decease,  there  could  obviously  be  no 
intestacy  with  regard  to  any  part  of  the  personal  estate  while  there  was 
a  valid  residuary  bequest.  The  same  is  now  true  of  wills  of  real  estate 
in  which  there  is  a  valid  residuary  devise,  so  that  there  is  no  longer 
room  for  many  of  the  questions  that  arose  as  to  whether  the  residuary 
devisee  took  beneficially  or  as  a  trustee,  and  as  to  the  devolution  of 
real  estate  directed  to  be  sold. 

If  an  ambiguity  exists  on  the  face  of  a  will,  or,  as  it  is  technically 
termed,  is  patent,  parol  evidence  cannot  be  admitted  to  remove  it, 
because  to  admit  evidenoe  to  explain  what  the  will  has  left  uncertain 
would  be  in  effect  to  make  a  new  will  by  paroL  If  the  ambiguity  is 
not  apparent  on  the  face  of  the  will,  but  arises  from  circumstances 
disclosed  when  an  attempt  is  made  to  carry  the  will  into  effect,  it  may 
bp  removed  by  evidence  of  the  same  nature. 

( Jarman,  On  Wills,  and  Jarman  and  Sweet's  Notes  to  Bythewood's 
Precedents,  Wills.) 

WILL.  {Scotland.)  The  right  of  bequest  in  Scotland  is  confined  to 
moveable  or  personal  property.  It  does  not  extend  to  heritable  or  real 
property— which  comprehends  lands  and  tenements,  fixtures,  those  ap- 
purtenances of  a  family  mansion  (such  as  the  pictures,  plate,  and  library) 
which  are  called  "heirship  moveables,"  the  machinery  in  mines  and 
manu&ctories,  the  stock  on  fieums,  and  every  description  of  security  or 
other  right  over  any  of  these  kinds  of  property.  Settlements  may  be 
made  of  heritable  propw^  in  the  manner  which  will  be  described 
below,  but  it  is  a  principle  of  the  greatest  importance,  and  one  the 
neglect  of  which  is  often  productive  of  the  most  serious  consequences, 
hat  no  such  settlement  can  be  made  in  the  form  of  a  will.  All  persons 
of  sound  mind  above  the  age  of  puberty  (fourteen  in  males,  and 
twelve  in  females)  may  execute  wills ;  and  persons  under  guaitUanship, 
as  wives  and  minors  who  have  curators,  may  do  so  without  the  consent 
of  their  guardians.  The  will  of  a  bastard  was  formerly  ineffectual,  and 
the  moveable  goods  of  such  a  person,  lapsing  to  the  crown  on  his  death, 
were  distributed  by  a  gift  in  exchequer;  but  this  peculiarity  was 
abolished  by  6  &  7  Will  IV.  c.  22.  A  verbal  or  "  nuncupative  ^  will, 
if  uttered  in  the  presence  of  two  witnesses  who  bear  testimony  to  it, 
IB  valid  to  ^e  extent  of  a  hundred  pounds  Scots,  0T8L6s.Sd,  sterling. 
A  will,  sufficiently  formal  in  aU  points  to  prove  its  terms  and  its 
da^must  be  executed  in  the  presence  of  witnesses  and  attested. 

Where  the  will  is  holograph,  or  written  by  the  granter  himself,  it 
does  not  require  to  be  attested.  If  the  party  cannot  write,  he  can 
execute  a  will  through  a  notary,  who  receives  authority  in  presence  of 
two  subacnbmg  witnesses  to  sign  for  the  testator,  and  describes  the 
fajnsaction  m  his  notarial  docquet  A  clergyman  of  the  Established 
Church  of  Scotland  may  act  as  a  notary  for  the  signing  of  a  wia    It 


'  is  usual  to  nominate  an  executor  of  the  will,  but  it  is  not  ^sential  to 
j  do  so ;  and  ii  there  be  no  one  named,  an  executor  is  supplied  by  oper^ 
tion  of  law.  Wills  executed  by  persons  domiciled  out  of  Scotland,  if 
they  be  according  to  the  form  wluch  would  carry  such  property  in  the 
place  where  they  were  executed,  will  be  effectual  to  convey  moveable 
property  in  Scotland ;  but  no  will,  whatever  be  the  law  of  the  place 
where  it  is  made,  can  dispose  of  heritable  property  in  Scotland.  The 
last  dated  will  is  the  effectual  one,  and  all  others  are  conaidered  as 
revoked  by  it  in  so  far  as  they  are  inconsistent  with  it. 

The  peculiar  feature  of  the  law  of  Scotland  out  of  which  arises  the 
circumstance  that  heritable  or  real  property  cannot  be  bequeathed  is, 
that  no  deed  conveying  such  property  is  effectual  unless  it  be  ezpresged 
in  what  are  called  "  dii^)ositive  terms,"  or  terms  making  over  the  pro- 
perty at  the  moment  of  the  signing  of  the  deed,  The  peculiarity 
arose  during  the  time  when  the  holder  of  a  fief  could  not  part  with  it 
to  another  person,  unless  that  person  were  accepted  as  a  vassal  by  the 
feudal  superior.  But  to  accomplish  the  purposes  of  a  virtual  bequ^ 
the  party  grants  a  conveyance,  reserving  power  to  alter,  and  dispenses 
with  delivery  of  the  deed.  The  formalities  necessary  to  the  executaos 
of  wills  carrying  moveables  are  necessary  to  settlements  oonveyii^ 
heritable  property,  but  with  this  difference,  that  in  the  settlement  of 
heritable  property,  i£  the  party  cannot  write,  the  deed  must  be 
executed  by  two  notaries  before  four  witnesses ;  and  in  this  case  a 
clergyman  cannot  act  as  notary. 

No  settlement  of  heritable  property  to  the  prejudice  of  the  heir^- 
law  can  be  validly  granted  on  a  death-bed.  Three  elements  are  neces- 
sary to  constitute  the  legal  exception  of  death-bed :  1st,  that  the 
granter  was  ill  of  the  disease  of  which  he  died  when  he  granted  the 
deed;  2nd,  that  he  died  within  sixty  days  after  executing  it;  and, 
8rd,  that  he  did  not  go  to  chureh,  or  to  a  market,  unsupported, 
during  the  sixty  days. 

WILL,  ROMAN.  A  Roman  will— called  Testamentum,  was  defined 
by  the  jurists  of  the  Imperial  period  to  be  "  a  legal  mode  of  a  man's 
declaring  his  intention  in  due  form,  to  take  effect  after  hia  death." 

The  power  of  making  a  Roman  testament  only  belonged  to  Roman 
citizens  who  were  sui  juris,  a  rule  which  excluded  a  great  number  of 
persons:  those  who  were  in  the  power  of  another,  aa  sons  not 
emancipated,  and  daughters ;  impuberes ;  dumb  persons,  deaf  persons, 
insane  persons,  and  others;  and,  as  a  general  rule,  all  women.  The 
circumstances  under  which  a  woman  could  make  a  will  were  peculiar; 
and  they  would  require  a  very  particular  statement.  A  male  of  the 
age  of  fourteen  years  complete,  unless  under  some  special  inc^tacity, 
could  make  a  valid  will.  A  female,  so  far  as  respected  age  only, 
acquired  this  capacity  on  the  completion  of  her  twelfth  year. 

Ori^ally  Roman  citizens  made  their  wills  at  C^ta  Comitia,  which 
were  held  twice  a  year  for  this  purpose.  It  is  not  said  that  these 
wills  were  made  in  writing;  and  it  is  here  assumed  that  they  were 
made  at  the  Calata  Comitia  only  for  the  purpose  of  securing  the 
proper  evidence  of  the  testator's  intention.  If  a  man  died  in  the 
interval  between  two  such  Comitia  without  having  made  his  will,  he 
must  have  died  intestate.  But  wills  could  also  be  made  in  Procincta, 
that  is,  by  a  soldier  under  arms  and  in  presence  of  the  enemy. 
Another  mode  of  testamentaiy  disposition  was  introduced,  apparently 
for  the  purpose  of  preventing  intestacy.  If  a  man,  says  Gains  (iL  102), 
had  neither  made  his  will  at  the  Calata  Comitia  nor  in  Procinctu,  and 
was  threatened  with  sudden  death,  he  transferred,  by  the  form  of 
mancipatio,  his  familia,  that  is,  his  patrimonium,  to  a  friend,  and  told 
him  what  to  give  to  each  person  after  his  death :  this  was  called  the 
testamentum  per  ses  et  libram,  because  the  transfer  was  effected  by 
mancipatio.  Thus  it  appears  that  the  testamentum  per  a»  et  libram 
was  a  formal  transfer  of  the  property  during  the  lifetime  of  the  owner 
to  a  person  who  undertook  to  dispose  of  it  as  he  was  directed.  As  it 
was  a  substitute  for  the  testament  made  at  the  Calata  Comitia,  it  is  a 
probable  inference  that  it  only  differed  from  the  testament  made  at 
the  Comitia  in  wanting  that  publicity.  The  two  old  forms  of  testa- 
mentary disposition,  adds  Gaius,  fell  into  disuse,  and  that  per  sea  et 
libram  became  the  common  form.  Originally  the  formal  purchaser  of 
the  testator's  estate  (fiEunili®  emptor)  occupied  the  place  of  the  heres 
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intention.  The  formal  purchaser  was  only  retained  out  of  regard  to 
ancient  custom,  and  the  institution  of  a  heres  became  neceasaiy  to  the 
validity  of  a  wilL 

The  form  of  testamentaiy  transfer  per  ses  et  libram  is  described  by 
Gaius  (ii.  104).  Written  wills,  as  already  observed,  were  not 
neceBmry,for  neither  mancipation  nor  the  institution  of  a  heres  require 
a  writing.  But  written  wills  were  the  common  form  during  the  later 
republican  and  the  imperial  period.  Wills  were  written  on  tablets  of 
wood  or  wax;  hence  the  word  "oera"  (wax)  is  often  used  as  equiva- 
lent to  tabula.  A  Roman  will  was  required  to  be  in  the  Latin 
language  until  a.d.  439,  when  it  was  enacted  that  wills  might  be 
written  in  Greek.  A  Roman  will  in  the  later  periods  was  sealed  and 
signed  by  the  witnesses.  The  sealing  consisted  in  making  a  mark  with 
a  ring  or  something  else  on  the  wax,  and  the  names  were  added.  The 
seals  and  names  were  on  the  outside,  for,  according  to  the  old  law, 
there  was  no  occasion  for  the  witnesses  to  know  the  contents  of  the 
will.    The  old  praotioe  was  for  the  testator  to  show  the  i?ill  to  thQ 
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witnesses,  and  to  call  on  them  to  witness  that  what  he  so  presented  to 
them  was  his  will.  It  was  not  unusual  for  a  man  to  make  several 
copies  of  his  will,  and  to  deposit  them  in  some  safe  keeping.  At  the 
opening  of  the  wUl  the  witnesses  or  the  greater  part,  if  alive  and  on 
the  spot,  were  present,  and  after  acknowledging  their  signatures  the 
will  was  opened. 

It  has  been  mentioned  that,  in  order  to  make  a  Homan  will  valid,  it 
must  appoint  or  institute  a  heres.  The  heres  was  a  person  who  repre- 
sented the  testator,  and  who  paid  the  legacies  which  were  left  bv  the 
will.  He  stood  in  the  place  of  the  familiao  emptor,  or  formal  purchaser 
of  the  propet-ty  in  the  old  form  of  will.  A  heres  might  be  appointed 
in  such  words  as 'follow :—"  Ti tins  heres  esto"  ("let  Titius  be  my 
heres  "),  or  "  Titium  heredem  esse  jubeo  "  ("  I  will  Titius  to  be  my 
heres  **).  Qenerally,  all  Roman  citizens  who  could  make  a  will  could 
be  heredes ;  but  persons  could  be  heredes  who  could  not  make  a  will  — 
slaves,  for  instance,  and  others  who  were  not  sui  juris. 

Fraud  in  the  case  of  wills  and  other  instruments  was  punished  by 
severe  penalties  under  a  Lex  Cornelia. 

The  development  of  the  Edictal  or  Prtetorian  law  at  Rome  intro- 
duced a  less  formal  kind  of  will.  If  there  were  seven  proper  witnesses 
and  seven  seals,  and  if  the  testator  had  the  power  of  disposition  both 
at  the  time  of  making  his  will  and  at  the  time  of  his  death,  the  edict 
dispensed  with  the  ceremony  of  mancipation  and  gave  to  the  heres  or 
heredes  the  bonorum  possessio.  This  mode  of  testamentary  disposition 
existed  under  the  Republic,  and,  accordingly,  a  man  could  either  make 
Ids  will  by  the  civil  form  of  mancipatio,  or  he  might  make  it  after  the 
prcctorian  form,  with  seven  seals  and  seven  witnesses,  without  any 
mancipatio.  The  form  of  testamentary  disposition  by  mancipatio  was 
ultimately  superseded  by  the  more  convenient  proetorian  form.  The 
legislation  of  Justinian  required  several  male  witnesses  of  proper  age 
and  due  legal  capacity ;  and  it  was  sufficient  if  the  testator  declared 
his  wiU  orally  before  these  witnesses. 

A  Roman  will,  as  already  observed,  was  valid  if  the  testator  had  a 
disposing  power  at  the  time  of  making  his  will  and  at  the  time  of  his 
death.  It  follows  that  his  will,  though  made  at  any  time  before  his 
death,  was  sufficient  to  dispose  of  all  the  property  that  he  had  at  the 
time  of  his  death.  In  order  to  render  a  Roman  will  valid,  it  was 
neceseary  that  Uie  heredes  sui  of  a  m»n  (his  sons  and  daughters  were 
in  the  class  of  heredes  sui)  should  either  be  appointed  heredes  or 
should  be  expressly  excluded  from  the  inheritance.  A  will  which  was 
ill^al  at  the  time  of  being  made  was  testamentum  injustum ;  that  is, 
"  non  jure  factum  "  (not  made  in  due  legal  form).  A  will  which  was 
justum  might  become  invalid ;  it  might  become  ruptum  (broken)  or 
irritum  (ineffectual). 

A  second  will  duly  (jure)  made  rendered  a  former  will  invalid 
(ruptum) ;  and  it  was  immaterial  whether  the  second  will  took  effect 
or  not.  If  it  was  duly  made,  it  rendered  a  former  will  of  no  effect,  and 
the  testator  died  intestate. 

If  a  testator  sustained  a  capitis  diminutio  after  making  his  will, — 
that  is,  if  he  lost  any  part  of  his  status  of  a  Roman  citizen  which  was 
essential  to  give  him  a  full  testamentary  power, — the  will  became 
irritum  (ineffectual).  A  prior  will  might  become  ruptum  by  the  making 
of  a  subsequent  will ;  and  such  subsequent  wiU  might  become  irritum 
in  various  ways ;  for  instance,  if  there  was  no  heres  to  take  under  the 
second  will. 

Though  a  will  had  become  ruptum  or  irritum,  and  consequently  lost 
all  its  effect  by  the  Jus  Civile,  it  might  not  be  entirely  without  effect. 
The  Bonorum  Possessio  might  be  granted  by  the  Praetorian  law,  if  the 
will  was  attested  by  seven  witnesses,  and  if  uie  testator  had  a  disposing 
power,  though  the  proper  forms  required  by  the  Jus  Civile  had  not 
been  observed. 

The  rule  of  Roman  law  which  required  heredes  sui  to  be  expressly 
exheredated  applied  to  posthumous  children.  If  a  suus  heres  was  bom 
after  the  making  of  the  will,  and  was  not  recognised  as  heres  or  exhere- 
dated in  due  form,  the  will  became  ruptum.  This  rule  of  law  was  thus 
expressed :  "  adgnasoendo  rumpitur  testamentum."  There  were  also 
coses  in  which  a  will  might  become  ruptum  by  a  quasiadgnatio. 

A  testament  was  called  Inofficiosum  when  it  was  made  in  due  legal 
form,  but  not "  ex  officio  pietatis."  Thus,  when  a  man  did  not  give 
the  hereditas,  or  a  portion  of  it,  to  his  own  children  or  to  others  who 
were  in  a  near  relation  to  him;  and  when  there  was  no  sufficient 
reason  for  passing  them  by,  the  person  so  injured  might  have  an  action, 
called  InofSciosi  Querela.  The  persons  who  could  maintain  thip  action 
were  particularly  defined  by  the  legislation  of  Justinian.  If  the  testa- 
mentum was  declared  by  the  competent  authorities  to  be  inofficiosum, 
it  was  rescinded  to  the  amount  of  one-fourth  of  the  hereditas,  which 
was  distributed  among  the  claimants. 

The  ground  of  the  Inofficiosi  Querela  is  explained  by  Savigny. 
('System  des  Heutiges  Rom.  Rechts,'  ii.  127,  &c.)  When  the  testator 
in  his  will  passed  by  penons  who  were  his  nearest  kin,  it  was  presumed 
that  such  persons  had  merited  the  testator's  disapprobation.  If  this 
was  not  so,  it  was  considered  that  the  testator  had  by  his  will  done 
them  a  wrong,  and  the  object  of  the  action  was  to  get  redress  by 
setting  the  will  aside.  The  main  object,  however,  was  the  establish- 
ment of  the  complainant's  character,  to  which  the  obtaining  of  part  of 
the  testator's  property  was  a  subsidiary  means.  The  expression  Testa- 
mentum Inofficiosum  occurs  in  Cicero  and  in  Quintilian ;  but  it  is  not 
^own  when  the  Inofficiosi  Querela  was  introduced. 


A  Roman  codicil  (Codicili,  for  the  word  is  not  used  in  the  singular 
number  till  a  late  period  under  the  Empire)  was  a  testamentary  dispo- 
sition, but  it  had  not  the  full  effect  of  a  will.  Codicils  were,  in  fact, 
I  useless  unless  there  was  a  will  prior  or  subsequent,  which  confirmed 
them  either  retrospectively  or  prospectively.  (Gains,  ii.  270 ;  *  Dig./ 
29,  7,  8.) 

The  subject  of  Roman  wiUs  is  of  great  extent,  and  it  involves  ques- 
tions of  considerable  difficulty.  The  principal  authorities  have  been 
mentioned  in  this  article,  to  which  may  be  added  Ulpian, '  Fragmenta/ 
tit  20 ;  *  Dig.,'  28,  tit.  1,  &c. ;  29,  tit.  1,  &c. ;  '  Cod.,'  6,  tit.  28.) 

WILLOW,  ECONOMICAL  USES  OF  THE.  The  willow  is  appUed 
to  a  very  large  number  of  useful  purposes.  The  white  \^llow,  the  weepintf 
willow,  and  the  otier  willow,  may  be  regarded  as  the  types  of  Uiree 
great  classes,  marking  out  three  different  kinds  of  applications.  Taking 
them  one  with  another,  almost  every  part  of  the  plant,  in  each  of  the 
three  classes,  is  made  available.  The  leaves  of  the  growing  tree  furnish 
food  for  insects ;  the  flowers  for  the  honey-bee ;  the  young  leaves  and 
shoots  for  cattle,  horses,  and  goats.  Sometimes  they  are  dried  and 
stored  for  this  last-named  purpose.  In  the  north  of  Europe  the 
inner  bark  is  dried,  ground,  and  mixed  with  oatmeal  for  peasants'  food 
in  years  of  scarcity.  Willow  twigs  are  much  used  in  rude  states  of 
society  for  bridles,  boat-cables,  fishing-tackle,  and  various  household 
implements.  The  bark  of  the  young  shoots  is  woven  by  the  Russians 
for  the  upper  parts  of  their  shoes ;  while  the  outer  bark  serves  for  the 
soles.  The  outer  bark  as  a  material,  and  strips  of  the  inner  bark  as  a 
fastening,  are  much  used  for  making  baskets  and  boxes,  and  roofing 
houses.  The  bark,  when  steeped  in  -water,  may  easily  be  stripped  into 
fibres,  and  spun  to  make  thread  for  cloth.  The  bark  also  yields  a  black 
dye,  or  tanning  ingredient,  and  a  medicinal  agent.  The  wood  of  the  willow 
is  applied  to  many  useful  purposes.  The  timber  of  the  lai^ger  trees  is 
soft,  smooth,  and  light.  Its  lightness  led  to  its  employment  by  the 
ancients  in  ma&king  shields.  It  has  qualities  which  render  it  fitted 
to  be  used  in  making  cutting  boards  for  tailors  and  shoemakers; 
sharpening  boards  for  fine  steel  instruments,  such  as  cork-cuttiug 
knives ;  many  kinds  of  turnery  articles ;  shoemakers*  lasts,  &;c.  It  is 
durable  enough  to  form  a  good  material  for  rafters  in  dry  buildings, 
on  account  oT  its  lightness.  Its  softness  renders  it  applicable  as  a 
lining  for  waggons  and  carts  intended  to  contain  coal  or  stone,  as  it 
will  not  splinter  from  blows  of  hard  angular  materials.  Being  dur- 
able in  water,  it  is  much  employed  for  water-wheels,  floats  of  p^dle- 
wheels,  &c.  Before  the  invention  of  iron  hoops  for  cart-wheels,  felloes 
were  often  made  of  red-willow  wood,  which  speedily  shod  itself  with 
small  angular  fragments  of  durable  stone  and  graveL  The  smaller 
portions  of  the  wood  of  the  trees  are  applied  to  an  almost  infinite 
variety  of  purposes.  In  some  cases  the  straight  stems  of  young  trees, 
either  split  or  whole ;  in  some,  the  more  vigorous  shoots  cut  in  two ; 
and  in  some,  the  smaller  shoots — are  thus  employed.  Styles  for 
ladders,  fencing-poles,  hop-poles,  vine-props,  clothes-props,  rake-j^ndles, 
handles  of  various  tools  and  implements,  hurdles,  crates,  hampers,  hay 
and  straw  ricks,  barrel  hoops,  binders  for  broooli  and  other  vegetables 
when  sent  to  market,  binders  for  standard  trees  and  shrubs,  skeleton 
frames  for  plants,  are  all  made  in  large  quantities  from  the  parts  of  the 
willow  now  under  notice.  Many  ornamental  articles  are  made  from 
strips  or  shavings  of  the  wood  of  the  white  willow.  Such  shavings  are 
first  obtained  in  thin  layers  by  a  cutting  instrument,  and  then  sepa- 
rated into  strips  by  a  kind  of  steel  comb  having  sharp  teeth.  The 
strips  or  ribbons  are  woven  into  a  framework  for  bonnets  and  for  light 
silk  hats,  and  into  a  substitute  for  straw  hats. 

The  downy  substance  which  encloses  the  seed  is  in  some  countries 
used  for  wadding,  and  as  a  stuffing  for  cushions,  beds,  pillows,  &o. 

Some  varieties  of  the  tree  are  valuable  when  planted  on  the  banks 
of  rivers  and  canals,  to  retain  the  soil  against  the  encroaching  action  of 
the  water.  Some  kinds  furnish  good  coppice,  to  be  cut  down  every 
six  or  eight  years  for  hoops,  poles,  and  faggot-wood.  The  shrubby 
species  niake  good  hedges.  The  loppings,  branches,  and  old  trunks, 
when  used  as  fuel,  produce  when  irj  a  clear  fire  with  little  smoke. 
The  wood  produces  excellent  charcoal,  especially  for  gunpowder. 

Especially  useful  is  one  large  group  of  willows,  in  furnishing  the 
Qtien  for  Insket-making.  The  Dutch  were  the  first  to  use  osiers 
extensively  for  this  purpose;  the  English  imported  the  twigs  from 
that  country;  but  early  in  the  present  century,  chiefly  through  the 
encouragement  afforded  by  the  Society  of  Arts,  osier  culture  became 
extensive  at  home,  and  has  ever  since  been  continued.  The  osiers  are 
cut  in  the  form  of  rods.  For  coarse  work  thev  are  used  with  the  bark 
on ;  lyit  for  finer  work  the  rods  are  peeled  before  being  made  up 
into  bundles.  For  some  work,  again,  the  rods  are  used  whole ;  while 
for  others  they  are  split  or  bisected.  Some  particular  kinds  only  are 
known  in  the  market  as  otiera;  all  the  rest  receive  the  general 
name  of  willows.    For  the  mode  of  use,  see  Baskkts. 

WINCH  AND  AXLE  is  a  machine  constituting  a  small  windlass, 
and  consisting  of  a  cylinder  of  wood  which  is  capable  of  turning  on 
its  axis  between  two  upright  posts  of  the  same  material,  or  between 
the  ends  of  a  cast-iron  fziime :  a  lever  at  one  or  at  each  extremity 
of  the  cylinder,  is  attached  to  an  iron  axle  passing  through  the  latter 
at  right  angles  to  its  direction,  and  is  furnished  with  a  handle,  which 
is  parallel  to  that  axle.  The  name  winch  is  given  to  a  lever  or  handle 
of  this  kind,  and  the  word  is  supposed  to  be  derived  from  the  verb 
guineher,  signifying,  in  old  Frenac^  to  turn  or  bend  in  a  ourrUineac 


m  WINCH  AND  AXLB. 

manner.  The  machine  i«  used  to  r^iae  a  weight  verticsJly,  or  to  draw 
on  object  t«wird«  it ;  for  wliioh  purpoBca  the  object  is  connected  with 
it  by  a  rope  or  chain  which  eontiniiallj  imseea  over  the  carve  surface 
of  the  ojlinder  oa  the  latter  a  mode  to  turn  on  ita  aiia  by  a  man 
acting  at  the  handle.  Since  the  cylinder  revolve*  once  while  the' 
handle,  or  the  extremity  of  the  lever  to  which  it  ia  attached,  ia 
made  to  deacribe  the  circumference  of  a  circle,  it  is  evident  that  the 
mechanical  power  of  the  machine  ie  precisely  that  of  the  wheel  and 
aile.  [Wheel  akd  Aile.]  When  of  a  aimple  form  it  U  employed 
to  raise  water  from  a  well,  and  earth  or  some  other  material  from  the 
shrft  of  a  small  mine  ;  and  one  of  a  complex  nataro  is  used,  by  means 
of  a  crane,  to  nuao  casks  or  heavy  packages  from  the  gronnd  to  the 
upper  part  of  a  building. 


When  grtst  weights  are  to  be  raised,  the  macbinn  is  usually  fixed 
in  a  frame  of  cast-iron,  which  is  rsctangiilar  on  the  tilim,  but  its  extre- 
mities or  faoea  have  the  form  of  a  triangle,  or  of  the  letter  A.  The 
axle  of  the  cylinder  is  aupport^i!  on  a  horiiontal  bar  at  the  middle  of 
•ach  end  of  the  frame,  and  to  the  cylinder  ia  attached  n  toothed  wheel 
which  turns  vith  it  on  the  common  aii* :  above  this  wheel  and 
parallel  to  the  cylinder  ii  an  Iron  axle  which  oarrin  a  pinion  with 
teeth  working  in  thoee  of  the  wheel,  and  cauaing  the  Litter  to 
revolve,  the  pinion  itself  being  turned  by  maana  of  the  lever  and 
handle  at  one  or  at  each  extremity  of  the  frame.  A  machine  of 
this  kind  is  called  a  crab!  and  when  a  weight  ia  to  be  drawn  horizon- 
tally, or  raised  above  the  cylinder,  the  machine  muat  of  courie  be 
bolted  to  the  floor  or  firmly  fixed  in  the  ground,  in  order  to  prevent  it 
frnta  being  moved  from  ita  place.  In  such  machinei  there  ia  generally, 
■t  one  extremity  of  the  cyliuder  a  wheel,  having  on  ita  circumference 
teeth  like  thoae  of  a  saw ;  and  a  eliei  or  catah,  which  turns  freely  on 
■  pin,  ie  attached  by  that  pin  to  the  side  of  the  framn  in  such  a 
manner  that  it  may  fall  between  the  toeth.  Bj  this  contrivimce,  it 
tha  handle  diould  break,  or  the  moving  power  be  token  oS  while 
the  wuidbt  is  suspended  in  the  air,  the  latter  is  prevented  from 
deaoending. 

Uacbines  of  this  kind  are  occaaiooally  conatruoted  which  have  the 
power  of  holding  the  weight  in  any  part  of  ita  aaoent  or  deacent  with- 
out a  ratchet-wheel  and  catch.  Such  a  machine  conaiata  of  a  barrel 
lormed  in  two  cylindrical  portions,  A  and  B,  of  different  diametera,  but 
having  a  common  axle  :  the  rope  passes  under  a  pulley  io  the  block  c, 
to  which  the  weight  ia  attached,  and  over  the  two  cylioden,  in  such  a 
manner  that  when  the  handle  is  turned  it  uncoils  from  the  smaller  and 
coils  upon  the  larger  portion.  Thus  every  revolution  of  the  barrel  cauMS 
the  lai^r  cylinder  to  take  up  a  quantity  of  rope  eoual  in  length  to  ita 
oiroumferonce,  while  there  ia  uncoiled  from  the  smaller  a  quantity  equal 
to  the  circumference  of  the  latter  :  conaequently,  after  each  revolution, 
the  quantity  of  rope  between  the  axis  of  the  cymider  and  the  pulley  ia 
diminished  by  the  diSerence  between  the  two  circumferences,  and  the 
weight  is  raised  up  through  a  height  equal  to  halt  that  difference. 
Hence  by  mechanics,  if  3Bir  represent  the  circumference  of  the 
orcle  described  by  the  handle  of  the  winch  in  one  revolution, 
(K-r}*  half  the  difference  between  the  circumferenece  of  the  two 
(^linden,  w  the  weight  to  be  nind,  and  r  the  power  applied  to  tho 

Widle,  we  shall  have,  in  the  slate  of  equilibrium,  -^ —  w^f. 

The  weight  which  may  be  balanced  by  a  given  power  P  will 
•vidently  U)  greater  as  r'-r,  or  the  difference  between  the  ridii  of  the 
eylinder,  is  less ;  and  the  difference  may  be  nude  very  small  without 
much  inoreaaing  the  friction.  The  on^  disadvantage  attending  the 
machine,  when  ocmpved  with  &□  ordinary  winch  or  cnpalon,  le  that 
H  requires  a  much  greater  quantity  of  rope  to  raise  or  move  the  object 
through  any  given  dlatanoo.  It  waa  Erat  proposed  in  Europe  by  Mr. 
Qeorge  Hokhardt,  but  machines  of  a  like  kind  have,  it  is  said,  been 
long  in  use  in  the  East. 

The  winch  is  employed  with  the  common  jack,  which  is  used  to  lift 
great  weights,  or  to  move  them  through  small  digtancee.  Tha  handle 
tarns  n  pinion  with  teeth,  which  act  on  others  at  the  circumference  of  a 
nutU  wheel;  and  on  tho  axle  of  this  is  a  pinion  with  teeth  which  work  in 
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those  of  a  rack-rod.  Theaxleaof  the  wheeland  pinioni  being  let  Into  tL* 
aides  of  a  case  of  wood  or  iron,  the  revolution  of  the  wheel  pmduco  i 
rectilinear  motion  of  the  rack ;  and  one  end  of  the  caao  being  6ied  W 
the  ground,  or  against  an  immoveable  object,  tha  eitrenutT  of  the  nek 
at  the  oppoaito  end  forcea  forward  the  body  which  ia  bo  be  diaplaad. 
Sometimes,  ingtead  of  a  rack,  the  machine  is  furniihed  iritb  a  wbwl 
whose  axle  is  hollow,  and  cut  in  the  form  of  a  concave  Hcrew  i  within 
this  screw  is  one  of  tha  couvei  kind,  which  by  the  revolution  of  tin 
wheel  and  its  axle  is  made  to  move  in  tha  direotiMi  of  tbe  Utter,  aad 
thustopreeebeforeit  theobjectwhichiatobereinoTed.  Thiamachini 
has  however  consideraUe  friction. 

The  force  exerted  by  a  man  Id  turning  a  winoh  vertically  varia 
according  to  the  poaition  of  the  lever  with  respect  to  tbe  boiiiia. 
When  the  lever,  or  iJut  part  which  is  perpendicular  to  the  axle,  is  jut- 
pendicular  to  the  ground,  and  the  handle  is  at  the  higheat  or  la><^ 
port  of  tbe  circle  described  by  the  end  of  the  lever,  tlia  man  dtho' 
pushes  the  handle  directly  from  him,  or  pulls  it  direcUy  towvda 
him :  and  in  each  case  he  eierta  a  power  which  ia  catimutd 
at  27  or  30  lbs. ;  but  when  the  lever  is  in  a  Jiorizontal  pou 
tion,  the  man  either  throws  a  great  portion  of  hia  weight  on 
the  handle  to  preaa  it  down,  or  he  exert*  hia  muscular  force  in  i 
direct  manner  to  pull  it  upwards ;  and  the  force  axerted  in  thoc 
poaitioni  ia  estimated  at  140  or  161)  Iba.  The  force  exerted  man 
evidently  have  different  values  between  these  quantities  in  other  piM 
tions  of  the  winch ;  and  tbe  practice  is  to  cause  two  men  to  work  it 
the  nme  time  to  turn  the  machine,  one  being  at  each  axtremity  ot  tbe 
aile  of  the  cylinder.  The  levota  of  tbe  two  winchea  an  placed  it 
right  anglei  to  one  another;  oonsequently  when  one  man  ia  puahingiK 
pulling  horizontally,  the  other  ia  pressing  or  pulling  vertically,  aod  thci 
the  operation 'of  turning  goes  on  with  nearly  uniform  inteoaity;  tlw 
first  man  working  in  tho  least  favourable  poaition  when  the  other  ii 
workiug  in  that  which  is  most  so.    [WiNDLaas.J 

WIND  is  a  motion  of  tbe  atmosphere  independent  of  that  whiJi  i: 
hna  in  conaequenoe  of  the  diurnal  and  amiual  movementa  of  the  eortli. 
Tbe  litter  motion  being  performed  in  a  part  of  spaoe  which  may  !■ 
considered  oa  devoid  of  any  reainting  medium,  the  particlea  of  air  >u£t 
.  no  partial  displacements  on  that  account ;  and  the  frictioD  of  tbt 
,  particles  againet  each  other,  and  againat  tjie  earth  which  they  anr 
I  round,  must  have  long  since  brought  the  diurnal  movementa  of  the 
;  atmosphere  and  eotth  to  a  state  of  equality  :  thus,  the  angular  velocitj 
at  the  air  on  any  parallel  of  tarreatriol  UUtude  being  the  same  as  thit 
of  an  observer  on  the  same  parallel,  tbe  air  would  seem  to  be  at  mt 
about  him.  But  it,  from  any  disturbance  of  tbe  equQibrium  of  Uu 
atmosphere,  the  particles  should  move  less  rapidly  tikan  tiie  uhserva 
from  west  to  east,  or  should  acquire  movements  in  some  other  directkiD, 
then  the  sensation  of  a  wind  would  be  experienced.  The  tide*  whidi 
take  place  in  the  atmoephere  by  the  attractions  of  the  sun,  moon,  uid 
planeta  on  the  particlea  of  air  giving  rise  to  differencn  in  the  heists 
of  the  vertical  columns,  they  must  necaaaarily  oause  inoquahtjfa  of 
pressure  in  horiiontal  directiona,  and  thus  iircduce  winds  or  current! 
of  air ;  but  It  boa  been  shown  by  Ia  Place  that  these  currents  an 
scarcely  sensible ;  and  aucb  attractiona  are  by  no  means  adequate  to 
the  production  of  tbe  winds  which  are  observed  on  the  earth'a  lur&ce. 
[AthospueRB,  ouI.  692.] 

The  immediate  effect  of  tbe  solar  radiation,  communicating  heat  to 
any  region  of  the  earth's  surface,  is  to  generate  an  ascensioaal  move- 
ment in  tiie  incuml>ent  atmosphere,  a  bodily  overflowing  of  ita  material 
above,  and  a  relief  of  barometrical  pressure  below.  The  air  of  the 
cooler  Burrouniling  region,  not  being  ao  relieved,  will  be  driven  in  by 
the  difference  of  hydrostatic— in  this  cau  of  atmoapberio^preaiun, 
so  arising,  and  thiis  originate  two  distinct  winds  :  an  upper  one  setlin; 
outward  from  the  heated  region  ;  a  lower  inward,  or  towanls  it.  "  Ii 
the  region  heated  be  a  limited  one,  these  current*  will  radiate  from 
and  to  it  0*  a  centre ;  if  a  Lnear  belt,  or  a  whole  sone  of  the  globe 
interveoe,  euch  oa  the  generally  heated  intertropical  region,  they  will 
aaaume  the  cbojacter  of  two  sheets  of  air  setting  inwards  on  both  udea 
below,  uniting  and  flowing  vertically  upwards  along  the  medioj  line^ 
and  again  separatiog  aloft  and  taking  on  a  reversed  movement." 

Thee*  effect*  of  heat  upon  tbe  atmosphere,  together  with  the  rotatory 
motion  of  tiie  earth,  are  the  [irimary  causes  of  all  the  phenomena  ol 
the  winds,  the  latter  having  been  found  by  modem  meteorologiata  to 
have  a  much  more  extensive  inSuence  than  was  supposed  when  ita  part 
ia  the  production  of  the  trade-winda  was  firit  duly  raoogniand..  Un 
this  account,  and  becaum  tho  oonsequencei  of  these  united  actions 
impart  to  ua  a  key  to  tbe  whole  subject,- — including  even  that  part  of 
it  which  relates  to  revolving  storms,  or  cyclonefl,— we  shall  now  pro- 
ceed to  ounaider  tbe  trade-winds,  both  with  reepeot  to  their  theory  and 
to  their  facts.  In  some  adequate  detail. 

Trade-H'indi  is  tbe  term  used  by  seaman  to  indicate  tha  parpetnal 
or  constant  winds,  because  they  promote  more  than  any  other  oircum- 
atuioe  navigation  and  trade.  These  perpetual  or  trade-winda  occur  in 
all  open  seas  on  both  sides  of  tbe  equator,  and  to  the  distance  of  about 
30  degreea  north  and  south  ot  it.  They  were  not  known  to  the  ancieati, 
and  seem  to  have  been  unknown  even  to  modem  seamen  up  to  the  time 
ot  Columbus.  Though  before  hia  time  Purtuguesa  navigators  had  pro- 
oeeded  as  far  as  the  Cape  of  (iood  Hope,  they  had  not  ventured  to  any 
great  distance  from  the  coast  of  Africa,  and  consequently  they  had  nut 
entered  the  regions  where  the  trade-winds  blow.    Columbus,  however. 
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who  had  paased  some  time  at  the  Canarieay  to  vhioh  the  trade- winds 
extend  in  Bummer,  seems  to  have  conoeived  a  just  idea  of  their  extent. 
On  his  first  voyage,  after  leaving  the  Canaries,  his  crew  were  greatly 
alarmed  at  finding  that  the  wind  always  blew  from  the  north-east  and 
cast,  and  feared  that  thev  would  be  prevented  by  it  from  returning  to 
their  native  country.  Columbus  did  not  participate  in  their  fears ;  and 
on  his  return  from  U^e  newlv-discovered  islands  his  track  was  north  of 
the  trade-winds*  in  the  region  of  the  variable  winds.  After  the  time 
of  Columbus^  European  navigation  extended  rapidly  in  the  Atlantic 
and  Indian  oceans,  and  the  titwie-winds  became  generally  known.  It 
does  not,  however,  appear  that  any  attempt  to  explain  this  phenomenon 
was  made  before  ike  time  of  Qameo,  who,  in  adopting  the  astronomical 
system  of  Copernicus  and  the  revolution  of  the  earth  round  its  axis, 
thought  he  found  some  confirmation  of  this  opinion  in  the  trade- winds, 
ivhich,  as  he  conjectured,  owed  their  origin  to  the  revolution  of  the 
earth  and  to  the  circumstance  that  the  atmosphere,  though  it  partici- 
pated in  that  motion,  could  not  follow  with  equal  speed  the  motion  of 
the  dense  parts  of  our  planet,  and  that  a  motion  in  the  air  was  thus 
produced  which  was  contrary  to  that  of  the  earth  round  its  axis,  or 
from  east  to  west.  The  strongest  fact  in  favour  of  this  hypothesis 
was  the  circumstance  that  the  trade-winds  occur  only  in  the  lower  latt- 
tildes,  where  the  surface  of  the  earth,  in  its  revolution  round  its  axis, 
has  to  make  a  large  circle  in  twenty-four  hours,  and  consequently 
must  move  with-  a  greater  degree  of  rapidity  than  in  the  higher 
latitudes.  Galileo's  Uieory  was  relinquished  about  the  end  of  the  17th 
century,  in  favour  of  a  not  less  fallacious  one  proposed  by  Dr.  Edmund 
Halley,  who,  however,  had  collected  extensive  information  resi)ecting 
these  winds,  and  had  indeed  discovered  several  facts  which  were  incom- 
X>atible  with  the  opinion  of  Galileo.  The  two  most  decisive  were,  that 
there  are  no  trade-winds  near  the  equator,  where  the  diurnal  motion  of 
the  earth  is  greatest,  and  that  the  tradoiwinds  change  their  position 
according  to  the  seasons,  which  could  not  take  place  if  they  wero  only 
the  efiect  of  the  rotation  of  the  earth.  Galileo,  however,  appears  to 
have  had  a  true,  though  obscure,  perception  that  the  rotatory  motion 
of  the  earth  must  be  somehow  concerned  in  the  production  of  the 
trade-winds,  though  he  singularly  omitted  to  consider  the  operation 
of  the  sun's  heat. 

The  trade-winds  are  met  with  on  both  sides  of  the  equator.  The 
mean  boundary-line  of  the  region  in  which  they  blow,  and  beyond 
which  variable  winds  prevail,  is  about  28**  lat.  in  the  eastern  parts  of 
the  ocean,  but  in  the  western  parts  tins  line  is  generally  two  or  three 
degrees  farther  north  and  south.  To  the  north  of  the  equator  they 
blow  in  the  eastern  parts  of  the  ocean  from  the  north-east,  seldom 
from  the  eastward  of  east-north-east,  or  from  the  northward  of  north- 
north-eastw  In  proceeding  farther  west  they  become  more  easterly, 
and  often  they  blow  from  due  east,  and  sometimes  from  the  south  of 
east,  but  generally  they  are  one  or  two  points  north  of  east.  To  the 
Bouth  of  the  equator  the  trade-winds  in  the  eastern  parts  of  the 
ocean  blow  from  south-east,  and  usually  between  south- east  and  east, 
but  they  also  decHne  more 'to  due  east  in  reaching  the  western  portion 
of  the  ocean.  They  do  not  occulNi>-the  vicinity  of  the  continents, 
but  are  chiefly  separated  from  them  by  a  tract  of  sea  in  which  either 
periodical  or  variable  winds  prevail  The  trade-winds  therefore  are 
only  experienced  when  we  ore  well  out  from  the  land  in  thb  open  sea. 
The  wind  blows  with  less  force  and  steadiness  in  the  eastern  than  in 
the  western  portion  of  the  ocean.  It  is  also  stronger  and  more  con- 
stant in  the  hemisphere  where  the  sun  is  not,  than  in  that  which  is 
exposed  to  its  perpendicular  rays ;  in  the  latter,  however,  it  is  more 
easterly  than  m  the  former.  The  region  in  which  the  trade-winds 
occur  is  distinguished  by  an  almost  continual  serenity  and  fair  weather. 
Though  the  trade-winds  of  the  northern  and  southern  hemisphere 
blow  in  an  obUque  direction  towards  one  another,  they  do  not  meet  in 
general,  but  are  divided  by  a  tract  of  sea  in  which  calms  frequently 
prevail,  and  also  variable  light  winds,  mostly  from  the  west,  are  met 
with.  This  region  of  the  calms  is  distinguished  by  a  thick  foggy  air, 
aud  frequent  rains  of  short  duration  attended  by  thunder  and  light- 
ning. The  region  of  calms  which  separates  the  north-east  trade-winds 
from  the  south-eastern,  and  which  usually  occupies  a  width  of  four  or 
five  degrees  of  latitude,  is  not  always  found  at  the  same  part  of  the 
ocean,  but  advances  farther  north  when  the  sun  has  a  norUiem  decli- 
nation, and  farther  south  when  it  is  in  the  southern  hemisphere. 
[Calms.]  The  same  is  observed  respecting  the  winds  themselves. 
Though  the  mean  boundary-line  of  the  trade-winds  is  28"  of  lat.  in 
the  eastern  parts  of  the  ocean,  it  extends  two,  three,  and  even  four 
degrees  farther  north  when  the  sun  approaches  the  northern  tropic, 
and  about  the  same  distance  farther  southward  when  the  sun  is  near 
its  greatest  southern  doplination.  It  sometimes  happens  that  a  north- 
eastern wind  occurs  as  far  north  as  40**  in  the  Atlantic,  along  the 
southern  coasts  of  Spain  and  Portugal,  but  as  this  is  seldom  the  case, 
it  is  supposed  that  such  a  wind  cannot  be  considered  as  a  trade- wind,  but 
only  as  one  of  the  variable  winds  which  prevail  to  the  north  and  south 
of  the  trade- winds.  There  are  also  a  few  instances  on  record  in  which 
the  north-east  and  south-east  trade-winds  have  not  been  found 
separated  by  a  region  of  calms,  but  in  which  a  vessel,  with  the  inter- 
vention of  a  calm  of  short  duration,  has  passed  from  one  trade-wind 
into  the  other. 

The  true  explanation  of  these  "  magnificent  phenomena,"  as  they 
have  justly  been  called^  according  to  Dove  and  Herscheli  was  first 


delivered  in  the  'Philosophical  Transactions'  for  1785,  by  George 
Hadley.  It  has  often  been  erroneously  attributed  to  Dr.  Edmund 
Halley,  in  part,  doubtless,  from  the  similarity  of  his  name,  and  partly 
on  account  of  a  theory  of  these  winds,  now  long  proved  to  be  fallacious^ 
having  been  actually  proposed  by  him,  as  ah*eady  noticed.  The  true 
theory  was  also  divined  by  the  sagacity  of  John  Dalton,  who,  not 
knowing  what  Hadley  had  done,  printed  it  in  his '  Meteorological  Obser- 
vations aud  Essays'  m  the  year  1793,  but  discovered  Hadley's  priority 
in  time  to  acknowledge  it  m  his  preface. 

The  astronomical  point  of  view  from  which  the  objects  of  meteoro- 
logy have  always  been  viewed  by  Sir  John  F.  W.  Herschel,  has  given 
to  ms  treatment  of  atmospheric  phenomena,  a  breadth  and  perspicuity 
scarcely  to  be  found  in  the  writings  of  other  meteorologists.  Hia 
view  01  the  theory  of  the  trade-winds  presents  a  remarkable  example 
of  this,  and,  as  a  whole,  is,  we  think,  unequalled.  In  what  f( allows  we 
give  an  epitome  of  it,  condensed  from  two  works— his  *(Aitlines  of 
Astronomy/  and  '  Treatise  on  Meteorology/  with  some  adaptations  ol 
our  own. 

It  is  a  matter  of  observed  fact  that  the  sun  is  constantly  vertical 
over  some  one  or  other  port  of  the  earth  between  the  tropics,  and  that 
the  whole  of  the  zone  or  belt  so  included  between  the  tropics,  and 
equally  divided  by  the  equator,  is,  in  consequence  of  the  great  altitude 
attained  by  the  sun  in  its  diurnal  course,  maintained  at  a  much  higher 
temperature  than  those  regions  to  the  north  and  south  which  he  nearer 
the  poles.  The  heat  thus  acquired  by  the  earth's  surface,,  agreeably  to 
the  principles  explained  above,  is  conmiunicated  to  the  incumbent  air, 
and  becomes  the  universal  primary  cause  of  the  phenomena  of  the 
winds,  in  conjunction  with  the  earth's  rotation.  The  colder  and 
heavier  air  glides  in  on  both  sides,  along  the  surface,  from  the  regions 
beyond  the  tropics ;  while  the  displaced  an-,  thus  raised  above  its  due 
level,  and  unsustained  by  any  lateral  pressure,  flows  over,  as  it  were, 
and  forms  an  upper  current  in  the  contrary  direction,  or  towards  the 
poles ;  which  bemg  cooled  in  its  course,  and  also  pressed  down  by  the 
mass  of  the  atmosphere  above  to  supply  the  deficiency  in  the  extra- 
tropical  regions,  thus  keeps  up  a  continual  circulation.  '*  That  this  is 
a  real  cause  {vera  causa)  is  placed  in  complete  evidence  by  the  general 
fact  that  the  atmospheric  pressure  at  the  surface  of  the  sea  diminishes 
regularly  from  either  tropic  to  the  equator,  where  the  barometer  stands 
habitually  about  0*2  in.  lower  than  in  the  temperate  zones.** 

The  principle  whose  action  was  made  known  and  applied  by  Hadley 
now  Qomes  into  play.  The  equatorial  portion  of  the  earth's  surface 
has  the  greatest  velocity  of  rotation,  and  all  other  parts  less  in  the 
proportion  of  the  radii  of  the  circles  of  latitude  to  which  they  corre- 
spond. But  OS  the  air,  when  relatively  and  apparently  at  rest  on  any 
part  of  the  earth's  surf^e,  is  only  so,  because  in  reality  it  participates 
m  the  motion  of  rotation  proper  to  that  part,  as  indicated  at  the 
beginning  of  this  article,  it  follows  that  when  a  mass  of  air  near  the 
pules  is  transfcn-ed  to  the  region  near  the  equator  by  any  impulse 
urging  it  directly  towards  that  circle,  in  every  point  of  its  progress 
towards  its  new  situation  it  must  be  fouud  deficient  in  ix}tatory 
velocity,  and  therefore  unable  to  keep  up  with  the  speed  of  the  new 
surface  over  which  it  is  brought*  Hence,  the  currents  of  air  which  set 
in  towards  the  equator  from  the  north  and  south,  must,  as  they  glide 
along  the  surface,  at  the  same  time  lag,  or  hang  back,  and  drag  upon 
it  in  the  duection  opposite  to  the  earth's  rotation^  that  is,  from  east  to 
wesU  Thus  these  currents,  which  but  for  the  rotation  would  be 
simply  northerly  and  southerly  winds,  acquire^  from  this  cause,  a 
relative  direction  towa^  the  west,  and  assume  the  character  ol 
permanent  north-easterly  and  south-easterly  winds. 

It  follows  from  this,  then,  that  as  me  winds  from  both  sides 
approach  the  equator,  their  easterly  tendency  must  diminish ;  a  fact 
which  though  inevitably  resulting  from  the  principle  maintained  by 
Hadley,  was  reserved  for  the  late  Captain  Basil  Bail  to  reason  out, 
and,  though  thus  for  the  first  time,  in  a  very  distinct  manner,  in  his 
'Fragments  of  Voyages  and  Travels.'  The  lengths  of  the  diurnal 
circles  increase  very  slowly  in  the  immediate  vicinity  of  the  equator, 
and  for  several  degrees  on  either  side  of  it  hutily  change  at  all  Thus 
the  friction  of  th%  surface  has  more  time  to  act  in  accelei-ating  the 
velocity  of  the  air,  bringing  it  towards  a  state  of  rdative  rest,  and 
diminishing  thereby  the  relative  set  of  the  currents  from  east  to  west, 
which,  on  the  other  hand,  is  feebly,  and,  at  length,  not  at  all,  rein- 
forced by  the  cause  which  originally  produced  it.  Arrived,  then,  at 
the  equator,  the  trade  winds  must  be  expected  to  lose  their  easterly 
character  altogether.  And  not  only  this,  but  the  northern  and 
southern  currents  here  meeting  and  opposing,  will  mutually  destroy 
each  other,  leaving  only  such  preponderoncy  as  may  be  due  to  a 
difference  of  local  causes  acting  in  the  two  hemispheres — ^>vhich  in 
some  regions  around  the  equator  may  lie  one  way,  in  some  another — 
as  will  presently  be  seen.  "  The  result,  then,"  says  Sir  John  Herschel, 
**must  be  the  production  of  two  great  tropical  belts,  in  the  northern 
of  which  a  constant  north-easterly,  and  in  the  southern  a  south- 
easterly, wind  must  prevail,  while  the  winds  in  the  equatorial  belt, 
which  separates  the  two  former,  should  be  comparatively  calm,  and  free 
from  any  steady  prevalence  of  easterly  character.  All  these  con- 
sequences are  agreeable  to  observed  fact,  and  the  system  of  aerial 
currents  above  described  constitutes  in  reality  what  is  understood  by 
the  regular  trade  windt/* 

On  the  subject  of  the  region  of  calms^  intorvening  between  the  trad»^ 
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winds,  Eamie,  in  lus  '  Manual  of  Meteorology/  remarks,  '*  In  tlie  space 
between  the  two  trade-winds  the  air  is  heated  to  the  highest  degree. 
There  the  ascending  currents  of  air  are  the  moat  rapid ;  and  by  this 
quick  ascent  the  velocity  of  the  wind  blowing  along  the  surface  of  the 
sea  is  greatly  diminielied.  Besides  it  would  seem  that  the  upper  and 
lower  current  of  the  air  come  into  contact  with  one  another  at  a  com- 
paratively small  elevation  above  the  surface  of  the  globe.  These  two 
ciicnimstances  appear  to  be  the  reason  why  no  regular  winds  are  met 
with  within  the  region  of  the  calms." 

We  now  proceed  to  review  the  actual  and  local  phenomena  of  these 
winds.  Two  currents  of  air  are  foimd  within  their  limits,  of  which 
the  lower  runs  to  the  south-west,  north  of  the  equator,  and  to  the 
north-west,  souUi  of  it,  and  the  upper  in  the  opposite  direction.  In 
this  manner  a  kind  of  atmospherical  circulation  is  formed,  which  is 
admirably  adapted  for  the  preservation  of  animal  life.  The  exiBtence 
of  this  counter-current  of  air  in  the  upper  regions  had  only  been 
inferred  from  the  theory,  and  nothing  could  be  adduced  to  prove  it, 
except  that  within  the  trade-winds  the  douds,  which  rarely  make  their 
appearance  in  this  region,  generally  take  a  direcUon  which  corresponds 
to  that  of  tiie  supposed  current  of  air.  But  in  1812  an  event  took 
place  which  was  rather  more  decisive  in  favour  of  the  theory.  In  the 
eruption  of  the  volcano  of  St.  Vincent,  considerable  quantities  of  ashes 
and  other  volcanic  matter  descended  on  and  spread  over  the  island  of 
Barbadoes.  l^iiis  event  certainly  excited  a  high  degree  of  surprise,  as 
In  this  par^of  Uie  Caribbean  Sea  the  trade-wind  always  blows  with  a 
considerable  force,  bo  that  vessels  sailing  from  St.  Vincent  to  Barbadoes 
are  obliged  to  make  a  circuitous  course  of  some  hundred  miles  to  reach 
the  place  of  their  destination.  It  can  hardly  be  questioned  that  the 
volcanic  matter  was  raised,  by  the  eruption  of  the  volcano,  to  such  an 
elevation  that  it  reached  the  counter-current,  which,  blowing  from  the 
west,  carried  it  to  Barbadoes.  Humboldt  adduces  also,  in  support  of 
the  theory,  the  strong  south-western  wind  which  he  experienced  at  the 
top  of  the  Peak  of  Teneriffe,  whilst  all  the  other  parts  of  the  islands 
were  under  the  sway  of  the  trade-wiud ;  and  this  observation  is  also 
confirmed  by  Glass,  who,  in  his  *  History  of  the  Canary  Islands,'  states 
that  during  the  trade-winds  the  most  elevated  parts  of  those  islands 
experience  a  continual  westerly  wind,  which  blows  with  considerable 
force.  Confirmatory  facts  on  this  point,  as  observed  by  Professor  C. 
Piazzi  Smyth,  will  be  found  at  the  end  of  the  article  Cloud.  Lastly, 
we  may  adduce,  in  corroboration  of  the  theorv,  the  instantaneous 
change  of  wind  which  is  frequently  experienced  when  the  limits  of  the 
trade-winds  are  passed. 

It  has  been  already  observed  that  the  boimdary  of  the  trade-winds 
towards  the  nearest  pole  does  not  always  occur  in  the  same  part  of  the 
ocean,  but  changes  with  the  seasons.  The  difference  is  considerable. 
At  the  greatest  southern  declination  of  the  sun,  in  December  and  Janu- 
ary, the  northern  boimdary  of  the  north-east  trade- wind  of  the  Atlantic 
occurs  to  the  south  of  25^  N.  lat,  whilst  in  the  opposite  season,  from 
June  to  September,  it  occura  about  32"  N.  lat.  Thus  we  find>  tract 
of  sea,  seven  degrees  of  latitude  in  width,  which  is  alternately  exposed 
to  the  sway  of  the  trade- winds  and  of  variable  winds,  and  nearly  in  the 
middle  of  this  tract  the  Canaries  are  situated.  These  islands,  there- 
fore, are  within  the  trade-winds  for  six  months,  and  for  the  remunder 
of  the  year  without  them.  Von  Buch,  in  his  description  of  these 
islands,  has  given  an  account  of  the  regular  manner  in  which  the 
trade-wind  advances  towards  the  north,  with  the  progress  of  the  sun 
in  the  northern  hemisphere,  and  in  wludi  it  recedes  when  the  sun 
passes  the  equator  on  his  return  to  the  southern  hemisphere,  observing 
that  the  south-western  wind,  which  is  always  found  in  the  upper 
regions  of  the  atmosphere  above  the  trade-winds,  does  not  make  its 
appearance  on  the  south,  as  may  be  inferred  from  the  direction  in 
which  it  blows,  but  is  first  experienced  at  Madeira,  whence  it  gradually 
advances  to  Teneriffe  and  the  other  Ccinaries.  Whilst  tlus  south- 
western wind  advances  from  north  to  south,  it  also  descends  by  degrees 
from  the  upper  to  the  lower  regions,  and  to  the  surface  of  the  globe. 
On  Teneriffe  this  takes  place  in  October,  when  the  south-west  wind  is 
experienced  on  all  mountains  6000  feet  high,  but  generally  one  yreek. 
passes,  and  sometimes  several  weeks,  before  the  south-western  wind 
sinks  to  the  level  of  the  sea. 

The  trade- winds  are  only  met  with  on  the  sea;'  but  in  some  coim- 
tries  of  the  globe  between  the  tropics,  or  near  them,  regular  and 
constant  easterly  winds  occur,  which  may  owe  their  origin  to  the  same 
cause.  These  winds  only  occur  in  extensive  level  plains,  where  there 
is  nothing  to  break  their  force  or  to  change  their  direction ;  for  if  the 
wind  comes  in  contact  with  high  land  or  mountains,  its  regular  pro- 
gress is  obstructed.  But  over  a  considerable  tract  of  low  level  land  Uie 
wind  passes  without  being  much  changed  in  its  direction  and  velocity, 
particularly  if  the  land  be  barren  and  destitute  of  moisture.  In  the 
Sahel,  or  western  part  of  the  Sahara,  an  easterly  wind  blows  all  the 
year  round  with  great  force,  but  in  the  eastern  district  of  the  Great  Desert 
it  is  less  constant  and  less  violent^  so  that  in  all  respects  it  may  be 
compared  with  a  trade- wind.  An  easterly  wind  is  iJso  dways  found 
on  the  plain  drained  by  the  Amazonas;  and  by  its  assistance  the 
voyage  against  the  strong  current  of  the  river  may  be  accomplished 
nearly  in  the  same  time  as  the  voyage  downwards  by  means  of  the 
current.  Humboldt  found  that  this  easterly  wind,  which,  near  the 
mouth  of  the  Amazonas  is  moderate,  has  acquired  such  a  force  at  the 
base  of  the  Andes,  that  it  is  almost  impossible  to  keep  one's  footing 


against  it.  A  similar  easterly  wind,  though  of  leas  streogtli,  is  found 
in  the  great  plain  which  is  traversed  by  the  lower  oouiae  of  tba 
Orinoco. 

The  countries  just  mentioned,  in  which  these  easterly  winds  hiow 
constantly,  are  contiguous  to  those  parts  of  the  Atlantic  Ocean  where 
trade- winds  in  general  are  regular  all  the  year  round.  But  tlie  txsde- 
winds  of  thQ  ocean  and  the  land-winds  of  the  plains  do  not  come  into 
contact  with  one  another.  They  are  separated  by  a  tract  of  the  £^b> 
in  which  other  winds  prevail  This  tract  lies  within  the  ocean,  acd 
extends  along  the  coasts  of  the  continents ;  its  width  varies  greativ. 
Where  it  lies  east  of  the  trade-wind  it  is  usiudly  a  hundred  mileB  wide, 
but  it  is  of  inconsiderable  breadth  when  the  land  lies  to  the  west  cf 
the  trade-winds.  The  continuity  of  the  easterly  winds  is  evidentlj 
interrupted  by  the  difference  of  the  temperature  of  the  air  incombaifi 
on  the  sea  and  on  the  land.  This  difference  changes  with  the  eeaAtma, 
the  air  over  the  land  being  hotter  than  that  of  the  sea  when  the  sun  ia 
near,  and  colder  when  it  is  far  off.  Hence  it  follows  that  during  its 
first  period  the  wind  blows  from  the  sea  to  the  land,  and  in  the  sc-octDd 
from  the  land  to  the  sea.  Thus  a  kind  of  monsoon  is  produced  ^}^ 
the  coasts  of  the  continents,  even  within  the  region  of  Uie  trade-winds. 
A  laige  island  in  such  a  situation  is  therefore  surrounded  by  winds 
blowing  from  all  quarters.  When  the  land  of  Australia  is  heated  by 
the  presence  of  the  sun  in  the  southern  hemisphere,  the  wind  generallj 
blows  from  the  westward  upon  the  north-western  coast,  and  from  tha 
south-west  upon  the  western  coast ;  from  the  south-west,  south,  snd. 
south-east  on  the  southern  coast ;  and  from  the  south-east  and  es^ 
upon  the  east  coast.  In  the  opposite  season,  however,  the  winds  are 
loss  regular,  because  the  greatest  part  of  the  island  is  then  without  ths 
reach  of  the  trade-winds. 

The  trade-winds  occur  on  both  sides  of  the  equator  in  the  Aikntk 
and  Pacifio  oceans,  but  they  vary  considerably  in  extent  and  force  in 
both  oceans.  Some  account  of  this  difference  is  given  under  the  hea^k 
of  Atlantic  Ocean  and  Pacific  Ocean,  in  Geoq.  Diy.  We  sbJl 
here  add,  respecting  the  last-mentioned  sea,  that  the  t^ude-winds  in 
the  southern  parts  appear  to  be  subject  to  great  changes  in  direction 
and  force,  and  that  they  properly  occur  only  along  the  coasts  of  South 
America,  'nh&re  a  constant  south-easterly  wind  is  met  with  at  the  di^ 
tance  of  500  to  600  miles  from  the  coast :  but  in  the  middle  of  the 
Southern  Pacific  the  trade-wind  seems  by  no  means  regular  and  cca- 
stant.  Admiral  Fitzroy,  in  speaking  of  Uie  Paamuto  Islands,  or  the 
Dangerous  Archipelago  of  the  Low  Islands,  says  that  among  them  a 
steady  south-easterly  trade-wind  prevails  from  March  to  October,  bat 
that  in  the  rainy  season,  from  October  to  March,  westerly  winda^ 
squalls,  and  rains  are  frequent ;  and  in  the  abstract  of  his  meteoro- 
logical journal  we  find  that  in  running  from  the  Galapagos  to  Otaheite 
he  experienced  only  south-eastern  winds  near  the  equator ;  and  that  in 
the  remainder  of  his  voyage  the  wind  blew  almost  constantly  from  the 
north-east,  north-north-east,  or  north-east  by  east.  Koteebue,  on  his 
first  voyage,  observed  it  as  a  remarkable  circumstance,  that  between 
Easter  Island  and  14"  61'  S.  lat.  he  met  only  with  winds  blowing  from 
north,  north-east,  and  east-north-east.  This  anomaly  in  the  trade- 
winds  of  the  Southern  Pacific  is  probably  produced  by  the  innumerable 
islands  and  coral  rocks  which  cover  that  ocean  between  the  equator 
and  the  southern  tropic,  and  extend  from  ISO"  W.  long,  to  the  coast  of 
Australia.  Horaburgh  says,  probably  from  his  own  observation,  tiiat 
"  where  shoal  coral-banks  shoot  up  out  of  the  deep  water  in  many 
places  between  the  tropics,  a  decrease  of  the  prevaUi&g  wind  is  fre- 
quently experienced ;  for  when  a  steady  wind  is  blowing  over  the  sur- 
^e  of  the  deep  water,  no  sooner  does  a  ship  get  upon  the  verge  of  a 
shoal  coral-bank  than  a  sudden  decr^tse  of  tne  wind  is  often  peroeived. 
This  is,  in  his  opinion,  occasioned  bv  the  atmosphere  over  these  banks 
being  less  rarefied  by  the  increased  evaporation  than  that  over  the 
deep  water,  and  consequently  not  requlrlug  so  great  a  supply  of  air  to 
restore  the  equilibrium  as  the  circumjacent  parts,  which  are  mere 
rarefied  and  heated."  \Vhen  such  effects,  according  to  the  statement 
of  this  intelligent  hydrographer,  are  produced  by  single  coral-bank^  in 
the  midst  of  the  ocean,  we  may  easily  comprehend  that  i^eir  number 
and  immense  extent  in  the  Southern  Pacific  not  only  diminish  their 
force,  but  change  the  direction  of  the  trade-winds,  and  that  these  reefs 
and  islands  affect  them  nearly  to  the  same  extent  as  a  large  continent. 
It  appears  that  in  the  Southern  Pacific  the  trade-winds  are  replaced  by 
the  north-eastern,  northern,  and  western  winds  only  during  the  period 
when  the  sun  is  in  the  southern  hemisphere.  A  south-eastern  trade- 
wind  prevails  also  in  the  Indian  Ocean  from  within  a  few  degrees  of 
the  eastern  side  of  Madagascar  nearly  to  the  coasts  of  Australia, 
between  the  parallels  of  10"  and  28"  S.  lat. ;  but  in  this  ocean  from 
10"  S.  lat  to  the  coasts  of  Hindostan  the  winds  are  periodical ;  the 
influence  of  the  land  issuing  in  a  complete  reversal  of  the  north-cast 
trade  during  a  considerable  portion  of  the  year,  and  the  production  of 
Monsoons,  that  is  of  winds  which  blow  half  tlie  year  in  one,  and  the 
other  half  in  the  contrary  direction,  as  explained  at  length  in  the 
article  devoted  to  them. 

Even  very  limited  local  movements  of  the  atmosphere  are  modified 
by  the  same  cause.  It  is  a  remark  as  old  as  Bacon,  and  afterwards 
confirmed  by  Mariotte  in  France,  Sturm  in  Germany,  and  Toaldo  in 
Italy,  and  since  by  "  many  other  writera  both  in  Europe  and  North 
America,  that  the  wind  has  a  decidedly  preponderating  tendency  to 
veer  round  the  compass  according  to  the  sun's  motion,  that  is,  to  pass 
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from  north  through  north-east,  east,  south-eaat,  to  south,  and  so  on 
round  in  the  same  direction  Uirough  west  to  north;  that  it  often 
makes  a  complete  circuit  in  that  direction,  or  more  than  one  in 
succession  (occupying  sometimes  many  days  in  so  doing);  but  that 
it  rarely  veers,  and  very  rarely  or  never  makes  a  complete  circuit, 
in  the  contrary  direction."  According  to  Sir  John  Herschel,  Pro- 
fessor Dove  was  the  first  to  show  that  this  tendency  is  a  direct  con- 
sequence of  the  rotatory  motion  of  the  earth ;  it  has  therefore  been 
denominated  ''  Dove's  law  of  rotation  of  the  wind,"  to  which  we  shall 
shortly  return. 

The  heated  equatorial  air,  while  it  rises  and  flows  over  towards  the 
poles,  carries  with  it  the  rotatory  velocity  due  to  its  equatorial  situa- 
tion into  a  higher  latitude,  where  the  earth's  surface  has  less  motion. 
Hence,  as  it  travels  northward  or  southward,  it  will  gain  continually 
more  and  more  on  the  surface  of  the  earth  in  its  diurnal  motion,  and 
assume  constantly  more  and  more  a  wuterly  relative  direction ;  and 
when  at  length  it  returns  to  the  surface,  in  its  circulation,  which  it 
must  do  more  or  less  in  all  the  interval  between  the  tropics  and  the 
poles,  it  wiU  act  on  it  by  its  friction  as  a  powerful  south-west  wind  in 
the  northern  hemisphere,  and  a  north-west  in  the  southern,  and  restore 
to  it  the  impulse  taken  up  from  it  at  the  equator.  "  We  have  here 
the  origin  of  the  south-west  and  westerly  gales  so  prevalent  in  our 
latitudes,  and  of  the  almost  universal  westerly  winds  in  the  North 
Atlantic,  which  are,  in  fact,  nothing  else  than  a  part  of  the  general 
system  of  the  re-action  of  the  trades,  and  of  the  process  by  which  the 
equilibrium  of  the  earth's  motion  is  maintained  under  their  action." 
The  only  winds  of  a  regular  character  which  remain  to  be  noticed  are 
the  land  and  sea  breezes  which  occur  diumally  on  the  coasts  and  in 
the  islands  of  the  tropical  regions,  and  the  periodical  winds  which  are 
observed  to  prevail  in  some  parts  of  Europe.  The  first  are  probably 
caused  by  the  inequality  of  the  sun's  action  on  the  land  and  water ; 
and  both,  by  the  tendency  of  the  atmosphere  to  preserve  a  state  of 
nearly  uniform  density.  During  the  day  the  land  acquires  a  temperar 
ture  higher  than  that  of  the  neighbouring  ocean :  the  atmosphere 
above  it  consequently  becomes  rarefied,  and  from  about  9  a.m.  the  air 
from  the  sea  flows  towards  the  land,  to  occupy  the  partial  vacuum 
there  produced.  In  proportion  as  the  heat  of  the  land  goes  on  in- 
creasing, the  force  of  the  sea-breeze  also  increases,  and  this  continues 
till  2  or  3  P.M.  After  that  time  the  temperature  over  the  land  di- 
minishes more  rapidly  than  over  the  sea,  as  the  heat  more  readily 
escapes  by  radiation  from  the  land  than  from  the  water,  and  about 
sunset  Uie  breeze  from  the  sea  ceases.  During  the  night,  the  land 
continuing  to  cool,  the  air  over  the  sea  becomes  comparatively  warmer 
and  more  rarefied,  and  a  breeze  from  the  land  takes  place  :  this  wind 
augments  in  force  till  near  sunrise,  when  the  temperature  of  the  earth 
begins  to  increase,  and  about  9  a.m.  the  wind  blows  from  the  sea  as  at 
first.  These  laad-breezes  diverge  in  every  direction  towards  the  coasts 
of  the  tropical  islands  from  the  high  lands  in  their  interior.  Mr.  Red- 
field  modifies  the  hypothesis  above  stated  by  assuming  that  when  the 
stratum  of  air  lying  on  the  surface  of  land  which  ascends  towards  the 
interior  of  a  country  becomes  rarefied  by  the  sun's  heat,  it  is  forced  by 
an  excess  of  pressure  at  its  lowest  put  to  move  up  the  slope ;  and 
during  the  ni^t  the  stratum  of  air  on  this  inclining  surface  acquiring 
greater  density,  its  gravity  causes  it  to  descend  towards  the  sea. 
(•  Amer.  JoumaJ  of  Science,'  vol  zxziii.,  No.  1.) 

The  Etesian  winds  (so  called  from  irriaim,  "annual ")  is  a  designation 
formerly  given  only  to  those  which  every  summer  blow  during  six 
weeks  over  the  countries  bordering  the  Mediterranean ;  but  it  has  since 
been  applied  to  other  periodical  winds,  as  those  which  blow  on  the 
coast  of  Holland.  They  commence  in  the  Levant  about  the  middle  of 
July,  rising  at  9  A.H.,  and  continiiing  during  the  day-time  only  :  the 
direction  of  the  current  of  air  is  from  north-east  to  south-west ;  and  it 
is  probably  caused  by  the  rarefaction  of  the  atmosphere  nearly  under 
the  tropic  of  Cancer,  in  consequence  of  the  heat  of  the  sun  at  that 
season.  Pliny  states  that,  in  Spain  and  Asia,  the  etesian  winds  blow 
from  the  east;  and  he  adds  that  they  also  take  pkoe  in  winter,  when 
they  are  called  Omithian  winds  :  these  are,  however,  said  to  be  more 
gentle  than  the  others,  and  to  continue  during  nine  days  only.  (Smyth's 
'  Mediterranean,'  p.  270.) 

It  may  be  observed,  in  addition  to  what  has  been  said  respecting  the 
trade  and  other  regular  winds,  that  those  which  prevail  in  the  tempe- 
rate zones  are  probably  the  results  of  currents  proceeding  about  the 
earth  from  the  tropical  regions.  Professor  Dove  suggests  (in  a  paper 
published  in  Poggendorff's  '  Annalen,'  of  which  a  translation  appeared 
in  the ' PhUosophicai  Magazine'  for  September,  1887)  that  when  the 
sun  is  on  the  meridian  of  any  place,  as  London,  situated  beyond  those 
regions,  the  currents  of  heated  air  which  proceed  from  the  point  verti- 
cally imder  him  must  arrive  at  that  place  from  the  south  earlier  than 
at  any  other  place  eastward  or  westward  of  it  on  the  same  parallel  of 
latitude.  But  in  proportion  as  the  sun  becomes  successively  vertical 
at  difierent  points  westward  of  the  meridian  of  London,  the  currents 
of  air,  in  describing  great  circles  of  the  sphere,  arrive  later,  and  in  a 
direction  from  the  westward  of  south ;  and  when,  during  the  summer, 
he  is  vertically  over  a  point  about  60  degrees  west  of  London  (that  is, 
in  the  evening),  they  arrive  nearly  from  the  west.  At  midnight,  when 
the  sun  is  on  the  meridian  under  the  horizon,  the  current  of  air  passing 
over  the  north  pole  is  felt  as  a  north  wind ;  and  after  this  time  the 
oorrenta  coming  from  points  having  less  than  180  degrees  of  longitude 
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eastward  are  felt  as  easterly  winds,  which  become  due  east  in  the 
morning  when  the  sun  is  about  60  degrees  eastward  of  the  meridian. 
;  In  this  order  the  movements  take  plape  daily,  except  when  tl^e  currents 
are  disturbed  by  accidental  circumstances  or  by  the  influence  of  currents 
I  which  proceed  from  the  pole  to  the  equator  in  order  to  supply  the  place 
of  the  heated  air  which  ascends  from  the  soifaoe  of  the  earth  between 
the  tropics. 

The  sun  is  not  the  sole  cause  of  the  currents  which  are  observed  in 
the  atmosphere,  for  they  often  arise  from  tiie  condensation  of  the 
aqueous  vapours  which  are  constantly  rising  from  the  surfaces  of  seas 
and  rivers.  Such  vapours,  being  lighter  than  air,  ascend  in  the  atmo- 
sphere, carrying  with  them  a  quantity  of  heat,  which  escapes  on 
arriving  in  a  region  where  there  is  less  heat  than  at  the  surface  of  the 
earth ;  and  the  vapour  being  then  redaoed  to  a  state  of  water,  a  partial 
vacuum  is  produced,  into  which  the  neighbouring  air  nu^es.  The 
heat  is,  at  the  same  time  conveyed  by  the  wind  with  the  drops  of  water, 
and  thus  the  region  in  which  the  rain  is  falling  is  sometimeB  wanner 
than  those  which  surroimd  it.  Kam-winds  are  produced  by  the  air 
which  descends  to  the  ground  with  the  globules  of  water;  the  particles 
of  air  being  disengaged  from  the  globules  on  the  latter  striking  the 
ground,  are  then  dnven  off,  with  considerable  force,  in  every  direction 
from  the  place  where  the  rain  is  falling. 

All  mountain  districts  are  subject  to  sudden  and  violent  ghosts  of 
wind  from  the  interruptions  which  the  ridges  of  high  land  create  to 
the  general  currents  of  the  air ;  but  that  which  is  called  the  Helm- 
wind,  at  CrossfeU,  in  Cumberland,  is  one  of  the  most  remarkable  of 
these  phenomena.  It  occurs  at  uncertain  times  between  the  end  of 
September  and  the  month  of  May,  and  occasionally,  though  rarely,  in 
summer.  It  is  stated  that,  when  not  a  breath  of  wind  is  stirring,  and 
scarcely  a  cloud  is  to  be  seen,  there  is  suddenly  formed  a  line  of  clouds, 
called  the  "  Helm,"  extending  nearly  north  and  south  along  the  top 
ridge  of  the  mountains ;  and  nearly  parallel  to  this,  another  line  of 
clouds,  called  the  "  Bar,"  forms  itself :  the  first  of  these  lines  of  clouds 
is  well  defined  at  its  western  and  the  other  at  its  eastern  edge ;  and  the 
lines  unite  together  at  their  northern  and  southern  extremities  so  as  to 
contain  between  them  an  elliptical  space  whose  length,  in  the  north 
and  south  direction,  varies  from  8  to  80  miles,  and  its  breadth,  in  an 
east  and  west  direction^  £rom  half  a  mile  to  4  or  5  miles ;  the  highest 
point  of  the  ridge  of  mountains  being  about  the  middle  of  the  first  line 
of  clouds.  In  a  few  minutes  after  the  formation  of  the  Helm  a  violent 
wind  begins,  within  the  space  between  the  clouds,  to  blow  from  some 
eastern  point  of  the  comi>ass,  but  generally  from  doe  east  to  due  west : 
its  force  is  such  as  to  break  trees,  disperse  the  grain  in  stacks,  and 
overturn  a  cart  with  its  horse.  It  continues  nequently  for  nine 
successive  days,  and  its  noise  is  said  to  resemble  that  of  the  sea 
in  a  violent  storm ;  but  it  is  seldom  aocompanied  by  rain.  No  satis- 
&ctory  hypothesis  has  yet  been  offered  to  account  for  the  phenome- 
non ;  out  that  which  seems  most  probable  is,  that  the  air  j^m  the 
coast  of  Northumberland,  being  cooled  as  it  rises  to  the  summit  of 
the  mountain,  and  there  condensed,  descends  from  thence  with  great 
force,  by  its  gravity,  into  the  district  at  tiie  foot  of  the  western 
escarpment.  (Rev.  J.  Watson,  in^  the  '  Reports  of  the  Britidi  Ajso- 
ciation,'  vol.  viL) 

H  we  contemplate  the  influence  of  the  winds  in  the'  economy  of 
human  life,  we  shall  find  them  highly  beneficial.  Though  storms  aie 
often  destructive  to  life  and  property,  both  at  sea  and  land,  yet  they 
contribute  greatly  to  preserve  the  health  of  animated  beings  by  the 
dissipation  of  noxious  exhalations :  the  winds  impel  the  clouds  from 
place  to  place,  and  thus  diffuse  over  great  tracts  of  country  the  rains 
which  contribute  so  much  to  fertilise  the  ground.  Wind  is  extensiTely 
employed  in  giving  motion  to  machinery ;  and,  till  the  recent  apph- 
cation  of  steam,  it  was  the  only  power  by  whidi  ships  were  transported 
across  the  ocean  between  different  regions  of  Uie  euth. 

WhMvfind  is  a  violent  movement  of  the  atmosphere  in  a  circular  or 
spiral  direction  apparently  about  a  mathematical  axis,  the  latter  having 
at  the  same  time  a  progressive  motion,  rectilinear  or  curvilinear,  on  the 
surface  of  the  land  or  sea. 

The  tornados  of  North  America  and  the  coasts  of  Africa,  as  well  as 
the  typhoons  in  the  sea  of  China,  have  long  been  known  as  violent 
tempests  in  which  the  wind  has  a  revolving  motion  of  this  kind,  but 
these  terms  are  commonly  applied  to  such  storms  as  are  of  short  dura- 
tion and  comparatively  of  small  extent,  the  diameters  of  the  vortices 
varying  from  a  few  hundred  yards  to  one  or  two  miles.  It  is  now 
ascertained,  by  such  evidence  as  leaves  scarcely  any  doubt  of  the  fact, 
that  in  all  or  most  of  the  great  storms  which  agitote  the  atmosphere 
the  wind  has  a  rotatory  movement,  and  that  the  diameter  of  the 
circle  within  which  the  gyration  is  performed  is  sometimes  equal 
in  extent  to  several  hundred  miles :  in  great  whirlwinds  the  axis 
appears  to  be  either  vertical  or  nearly  so,  but  in  those  of  small  extent 
its  inclination  is  often  inconsiderable,  and  it  is  sometimes  parallel  to 
the  horizon. 

As  early  as  the  middle  of  the  17th  century  the  revolving  motion  of 
the  wind,  during  the  great  hurricanes  which  take  place  in  the  West 
Indies,  appears  to  have  been  noticed ;  and  in  a  description  of  them, 
which  was  given  at  that  time  in  the  '  Philosophical  Transactions,'  it  is 
stated  that,  after  a  cessation  of  the  trade-winds,  the  storm  begins  from 
the  north ;  that  the  wind  afterwards  goes  round  to  the  north-west  and 
then  to  the  southi  the  storm  subsiding  when  the  wind  oomes  to  thq 
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south-east :  and  in  Colonel  Capper^B  work  on  the  '  Winds  and  Mon- 
soons/ which  was  published  in  1801,  the  gyratory  nature  of  the  storms 
in  the  East  Indian  seas  is  inferred  from  the  recorded  changes  in  the 
directions  of  the  wind  daring  the  storms  of  1760  and  1770.  Whiri- 
wind  storms  appear  howoTsr  to  have  been  then  considered  as  local  and 
temx)otary ;  and  we  owe  to  the  late  Mr.  Redfield,  of  New  York,  the 
discovery  that  they  have  a  progressive  as  well  ss  a  revolving  motion. 
Br.  Fnmkiin  ascertained  that  the  storm  which  he  witnessed  at  Phila- 
delphia in  1748,  took  a  certain  time  to  arrive  at  Boston,  but  he  did 
not  pursue  the  subject,  and,  from  a  mistaken  estimate  of  the  distance 
between  those  cities,  his  opinion  of  the  rate  of  movement  is  now  known 
to  be  erroneous. 

Currents  of  air  are  frequently,  as  at  the  changes  of  the  monsoons  in 
the  East  Indian  seas,  impelled  obliquely  against  each  other,  and  thus 
rotatory  motions  in  the  atmosphere  may  be  produced,  exactly  as  eddies 
or  whirlpools  are  formed  in  cuirents  of  water.    [Whirlpool.] 

Mr.  Redfield,  in  his '  Observations  on  Storms/  in  the  '  Transactions 
of  the  American  Philosophical  Society/  1841,  ofiEers  an  opinion  that 
generally  during  a  gale  there  is,  in  the  lower  part  of  the  atmosphere,  a 
spiral  motion  indining  downwards  and  towards  the  centre ;  and  in  the 
Idgher  regions  a  like  spiral  motion  inclining  upwsfds  and  towards  the 
exterior.  He  adds  that,  in  storms  of  great  extent,  there  is  sometimes 
found  a  conmderable  area  within  which  the  winds  are  moderate  and 
blow  in  vaiious  directions.  These  characters  of  a  revolving  storm 
appear  to  be  verified  by  the  manner  in  which  trees  were  prostrated 
during  the  hurricane  which  occurred  in  New  Brunswick  in  June, 
1835;  when,  about  the  centre,  bodies  of  great  weight  were  carried 
spirally  upwards,  and,  on  opposite  sides  of  the  storm's  path,  the  trees 
were  thrown  in  contrary  directions.  It  is  observed  that  when  a 
storm  rages  violently,  the  doors  and  windows  of  houses  are  often 
forced  outwards,  eiUier  from  the  centrifugal  force  caused  by  the 
revolving  motion,  or  from  the  expansion  of  the  air  within,  when  a 
temporary  rarefaction  takes  place  on  the  exterior;  and  from  the  move- 
ments of  the  clouds  it  appean  often  that  a  storm,  in  passing  over  a 
place,  is  in  activity  at  a  considerable  altitude  before  it  descends  to  the 
earth's  surface. 

That  a  whirlwind  may  have  a  progressive  as  well  as  a  revolving 
motion  may  be  easily  understood  if  it  be  observed  that,  as  the  atmos- 
phere in  the  tropical  regions  moves  from  east  to  west  with  respect  to 
the  surface  of  the  land  or  sea,  it  may,  after  crossing  the  Atlantic  and 
Pacific  oceans,  be  arrested  in  its  progress  westwai'd  by  the  continents 
of  America  and  Asia,  and  deflected  from  thence  towards  the  poles : 
the  whirlwinds  formed  by  electricity  or  otherwise  in  the  general 
eurrent  of  air  will  consequently  be  carried  with  the  deflected  branches 
into  high  northern  and  southern  latitudes;  and  it  may  occasionally 
happen  that,  from  the  nature  of  the  deflecting  forces,  the  path  of  the 
axis  of  a  revolving  storm  in  either  branch  is  a  curve  line  like  a  segment 
of  a  oirde  or  a  parabola.  Sir  John  F.  W.  Herschel,  at  the  meetmg  of 
the  British  Association  in  1888,  suggested  that  the  Gulf-Stream  may 
be  the  cause  of  the  nearly  parabolic  curves  assumed  by  the  paths  of 
the  storms  on  the  coast  of  North  America  :  the  paths  nearly  coincide 
with  the  course  of  this  stream;  and  the  warmth  of  the  water,  by 
increasing  the  temperature  of  the  air  above  it,  must  disturb  the 
equilibrium  of  the  atmosphere^  and  maintain  the  storms  which  had 
their  origin  in  a  lower  latitude. 

It  is  evident  that  the  velocity  of  the  wind  in  a  revolving  storm  must 
be  the  greatest  and  the  least  respectively  on  opposite  sides  of  the  axis 
of  rotation,  in  a  diameter  which  is  perpendicular  to  the  path  of  that 
axis ;  for  on  one  side  the  direction  of  the  revolving  current  conspires  with 
that  of  the  progressive  motion  of  the  storm,  and  on  the  other  it  is  ooq» 
trary  to  it.  In  other  pArts  within  the  limits  of  the  storm  the  direction 
and  velocity  of  the  wind  must  be  compounded  of  the  rotative  and 
progressive  motions ;  and  it  will  happen  frequently  that  a  temporary 
calm  is  experienced  at  each  point  on  the  earth's  surface  at  which  the 
axis  of  the  storm  successively  arrives. 

The  phenontenaof  tropind  storms  are  not  precisely  such  as  they 
would  be  if  the  air  had  a  simple  movement  of  rotation ;  the  particles  of 
air,  while  revolving,  are  probably  subject  to  undulatory  motions  in 
spiral  curves,  and  the  wind  appears  sometimes  to  shift  to  diflerant 
points  all  round  the  compass.  Mr.  Redfield  states  that,  in  small  whirl- 
winds, the-  axis  of  rotation  appears  at  times  to  describe  gyrations  in 
locnaed  curves  about  its  mean  place  in  the  line  of  progressive  motion ; 
and  the  like  gyrations  probably  take  place  in  those  of  an  extensive 
kind ;  indeed  in  some  voyages  under  the  influence  of  revolving  storms 
th^  have  been  actually  observed :  but  in  order  to  simplify  tiie  expla- 
nation of  the  phenomena  of  whirlwinds,  it  is  usual  to  assume  that  the 
particles  of  air  revolve  in  the  ciroumferences  of  circles  whose  centros 
are  in  the  bjob  ;  the  latter  having  at  the  same  time  a  movement  of 
progression  in  a  rectilinear  or  curvilinear  direction.  Now,  if  the 
plane  of  the  paper  represent  the  surface  of  the  sea,  and  a  line  through 
Aj,  perpendicular  to  it,  represent  the  axis  of  a  whirlwind  whose  north 
and  south  diameter  ia  N.,  8.,  and  in  which  the  particles  of  air  are  sup- 
posed to  revolve  (for  example)  in  the  direction  indicated  by  the  order 
of  the  letters  N.,  W.,  S.,  B. ;  the  progressive  movement  of  the  axis  being 
also  supposed  to  be  from  Aj  through  N.,  or  from  south  to  north:  then, 
since  at  N.  a  tangent  to  the  circle  lies  due  east  and  west,  it  is  evident 
that  a  ship  at  that  point  would  experience  a  wind  blowing  from  the 
east  when  the  centre  of  the  stoi-m  ia  at  a^  ;  and  if  the  ship  remain 


stationary,  the  wind  will  continue  to  blow  from  the  same  quarter 
till  A^  arrives  at  N.,  the  tangents  to  the  concentric  circles  supposed 
to  be  described  by  the  particles  being  due  east  and  west  at  the 
northern  points  of  the  ciroumferences  as  they  successively  arrive  at 
N.,  and  the  wind  in  all  the  northern  half  of  the  storm  revolving  in 
the  direction  K,  N>,  W. :  but  after  this  time^  the  wind  blowing  in  the 


dhreotion  W.,  S.,  E.,  must  be  felt  at  N.  as  a  west  wind  till  the  remaimng 
half  of  the  storm  has  passed  over  that  point  In  like  manner,  if  tha 
axis  of  the  storm  were  to  move  from  a.  towards  W.,  a  ship  supposed 
to  be  stationary  at  the  latter  point  would  feel  the  gale  from  the  north 
till  a^  arrives  at  W. ;  after  which,  as  the  eastern  semicircle  pases  over 
that  point,  the  ship  would  experience  a  wind  from  the  ;Bouth. 

Amin,  if  the  axis  were  to  move  from  a^  towards  a,,  that  is,  from 
south-west  to  north-east,  for  example,  the  direction  of  the  whirlwind 
being,  as  before,  according  to  the  order  of  the  letters  N.,  W.,  S.,  E.,  and 
the  ship  being  supposed  to  remain  stationary  at  some  point,  as  u,  till 
the  storm  has  passed  over  it,  then  the  line  of  direction  in  which  the 
points  of  the  whirlwind  successively  overtake  the  ship  being  m^  v^ 
parallel  to  A^Ag,  the  arcs  aUy  hu^,  &c.,  will  represent  the  several 
directions  in  which  the  wind  will  sucoessively  be  felt  at  the  ship  during 
the  continuance  of  the  storm.  Thus,  the  axis  of  the  whirlwimi  being 
at  Aj,  the  convex  surfiace  of  the  storm  has  just  reached  the  ship,  and 
the  wind  blows  in  the  direction  aM},  or  in  the  ciroumferenoe  of  the 
cirde  whose  centre  is  A^,  that  is,  nearly  from  the  e^st-south-east; 
next,  the  axis  being  at  a,,  the  point  m,  in  Uie  ciroumferenoe  of  the 
oirde  whose  radius  is  Aj  m„  is  at  m^  ;  and  then,  at  the  ship  the  wind  is 
felt  in  the  direction  &Mj,  or  in  the  ciroumferenoe  whose  radius  is  a,  m^, 
or  its  equal  a^  Hg,  that  is,  nearly  from  the  east-by-south.  Again,  the 
axis  being  at  a!,,  the  point  m.  in  the  ciroumferenoe  whose  radius  is  a^  m,, 
is  at  H  J  and  then  at  the  ship  the  wind  is  felt  in  the  direction  ch^,  or 
in  the  droumference  whose  radius  is  a,  m^,  or  its  equal  a^m,,  that  ia, 
fr^m  the  north-east  When  the  axis  is  at  a^  and  Ag  the  points  m^  and 
Mg  arrive  at  Mj,  and  the  wind  there  is  felt  suocessivdy  in  the  directions 
diii  and^eMj,  that  is,  nearly  from  the  north-by-west,  and  from  the 
north-north-west  When  the  axis  has  advanced  beyond  a^,  it  is  evident 
that  the  whirlwind  ceases  to  have  any  effect  on  a  ship  at  m^.  If  tan- 
gents were  drawn  at  Mj  to  the  arcs  bu^,  cm^,  &c,  they  would  evidently 
be  parallel  to  tangents  at  the  corresponding  points  M,,  M^  &c. ;  there- 
fore the  directions  in  which  the  circumference  of  the  concentric  ciroles 
meet  the  line  of  direction  m^  m,  will  be  those  in  which  the  wind  is  felt 
at  the  ship  during  the  storm.  In  like  manner,  the  successive  direc- 
tions in  wnich  the  wind  blows  in  a  revolving  storm  may  be  exhibited, 
whatever  be  the  situation  of  the  ship  and  the  movement  of  the  axis  of 
rotation. 

The  diagram,  therefore,  may  be  regarded  as  a  plan  or  a  horizontal 
section,  or,  more  accurately,  a  section  at  right  angles  to  the  axis,  of  a 
revolving  storm.  In  the  sequel  of  this  article  another  diagram  will  be 
found,  presenting  vertical  sections  of  such  storms,  or  sections  parallel 
to  their  axis,  and  at  right  angles  to  their  greatest  diameter. 

The  hurricanes  or  whirlwinds  of  the  Atlantic  commence  in  a  part  of 
the  ocean  which  is  frequently  designated  the  region  of  variable  winds, 
and  is  situated  between  10"  and  20"  N.  lat,  and  between  55"*  and  60* 
W.  long.,  and  their  progress  along  the  coast  of  the  United  States  is 
marked  by  the  devastation  thev  so  often  produce.  They  are  felt 
between  July  and  October,  but  they  are  most  frequent  and  violent  in 
August  and  September ;  and  bdng  on  the  great  line,  of  communication 
between  Europe  and  the  West,  the  phenomena  which  they  present 
have  been  more  attentively  observed  than  those  of  the  storms  in  any 
other  region  of  the  earth.  The  valuable  publications  of  Mr.  Redfield 
contain  nearly  all  the  details  which  have  yet  been  collected  oonoeming 
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them ;  while  the  works  of  the  late  Sir  W.  Reid  [Riid,  Sib  William, 
in  BiOQ.  DiY.],  especially  that  entitled  '  An  Attempt  to  develope  the 
Law  of  Storma/  contain  almost  all  that  is  known  of  thQ  whirlwinds 
in  the  soafchem  hemisphere. 

In  the '  AmerlGan  Journal  of  Science/  yoL  xz.,  it  is  shown  that  the 
storm  which  took  place  in  September,  1821,  began  in  the  West  Indies, 
and  arrived  off  the  coast  of  the  United  States,  in  lat  85°  N.^at  day- 
light, September  Srd,  when  the  wind  blew  ^m  E.S.E.  On  the  same 
day,  at  11  ▲.M.^  the  storm  commenced  at  Can  Henlopen,  with  the  wind 
in  the  same  quarter,  but  it  afterwards  wifted  to  E.N.E.,  and  blew 
during  nearly  an  hour :  a  calm  of  half  an  hour  succeeded,  when  the 
wind  shifted  to  W.N. W.,  and  blew  with  great  violence.  At  New  York 
the  storm  commenoed  at  6  F.U.,  from  £.  and  N.E.,  the  wind  blowing 
with  fury  for  three  houn,  and  then  it  changed  to  W.  At  Boston  the 
hurricane  commenoed  at  IOp.h.,  but  beyond  this  city  it  was  not 
traced.  All  the  phenomena  just  mentioned  indicate,  agreeably  to  the 
principles  above  explained,  a  revolving  hurricane  in  whi^  the  &«otion 
of  the  rotation  was  according  to  the  order  of  the  cardinal  points,  N., 
W.,  S.,  E.,  while  the  progressive  movement  of  the  axis  was  about  N. 
by  E.  The  temporary  calm  at  Cape  Henlopen  seems  to  show  that  the 
centre  of  the  vortex  was  then  near  that  plaoeu 

In  the  same  work  it  is  stated  that,  during  the  hurricane  of  1880,  at 
the  Bahama  Islands,  the  wind  veered  almost  round  the  compass  in  the 
night  of  Augiut  14.  The  storm  appears  to  have  passed  from  the 
island  of  St.  Thomas,  near  Porto  Rico,  to  the  south-east  coast  of  Nova 
Scotia,  in  about  six  davs,  consequently  it  must  have  moved  at  the  rate 
of  about  17  miles  per  hour ;  and  by  the  positions  of  the  different  points 
at  which  its  effects  were  at  the  same  time  felt,  its  diameter  must  have 
been  about  150  or  200  miles. 

A  movement  of  progression  combined  with  a  movement  ol  rotation 
in  the  direction  of  the  points  N.,  W.,  S.,  £.,  is  also  indicated  by  the 
phenomena  of  the  Barbtuloes  hurricane  in  August,  1881,  in  Jidy,  1887, 
and  of  the  hurricane  at  Antigua,  August  2  of  the  latter  year.  But  of 
the  North  Atlantic  storms,  that  which  presents  the  most  remarkable 
phenomena  is  one  which  raged  between  the  12th  and  28rd  of  August, 
1887.  Details  of  the  circumstances  attending  it  have  been  given  at 
length,  with  a  chart  of  its  course,  by  Sir  W.  Reid,  |n  his  work  on 
storms;  audit  appears  that  it  was  first  felt  in  lat.  17**  SO' N.,  about 
400  miles  eastward  of  Antigua,  though  it  may  have  had  its  origin  still 
farther  eastward. 

By  the  effects  experienced  at  different  points  on  the  ocean,  Sir  W. 
Reid  concludes  that  the  centre  or  axis  of  the  storm  advanced  at  first 
from  east  to  west  nearly ;  and  after  moving  in  that  direction  about  two 
days,  it  turned  towards  the  north-west,  as  if  the  storm  had  been 
abruptly  deflected  from  the  land;  and  when  the  whirlwind  ceased  to 
be  noticed,  it  was  passing  eastward  across  the  Atlantic  to  the  south  of 
Newfoundland.  On  the  18th  of  August,  1837,  a  ship,  named  the 
Rawlins,  was  becalmed  for  an  hour  in  lat.  30**  30'  N.  nearly ;  at  that 
time  another,  named  the  Calypso,  above  three  degrees  northward  of  the 
Rawlins,  was  thrown  on  her  beam-ends  with  the  wind  successively  at 
N.W.,  W.,  and  S.W. ;  and  a  ship,  named  the  Sophia,  situated  about 
as  tar  towards  the  north-east  of  the  Rawlins,  evidently  eastward  of  the 
storm's  centre,  experienced  the  hurricane  from  the  E.N.E.,  E.,  and 
E.S.E.  Previously  to  the  temporary  calm,  the  wind  at  the  place  of 
the  Rawlins  had  been  N.E.  by  £.  and  N.,  and  afterwards  it  suddenly 
changed  to  the  S.W.  These  circumstances  sufficiently  indicate  that 
the  whirlwind  had  then  a  progressive  motion  towards  the  north-west, 
and  at  the  same  time  a  rotation  in  the  direction  of  the  points  N.,  W., 
S.,  E.  On  the  20tii  of  August  the  wind  at  the  point  occupied  by  the 
Sophia  appeared  to  veer  back,  first  to  the  east,  and  subsequentiy  to  the 
north ;  and  since  at  this  time  the  progressive  movement  of  the  hurri> 
cane  had  changed  from  a  south-west  to  a  north-east  direction,  the 
veering  of  the  wind  admits  of  being  explained  on  the  supposition 
that  the  Sophia  hod  then  fallen  into  the  western  semicircle  of  the 
whirlwind,  while  the  latter,  still  revolving  in  the  same  direction,  passed 
over  her. 

That  independent  whirlwinds  occasionally  interfere  with  each  other 
may  be  inferred  from  the  circumstances  attending  the  voyage  of  the 
Castries  from  St.  Lucia  to  England  in  the  same  year  (1837).  This  ship, 
between  the  14th  and  25th  of  August,  sailed  nearly  from  south  to 
north  on  the  chord  of  the  arc  described  by  the  centre  of  the  great 
hurricane  just  mentioned.  On  the  14th  and  15th,  in  about  the  18th 
degree  of  north  latitude,  where  the  wind  usually  blows  from  the 
east,  she  felt  a  gale,  which  at  first  came  from  S.S.W.,  and  afterwards 
changed  to  S.E.,  as  if  she  had  crossed  the  eastern  side  of  a  storm 
revolving  in  the  direction  N.,  W.,  S.,  E.,  and  whose  centre  was  moving 
nearly  from  east  to  west :  tlds  was  in  fact  the  said  hurricane  near  the 
place  where  it  was  first  observed.  The  Castries  then  sailed  northward 
with  fair  weather  till  August  24th,  when,  in  lat.  85**  46'  N.  and  in 
long.  57**  40'  W.  nearly,  she  was  overtaken  by  a  whirlwind  which 
passed  over  her.  Now  this  could  not  have  been  the  great  hurricane 
before  mentioned,  since  at  that  time  the  latter  hod  passed  beyond 
the  spot  towards  the  N.E.,  and  the  rotation  at  its  southern  extremity 
must  have  caused  at  the  place  a  west  wind  to  be  felt;  whereas  the 
direction  of  the  wind  at  the  ship  was  at  first  from  E.S.E.,  subsequently 
changing  to  N.E.,  N.,  and  N.W.  :  the  ship  must  evidently  therefore 
have'  been  then  in  the  north-eastern  side  of  a  whirlwind  coming 
up  from  the  S.E.,  and  revolving,  like  the  others,  in  the  direction 


N.,  W„  S.,  E.  This  whirlwind  must  have  fallen  into  the  track 
pursued  by  the  former^  and  probably  both  became  afterwards  blended 
together. 

Mr.  Redfield,  Froteaaar  Dove,  and  Sir  W.  Reid,  independently  of 
each  other,  and  nearly  at  the  same  time,  ascertained,  from  tlxe  accounts 
of  persona  who  had  navigated  the  southern  hemisphere,  that  in  the 
whirlwind  storms  of  those  regions  the  rotation  takos  place  in  the  order 
of  the  cardioal  points  N.,  E.,  S.,  W.,  or  contrary  to  that  in  which  the 
rotations  are  made  in  the  North  Atlantic,  the  axis  of  the  storm  having 
also  a  progressive  motion  from  the  equator  obliquely  towards  the  south 
pole.  Such  appears  to  have  been  the  nature  of  the  stonn  near  the  isle 
of  Rodrignea,  February,  1807,  in  which  the  Blenheim,  the  flag-ship  of 
Sir  Thomas  Troubridge,  foundered ;  for  it  is  observed  by  Sir  W.  Reid, 
that  the  Harrier,  brig  of  war  (one  of  the  squadron),  by  scudding  before 
the  wind  from  the  1st  to  the  4th  of  February,  described  about  throe- 
quarters  of  the  oiroumferenoe  of  a  circle  in  toe  order  just  mentioned. 
And  since  the  ships  first  received  the  wind  from  the  north-east,  it  may 
be  inferred  that,  by  sailing  south-westward  faster  than  the  storm 
advanced,  they  actually  overtook  it  at  its  south-east  side.  A  like  cir- 
cumstance ooourred  to  the  ship  Neptune,  during  its  voyage  from 
Calcutta  to  the  Cape,  in  1835.  From  a  French  account  of  the  hurri-. 
cane  which  was  felt  at  Mauritius  in  March,  1818,  it  appears  that 
the  wind  began  early  in  the  morning  to  blow  fron>  S.S.E.  and  S. ;  but 
in  about  an  hour  it  changed  to  £. ;  and  at  daybreak  it  beoame  N.N.E. 
and  N.,  and  when  the  storm  eeaAed  it  blew  from  N.W.  These  oiroum- 
stanees  indicate  a  rotation  in  the  order  N.,  R,  S.,  W.,  about  an  axis 
passing  a  litUe  way  to  the  north  of  the  island,  ^m  nearly  east  to 
south-wast. 

But  the  most  remarkable  storm  which  Sir  W.  Reid  has  investigated 
IB  that  which  occurred  in  the  Indian  Ocean,  in  Maroh,  1809,  when  the 
fleet,  under  the  convoy  of  the  CuUoden  and  Terpsichore,  suffered 
severely.  The  fleet,  homeward  bound  from  India,  had  got  in  lat 
2V  8.,  when,  on  Mareh  14,  the  hurricane  beoame  so  violent  that  the 
ships  were  d^persed.  By  tracing  the  courses  which  they  pursued,  and 
also  those  of  four  ships  which  had  miled  from  tiie  Cape  to  cruise  near 
Mauritius,  Colonel  Reid  found  that  the  general  movement  of  the 
storm  from  long.  80"  £.,  where  it  was  fint  f^t,  to  long.  55**  £.,  was 
from  N.E.  to  S.W.  nearly :  from  thenoe  the  path  turned  abruptiy,  and 
its  direction  afterwards  was  from  N.W.  to  S.E.  It  therefore  described 
a  curve-line  similar  to  that  of  the  North  Atlantic  storm  in  August, 
1887,  but  in  a  direction  tending  towards  the  south  pole;  and  the 
manner  in  which  the  wind  veered  at  each  of  the  ships  whose  logs  have 
been  examined  is  capable  of  being  represented  by  assuming  that  the 
rotation  was,  as  in  the  preceding  cases,  acoording  to  the  order  of  the 
points  N.,  £.,  S.,  W. 

From  the  12tii  to  the  15tii  of  March  the  whole  fleet  appean  to  have 
been  near  the  southern  extremity  of  the  vortex,  and  to  have  sailed  in 
a  direction  parallel  to  the  path  of  the  axis.  Seven  of  the  ships,  by 
lying  to  and  falling  to  the  southward,  got  out  of  the  hurricane  on  the 
15th;  but  on  the  1 8th,  one  of  them,  the  Huddart,  fell  into  the  southern 
branch  of  the  line  described  by  the  axis,  and  crossed  the  northern 
extremity  of  the  vortex  as  that  axis  moved  south-eastward. 

The  CuUoden,  with  part  of  the  fleet,  by  sailing  eastward,  got,  on  the 
15th,  nearly  to  the  centre  of  the  vortex  in  the  northern  branch;  on 
the  15th  and  16th  this  ship  scudded  before  the  wind;  but  it  after- 
wards changed  its  course  to  S.E.,  and  on  the  19th  it  got  out  of  the 
storm.  The  ships  which  followed  her  probably  oontinu^  to  go  before 
the  wind ;  they  thus  kept  near  the  centre  of  the  storm,  where  they 
must  have  foundered. 

In  November  of  the  same  year,  a  hurricane  which  commenced  in 
lat.  5*  S.  and  long.  90°  £.,  appears  to  have  had  little  progressive  motion; 
all  the  ships  which  were  exposed  to  Jt  experienced  a  temporary  calm  in 
the  midst  of  the  storm,  and  on  the  afternoon  of  one  day,  November  21, 
the  wind  veered  rapidly  quite  round  the  horizon  in  the  order  N,,  £., 
S.,  W. 

The  whirlwinds  in  the  Sea  of  China  appear  to  differ  in  no  respect 
from  those  which  take  place  on  the  coast  of  North  America.  During 
a  hurricane  on  the  coast  near  Canton,  August,  1829,  when  the  East 
India  Company's  ship  Bridgewater  was  driven  on  shore,  the  chanses  of 
the  wind  were  successively  from  N.  to  £.,  and  to  E.S.E.,  endmg  at 
S.E. ;  therefore,  if  it  be  supposed  that  the  course  of  the  storm  was 
nearly  from  £.  to  W.,  and  that  the  ship  was  to  the  north  of  its  centre, 
the  rotation  must  have  been  in  the  onier  N.,  W.,  S.,  E.  It  has  been 
ascertained  that  the  rotations  took  place  in  the  same  order  during  the 
hurricanes  of  1832  and  1835. 

Littie,  comparatively,  is  known  of  the  storms  in  the  Pacific  Ocean ; 
but  they  also  are  of  a  rotatory  character. 

In  higher  latitudes  the  storms  are  irregular,  probably  because  the 
vortices  follow  each  other  in  the  same  direction  and  interfere  with 
each  other's  gyrations.  The  great  storm  which,  in  1838,  was  felt  ou 
the  south  coast  of  Ireland,  and  proceeded  from  thence  along  the  west 
coast  of  Scotland,  had  all  the  characters  of  a  whirlwind.  It  is  state<j 
by  Sir  W.  Reid,  that  on  the  1 4th  of  February,  while  at  Cape  Clear,  the 
wind  blew  from  S.E.;  off  Oporto  the  gale  was  from  S.W. ;  at  the  same 
time,  at  the  bottom  of  the  Bay  of  Biscay,  it  was  felt  from  S.  and  S.W.; 
and  at  the  Shetland  Islands,  from  the  16th  to  the  20th  of  February, 
the  wind  blew  successively  from  S.E.,  S.,  and  S.W.  At  Cadiz,  between 
the  7th  and  12th  of  February,  the  wind  blew  from  S.W.  and  W. ;  and 
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on  the  16tli,  oflf  Luibon,  there  were  heavy  gales  from  S.W.  to  W.N.W. 
All  these  cucumatanoes  indicate  a  storm  revolying  in  the  order  N.,  W., 
S.,  £.«  while  its  centre  advanced  in  a  line  nearly  from  south  to  north. 
F^fessor jPove  has  remarked,  in  his  paper  already  referred  to,  that  in 
Prussia  all  storms  are  great  whirlwinds,  which  continue  during  one  or 
several  days,  sometimes  as  many  as  twenty,  the  rotation  of  the  wind 
being  generally  in  one  direction. 

It  resulted  from  the  investi^tion  and  comparison  of  these  and  other 
lacts  by  Mr.  Bedfield  and  Sir  W.  Reid,  that  a  revolving  storm,  or 
Cydone,  aa  it  is  called,  rotates,  in  the  Northern  hemisphere,  from  the 
east,  or  the  right  hand,  by  the  north,  towards  the  west,  or  contrctry 
to  the  hands  of  a  watch;  and,  in  the  Southern  hemisphere,  from 
the  west,  or  the  left  hand,  by  the  south,  towards  the  east,  or  with 
the  hands  of  a  watch.  Professor  Dove  expresses  the  same  fact, 
beginning  in  both  cases  with  the  right  hand,  or  the  east  side  of  the 
qrolone,  by  8.,  BL,  N.,  W.  for  the  Northern  hemiaphere,  and  N,,  E,,  S., 
W.  for  the  Southern. 

The  variations  in  the  height  of  the  colimm  of  mercury  in  a  baro- 
meter aiOford,  within  the  tropics,  indicationa  of  the  approach  and  the 
state  of  a  whirlwind ;  the  column  is  observed  to  fall  gradually  during 
part  of  the  time  that  the  storm  continues  at  a  place,  apparently  till  the 
centre  of  the  vortex  has  passed  over,  and  then  to  rise  as  gradually. 
The  depression  of  the  column  continues  also  during  the  movement  of 
a  storm  from  one  r^on  to  another ;  the  centrifugal  tendency  of  the 
revolving  particles  probably  opposing  that  of  gravity,  bv  which  the 
particles  would  otherwise  move  towarda  the  axis  of  rotation.  Proofs 
of  these  dreumstanoes  are  given  by  Sir  W.  Beid  from  observations 
made  at  Mauritius,  during  the  hurricanes  in  March,  1819,  and  in 
February,  1824. 

As  the  investigation  of  the  subject  has  proceeded,  the  observation  of 
the  depression  of  the  barometer  during  a  revolving  storm  has  been 
found  to  be  of  the  utmost  importance,  as  well  in  a  philosophical  as  in  a 
practical  point  of  view.  The  fact  is  connected  inseparably  with  the 
general  historv  of  the  atmosphere.  That  a  considerable  decrease  of 
pressure  should  be  an  effect  of  any  unusual  disturbance  in  it  is  a 
supposition  so  natural,  that  it  at  once  occurred  to  those  who  first 
remarked  that  the  weight  of  air  surrounding  us  is  not  always  the  same. 
For  the  purpose  of  measuring  these  changes,  the  inventor  of  the  air- 
pump.  Otto  Yon  Guerike  attached  a  scale  to  the  water  barometer, 
whidi  he  also  invented,  and  he  records  an  observation  that  in  the  year 
1660,  the  index  pointed  below  the  lowest  mark  on  the  glass  tube,  on 
which  he  had  confidently  affirmed  that  there  waa  a  great  storm  some- 
where, and  that,  two  hours  afterwards  a  tempest  was  raging  in  the 
district  of  Magdeburg.  As  a  more  recent  example.  Dove  mentions  the 
neat  storm  of  January  17, 1818,  which  extended  from  the  shores  of 
England  to  Memel,  and  was  fdt  throughout  a  region  240  German 
miles  in  length,  and  during  which  the  barometer  feU  eight  lines  in  as 


many  hours,  having  also  &llen  between  the  3rd  and  the  17th  of 
January  in  all  twenty-one  lines,  or  an  inch  and  three-quarten.  The 
experience  of  the  last  two  centuries  indeed  has  so  far  confirmed  the 
remark  of  Yon  Guerike,  that  the  scales  attached  to  our  comman 
barometers  usually  terminate  with  ''very  stormy."  But  its  appli- 
cability is  not  cooked  to  the  temperate  zone :  in  latb  70**  K^  loag. 
70**  W.,  the  warning  afforded  by  a  considerable  fall  in  the  marise 
barometer,  enabled  the  celebrated  navigator  Scoresby  to  avoid  the 
dangers  of  a  tempest  which  lasted  two  days  uninterruptedly.  Sir 
W.  Beid,  as  we  na,vQ  just  seen,  established  correepondmg  facts  in 
relation  to  the  revolving  storms  of  the  Indian  Ocean;  and  in  the 
regions  of  the  trade  winds,  and  of  the  monsoons,  the  numerous 
examples  of  greatly  diminished  pressure  ushering  in  the  typhooos 
and  West  Ind^  htirricanes  are  now  well  known. 

The  '  Law  of  Storms/  principally  by  the  skilfully  conducted  and 
continued  researches  of  ]£r.  Redfield  and  Sir  W.  Beid,  having  been 
brought  into  the  condition  explained  in  the  preceding  columna,  amd  the 
latter,  especially,  having  in^cated  to  the  seaman  not  only*how  he 
might,  by  applying  the  acquired  knowledge  of  that  law,  avoid  the 
dangers  of  hurricanes,  but  even  profit  by  their  intervention  in  his 
voyage,  a  new  advance  was  siven  to  the  subject ;  a  new  explorer  beu^ 
added  to  those  by  whom  it  had  been  investigated,  and  who,  indeed,  had 
been  pursuing  his  own  researches  contemporaneously  with  some  of 
theirs.  The  late  Mr.  Henry  Piddington,  President  of  Marine  Courto, 
Calcutta,  communicated  to  the  Asiatic  Society  of  Bengal,  in  1839,  the 
fiiat  of  an  extensive  series  of  memoirs,  in  which  he  discussed  the  phe- 
nomena of  revolving  storms  in  the  Indian  and  Chinese  Seas,  as  recorded 
in  the  log-books  of  the  ships  which  had  experienced  them,  and  in 
various  other  documents.  These  having  been  first  printed  in  the 
'Journal'  of  the  Society,  Mr.  Piddington  published  a  valuable  digest 
of  their  results,  and  of  those  obtained  by  hu  oontempoiaries,  in  a  wotk 
entitled  '  The  Sailor^s  Horn-Book  for  the  Law  of  Storma,'  of  which 
several  editions  appeared,  the  first  in  1848  and  the  second  in  1851. 
In  the  first  edition  of  this  work,  the  author  proposed  the  designation 
of  Cyclone,  from  the  Greek  KvkKas,  a  circle,  also  the  coil  of  a  snake, 
for  hurricanes,  typhoons,  revolving  storms,  and  circular  blowing  gales 
in  general,  superseding,  for  nautical  as  well  as  scientific  purposes,  all 
the  terms  previously  in  use.  This  designation  having  been  universally 
adopted,  we  shall  employ  it  in  the  remainder  of  this  article,  premising, 
however,  that  the  term  '  whirlstorm '  has  been  recommended  by  some 
as  an  apt  English  emphatic  synonyme  when  required. 

Mr.  Piddington  constructed,  and  published  in  his  work,  what  he 
termed  a  barometrical  chart,  exhibiting  certain  numerical  phenomena 
of  seven  cyclones,  which,  as  being  one  of  the  most  instructive  graphical 
representations  of  physical  facts  we  have  ever  seen,  and  as  giving  what 
may  be  called  vertical  sections  of  the  cydones,  we  have  copied  in  the 
diagram  annexed. 


A  few  words  in  explanation  are  required.  The  double  set  of  num- 
bers and  spaces  at  the  top  line  of  the  diagram,  forms  a  g^eneral  scale  of 
distances  in  miles  from  the  centre  of  ea£  cyclone.  The  double  set  at 
the  bottom  f onns  a  scale  of  hours  before  and  after  the  passage  of  the 


centre.  The  numbers  and  spaces  at  each  side  denote  the  heights  of 
the  barometer  in  inches.  The  Roman  numerals  refer  to  the  cyclones 
enumerated'  in  the  following  list,  the  barometrical  observations  taken 
as  standards  being  such  as  were  made  on  shore,  which  alone  could  be 
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used  in  a  constructioii  of  Uua  deacription— -a  circumstanoe  enbancing 
the  value  of  the  chart ;  few  obeeryations  of  the  phenomena  of  cyclones, 
as  may  be  supposed,  having  been  made  on  the  land. 
The  diagram  thus  comprises — 

Authority. 

I.  Madras  hurricane  •        •        .     1836,  Observatory  records. 

II.  Mauritius  .        •  •    .     1886,  Cols.  Lloyd,  Lewis ;  Bcid. 

IILCiUcntU       ....        .{"«.H.Pid«nB*m7tt|  Memoir, 

*  I      *  Jour.  As.  8oc.,*  vol.  tIL 

<r.r    o^  mv  xwr    LT   M^  /  1837,  Profossor  Dotsl  III  Psrt  X. 

IV.  St.  Thomas.  West  Indies  .    .|      of « Scientific  Memoir..* 

y,  Duke  of  York,  Kedgeree,  mouth  of  j  1833,  Mr.  James  Prinsep,  *  Jour, 
the  Hooghly             .        .        .  \      As.  Soc,'  vol.  It.,  Beid,  p.  391. 
TI.  Havanah          .        •        •        .     .     1846,  *  Bermuda  Boyal  Gosette.* 
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The  principle  on  which  the  diagram  ia  constructed,  is  to  take  with- 
out reference  to  the  hour  of  the  day  or  night  at  which  it  occurs,  the 
lowest  point  of  the  barometrical  depression  in  a  cyclone,  as  the  centre 
or  axis  of  that  storm.  This  is  placed  on  double,  or  axis  lines  in  the 
middle,  and  the  fall  and  rise,  and  the  time  In  which  these  occur  are 
Bhown  on  a  scale  of  hours  below,  and  of  inches  to  the  right  and  left. 
'SVe  have  thus  the  cyclones  brought  together  and  placed  upon  each 
other,  as  it  were,  for  comparison,  under  exactly  equal  conditions  as  to 
time,  and  as  to  the  fall  of  the  mercury  in  that  time.  The  scale  of 
miles  above  will  be  presently  explained. 

And  we  are  immediately  struck  with  the  fact,  that  there  are  evi- 
dently two  distinct  classes  of  cyclones,  compared  by  Dove  to  deep 
ravines  with  precipitous  sides,  and  to  extensive  valleys  with  gentle 
declivities,  in  one  of  which  the  fall  and  rise  are  more  or  leas  gradual, 
forming  an  easy  curve,  while  in  the  others  it  forms  not  so  much  a 
curve  but  almost  an  angle,  or  rather  the  figures  called  by  opticians 
caustic  curves,  and  in  these  last  cyclones  the  Ml  has  been  excessive 
and  the  fmy  of  the  tempest  far  beyond  the  average  of  such  visitations. 
We  may  thus  divide  the  storms  into  a  first  and  second  class ;  the  first 
class  being  those  of  the  greatest  (excessive),  and  sudden  falls  near  the 
centre. 

There  is  also  evidently  another  peculiarity,  that  is,  that  all  the  rapid 
part  of  the  fall  seems  to  beg^  at  from  three  to  six  hours  before  the 
passage  of  the  centre,  and  that  before  that  time  the  fall  even  of  the 
violent  cyclones  is  comparatively  gradual,  and  in  fact  approaches  closely 
to  the  second  class. 

The  scale  which  Mr.  Piddington,  after  much  consideration,  foimd 
the  nearest  to  the  probable  truth,  is  t^at  marked  in  miles  on  the  upper 
part  of  the  diagram,  though  this  is  to  be  considered  as  by  no  means 
Btrictly  a  limit ;  for,  as  regards  limits,  he  says  it  may  possibly  be  found 
in  the  end  that  there  are  no  strict  ones  at  all,  and  that  even  the  various 
extremes  may  be  wider  apart  than  the  following  table  will  indicate : — 


An  average  fall  of  the  l^rometer 
per  hour  of 

From.  To. 

0020  .  .    .  0-060 

0*060  .  .         .  0-080 

0«080  •  ,     .  0*120 

0*120  .  .         .  0-150 


Shows  the  distance  of  the  centre 
ftrom  the  ship  to  be  in  miles, 

From.  To. 

250  .  .     .  150 

150  .  .        .  100 

100  .  .     .     80 

80  .  .        .50 


The  third  decimal  of  the  barometer  heights  is  replaced  hj  a  cypher. 

"  I  have  not  set  down  anything,"  Mr.  Piddington  remarks,  in  con. 
tinuation,  "  for  the  centre  division  of  our  table,  that  is,  from  the  centre 
to  3A  before  its  passage,  for  it  will  be  seen  that  the  rate  of  fall  per 
hour  doubles  after  the  cyclone  has  fairly  begun  and  lasted  six  hours ; 
and  that  then  (from  3A  to  li,  or  from  nine  hours  after  the  commence- 
ment up  to  the  centre)  it  may  either  continue  to  fall  at  the  same  rate 
of  about  0*1  per  hour,  or  a  little  more,  or  that  its  rate  of  fall  per  hour 
may  be,  if  it  should  be  a  cyclone  of  the  first  class,  as  100  to  400,  when 
compared  with  that  of  the  former  three  houn ;  or,  in  other  words, 
that  it  will  now  begin  to  ^1  four  times  as  &st,  or  0'40.per  hour ! 
We  have  plenty  of  instances  of  this,  and  even  of  a  fall  of  more  than  0*5 
or  0*75  (half  or  three-quarters  of  an  inch)  in  the  hour !  I  doubt  not 
that  this  peculiarity  will  fully  account  to  the  seaman  for,  and  I  hope 
put  him  well  on  his  guard  against,  oases  of  sudden  fidls,  which,  if 
they  occur  at  the  beginning  of  cyclones,  as  they  sometimes  do,  are 
warning  enough,  of  course ;  but  which  may  also  advise  him  of  his  too 
near  approach  to  danger  of  such  imminence  that  we  may  at  least  say 
that  no  ship  can  hope  to  escape  from  it  with  her  masts  standing ;  and 
he  should  in  such  cases  have  the  axes  upon  deck — a  precaution  too  often 
neglected  by  young  oommandera  and  officera,  who  are  apt  to  suppose 
that  caution  indicates  fear,  and  they  are  sometimes  afraid  of  being 
thought  afraid  of  the  storm.  It  wUl  be  remembered,  also,  that  it  is 
quite  impossible  by  any  previous  rates  of  fall  to  estimate,  when  so  near 
the  centre,  which  of  the  classes  of  storms  we  have  to  deal  with ;  and  I 
repeat  that  what  we  have  to  do  with  our  ship  must  all  be  done  before 
this  time." 

Below  the  framing-line,  at  the  bottom  of  the  diagram,  is  represented 
in  section,  on  a  very  small  ^cale,  the  entire  form  of  cyclones,  as  from 
Mr.  Piddington's  discussion  of  his  own  and  other  results  it  would 
appear  to  be— a  disc,  the  thickness  or  height  of  which  measures  a  very 
small  fraction  only  of  its  diameter.    The  lines  indicate  the  discs  of 


cycloneH  of  300  miles  in  diameter,  and  of  10,  7,  and  8  miles  in  height 
respectively,  with  a  supposed  vortex  {v)  at  the  centre,  which  has  a 
calm  of  10  miles  at  its  base.  ''  The  reader,"  Mr.  Piddington  remarks, 
'*  may  from  this  estimate  what  it  would  be  if  5  or  even  15  nules  high, 
and  how  fallacious  all  our  notions  are  apt  to  become  when  we  consider 
these  storms  as  whirling  columjhs,  and  insensibly  go  on  to  liken  them 
to  Wciterspouts  as  to  height,  which  it  is  evident  they  cannot  at  all 
resemble,  since  their  size  (diameter)  may  be  said  to  have  been  in  many 
cases  estimated  to  a  few  miles  with  tolerable  correctness;  and  in 
frequent  instances  the  next  stratum  of  clouds  above  the  storm,  either 
at  rest  or  moving  altogether  differently,  has  also  been  clearly  distin* 
guished  and  noted :  so  that  we  may  boldly  affirm  that  at  most  the 
height  (thickness  is  the  more  correct  word)  of  the  disc  never  exceeds 
10  miles,  and  usually  falls  far  short  of  it."  The  cyclone-disc,  indeed, 
is  sometimes  so  thin,  that  at  or  near  the  centre,  whether  calm  or  not, 
it  has  often  been  seen  through,  of  which  the  following,  in  Mr.  Pidding- 
ton's opinion,  are  instances  : — Dr.  Malcomson,  in  describing  a  cyclone 
in  the  Arabian  Sea,  in  which  a  ship  was  dismasted  and  in  great  danger, 
after  alluding  to  the  intensely  dark  masses  of  clouds  that  pressed  down, 
as  it  were,  on  the  troubled  sea,  states  that,  "  In  the  zenith  there  was 
visibly  an  obscure  circle  of  imperfect  light  of  10  or  12  degrees."  In 
another  storm,  which  was  a  true  cyclone  by  its  veering,  and  a  tornado 
as  to  duration  and  violence,  while  aU  round  the  horizon  was  a  thick 
dark  bank  of  clouds,  the  sky  above  was  so  perfectly  clear  that  the  stara 
were  seen.  In  the  cyclone,  one  of  the  number  investigated  by  Mr. 
Piddington,  of  October,  1840,  in  the  Bay  of  Bengal,  at  tJie  time  of  the 
passage  of  the  centre  over  the  lighthouse  at  False  Point,  Palmiras,  or 
for  about  two  houra  of  calm,  the  stars  were  seen  very  clear  overhead, 
with  a  thick  bank  of  haze  all  round.  In  this  instance,  also,  the 
observera  in  several  ships  speak  of  a  circle  of  light,  or  of  its  being  much 
clearer  overhead  at  the  centre ;  "  and  this  is  exactly  the  appearance 
which  should  occur  to  an  observer  situated  at  the  centre  of  a  thin  disc, 
as  well  as  to  one  in  the  focus  of  a  thick  vortex."  The  phenomenon,  in 
fact,  is  so^  constant,  as  to  have  received  a  name  from  the  Spanish 
navigatora,*  who  call  it  'Hhe  eye  of  the  storm." 

"We  proceed  to  explain  some  popular  designations  connected  with 
the  subject,  and  the  phenomena  to  which  they  more  specifically 
relate : — - 

Tornado,  a  whirlwind,  from  the  Spanish  tomar,  to  turn,  is  the 
term  given  to  a  sudden  and  violent  cyclonal  storm,  accompanied  by 
lightning  and  thunder  and  heavy  torrents  of  rain,  as  observed  origin- 
aUy  on  the  coast  of  Africa,  and  in  the  Spanish  West  Indies.  Terrestrial 
bodies  within  its  influence  are  violently  displaced,  or  the  ocean  is 
strongly  agitated :  on  land,  forests,  plantations,  and  buildings  are 
destroyed;  and  at  sea,  ships  are  engulfed  or  driven  on  shore  :  the 
effects  are  of  course  the  greatest  near  the  circumference  of  the  vortex, 
and  the  space  within  which  they  are  felt  varies  in  extent;  sometimes 
the  diameter  of  ihe  area  is  sevei'al  miles,  and  at  other  times  it  does 
not  exceed  one  hundred  yards.  The  approach  of  the  storm  is  fore- 
boded in  the  morning  by  the  appearance,  over  the  land,  of  dark 
clouds  which  move  towards  the  sea,  while  a  gentle  breeze  is  blow- 
ing towards  the  shore:  soon  afterwards  the  rain  comes  down  in 
torrents,  and  the  lightning  darting  from  the  clouds  resembles  showera 
of  electric  matter.  While  the  tornado  is  passing  over  a  ship,  which  may 
be  four  or  five  houn  from  the  first  appearance  of  the  clouds,  the  flashes 
cease,  but  the  rain  continues,  and  a  loud  crackling  noise,  occasioned  by 
the  electric  fluid  descending  along  the  masts,  is  distinctly  heard 
among  the  rigging.  After  the  squall  has  passed  bevond  the  ship, 
the  lightnings  again  appear  to  descend  in  sheets  as  they  did  on  its 
approach. 

A  less  extensive  whirlwind  is  frequently  preceded  by  a  remarkable 
tranquillity  of  the  atmosphere  and  a  sultry  heat;  when  suddenly, 
withm  a  circle  of  one  or  two  hundred  yards  only  .in  diameter,  a 
revolving  motion  of  the  air  conmiences,  and  is  accompanied  by  thunder 
and  rain :  the  velocity  of  the  rotation  gradually  increases,  and  at 
length  its  violence  is  such  as  to  tear  up  trees  and  destroy  buildings 
which  may  be  within  the  vortex.  It  may  not  continue  longer  than 
half  an  hour,  but  in  that  short  time  the  damage  is  immense,  and  the 
loss  of  life  is  frequently  considerable. 

Typhoon  (Greek  rvpAy,  a  whirlwind)  is  a  name  frequently  applied 
to  a  tropical  storm  :  it  is  also  given  to  the  hot  winds  which  occasionally 
blow  with  great  violence  in  Africa,  Syria,  Arabia,. and  Peraia;  and 
which  are  felt,  though  rarely  and  with  much-diminished  force,  in  the 
southern  parts  of  Italy  and  Spain.  It  has  been  supposed  that  the 
Chinese  designation  for  a  cyclone,  Tyfoon,  was  also  origixially  derived 
from  the  Qreek,  but  Mr.  Piddington  has  shown,  after  the  celebrated 
sinologist  Dr.  Morrison,  that  it  is  indubitably  a  Chinese  word.  The 
latter  relates  that  there  are  in  China  "temples  dedicated  to  the 
Tyfoon,  the  god  (goddess  ? )  of  which  they  call  Keu  woo, '  the  tyfoon 
mother,*  in  allusion  to  its  producing  a  gale  from  every  point  of  the 
compass,  and  this  mdther-gsue,  with  her  numerous  offspring,  or  a  union 
of  gales  from  the  four  quarters  of  heaven,  make  conjointly  a  Utefung, 
or  tyfoon."  The  sirocco  of  Egypt  and  the  coasts  of  the  Mediterranean, 
the  simoom  of  Arabia,  and  the  harmattan  of  the  coast  of  Guinea,  are 
understood  to  be  so  many  designations  of  the  typhoon;  all  of  them 
being  supposed  to  originate  in  the  same  cause. 

Frequently  when  the  winds  have  a  whirling  as  well  as  a  progressive 
motion,  colimms  of  sand  are  raised  and  driven  about  with  great 
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rapidity ;  and  Burckhardt  observes  that  in  Africa  and  the  East  the 
dust  obsoures  the  face  of  the  sun,  giving  to  the  atmosphere  a  blue,  a 
yellow,  or  a  reddish  tint  [Dust,  Atmosphebio]  M.  de  Humboldt 
occasionally  observed  columns  of  sand  in  motion  in  the  interior  of  South 
America. 

The  fatal  effects  which  have  been  said  to  result  both  from  the 
masses  of  moving  sand  and  from  the  supposed  deleterious  quality  of 
the  winds,  are  now  considered  as  exaggerations  :  the  inconveniences 
felt  by  men  and  animals  during  the  continuance  of  the  hurricane  are 
chiefly  such  as  arise  from  the  heat  and  dryness  of  the  air,  and  from 
the  quantity  of  sand  which  is  blown  into  the  eyes.  [Samieli; 
Sirocco.] 

Some  short  notices  on  the  theory  of  cyclones,  and  probably  allied 
phenomena,  must  conclude  this  article,  la  Sir  J.  Herschel's  '  Report 
on  the  Reduction  of  Meteorological  Observations,'  presented  to  the 
thirteenth  meeting  of  the  British  Association,  1848,  after  discussing 
the  philosophy  of  what  he  calls  winds  of  barometrical  oscillations, 
arising  from  local  and  temporary  causes  prevailing  over  great  areas 
simultaneously,  and  occasioning,  eventually,  an  extensive  atmospheric 
undulation,  he  applies  the  subject  to  the  theory  of  cyclones  in  the 
following  manner :—"  Some  of  the  principal  of  the  phenomena  of 
revolving  storms  would  seem  capable  of  explanation  in  this  way  of 
conceiving  winds  of  oscillation,  and  in  which  they  would  become 
traced  up,  not  to  funnel-shaped  revolving  depressions  in  the  nature 
of  waterspouts,  but  simply  to  the  crossing  of  two  large  long  [atmo- 
spheric iMuwmetrical]  waves  running  in  different  diriections.  The 
way  in  which  a  rotary  movement  in  an  ellipse  or  circle,  or  in 
in  some  other  partly  oval  and  partly  rectilinear  figure,  may  result 
from  the  combination  of  two  rectilinear  movements  of  advance  and 
recess,  will  easily  be  understood  by  the  analogy  of  the  circular  and 
elliptic  polarisation  of  light,  where  rectilinear  movements  of  the 
ethereal  molecules  are  conceived  to  be  similarly  combined.  [Elliptic 
Polarisation.]  Some  features  in  such  storms  are  strongly  in  har- 
mony with  this  view,  namely,  the  fact  that  in  them  the  direction  of 
the  wind  at  a  given  locality  never  makes  more  than  one  rotation,  and 
not  always  that ;  and  that  in  the  central  line  of  the  storm's  progress 
there  is  a  simple  and  sudden  reversal  of  direction.  On  the  other  hand, 
it  must  not  be  concealed  that  some  features  militate  against  it ;  for 
instance,  the  fact  that  such  gales  are  stated  always '  to  revolve '  in  one 
direction,  whereas,  on  this  view  of  their  origin,  the  changes  of  wind 
ought  to  be  in  opposite  directions  on  opposite  sides  of  the  medial 
line." 

M.  Lartigue,  in  a  paper  on  the  storms  of  the  Pyrenees,  communicated 
to  the  French  Academy  of  Sciences  on  the  Srd  of  December,  1855, 
and  of  which  an  abstract  appears  in  the  '  Comptes  Rendus/  has  some 
remarks  on  their  analogy  to  the  hurricanes  of  the  intertropical  regions, 
and  of  the  seas  adjacent  to  the  coasts  of  the  United  States  of  America. 
In  these  he  announces  an  explanation  of  cyclones  substantially  identi- 
cal with  that  of  Sir  J.  Herschel  here  given.  Two  illustrative  diagrams 
represent  a  storm  determined  by  winds  the  direction  of  which  are  per- 
pendicular to  each  other,  and  another  produced  by  winds  having 
diametrically  opposite  directions. 

The  following  important  suggestion  on  the  immediate  cause  of  hur- 
ricanes, has  been  made  by  Sir  J.  Herschel  in  several  of  his  works,  both 
anteriorly  and  subsequently  to  the  preceding :  it  is  now  extracted  from 
'  Outlines  of  Astronomy,'  1849,  par.  (245),  note  : — **  It  seems  worth 
inquiry,  whether  hurricanes  in  tropical  climates  may  not  arise  from 
portions  of  the  upper  currents  [of  heated  equatorial  air]  prematurely 
diverted  downwards  before  their  relative  velocity  has  been  suffi- 
ciently reduced  by  friction  on,  and  gradual  mixing  with,  the  lower 
strata,  and  so  dashixig  npon  the  earth  with  that  tremendous  velocity 
which  gives  them  their  destructive  charoAter,  and  of  which  hardly  any 
rational  account  has  yet  been  given.  But  it  by  no  means  follows  that 
this  must  always  be  the  case.  In  general,  a  rapid  transfer,  either  way, 
in  latitude,  of  an^  mass  of  air  which  local  or  temporary  causes  might 
carry  above  the  immediate  reach  of  tJie  fncti(m  of  the  earth's  iurface, 
would  give  a  fearful  exaggeration  to  its  velocity.  Wherever  such  a 
mass  should  strike  the  earUi,  a  hurricane  might  arise ;  and  should  two 
such  masses  encounter  in  mid-air,  a  tornado  of  any  degree  of  intensity 
on  record  might  easily  result  from  their  combination." 

The  manner  in  which  this  is  related  to  the  principle  enunciated  by 
Hadley  to  account  for  the  trade-vrinds  (ooL  926),  and  developed  by 
Dove  in  his  Law  of  Rotation,  will  readily  occur  to  the  reader.  Sir  J. 
Herschel,  when  last  noticing  the  subject,  in  his  '  Treatise  on  Me- 
teorology,' alludes  to  that  principle  and  its  development,  as  applied  to 
this  specific  class  of  aerial  movements  by  Professor  Taylor,  as  affording 
"  a  complete  account  of  all  the  characters  of  cyclones." 

In  the  article  Waterspouts,  the  opinion  has  been  expressed,  that 
probab^  phenomena  of  several  distinct  classes  are  at  present  con- 
founded together  under  that  appellation.  Sir  J.  Herschel,  contravening, 
as  it  would  appear,  his  former  opinion,  now  regards  them  as  of  the 
nature  of  cyclones.  Mr.  Piddington,  as  we  have  seen,  carefully  dis- 
criminates between  them,  at  least  as  to  form,  on  account  of  the 
discoidal  character  of  the  one  set  of  phenomena  and  the  columnar 
figure  of  the  other;  notwithstanding  his  admissions  that  waterspouts 
have  the  characters  of  whirlwinds,  and  exhibit  them  manifestly  when 
they  advance  upon  the  land.  It  seems  difficult  to  refer  to  tiie  same 
causes  a  disc  of  which  the  thickuess  or  height  is  a  very  small  fraction 


of  its  diameter,  as  in  cyclones,  and  a  slender  column  of  vrhich  tLe 
diameter  is  an  equally  small  fraction  of  the  length  or  height,  as  in  the 
waterspouts  observed  on  land  by  Major  Sherwill,  and  at  sea  by  tlto 
Rev.  Dr.  Scoresby.  The  former  describes  the  powerful  attraction, 
which  he  naturally  attributes  to  electricity  of  the  summit  of  the 
mountain  Tonglo,  for  certain  waterspouts.  This  is  strongly  corrob'> 
rated  by  some  facts  stated  by  another  Indian  observer,  Captah 
Montgomerie,  B.E.,  of  the  Trigonometrical  Survey  of  India,  who  found, 
on  the  Pir  Punjal  peaks  of  the  Himalaya,  south  of  Cashmere,  a£ 
elevations  of  from  13,000  to  15,000  feet,  the  electricity  to  be  £» 
troublesome,  even  when  there  was  no  storm,  that  it  was  necessary  to 
cany  a  portable  lightning  conductor  for  the  protection  of  the  theodcJite. 
Still,  however,  waterspouts,  if  of  mere  mechanical  origin, — ^if  mereij 
excessively  rapid  gyrations  of  condensing  vapour  or  closely  appnjxi- 
mated  globules  of  water, — might,  and  in  sdl  probability  woidd,  exhibit 
powerful  electric  action.  If  their  form  be  so  sustained,  enormous 
friction  of  the  particles  must  ensue,  and  a  corresponding  amount  of 
electricity  be  developed;  the  entire  column  would  be  strongly  charged, 
and  would  eventually  attract  and  be  attracted  by  the  ground.  The 
sudden  precipitation  of  the  water  may  be  the  united  efiect  of  the 
electrical  dischai^  and  of  the  destruction  of  the  sustaining  gyratic^i 
by  contact  and  friction  with  the  fixed  mass  of  the  land.  But  every- 
thing tends  to  show  that  our  ideas  of  waterspouts  are  inexact,  and  tbtt 
the  subject  of  their  origin  and  nature  and  relation  to  mere  gyratiooi 
of  the  air,  is  in  need  of  that  critical  discussion  which  all  the  complex 
phenomena  of  nature  require,  and  but  few  of  them  have  received. 

The  force  of  the  winds  has  been  noticed  under  Aj^rodtnamics,  and 
the  means  of  measuring  it  described  under  Anemometer.  In  Mr. 
Piddington's  Sailor's  Horn  Book,  a  catalogue  of  other  works  on  the 
Law  of  Storms  will  be  found,  and  on  that  subject,  and  that  of  the 
winds  in  general,  may  be  consulted  (in  addition  to  the  works  and 
memoirs  which  have  been  cited  in  this  article).  Admiral  Beaufort's 
Remarks  on  Jlevolving  Storms  ;  and  also  Mr.  W.  R.  Birt*B  UwrricoM 
Qaide  ;  and  his  article  on  Atmospheric  Waves  in  the  ^(ffl»ifxi%i#asiia< 
of  Scientifio  Enquir}f, 

WINDAGE  is  the  quantity  by  which  the  bore  of  a  gun,  mortar,  or 
howitzer  exceeds  that  of  the  shot  or  shell  which  is  to  bo  dischaiged 
from  it. 

The  deviations  of  shot  and  shells  from  a  truly  spherical  figure,  and 
the  inequalities  in  the  bore  of  the  ordnance,  were  formerly  consider- 
able; and  on  .these  accounts  it  was  necessary  to  have  a  sufficient 
difference  between  the  presumed  diameters  of  the  ball  and  bore,  in 
order  to  ensure  the  possibility  of  making  the  former  enter  into  the 
latter  :  it  followed,  from  the  greatness  of  this  difference,  which  in  the 
British  service  was  about  one-twentieth  of  the  diameter  of  the  bore, 
that  much  of  the  fired  gunpowder  escaped  without  producing  any 
impulse  on  the  idiot,  and  that  the  latter  was  driven  from  one  part 
of  the  surface  of  the  bore  to  another;  so  that,  on  being  expelkd 
from  the  gun,  it  deviated  widely  from  the  intended  direction  of  its 
flight. 

From  the  year  1775,  when  Dr.  Hutton  made  his  first  experiments  on 
the  velocities  of  shot,  the  disadvantage  attending  a  great  windage  was 
known,  and  a  diminution  of  its  quantity  was  proposed  ;  but  the  preczse 
amount  of  the  force  lost  by  it  was  not  ascertained  till  the  ^ears  17S4 
and  1786,  when  experiments  were  made  for  the  purpose,  in  part,  of 
determining  that  important  circumstance.  From  these  it  appezired 
that  about  one-fifth  of  the  charge  of  powder  was  lost  by  a  windage 
equal  to  *06  inch,  or  ^rd  of  the  calibre  ( =  2  inches),  and  a  further  loss, 
amounting  to  between  f  th  and  j^th  of  the  charge,  was  occasioned  by  ao 
increase  equal  to  ^^th  of  an  inch  above  the  former  windage. 

The  correct  geometrical  forms  which  are  now  given  to  the  balls,  and 
also  to  the  bores,  permit  the  windage  to  be  reduced  much  below  its 
former  value ;  it  now  varies  only  from  ^th  to  ^^nd  of  the  calbre,  in  eo 
case  exceeding  0*2  inch  even  for  the  largest  guns,  and  is  still  in  proce&« 
of  reduction,  as  the  manufacture  of  shot  and  shells  advances  in 
precision. 

WINDJjASS,  an  apparatus  for  raising  a  ship's  anchors.  It  is  placed 
forward,  as  near  to  the  hawse-pipe  as  convenient.  A  machine  subject 
to  such  violent  strains  as  those  whicli  constantly  affect  a  ship's  cable 
when  in  use,  is  necessarily  built  of  the  soundest  oak  and  the  bent  iron 
in  all  the  parts  constructed  of  those  materials,  and  is  secured  by  stout 
vertical  pieces  of  timber  called  hitts^  which  rise  above  the  deck  and 
serve  the  purpose  of  fastenings  for  the  cable,  which  has  fiirst  two  or 
three  turns  round  the  barrd  of  the  windlass.  The  cable  is  wound 
either  by  means  of  handspikes  or  a  winch.  As  windlssses  for  ships  are 
so  varied  in  form  and  principles,  it  is  unnecessary  to  enter  into  detaU. 
These  dimensions  have  of  late  years  been  greatly  modified  in  conse- 
quence of  the  alteration  of  form  in  ships,  and  especially  steamers,  where 
the  narrowness  of  the  bows  admits  but  of  little  length  to  any  cable- 
raising  contrivance.    [Ground-Taokls.] 

WINDMILL  is  a  building  containing  machinery  for  grinding  com, 
pumping  water,  sawing  wood,  or  for  any  purpose  depending  on  wheel- 
work,  to  which  motion  is  communicated  by  the  impulse  of  the  wind. 
Windmills  are  of  two  kinds :  in  one,  the  wind  is  made  to  act  upon 
vanes  or  sails,  generally  four,  which  are  disposed  so  as  to  revolve  by 
that  action  on  an  axis  which  is  nearly  horizontal,  in  a  plane  which  Is 
nearly  vertical ;  and  in  the  other,  the  axis  of  revolution  being  precisely 
vertical,  any  point  on  the  siurface  of  the  vane  revolves  in  a  horizunt^ 
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plane.    ThB  tormep  is  c&lled  s  vertioal,  and  thB  latter  >  horiiootal 
windmiU. 

Tba  building  !■  generallj  ■  wall  ol  timber  or  brickwork  in  tho  form 
ot  a  frustum  of  a  Bona  ;  and  tho  jnnaller  kind  of  mill  when  formed  of 
timber  is  capable,  by  mean*  of  a  lever,  of  being  turned  round  horiwm- 
tally  OB  an  aii»,  in  order  that  the  plane  in  which  tha  radii  or  arcoB  of 
the  nails  rsvolye  may  bo  placed  perpendioularlj  to  tha  direction  of  tha 
wind,  for  the  purpose  of  allowing  the  latlOT  to  act  upon  the  Bails  in  the 
most  adrantngeouB  manner.  In  other  kinda  of  milla  tha  conioal  wall, 
A  B,  u  terminated  above  by  a  wooden  dome,  o,  which  is  capabls  ot 


revolving  honKontslIj  upon  it.  Aring.Er,  of  wood,  tonniiigtiie  lower 
part  of  the  dome,  reBta  upon  a  ring,  a  H,  of  the  aaine  matMdal  at  the 
top  of  the  wall,  and  the  surfaces  in  contact  being  n^ade  very  smooth, 
the  former  ma;  easily  be  turned  round  upon  the  latter,  being  pre- 
Teated  from  sliding  off  by  a  rim  which  projects  from  it,  as  at  k,  and 
descends  over  the  interior  circumference  of  tha  lower  ring.  The  reTo- 
lution  ia  however  facilitated  by  placing  between  the  two  rings  of  wood 
one  of  metal,  in  which  are  &xed  four  or  six  small  wheels  or  roUan,  aa 
a  b,  on  horizontal  ailes.  The  weight  of  the  dome  is  supported  on  these 
rollers,  which  turn  by  its  motion.  Small  wheals  or  rollers,  ss  d,  are 
also  fixed  on  vertical  axes  in  the  projecting  rim  j  ust  mantioned ;  and 
aa  the  dome  revolvee  the  circumferences  of  these  rollers  press  against 
and  turn  upon  the  interior  faces  of  the  ring  which  ie  fixed  on  the  top 
of  the  wall. 

The  dome  in  turning  carries  with  it  tha  wlndsaila,  kn,  and  their  axle, 
r  1 ;  and  thus  tho  latter  may  be  made  to  coincide  with  the  direction  of 
the  wind,  or  the  piano  in  which  the  radii  of  the  sails  turn  may  be  msde 
perpendicular  to  that  direction.  The  revolution  is  sometimes  sccom- 
piiehed  by  the  force  of  a  man  applied  to  a  winch  near  the  ground.  An 
endless  rope,  ss  it  is  called, "or  one  whose  enda  are  ^liced  together, 
paasps  under  a  pulley  on  the  axle  of  the  winch,  and  over  one  near  the 
top  ol  the  mill ;  and  the  latter  pulley  in  revolving  givas  motion  to  a 
wheel  and  pinion,  the  last  of  which  works  in  teeth  on  the  eiterior 
circumferenca  of  the  ring  which  forms  the  lower  part  of  the  dome. 

But  in  general  the  wind  itself  is  made  to  turn  the  dome  of  the  mill 
so  that  the  satla  may  continue  in  the  proper  position  with  reapeat  to 
the  direction  of  the  wind.  For  this  purpose  there  is  provided  a  sat  of 
small  vanes,  L,  which  are  utuated  at  the  extremity  of  a  long  horizontal 
arm  projecting  from  the  dome  in  a  plane  passing  through  the  vertical 
shaft  of  the  mill,  and  on  the  side  opposite  to -Uie  great  sails.  These 
Tanes  turn  on  a  horizontal  axis  at  right  angles  to  that  plane,  and  are  set 
in  niotion  b;  the  pressure  of  the  wind  when  the  latter  deviates  from 
the  plane  of  their  motion,  or  from  a  plane  perpendicular  to  that  In 
which  the  radii  of  the  great  sails  revolve.  A  piiuon  on  the  axis  gives 
motion  to  a  wheel,  and  the  axle  of  this  last  carries  a  pinion,  m,  whose 
tCGth  work  in  those  of  the  wheel  n ;  the  axle  of  this  lost  carries  a 
pinion,  p,  whose  teeth  work  in  others  which  ore  formed  on  the  exte- 
rior circumference  of  the  ring  o  n,  forming  the  tiasa  of  the  dome. 
By  this  means  the  dome  U  mode  to  revolve  horizontally,  so  as 
always  to  present  the  aile  (P  Q)  of  the  windsoila  in  the  direction  of  the 
wind.  It  is  to  Sk  W.  Cubitlthat  Tie  are  indebted  for  this  simple 
but  invaluabia  improvement  in  the  det^s  of  windmill  machinery. 
Stran^ly  enough,  it  has  never  yet  been  applied  in  Holland  or  Northern 
Oermany. 

This  axle  is  usually  inclined  about  10  degrees  to  the  horizontal  line. 
It  is  supported  at  the  inner  extremity,  F,  which  is  at  or  near  the  centre 
of  the  base  of  the  dome,  on  the  top  of  the  vertical  shaft,  s  T,  of  the 
mill,  and  near  the  opposite  extremity  on  a  block  under  a  perforation 
in  the  dome.  The  axle  passes  through  this  parforatioa,  and  the  rsdU, 
or  arms  of  the  sails,  are  affixed  to  it  on  the  exterior ;  the  axle  and  the 
sails  which  it  drries  revolve  with  the  dome  about  the  lower  point  of 
support.    A  toothed  wheel,  x,  is  fixed  perpendicularly  on  the  ul^  and 
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revolves  with  it  by  the  presaurs  of  the  wind  on  the  sails;  and  the 
teeth  or  oof^  of  this  wheel  drive  those  of  a  lantern  or  pinion,  a,  on  the 
lertjcal  shaft  of  ths  mill.  To  this  shaft,  as  an  axle,  the  upper  mill- 
Etone  ia  fixed,  so  as  to  revolve  with  it  in  a  horizontal  position  ;  and  the 
com  being  placed  in  a  hopper,  or  funnel,  is  allowed  to  run  from  thence 
between  Uie  stones  through  a  small  channel,  and  through  a  perforation 
about  the  centre  of  the  upper  one.  The  lower  millstone  is  stationarv, 
and  the  com  being  ground,  the  meal  is  recdved  in  vessels  undemeatEi. 
The  principal  wheel,  R,  is  furnished  wiUi  a  braJct,  hy  which  Its  motion 
mn  be  checked  or  stopped  at  pleasure. 

Ths  four  radii,  or  vlupi,  as  they  ore  called,  of  the  soils,  are  let  into 
the  axle  at  right  angles  to  it  and  to  one  another,  so  that  a  plane  passing 
through  them  will  decline  about  10  degieee  from  a  vertioal  position. 
Into  each  of  these  radii  or  arms  ore  fixed  a  number  of  staves  of  wood, 
each  five  or  six  feet  long,  at  right  angl«  to  it  and  inclined  to  the  plane 
passing  through  the  arms,  but  approaching  nearer  to  coincidence  with 
such  [Sane,  as  the;  are  more  distant  from  the  axle.  The  enda  of  these 
staves  are  inserted  in  a  rod  ot  wood  eitondiug  nearly  the  whole  length 
of  the  arm ;  and  thus  there  is  formed  a  sort  of  lattice-woi^  on  which 
canvas  is  spread  to  receive  the  action  of  the  wind.  In  most  cases  each 
radius  or  whij^  ot  a  windmill  laH  is  about  thirty-three  teat  in  length 
from  the  axle  to  its  extremity. 

The  variations  in  the  force  of  the  wind  require  that  the  quantity  of 
canvas  on  the  auls  should  be  varied  accordingly ;  and  the  contraction 
as  well  aa  the  expansion  of  a  sail  is  usually  sSected  by  means  of  ropea 
fiatened  to  it  in  three  places  or  more.  These  ropes  may  be  either 
drawn  tight  or  relaxed  as  required  ;  but  for  either  purpose  it  is  neces- 
sary that  the  mill  should  for  a  time  be  stopped  ;  and  ss  the  stoppage  is 
attended  with  great  inconvenience,  several  methods  have  been  devised 
for  rolling  and  unrolling  the  suls  while  in  motion.  One  ot  these, 
which  WIS  invented  by  Mr.  Bywater,  consists  in  ths  application,  on 
each  arm  or  whip,  of  a  cylinder  or  roller  to  which  the  canvas  ia  attached: 
this  extonds  the  whole  length  oi  the  arm,  and  has  a  toothed  wheel  at 
the  extremity  nearest  to  the  axle ;  the  teeth  of  this  wheel  work  In 
thoss  of  two  other  wheels,  and  the  motion  of  one  or  the  other  of  these 
bmng  stopped,  the  cylinder  rolls  up  or  unrolls  the  canvas,  being  made 
to  turn  on  its  axis  by  the  action  of  the  wind  on  the  sail.  Several 
methods  have  also  been  proposed  for  equalising  the  action  of  the  wind 
on  the  sails  of  a  mill,  and  they  consist  generally  in  the  employment  of 
a  series  of  valves  fixed  in  the  frame  w>]rk  of  each  sail.  Then  valves 
revolve  on  pivots  which  are  let  into  the  frames  j  and  as  the  force  of 
the  wind  Increaaes,  they  preasnt,  in  turning,  less  of  their  surfaces  to 
its  action,  so  that  the  pressure  is  rendered  nearly  equable.  None  of 
tixe  methods  seems  however  to  be  in  use,  probably  on  account  of  the 
great  additional  expense  with  which  tha  construction  would  he  attended. 
Of  late  years  wooden  lattices  working  somewhat  on  the  principle  of  the 
Venetian  blinds,  have  been  used  insbssd  of  canvas  for  the  sails  of  wind- 
mills, and  their  angle  towards  the  wind  is  r^ulated  by  a  species  of 
governor  fixed  on  the  main  shaft ;  but  there  seem  to  be  mechanical 
difficulties  in  the  way  of  this  system  which  have  hitherto  opposed  its 
general  adoption. 

A  horiiontal  windmill  is  a  great  eylindriool  frame  of  timber,  which 
is  made  to  revolve  about  a  vertJcal  axis,  and  its  convex  surfsce  ia 
formed  of  boards  attached  in  vertical  positions  to  the  upper  and  lower 
parts  of  tha  fivne.  The  plane  of  each  board  is  oblique  to  the  lines  in 
which  the  wind  impinges  on  it,  the  direction  in  whioh  the  latter  blowa 
being  supposed  to  be  parallel  to  the  horizon  ;  and  the  whole  is  inclosed 
in  a  fixed  cylinder  having  the  sams  vsrtical  axis  as  the  other ;  this 
oonsists  of  a  screen  formed  by  a  number  of  boards  which  are  disposed 
so  that,  in  whatever  direction  the  wind  may  blow,  it  may  enter  between 
them  on  one  side  only  of  a  vertical  plane  passing  through  the  axis. 
The  wind  thus  sntering  acts  upon  the  oblique  surfaaes  of  tha  boards 
aliout  the  interior  cylinder  on  one  side  of  the  axis,  while  it  is,  in  a 
great  degree,  prevented  by  the  screen  from  acting  upon  tha  boards  on 
the  opposito  vde ;  these  boards  therefore  meet  with  small  resistance 
when,  during  each  revolution,  Ihey  some  up  towards  the  quarter  from 
whi|noe  the  wind  blows.  In  horizontal  mills  one  hoard  may  receive  an 
impulse  equal  to  that  which  the  wind  communicates  to  ■  sail  of  equal 
area  in  a  vertioal  mill ;  but  in  tha  latter  all  the  siuIb  are  acted  upon 
equally  at  the  same  time,  whereaa  in  the  former  only  one  or  two  can 
receive  the  impnlse  of  the  wind,  and  there  is  always,  besides,  some 
reaistanee  experienced  in  returning  against  the  wind.  Mr.  Smeatun 
estimated  that  the  power  of  a  horizontal  mill  was  only  about  one-tenth 
of  the  power  ot  a  vertioal  mill,  the  dimensions  of  the  sails  or  vanes 
being  equal  in  both  ;  but  it  is  observed  by  Sir  David  Brawstor  that  In 
this  estimate  no  account  ia  taken  of  the  resolved  part  of  the  wind's 
force  which  presses  the  pivot  ot  the  axle  a^nst  its  support,  and  which 
is  lost  on  the  sails  of  the  vertical  mill ;  and  he  concludes  that  tha 
power  of  the  latter  is  not  more  than  three  or  tour  times  aa  great  as 
that  of  a  horixontal  miH  The  effective  power  of  the  vertical  mill  la 
however  so  much  greater  than  that  of  the  other  kind,  that  the  latter  is 
now  ssldom  constructed. 

The  effective  force  of  the  wind  in  turning  the  soils  of  a  mill  is  [oTeali- 
gated  in  the  artdds  Wisdbails. 

(See  Brewster's  edition    of  Pergutm'i  Lectvra;    Smeaton,  On  Ou 
Poatr  of  Wind  and   Water;  Borgnis,  TraM  CompUl  deMfcamque; 
Leendert  Van  Naturua,  Uraot  Vulkomia  ItooUnbodi,  &o.) 
WINDOW.    Though  almoM  unkoown  in  andent  anhiteoture.  at 
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leaat  in  the  religious  and  other  monumental  Btructures  of  the  Egypt 
ians,  Greeks,  and  Romans,  which  were  not  of  a  nature  to  require  them, 
windows  are  exceedingly  important  features  in  the  Gothic  and  other 
styles,  and  that  not  only  for  one,  but  every  class  of  buildings.  In  the 
Pointed  Gothic  more  especially  they  are  so  characteristic  by  their 
general  forms  and  proportions,  as  well  as  their  decoration  and  details, 
as  to  be  in  that  style  equivalent  to  what  the  orders  are  in  the  temple 
architecture  of  antiquity:  the  division  of  Gothic  into  periods,  as 
First,  Second,  and  Third  Pointed,  or  Early-English,  Decorated  and 
Perpendicular,  depends  indeed  mainly  on  the  window-forms.  [Gothic 
Architectube  ;  Romanesque  Architecturb.]  Gothic  without 
windows  would  be  as  deficient  in  expression  as  Grecian  architecture 
without  columns.  Grecian  architecture,  on  the  contrary,  hardly 
admits  windows,  since,  instead  of  adding  to,  they  rather  mar  its 
expression,  and  detract  from  its  character.  There  are,  indeed,  some 
examples  of  windows,  for  instance  in  the  Erechtheum  at  Athens,  yet 
no  more  than  barely  to  serve  as  authorities,  and  to  show  how 
apertures  of  the  kind  were  desigued.  Besides  being  of  exceedingly 
rare  occurrence  in  Grecian  architecture,  the  windows  themselves  were 
very  few  in  number,  and  never  placed  so  as  to  form  more  than  one 
tier  or  story  of  them ;  consequently  the  effect  was  totally  different  from 
that  attending  two  or  more  continuous  ranges  of  windows  placed  one 
over  tiie  other.  This  arrangement  was,  however,  adopted  by  the 
Romans  in  such  buildings  as  their  amphitheatres,  and  also  in  their 
basilicas,  and  in  the  former  with  a  very  fine  effect,  as  may  be 
seen  in  the  Colosseum  at  Rome,  and  the  amphitheatres  of  Verona  and 
Kimes. 

It  is  one  very  great  advantage  of  the  Pointed  Gothic  sWle,  that 
there  the  windows  derive  strong  architectural  expression  from  the 
apertures  themselves ;  which,  with  the  mullions,  transoms,  and  tracery 
inserted  in  them,  mainly  form  the  design  and  decoration ;  while  the 
external  mouldings  and  ornaments  contribute  to  them  only  in  a  subor- 
dinate degree.  Consequently,  if  otherwise  quite  plain,  the  windows 
can  never  appear  mere  vacant  spaces.  Widely  different  is  it  in  those 
styles  where  the  ornamental  design  is  confined  to  the  mere  exterior  or 
framing  of  the  aperture ;  in  whicn,  however  they  may  be  so  decorated, 
the  openings  will,  if  of  very  large  dimensions,  always  have  a  vacant 
look,  and  the  glazing  of  the  windows  will  appear  to  be  in  want  of  ade- 
quate support.  It  is  another  advantage  peculiar  to  Pointed  Gothic, 
that  it  aUows  windows  to  be  of  any  dimensions— fOf  the  smallest  as 
well  as  the  largest,  and  windows  of  very  different  sizes  and  propor- 
tions to  be  introduced  into  the  same  elevation.  [Gothic  Abchiteo- 
ture;  Oriel.] 

In  the  Italiaji  style,  windows,  by  which  we  mean  the  window  opening 
and  the  dresainga  around  them,  which  last  term  is  employed  to 
designate  the  whole  of  the  decoration  bestowed  on  such  apertures,  or^ 
in  other  words,  the  entire  "  composition/'  form  as  essential  a  feature  as 
in  Gothic,  though  admitting  of  comparatively  little  of  the  diversity  of 
size,  form,  and  character.  French,  German,  and  English  Renais- 
sance exhibit  much  greater  variety  of  illustnition  than  the  Italian. 
[Renaissance  Architecture;  Elizabethan  Architecture.]  In 
Italian  buildings  of  the  better  class,  the  principal  story,  or  that  imme- 
diately over  the  basement  or  ground-floor,  is  marked  by  windows  more 
highly  decorated  and  of  loftier  proportions  than  the  rest.  For  these 
the  apertures  are  generally  made  from  2  to  2^  squares,  or  even  some- 
thing more,  that  is,  their  height  is  something  more  than  double  their 
breadth ;  .those  on  the  next  floor  rather  leas  wan  two  squares ;  and  for 
the  third  they  are  made  mazanina — either  a  perfect  square  or  very 
little  more.  The  character  and  proportions  of  ground-floor  windows 
depend  very  much  upon  the  manner  in  which  that  part  of  the  eleva- 
tion is  treated ;  if  it  be  no  more  than  a  low  rusticated  basement,  the 
windows  will  only  be  of  mezzanine  form,  without  dressing ;  or  at  the 
most  a  few  mouldings  surrounding  the  apertures,  the  rusticated  surface 
of  the  wall  itself  here  producing  a  sufficient  degree  of  finish  and  deco- 
ration ;  or  if  more  be  required,  it  is  obtained  by  distinguishing  the 
rustics  around  the  windows,  making  Uiem  smooth  if  the  others  be 
rough,  and  vice  vend.  Thus,  while  the  windows  are  essential,  they  are 
still  kept  subordinate  features  in  the  design.  What  has  been  said  in 
regard  to  the  sequence  of  the  different  tiers  of  windows  in  an  elevation, 
is  to  be  understood  only  generally,  there  bemg  many  exceptions,  and 
not  a  few  anomalous  cases.  In  the  fii^ade  of  we  Palazzo  Mft«wimi  at 
Rome,  one  of  Peruzzi's  best  works,  there  are  two  tiers  of  mezzanine 
windows  above  those  of  the  principal  floor ;  in  the  celebrated  Palazzo 
Famese,  on  the  contrary,  the  second-floor  windows  (which  are  also  the 
uppermost)  are  somewhat  loftier  than  the  others,  at  least  in  their  ajSer- 
tures,  owing  to  these  last  being  arched,  and  are  further  remarkable  as 
having  pediments,  which  are  seldom  used  for  windows  higher  up  than 
the  first  floor.  In  Sangallo's  facade  of  the  Palazzo  Saochetti,  there  is  a 
range  of  mezzanines  between  the  windows  of  the  first  and  the  upper- 
most floor,  and  instead  of  being  made  principal  in  tibe  design,  the 
former  are  considerably  less  thsm  those  of  the  ground-floor,  and  are 
narrower  at  top  than  at  bottom.  The  facade  of  the  Palazzo  Negroni,  by 
Ammanati,  is  similar  in  its  general  character  to  the  preceding,  there 
being  a  row  of  mezzanine  and  square  windows  between  the  first  and  third 
floor;  and  it  also  resembles  it  in  the  importance  given  to  the  groimd- 
floor  windows.  In  regard  to  windows  of  the  last-mentioned  class,  the 
Palazzo  Buoncompagno  at  Rome,  a  work  attributed  to  Bramante,  offers  an 
unusual  example^  for  there  the  lower  floor  and  its  windows  are  made  the 


next  principal  features  after  those  immediately  above  them  :  in  bc4ii 
the  apertures  themselves  are  round-headed,  with  imposts  and  ajnchivoltu 
but  flanked  by  pilasters  supporting  an  entablature,  whereby  the  gtmer^ 
form  of  the  e/iambranU,  or  dressing,  becomes  square*headed ;  the  chief 
difference  between  these  two  tiers  of  windows  is,  that  those  above  hare 
pediments  (alternately  angular  and  segmental),  while  the  others  h^vc 
none.  Triple,  or  Venetian  windows,  as  they  are  called,  and  grouped 
windows,  are  sometimes  introduced  in  Renaissance  buildings  wltA 
excellent  effect ;  and  where  a  great  degree  of  magnificence  is  desired, 
caryatides  are  substituted  for  columns  as  decorations.  From  the  time 
of  Palladio,  balustrades  have  been  added  to  windows,  adding  often 
greatlv  to  their  picturesqueness  of  character,  but  sometimes  with  a 
very  different  result    [Italian  Architecture;  Renaissance.] 

WINDS,  TRADE.    [Wind.] 

WINDSAILS  are  the  vanes,  generally  four  in  number,  which,  being 
turned  by  the  acCion  of  the  wind,  give  motion  to  the  machinery  of  a 
mill.  The  wind  being  supposed  to  blow  in  a  direction  parallel  to  the 
axis  about  which  the  sails  are  to  revolve,  it  is  evident  that  the  pbae 
of  each  sail  must  have  a  certain  inclination  to  that  axis,  or  to  the  plane 
of  the  revolution,  in  order  that  a  resolved  part  of  the  wind*8  foroe  may 
act  in  the  latter  plane  perpendicularly  to  the  radii  or  arms  which  cany 
the  sails  so  as  to  turn  them  constantly  in  one  direction  about  the  axk 
If  the  pressure  of  the  wind  on  the  sails,  supposed  to  be  at  rest,  were 
to  be  alone  considered,  the  determination  of  the  angle  which  the  plane 
of  each  sail  should  make  with  a  plane  perpendicular  to  the  axis,  or  to 
the  direction  of  the  wind,  in  order  that  the  pressure  might  be  a 
maximum,  would  be  comparatively  easy.  For  by  the  resolution  cf 
forces  it  is  easily  seen  that  the  pressure  perpendicular  to  the  radii, 
and  in  the  plane  of  their  revolution,  varies  with  the  term  sin-  0  coa  9, 
where  0  is  the  angle  which  the  sail,  supposed  to  be  a  plane  surbce, 
makes  with  the  wind  or  with  the  axis  of  revolution  :  and  the  differential 
of  this  quantity  being  made  equal  to  zero,  the  value  of  6  is  found 
to  be  54**  44'  nearly. 

But  it  is  evident  that  the  effect  of  the  wind  in  giving  a  revolving 
'motion  to  the  radii  must  depend  on  its  pressure,  and  also  on  the 
velocity  of  the  surface  against  which  it  acts ;  and  the  angle  which  the 
plane  of  the  soil  should  make  with  the  direction  of  the  wind,  when  its 
pressure  on  the  sail  in  motion  is  a  maximum,  must  be  determined  by 
an  investigation  similar  to  that  which  follows. 
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Let  A  B,  a'b',  parallel  to  one  another,  represent  the  direction  of  the 
wind ;  WBX,  w'b'x',  also  parallel  to  one  another,  be  two  positions  of  a 
section  of  the  sail,  which  by  the  pressure  of  the  wind  is  made  to  move 
so  that  B,  b',  are  in  a  line  perpendicular  to  ab.  Now  if  it  be  supposed 
that  Afvf  is  Uie  space  described  by  a  particle  of  air  while  b  would  move 
to  h  (or  b'  to  b')  in  the  same  direction,  or  from  B  to  b'  in  a  direction 
perpendicular  to  ab  ;  the  lines  a'b'  and  & V  will,  respectively,  represent 
the  velocities  of  the  wind  and  sail  in  directions  parallel  to  a'b',  while 
bb'  will  be  the  velocity  of  the  sail  in  the  direction  of  this  last  line. 
Draw  aV  perpendicularly  to  wx  or  Vx',  produced,  and  meeting  the 
former  line  in  o ;  then  a'c'  and  cc'  will  be  respectively  the  velocities 
of  the  wind  and  sail  perpendicularly  to  the  line  wx  or  Vx',  and  con- 
sequently a'c  will  be  what  is  called  the  velocity  of  the  wind  in  the 
sail.  Therefore,  the  pressure  of  a  fluid  being  proportional  to  the 
square  of  the  velocity, -the  pressure  of  the  wind  in  the  direction  a'c' 
will  vary  ¥dth  a'c';  and  this  being  resolved  in  the  direction  a'd  or  bb', 
will  be  expressed  by  a'g^  cos  ca%,  or  a'(^  sin  b'b6'.  But  a'b  being 
constant,  a'c  varies  with  sin  a'bc  ;  therefore  the  effective  pressure  of 
the  wind  will  vary  with  sin^  a'bc  sin  b'b&. 

Let  the  angle  a'bb'  be  represented  by  a,  b'b&'  by  O;  then  a'bc= 
a—B,  and  the  expression  for  the  pressure  becomes 

sin*  (a— 0)  sin  9. 

Making  the  differential  of  this  expression  equal  to  Eero^  and  reducbg, 
we  have 

tan  {a—e)  »  2  tan  6, 

when  the  pressure  is  a  maximum. 

Draw  B'XT  perpendicular  to  bc,  so  that  b'x  and  XT  may  respectively 
represent  tan  (a—  0)  and  tan  0;  and  let  a'b',  bb'  be  respectively  repre- 
sented by  V  and  by  v* ;  then 

BX=t/  cos  e,  b'x=:i/  sin  0, 

XT(s2B'x)==2v'aind4andB'T(s8B'z)  ^Z^tane^ 
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Again,  draw  TZ  perpendicular  to  bb'^  or  parallel  to  a'b'  ;  then 

b'z(=*b'y  COB  bb'y)  =  3i/  sin'  0, 

tz(»b't  sin  bb't)  =  St/ein  0  cos  0,  and 

Bz(=i;'— b'z)  =  v'— Si/  sin'  $. 

But  by  similar  triangles,  bz  :  zt  : :  bb'  :  i^Af,  that  is 

v'— 3r'  sin'  $  iZv*  onB  cobB  ::v'  :  v; 
whence  v— Sv  sin'  6=  Zv'  sin  d  cos  0. 

Multiplying  each  term  by  v,  and  for  iP,  the  first  term,  substitating 
its  equivalent  t^  sin*  tf + v^  cos'  <Vwe  have 

v^  an^e  +  v^cw?  $- Zi^  sin'  d=3vv'  sin  0  cos  0; 
or  simplifying,  and  dividing  by  sin'  9,  we  get 

—  2v^  +  v^  ootan^  $=Zvv'  cotan  0, 
which  reduced  as  a  quadratic  equation,  with  respect  to  0,  gives 

4rV  ' 


ootan  0(stan  ABx) 


8»'     / 
27  +  (2  + 


The  angle  abx  will  evidently  depend  upon  the  relation  between  t/,  the 
velocity  of  the  sail,  and  v,  the  velocity  of  the  wind  :  if  t/^o,  or  the 

sail  is  at  rest,  we  should  have  tan  abz=  ^/2,  that  is,  the  angle  abx 
would,  as  above,  be  equal  to  54"*  44'  nearly;  and  when  t/=v,  the  for- 
mula gives  ABX  =  74''19'  nearly.  It  follows  that  as  the  velocity  of 
the  revolution  increases,  the  inclination  of  the  section  wx  to  the  wind, 
or  to  the  axis  of  rotation,  should  be  increased.  Since,  therefore,  the 
velocity  of  the  sail  continually  increases  from  the  axis  to  the  extremity 
of  the  radius  or  arm  which  carries  it,  it  is  evident  that  the  sail,  instead 
of  being  a  plane,  ought  to  have  a  curved  surface  such  that  the  incli- 
nation of  the  section  to  the  direction  oi  the* wind  may  increase  with 
its  distance  from  the  axis  conformably  to  the  values  which  would  be 
given  by  the  above  formula,  the  ratio  between  the  velocity  of  the 
wind  and  sail  at  any  given  distance  from  the  axis  of  rotation  being 
known  or  assumed.  It  was  observed  by  Mr.  Smeaton  that  the  velo- 
cities of  the  sails  at  their  extremities  are  often  more  than  twice  as 
great  as  that  of  the  wind.  From  several  experiments  which  were 
made  on  a  great  scale  by  the  same  engineer,  it  was  found  that  the  effect 
is  very  advantageous  when  the  inclinations  of  the  axis,  or  the  direction 
of  the  wind,  with  a  section  of  the  sail  taken  perpendicularly  to  the 
revolving  arm  at  different  distances  from  the  axis,  were  as  in  the 
ollowing  table : — 


I  At  one-sixth  of  the  length  of  the  arm 
At  one-third 
At  one-haU 
At  two-thirds 
At  flye-sixths  „ 

And  at  the  extremity 


>• 
fi 


ft 
*i 


71* 
71* 

7a* 

74* 

77i* 

83* 


Mr.  Smeaton  found  also  that  when  each  sail  is  broader  at  the  further 
extremity  than  near  the  centre,  the  effect  is  greater  than  when  it  has 
the  form  of  a  parallelogram ;  and  that  the  most  advantageous  breadth 
at  the  extremity  is  one-third  of  the  length  of  the  arm. 

There  is  a  certain  limit  to  the  quantity  of  sail  which  a  windmill  can 
carry  with  advantage ;  and  from  Mr.  Smeaton's  experiments  it  results 
that,  when  the  surfaces  of  all  the  sails  exceeds  seven-eighths  of  the 
area  of  the  circle  described  by  each  arm  in  one  revolution,  the  velocity 
is  diminished;  probably  from  the  want  of  sufficient  openings  by  which 
the  wind,  after  impact,  may  escape.  Mr.  Smeaton  also  found  that  the 
ratio  between  the  velocities  of  windmill  sails  when  unconnected  with 
the  machinery,  and  when  loaded  so  as  to  produce  the  maximum  effect, 
is  variable ;  but,  in  general,  that  ratio  is  as  3  to  2.  The  velocity  of 
the  sails  when  the  effect  is  a  maximum  varies  nearly  with  the  velocity 
of  the  wind. 

The  form  and  position  of  the  sails  remaining  the  same,  the  load  or 
resistance  when  a  maximum,  varies  nearly  with  the  square  of  the 
velocity  of  the  wind ;  and  the  maximum  of  resistance  which  sails  of 
similar  figures,  and  in  similar  positions,  will  overcome  at  a  given  dis- 
tance from  the  centre  of  motion,  will  vary  with  the  cube  of  Uie  radius 
or  arm  of  the  sail. 

WINE.  The  chemistry  of  wine  presents  many  points  of  interest, 
and  may  be  treated  of  independently  of  its  history,  manufacture,  com- 
merce, and  uses. 

In  the  juice  of  the  grape,  fermentation  is  excited  by  the  access  of 
air,  alcohol  and  carbonic  acid  being  formed  by  the  decomposition  of 
the  sugar  contained  in  the  fluid — 

CiaHi.Oi,     =     aC^H.O,     +     4C0, 


Sugar. 


Alcohol.      Carhonic  acid. 


The  process  once  commenced,  continues  independently  of  any  further 
influence  of  the  air.  In  addition  to  the  sdcohol  and  carbonic  acid 
formed  by  the  fermentation  of  the  juice,  there  is  also  produced  a 
yellow  or  gray  insoluble  substance,  containing  a  large  quantity  of 
nitrogen.  It  is  this  body  which  possesses  the  power  of  inducing 
fermentation  in  a  new  solution  of  sugar,  and  which  has  in  consequence 
received  the  name  of  ferment,  [FsRMEifT.]  The  alcohol  and  carbonic 
acid  are  produced,  as  above  indicated,  from  the  elements  of  the  sugar; 
but  the  ferment  is  formed  from  those  azotised  constituents  of  the  grape- 
juice  which  have  collectively  been  termed  ghUen,  [Olutek.]  Gluten 
dissolved  in  pure  water  imdergoes  a  process  of  decomposition ;  but  the 
decomposition  which  it  suffers  in  an  isolated  state,  and  that  which  it 
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undergoes  when  dissolved  in  a  vegetable  juice,  belong  to  two  difierent 
kinds  of  transformations.  There  is  reason  to  believe  that  its  change  to 
tha  insoluble  state  depends  on  an  absorption  of  oxygen ;  for  its  sepa- 
ration in  this  state  may  be  effected  under  certain  conditions  by  free 
exposure  to  the  afr  without  the  presence  of  fermenting  sugar.  It  is 
known  also  that  the  juice  of  grapes,  or  vegetable  juices,  in  general 
become  turbid  when  in  contact  with  air  before  fermentation  com- 
mences ;  and  this  turbidity  is  owing  to  the  formation  of  an  insoluble 
pieciidtate  of  the  same  nature  as  ferment  The  oxygen  consumed  in 
the  fermentation  of  wine  or  beer  is  not  taken  from  the  atmosphere, 
though  the  access  of  this  is  necesnry  to  excite  it  in  the  first  instance. 
Gluten  seems  to  act  towards  sugar  as  diastase  does  towards  starch, 
namely,  imparts  that  impetus  to  it  which  enables  it  to  alter  its  con- 
dition. When  both  gluten  and  sugar  are  present  in  a  liquid,  fermen- 
tation will  go  on  till  the  decomposition  of  one  or  other  be  complete. 
When  the  quantity  of  ferment  is  too  small  in  proportion  to  that  of  the 
sugar,  its  fermentative  putrefsction  will  be  completed  before  the  trans- 
formation'of  all  the  sugar  is  effected.  Some  sugar  here  remains  unde- 
composed,  as  the  cause  of  its  transformation  is  absent,  namely,  contact 
with  a  body  in  a  state  of  decomposition  :  this  happens  in  the  vina  de 
Uqueurt,  iho  fruity  or  sweet  wines.  But  when  the  quantity  of  ferment 
predominates,  a  certain  quantity  of  it  remains  after  all  the  sugar  has 
fermented,  its  decomposition  proceeding  very  slowly  on  account  of  its 
insolubility  in  water.  This  residue  is  still  able  to  induce  fermentation 
when  introduced  into  a  fresh  solution  of  sugar,  and  retains  the  same 
power  until  it  has  passed  through  all  the  sta^  of  its  own  tnuisforma- 
tion.  Hence  a  certain  quantity  of  yeast  is  necessary  in  order  to  effect 
the  transformation  of  a  certain  portion  of  sugar ;  not  because  it  acts  by 
its  quantity  in  increasing  any  affinity,  but  because  its  influence  dejiends 
solely  on  its  presence,  and  its  presence  is  necessary  imtil  the  last  atom 
of  sugar  is  decomposed. 

Glunate  and  soil  greatly  modify  wine  both  in  kind  and  quality. 
Differences,  however,  in  the  vintage  and  manufacture  often  determine 
the  character  of  wines  made  in  Qie  same  district,  and  cause  them  to 
^dely  differ  from  each  other  in  odour,  flavour,  and  even  colour.  Such 
differences  often  occur  spontaneously,  as  in  the  case  of  amontiUado. 

The  quantity  of  azotiied  matter  in  the  juice  seems  to  be  the  same  in 
whatever  part  the  grapes  may  grow ;  at  least  no  difference  has  been 
observed  in  the  amount  of  yca^t  formed  during  fermentation  in  the 
south  of  France  and  on  the  Ithine.  The  grapes  grown  in  hot  climates, 
as  well  as  the  boiled  juice  obtained  from  them,  are  proportionally  rich 
in  sugar.  Hence,  during  the  fermentation  of  the  juice,  the  complete 
decompositiou  of  its  azotised  matters,  and  their  separation  in  tiie 
insoluble  state,  are  effected  before  all  the  sugar  has  been  converted 
into  alcohol  and  carbonic  acid.  A  certain  quantitv  of  the  sugar  conse- 
quently remains  mixed  with  the  wine  in  an  uudecomposed  state,  the 
condition  necessary  for  its  further  decomposition  being  absent.  The 
azotised  matters  in  the  juice  of  grapes  of  tne  temperate  zones,  on  the 
contrary,  are  not  completely  separated  in  the  insoluble  state  when  the 
entire  transformation  of  the  sugar  is  effected.  The  wine  of  these 
grapes,  therefore,  does  not  contain  sugar,  but  variable  quantities  of 
undeoomposed  gluten  in  solution.  This  gluten  gives  the  wine  the 
property  of  becoming  spontaneously  converted  into  vinegar  when  tho 
access  of  aii>  is  not  prevented;  for  it  absorbs  oxygen  and  becomes 
insoluble,  and  its  oxidation  is  communicated  to  the  alcohol,  which  is 
converted  into  acetic  acid.  By  allowing  the  wine  to  remain  at  rest  in 
casks  with  a  very  limited  access  of  air,  and  at  the  lowest  possible  tem- 
perature, the  oxidation  of  this  azotised  matter  is  effected  without  tho 
alcohol  undergoing  the  same  change,  a  higher  temperature  being  neces- 
sary to  enable  alcohol  to  combine  with  oxygen.  As  long  as  the  wine 
in  the  stilling-casks  deposits  veast,  it  can  still  be  caused  to  ferment  by 
the  addition  of  sugar ;  but  old  well-layed  wine  has  lost  this  property, 
because  the  condition  necessaiy  for  fermentation — ^namely,  a  substance 
in  the  act  of  decomposition  or  putrefaction — is  no  longer  present  in  it* 
In  hotels  and  other  places,  where  wine  is  drawn  gradually  from  a  cask, 
and  a  proportional  quantity  of  air  necessarily  introduced,  its  erema- 
causis—that  is,  its  conversion  into  acetic  acid — ^is  prevented  by  the 
addition  of  a  nnall  quantity  of  sulphurous  wddi  This  acid,  by  entering 
into  combination  with  the  oigrgen  of  the  air  contained  in  the  cask  or 
dissolved  in  the  wine,  prevents  tiie  oxidation  of  the  organic  matter. 

A  knowledge  of  the  facts  just  mentioned  enables  us  to  oomprehflnd 
the  nature  and  object  of  the  practices  adopted  empirically  for  the  pre- 
servation of  wine ;  above  all,  of  those  which  are  requisite  to  prevent  it 
passing  into  the  state  of  acetic  acid,  to  which  the  wines  of  northern 
countnes,  or  poor  weak  wines,  are  most  prone.  Thus,  the  processes  of 
racking,  sulphuring,  fining,  mixing,  bottlmg,  and  keeping  in  cellars  the 
temperature  of  which  is  low,  are  obviously  all  diluted  against  the 
occurrence  of  the  acetous  fermentation,  as  tiiey  are  mostly  inadequate 
to  check  the  vinous  fermentation,  and  indeed  altogether  unnecessary, 
since  so  long  as  the  vinous  fermentation  is  going  on — that  is,  as  long  as 
the  alcohol  continues  to  be  generated — ^the  wine  is  gaining  in  quality. 
Once  begun,  the  presence  of  atmospheric  air  is  in  nowise  necessaiy  for 
the  continuation  ol  the  vinous  fermentation ;  in  fact,  tho  more 
thoroughly  it  is  excluded  the  better,  for  while  the  vinous  fermentation, 
by  which  the  wine  is  ameliorated,  goes  on,  the  acetous  fennentation 
cannot  oommenoe. 

From  the  above  facts,  established  in  the  main  by  Liebig,  it  appears 
that  while  the  azotised  matter  (gluten)  in  grapes,  wherever  grown,  is  a 
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fixed  quantity,  the  acids  and  saediarine  matter  are  Tatiable.  When 
there  is  more  sacchuine  matter,  as  in  Rivesaltefl,  Frontignan,  and 
Tokay,  than  there  is  gluten  to  transform  into  alcohol,  a  portion  of 
undecCmpoeed  sugar  remains,  sufficient  not  only  to  give  that  taste 
which  has  aoquited  for  thetn  the  name  of  sweet  wines,  but  also  to  exert 
the  usual  preservatlTe  power  of  sugar,  when  present  in  large  quaiitities, 
and  resist  decomposiijon.  Thus,  Muscadine  wiile  has  been  kept  two 
hundred  years ;  Mountain,  buried  At  the  time  bf  the  Fire  of  London, 
and  disinterred  in  1811,  was  excellent;  ahd  old  Tokay,  called  vin<t 
vitravno,  is  in  perfection  at  the  end  of  a  century.  This  trine  needs 
neither  sulphurmg  nor  fining  (Schams,  'Ungams  Weinbau,*  erster 
band,  p.  75) ;  the  casks  are  hermeticaUy  bunged ;  and  the  reason  is 
obrious.  To  the  juice  of  grapes  grown  in  colder  climates  or  cold 
seasons,  sugar,  especially  starch-sugar,  is  added  at  the  beginning  of  the 
fermentation,  in  order  to  consume  all  the  learen.  Also  to  wine  which 
it  18  apprehended  is  about  to  become  sour,  or  pricl-ed,  as  the  first  sign 
of  its  becoming  acetified  is  termed,  sugar  is  also  added ;  but  if  vinegar 
has  really  been  formed,  this  introduction  of  sugar,  so  fat  from  hinder- 
ing, only  hastens  the  further  transformation,  as  the  presence  of  Tinegar 
is  the  most  powerfully  disposing  agent  to  this  change. 

The  odoriierous  principle,  or  btmqvietf  of  wines,  appears  to  be  due  to 
peculiar  ethers,  or  Ethsbeal  Salts,  and,  according  to  Wincklel*,  to 
combinations  of  Tolatile  fragrant  acids  with  a  nitrogenous  base  of 
balsamic  odour.  The  conditions  of  the  formation  and  of  the  decom- 
position of  these  compoimds  are  not  very  well  understood  at  present ; 
some  of  the  ethers,  however,  can  be  formed  artificially, 

The  Intoxicating  quality  of  wine  is,  of  course,  due  to  the  aUokolf  the 
cduse  of  the  production  of  which  has  already  been  described.  The 
method  of  ascertaining  the  amount  of  alcohol  present  in  any  sample, 
and  a  table  showing  the  centesimal  proportions  of  alcohol  in  various 
wines,  will  be  found  described  under  AlcoholoM£TBT. 

Free  acids,  or  acidulous  salts,  are  present  in  most  wines.  Malic, 
tartaric,  and  citric  are  commonly  met  with.  Port  wine  contains  tannic 
acid,  and  the  briskness  of  effervescent  wines  is  due  to  carbonic  acid. 
This  natural  acidity  of  wine  must  not  be  confounded  with  the  sourness 
which  wine  sometimes  acquires,  and  which  is  due  to  acetic  acid,  gene- 
rated by  oxidation  of  alcohol,  as  already  described. 

The  coUmring  matter  of  wine  is  derived  from  the  husk  of  the  grape. 
If  wine  be  prepared  from  the  expressed  juice  only,  it  will  have  little  or 
no  colour,  as  in  the  case  of  Champagne :  but  if  the  skin  be  also  present, 
its  colour  will  go  into  solution  during  tne  process  of  fermentation,  and 
will  give  the  characteristic  tint  to  tne  resulting  wine.  The  presence 
or  absence  of  the  purple  skin,  therefore,  and  not  the  colour  of  the 
grape,  as  popularly  supposed,  determines  the  colour  of  wine. 

The  chief  saline  constituent  of  wine  is  bitartrate  of  potash,  or  wine- 
stone,  or  argol,  as  it  is  technically  termed.  It  is  the  commercial  source 
of  tartaric  acid,  and  has  already  been  treated  of  in  detail.  [Tabtabic 
Acid.] 

Wines  are  much  adulterated.  For  the  English  market  they  are 
conmionly  "  fortified "  with  brandy,  and  superior  varieties  are  fre- 
quently diluted  with  those  of  inferior  quality.  Elderberry  juice,  called 
Cheripigo,  also  the  juice  of  i'Ayto^aceacfecancfra,  boiled  must,  and  burnt 
sugar  are  used  for  colouring;  Mno  and  logwood  are  used  for  the  same 
purpose,  and  to  augment  the  astringency  of  port  wine ;  and  occasionally 
artificial  ethers  are  added  to  give  flavoiur. 

WINE  MANUFACTURE.  Wine  is  the  result  of  the  fermentation 
of  certain  saccharine  fluids,  either  existing  naturally  in  the  juices  of 
plants,  or  artificially  blended  together.  tLq  natural  juices  susceptible 
of  fermentation  are  found  either  in  the  roots  of  plants,  such  as  the 
parsnip  and  beet-root;  extracted  from  the  stem,  as  in  the  birch  and 
cocoa-palm ;  expressed  from  the  leaves,  as  in  the  grape-vine ;  obtained 
from  the  spatha,  as  of  the  Sagus  vinifera,  the  Phcenix  daetylifera,  and 
other  palms ;  and  in  the  mature  or  immature  fruits  of  many  well- 
known  plants,  such  as  gooseberries,  currants,  and,*  above  all,  the 
grape,  to  the  fermented  juice  of  which  the  term  wine  is  always 
understood  to  be  applied  when  used  absolutely.  Though  alcohol  is 
present  in  all  wines,  yet  many  other  principles  exist  in  them )  the 
number  of  which,  and  the  manner  in  wnich  they  are  blended  together, 
as  well  as  their  relative  proportion,  give  to  different  wines  their  dis- 
tinctive propei-ties. 

The  Vitis  vinifera,  the  only  species  which  yields  the  most  esteemed 
wine,  has,  from  receiving  the  long-continued  attention  and  culture  of 
man,  a  very  extensive  geographical  range.  [Vitis,  in  Nat.  Hist.  Div.] 
From  5i°  or  almost  55"  N.  lat.  to  45"*  S.  lat,  the  vine  may  be  found ; 
but  it  by  no  means  yields  a  grape  fit  for  fermentmg  into  a  sound  good 
wine  in  all  the  intermediate  space.  Up  to  the  51st  degree  of  N.  lat. 
the  preparation  of  this  beverage  is  conducted  with  various  degrees  of 
success  and  diversities  in  Hbe  qualities  of  the  wines.  In  the  hottei* 
countries  &lone  are  the  rich  sweet  wines,  often  called  in  technical 
language  Vins  de  Liqtuun,  prepared,  as  in  those  only  is  so  much 
sugar  present  as  to  allow  the  fermentation  to  furnish  sufficient  ot 
the  vinous  principles  to  the  product»  when  the  fermentation  ceases 
from  the  leaven  being  all  expended.  The  Muscat  grape,  which  in  the 
south  of  France  yields  the  rich  sweet  wines  termed  Frontignan,  Lunel, 
and  Rivesaltes,  on  the  Rhine  only  rii>ens  sufficiently  to  furnish  a  grape 
for  the  table  or  dessert.  Nor  does  the  same  latitude  always  permit 
the  grape  to  acquire  the  perfection  requisite  for  good  wine.  The 
isothermal  lines  and  the  degree  of  humidity,  especially  the  clearness  or 


I  cloudiness  of  the  atmosphere,  have  more  influence.  Thus  in  France 
the  beneficial  cultivation  of  the  vine  scarcely  extends  on  the  western 
side  higher  than  48°,  but  the  boundary-line  mounts  upwards  towards 
the  east  till  we  find  the  most  renowned  of  the  Rhine  wines  produced 
between  50°  and  51^  ThS  longitude  of  Devonshire  is  nearly  that  oi 
the  province  of  Spain  which  yields  the  finest  sherries ;  and  it  is  not 
alone  the  difierence  of  14  degrees  of  latitude  which  unfits  the  south  of 
Exigland  for  ripening  a  grape  suitable  for  wine,  since  that  portdon  of 
the  Rhine  which  lies  between  Coblen^ttnd  Dttsseldorf,  whidi  produces 
good  wine,  has  precisely  the  same  latitude ;  but  the  greater  humiditj 
and  cloudiness  of  the  atmosphere  m  the  south-west  of  England,  I7 
intercepting  the  sun's  rays,  prevent  the  full  ripening  of  the  grape ;  for 
the  same  reason,  Holland  scarcely  produces  grapes  possessing  sugar 
enough  to  yield  wine  (Mulder) ;  and  the  observations  of  Dr.  Daub^iy 
have  proved  that  the  ripening  of  fruits  depends  more  on  the  illumi- 
nating rays  than  on  the  calorific  or  chemical  rays.  The  specious  hopes 
held  out  by  some  writers  that  the  grape  might  be  cultivated  in  England 
so  as  to  yield  wine,  would  soon  be  dissipated  by  any  extensive  trials, 
which  it  is  to  be  desired  may  never  be  made.  (Barton's  '  Lecture  oo 
the  Geography  of  Plants;'  and  Watson,  '  Qeographical  Distribution 
of  British  Plants.') 

But  different  climates,  though  they  may  equally  permit  the  gnpe  to 
ripen,  yet  impress  on  it  peculiarities  easily  distinguishable  in  the  wines 
produced  by  the  same  kind  of  grape.  Thus  the  Hock  grapes  yield  a  kind 
of  wine  possessed  of  distinct  qualities  when  grown  along  the  Main  or 
Rhine ;  the  same  sort  of  grape%  grown  near  Lisbon,  yield  BuoeUas,  wbidi 
only  retains  some  of  the  peculiarities  of  the  origiiud ;  the  same  grapes 
at  the  Cape  of  Qood  Hope  yield  what  is  term^  Cape  Hock,  scarcely 
bearing  any  resemblance  to  the  true  Rheniidi;  while  the  Sercial  d 
Madeira,  produced  by  the  same  sort  of  grapes,  though  a  delicious  wine, 
has  scarcely  a  quality,  except  durability,  like  that  of  the  original  Some 
local  influences  produce  effects  which  are  alike  inexplicable  and  inimi- 
table. These,  though  generally  attributed  to  the  soU,  are  not  alwaji 
or  solely  owing  to  its  composition  and  qualities.  In  some  instances 
the  soil  is  the  main  cause  of  difference,  as  seen  in  the  Constantia  of  the 
Cape.  The  climate  there  is  most  favourable  to  the  growth  of  the  vine, 
yet  in  one  small  space  only  is  a  tolerable  wine  produced,  the  two  con- 
tiguous farms  of  the  Great  and  Little  Constantia  yielding,  the  former 
the  red  sweet  wine,  the  latter  the  white  Constantia :  the  soil  on  which 
they  grow  is  decomposidd  sandstone.  Where  no  appreciable  difierence 
of  soil  can  be  pointed  out,  differences  arise  from  ^e  cultivation  of  a 
different  kind  of  grape.  It  is  stated,  on  the  authority  of  Mejen 
('  Pflanzen-Qeographie,'  p.  369  of  English  translation,  published  by  the 
Ray  Society),  &at  there  are  instances  '*  of  the  same  variety  of  vine 
being  planted  on  the  side  of  a  hill  or  mountain,  and  the  wine  which  Is 
the  produce  of  the  grapes  from  the  highest  pcuts  of  the  mountain  will 
differ  essentially  from  the  wine  which  is  the  produce  of  the  grapes  of 
the  lower  part  of  the  mountain.  The  wines  known  by  the  name  of 
Johannisbei^r  and  Rudesheimer  in  Germany  are  the  produce  of  vines 
growing  dose  together,  and  resembling  each  other  in  external  cha- 
racters. The  vineyards  also  that  produce  the  Leistenwein,  Wiirz- 
burger,  and  Steinwein  are  very  near  to  each  other.  It  is  probable 
that  this  difierence  is  owing  to  the  composition  of  the  soiL"  This  is 
not  altogether  correct.  Johannisberg  is  only  150  feet  above  the  level 
of  the  Rhine,  and  it  is  quite  certain  that  the  produce  of  the  summit, 
close  to  the  castle  or  Schloss  of  Johannisberg,  is  of  a  quality  vastly 
superior  to  the  produce  of  the  place  called  JohanniBbergerhohl,  not 
from  any  peculiar  or  insurmountable  cause,  but  because  the  former, 
belonging  to  Prince  Mettemich  (and  the  adjacent  parts  to  some  other 
laiige  proprietora),  can  receive  an  amoimt  of  careful  and  skilful  treat- 
ment, which  the  other,  being  divided  among  a  number  of  small  pn>- 
prietora,  never  does,  lliis  subdivision  is  the  cause  of  an  annual  lo£3 
of  many  thousands  of  pounds.  (Bronner,  '  Weinbau  in  Siid  Deutsch- 
land,  Dritte  Heft/  p.  118.)  The  grape  cultivated  in  both  places  is 
the  little  Riesling  (/>er  Kleine  Riesling  of  some,  Weisser  Biesluig  (.>f 
othera  ;|tlie  Vitis  vinifera  pusUla  of  Babo  and  Metasger's  '  Wein  tmd 
Tafdtrauben  der  Beutschen  Weinberge  und  Garten,'  Heft  viii,  t.  46) ; 
but  in  the  vineyard  of  Prince  Metternich  and  the  other  great  pro- 
prietora three  gatherings  of  the  grapes  are  made  as  they  reach  maturity, 
and  other  measures  are  adopteid  to  ensure  a  produce  of  the  highest 
excellence.  Besides  the  protection  of  the  castle  wall,  the  whole  has 
since  1824  been  surrounded  with  a  stone  wall  10  feet  high.  This 
greatly  promotes  the  steady  progress  to  maturity  of  the  grapes  by 
securing  a  quiescent  state  of  the  air,  which  is  known  to  be  extremely 
beneficial,  and  which,  when  imitated  on  a  small  scale  in  this  country 
by  BUirounding  a  bunch  of  grapes  with  a  muslin  bag,  forwards  its 
ripening  very  much.  The  wine  of  Luginsland  and  the  Liebfrauenmilch 
owe  their  superiority  over  that  of  the  neighbouring  vineyards  tu  the 

?rotection  of  the  town-wall  of  Worms.  (Bronner,  Heft  ii,  pp.  18-20.) 
'he  advantage  of  protection  against  agitation  of  the  air  is  so  well 
imderstood  in  the  ^eingau,  that  the  belts  of  vineyards  which  clothe 
the  hsight  of  Hodiheim  bring  very  different  prices,  according  to  their 
position.  One  morgen,  close  to  the  bed  of  the  river  Main,  brings  in 
the  market  two  thousand  florins  i  a  higher  moi^en  brings  one  thousand 
fiorins ;  and  one  at  tiie  summit  only  fivts  hundred.  (Brotiner,  iii., 
p.  14.)  The  geognostic  character  of  the  soil  of  Johannisbex^g  is  argil- 
laceous 8chist>  with  a  very  moderate  proportion  of  mica,  and  in  one 
place  passes  into  a  reddish  quartz,  which  is  very  hard,  and  undergoes 
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but  slowly  any  decoxnpontion.  This  ia  overlaid  with  diluvial  and 
alluvial  depoBits  in  most  places  except  the  eoutb-weit  aide.  From 
these  and  other  circumstances  it  follows  that  the  soil  ia  of  a  very 
diversified  charaoter.  (Bronner,  iii.,  p.  116.)  T)i0  exposure  ia  south- 
'West,  with  a  slope  of  from  ten  to  fifteen  degreea.  Rudesheim  Sa  well 
protected  by  ita  natural  position  and  a  lofty  forest  called  Niederwald : 
it  ia  much  ateeper,  ao  that  the  earth  can  be  kept  from  being  waahed 
down  only  by  numeroua  terraoea,  between  which  the  air  ia  aa  hot  aa  in 
a  conaervatory.  The  aoil  ia  composed  of  atonea  of  a  dark  colour, 
which  radiate  heat  during  the  night  to  such  a  d^ree,  that  the  grapee 
are  aurrounded  by  almoat  a  aouthem  climate.  The  grape  most  com- 
mon, at  least  in  the  old  vineyards,  ia  the  Orleans  ( VitU  «.  aurdiana,  B. 
u.  M.,  Heft  X.,  t.  60),  which  has  the  property,  in  this  atony  and  hot 
ground,  of  continuing  productive  until  the  age  of  fifty  or  more,  which 
is  not  the  case  with  any  other  grape.  But  as  it  only  givea  a  good  wiz^e 
in  very  favourable  years,  and  aa  the  wine  from  the  RieaUng  grape 
brings  so  high  a  price,  the  new  vineyards  are  mostly  pUnted  with 
the  Riesling :  the  propriety  of  thia  aubstitution  ia  very  doubtful. 
(Bronner,  iiL,  186.)  These  facta  are  sufficient  to  account  for  the 
difierences  between  the  Johannisberger  and  Rudesheimer  wines. 

The  differences  between  Leistenwein  and  Steinwein  are  still  more 
easily  accounted  for.  The  Leiate  is  on  the  left  aide  of  the  river  Main, 
the  Stein  on  the  right,  the  Stein  being  oloae  to  the  river.  The  aoil  of 
both  is  argillaceous  with  calcareous  portions,  especially  fragments  of 
lime,  and  this  ia  the  aoil  coinmonly  met  with  in  W iirtemberg  and  in  idl 
Franconia.  Why  theae  two  winea  should  differ  from  all  others  of  the 
district  1b  unintelligible;  but  the  difference  between  theipaelvea  ia 
owing  to  the  grapea.  The  vineyarda  of  the  Leiate  (that  ia>  the  beat 
portion,  gtUe  J^iste,)  are  planted  in  a  great  meaaure  with  ike  Riealing 
and  Traminer  (F.  v.  tyroletuU,  B.  u.  M.,  Heft  xil,  t.  72),  |rith  about 
a  third  of  the  Cabling  grape  ( V,  «.  aJbueliSfB,  und  M.,  Heft  iii,  1. 14) ; 
and  in  the  other  vineyarda  is  the  white  Traminer,  called  franken,  by 
Eome  gaUdd  (F.  v.  avunea,  B.  u.  M.,  Heft  ii.,  t.  9),  that  ia,  both  white 
and  black.  Besidea  these  there  occurs  ;n  considerable  proportion  the 
Hermitage  grape,  brought  from  France,  which  here  auoceeda  well, 
retaining  ita  fine  aroma,  though  ita  natural  aite  ia  granitic  Thie 
selection  of  the  grapea,  when  ripe,  is  attended  to  with  extraordinary 
care.  (Bronner,  vi,  p.  82.)  The  predominant  grapB  of  the  Stein  vine- 
yard ia  the  Elbling,  mixed  with  a  few  of  the  Riesling  and  other  aorta. 
The  Leistenwein  is  regarded  aa  the  aecond  fineat  wine  of  the  aouth  of 
Germany.  The  Steinwein  must  not  be  confounded  with  the  Stein- 
berger  wine  of  the  Rhine.  The  Montillado  of  Spain  is  the  produce  of 
a  white  aoil,  containing  70  per  cent,  of  carbonate  of  lime,  with  alumina, 
silica,  and  a  little  magnesia,  while  the  Manzanilla  is  the  produce  of 
the  terrains  rouges  et  sablonneux.  Yet  the  winea  do  not  greatly  differ 
in  taste  or  flavoiur.  More  importance  ia  attached  to  the  aoil  than  it 
deaervea;  ita  phyaical  propertiea  are  of  more  importance  than  ita 
chemical  Chaptal  was  clearly  of  thia  opinion,  for  he  ^udntai^ed  that, 
provided  it  ia  porous,  free,  and  Hght,  its  component  parte  are  of  little 
consequence.  Perhaps  calcareous  ia  on  the  whole  the  best,  aimply 
becauae  it  readily  imbibea  the  rain,  and  allowa  a  clear  atmoaphere  to 
surroimd  the  vinea.  Even  Mr.  Busby  (see  his  '  Visit  to  the  Principal 
Vineyards  of  f^ce  and  Spain/  p.  131),  who  ao  strenuously  maintama 
Uie  auperiority  of  a  calcareoua  aoil,  when  remarking  on  the  reputation 
and  limited  extent  of  some  of  the  first-rate  vineyvds,  repudiates  the 
idea  of  the  soil  being  the  cause.  "  In  all  those  districts  which  produce 
wines  of  high  reputation,  some  few  individuals  have  seen  the  advantage 
of  selecting  a  particular  variety  of  grape,  and  of  managing  ita  culture 
so  aa  to  bring  it  to  the  higneat  atate  of  perfection  of  which  it  is 
capable.  The  aame  care  haa  oeen  extended  to  the  making  and  aub- 
sequent  management  of  their  wine,  by  aeizing  the  most  favourable 
moment  for  the  vintage — ^by  the  rapidity  with  which  the  gn^)es  are 
gathered  and  pressed,  so  that  the  whole  contents  of  each  vat  may  be  in 
exactly  the  same  state,  and  a  simultaneous  and  equal  fermenti^on  be 
secured  throughout — ^by  exercising  equal  discrimination  and  care  in 
tbo  time  and  manner  of  drawing  off  the  wine,  and  in  ita  subsequent 
treatment  in  the  vats  or  casks  where  it  is  kept;  and  lastly,  hj  not 
selling  the  wine  till  it  should  have  acquired  all  uie  perfection  which  it 
could  acquire  from  age,  and  by  selling,  as  the  produce  of  their  own 
vineyards,  only  such  vintages  as  were  calculated  to  acquire  or  maintain 
its  celebrity.  By  these  means  have  the  vineyards  of  a  few  individuals 
acquired  a  reputation  which  haa  enabled  the  proprietora  to  command 
almost  their  own  pricea  for  their  wines;  and  it  was  evidently  the 
interest  of  such  persons  that  the  excellence  of  their  wines  should  be 
imputed  to  a  peculiarity  in  the  soil,  rather  than  to  a  system  of  manage- 
ment which  others  might  imitate  "(p.  133).  But  some  experienced 
wine-factors,  not  proprietors  of  vineyarda,  hold  a  different  opinion. 

It  is  greatly  to  be  wished  that  the  truth  of  thia  important  atatement 
v.'cre  impressed  on  all  persons  having  the  charge  of  vineyards,  aa  it  ia 
certain  that  by  attention  to  theae  and  other  drcumstancea  quite 
within  their  control,  the  quantity  of  good  wine  might  be  much 
increased  and  its  price  lessened.  Bronner  distinctly  states  that  in  the 
Bei^rasse  near  Heidelbei^,  by  obstinate  adherence  to  old  and  indo- 
lent practices,  the  produce  ia  annually  one-third  less  than  it  might  be 
(Heft  vu.,  p.  20). 

Where  some  peculiar  strong-smelling  substance  exists  in  the  soil,  an 
odour  ia  communicated  to  the  wine  wmch  renders  it  unpleaaanK  Thia 
is  the  case  when  atinkstein  (a  native  variety  of  aubcarbonato  of  lime. 


called  piare  puanU)  is  present.  The  vina-^wera  of  France  and 
Portu^  have  ao  atrong  an  aversion  to  manunng  the  vinea,  from  the 
notion  that  it  deterioratea  the  flavour  of  the  wine,  that  in  the  latter 
country,  at  least  in  the  port-yieldingdistrict  of  the  Alto  Douro,  the 
use  of  manure  ia  forbidden  by  law.  Thia  aeems  to  be  a  prejudice,  for 
the  Qerman  cultivators  manure  the  vines  very  freely,  and  no  wines  are 
more  esteemed  for  haiiquct  than  those  of  the  Rlnne;  and  Bronuer 
justifies  the  practice  (Heft  iiL  44),  not  only  with'fresh  cow-dung,  which 
IS  used  at  Johannisbex|^  but  with  fragments  of  woollen  cloth  pre- 
viously steeped  in  liquid  manure  and  dned,  which  is  found  greatly  to 
augment  the  produce.  Professor  Rau  bears  testimony  to  its  utility. 
The  practice  is  adopted  oftener  with  the  red  than  white  grapes ;  the 
former  every  third  or  fourth  year,  the  latter  only  every  tenth.  Even 
the  proprietors  of  the  vineyards  near  Bordeaux,  whicn  produce  the 
highly-prized  clarets,  employ  manure  "  once  every  four  or  five  years." 
(Paguierre, '  Wines  of  Bordeaux/  p.  28.)  But  perhaps  the  best  manure 
for  vines  is  the  cuttings  of  the  vinea  theoiaelves  when  pruned,  as 
reoonunended  in  Liebig'a '  Chemiatty  in  ita  application  to  Agriculture/ 
2nd  editw,  p.  260 : — f*  The  vinea  are  pruned  in  the  end  of  July  or 
beginning  of  August,  whilst  atiU  freah  and  moiat  If  they  are  then 
cut  into  amall  pieoea  and  mixed  with  the  earth,  they  undergo  putre- 
faction ao  completely,  that  at  the  end  of  four  weeka  not  the  amaileat 
trace  of  them  can  be  found."  Theae  restore  to  tiie  aoil  the  alkaliea 
abstracted  by  the  grapes,  which  are  so  necessary  for  the  perfection  of 
this  fruit.  Probably  feme,  ao  rich  in  alkaliea,  would  anawer  welL 
But  the  aame  vinea  will  yield  a  wine  having  vexy  different  qualitiea,  at 
leaat  aa  to  flavour  and  porfume,  in  different  aeaaona.  "  These  qualitiea 
are,  in  truth,  of  ao  delicate  and  inoonatant  a  nature,  that  Uiey  may  be 
said  to  varv  from  year  to  year ;  there  being  perhaps  no  two  rintagea, 
though  oollected  from  the  aune  apot  and  managed  in  the  aame  manner, 
that  will  be  found  completely  identical  in  flavour  and  perfume." 
(Henderaon'a  '  History  of  Ancient  and  Modem  Winea/  p.  1S5.)  The 
correotneaa  of  this  statement  is  proved  by  the  varying  character  of 
the  vintages  in  different  years.  It  rarely  happens  that  uie  good  Port 
years  coincide  with  the  good  Claret  vears,  as  a  heat  which  npens  well 
the  grapea  in  the  comparatively  cold  climate  of  Medoc  acorchea  the 
grapea  in  the  Alto  Douro,  and  vice  vend.  The  year  1811,  commonly 
called  the  comet  year,  waa  remarkable  for  the  excellence  of  the  vintage 
in  almost  all  the  wine-yielding  oountriea  of  Europe. 

The  subject  of  the  cultivation  of  the  grape  has  been  treated  under 
VnvsTARD;  we  proceed,  therefore,  to  apeak  of  the  manufacture  of 
wine.  The  stage  at  which  the  grape  is  fit  for  gathering  depends  upon 
the  kind  of  wine  intended  to  be  inade.  When  a  brisk  wine  is  wished, 
such  as  Champagne,  the  grapes  are  gathered  before  they  are  fully  ripe ; 
and  they  may  be  collected  even  in  foggy  weather,  or  before  the  dew  is 
dissipated  from  the  vines ;  though  for  aU  other  kinds  dry  clear  weather 
ia  proper.  (Henderaon,  p.  15.)  Thia  author  (in  gencoal  so  accurate) 
states  that "  if  the  object  be  to  obtain  a  dry  full-flavoured  wine,  the 
grapes  should  be  gathered  as  soon  as  they  have  acquired  their  proper 
maturity,  and  before  they  begin  to  shrink  or  witner  on  the  stalk." 
But  in  the  case  of  the  moat  esteemed  German  wines,  which  are  the 
driest  of  all,  the  gathering  of  the  grape  is  postponed  as  late  aa  poasible, 
by  which  many  free  adds  are  got  rid  of,  and  the  wine  at  a  much  earlier 
period  of  keeping  is  ao  aoft  and  delicate,  that  the  new  winea  are  pre- 
ferred to  the  extremely  old  winea,  which  were  in  feat  request 
previous  to  tiie  adoption  of  the  plan  of  late  gathering.  The  advantage 
of  this  was  first  accidentally  discovered  at  Johannisberg  in  1790 ;  but 
it  was  so  long  opposed  that  ita  establishment  as  a  practice  dates  only 
from  1822.  (Bronner,  Heft  iiL,  pp.  149-150.)  But  frost,  in  November, 
1858,  destroyed  to  some  extent  the  vintage  of  1858.  Thus  at 
Johannisberg  the  vintage  of  1811  waa  very  late;  that  of  1831  did  not 
commence  till  the  17tn  October,  nor  did  it  conclude  till  the  5th 
November :  and  in  1834  the  grapes  were  all  hanging  on  the  vinea,  but 
perfectly  aound,  ao  late  aa  November.  Tet  theae  are  among  the  most 
renowned  vintages  of  the  present  century.  In  the  warmer  parts  of 
the  aouth  of  Spain  and  of  France,  and  also  at  Tokay,  where  vina  de 
liqueura  are  mside,  the  grapea  are  allowed  to  remain  very  long  on  the 
vinea ;  the  atalks  are  twisted,  ao  aa  to  prevent  the  influx  of  any  recent 
aap;  the  thinner  or  watery  portion  evaporates,  and  the  dry  or 
shrivelled  grape  almost  resembles  a  raisin,  and  contains  much  sugar. 
On  the  Rh6ne  a  small  quantity  of  sweet  wine  is  made  from  the  ripest 
grapes,  which  are  hung  up  on  nurdles,  or  spread  on  straw,  for  six  or 
eight  weeks,  or  until  wey  become  half  dned.  ^  The  liquor  obtained 
from  thczn.  from  the  mode  of  preparation,  receives  the  name  of  tiravt 
wine  {vin  de  paille).  In  some  cases  the  must  ia  boiled ;  this  is  often 
done  with  the  sherries  of  Spain :  when  the  boUing  is  carried  far,  a 
veiy  sweet  luscious  wine  is  produced,  such  aa  the  wine  of  Cyprus,  Uie 
vino  coUo  of  the  Italians  (vinum  coctum  of  the  ancients),  the  original 
Malmseys  of  Candia,  and  the  other  rich  wines  of  the  Qrecian  turchi- 
pelagQ.  Tbe  colour  of  wine  is  not  always  dependent  on  the  colour  of 
the  grape  from  which  it  ui  prepared.  Champagne  is  the  produce  of  a 
red  grape  :  red  and  white  grapes  are  used  indiscriminately  for  Sherry ; 
but  white  Port  is  made  only  from  a  white  grane.  The  stalks  promote 
the  fermentation,  and  if  they,  as  well  as  the  nulls  or  skins,  are  with- 
drawn before  the  fermentation  has  proceeded  far,  as  it  is  not  till  some 
alcohol  is  generated  that  the  colouring  principle  ia  diaaolved,  thoae  even 
of  red  grapea  neither  communicate  colour  nor  taate  to  the  wine. 
They  are  early  withdrawn  from  the  delicate  red  winea  of  Bordeaux  |  bu^ 


OSl 


WIFE  MANtTFACTORE. 


WINE  MANTTFACTORE. 


fiss 


retained  longer  in  the  red  wines  of  Portugal ;  hence  the  greater  austerity 
and  aBtringency  of  the  latter.  The  wine  of  Cahore,  prepared  from  a 
grape  called  Auxerrmt,  or  pied  de  pcrdrix,  yields  a  wine  almost  black, 
the  colour  being  deepened  by  an  admixture  of  a  preparation  qdled 
rattgomt,  which  is  merely  a  portion  of  the  must  of  this  grape,  boiled 
for  a  few  minutes  with  the  strongest  spirit  of  wine,  in  the  proportion 
of  one  part  of  spirit  to  four  of  must,  added  to  it.  This  extnusts  the 
oolouring  principle  most  thoroughly;  and  communicates  not  only  to 
the  wine  of  Cahors,  but  also  to  many  of  the  Bordeaux  wines,  to  which 
raugome  is  frequently  added,  a  deep  hue.  "  The  more  this  preparation 
is  required  and  added,  the  less  the  wine  will  bear  keeping."  (Faguierre, 
p.  112.) 

Tabvlab  Virw  or  rns  Vintaoxs  or  Fovs  op  thb  most  dxfferrnt  and  czLm- 

BKATXD   WlBB-COUBTBXBS,    BXTBNDIMO     mOX     ALXOIT    THB     MOST     ITXBTBBX 
TO  TUB    MOST    BASTBBW    POIim   WHBBB    PAMOtTS   WiNXS   iBB    PBODVCBD     XK 

EvBOPB.  Ik  tbb  oolvkk  op  Clabbts  oklt  thb  most  notbo  tbabb  abb 

OITBy,  THB  XKTBBMXDIATB  OMBS   BBXBO   BrrBBB   "  HULL,"    "  BAD,"   OB  OHLT 

"xxDDUXo."    Thb  bxpbbmiob  **oood*'  bbpbbs  omlt  to  thb  qvautt: 

BOMB  TBABS    BBXBO    OOOD,   WITH    AX    ABVBDAMT    PBODVCB ;     OTHBBl    GOOD, 
WHILB  THB  QVABTITT   WAS  8MALU 
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The  wines  of  the  Moselle  may  be  distinguished  from  those  of  the 
Rhine  by  having  a  greenish  colour,  while  the  latter  have  a  yeUowish 
colour.  At  Cotnar,  in  Moldavia,  a  wiae  is  prepared  which  is  green, 
and  which  becomes  deeper  by  time ;  while  the  strength  iucreaaes  so 
much,  that  if  the  wine  be  kept  in  a  deep  and  well-vaulted  cellar,  in 
three  or  four  years  it  almost  resembles  brandy,  but  without  so 
readily  affecting  the  head.  "  On  exposing  red  wines  in  bottles  to  the 
action  of  the  sun's  rays  the  colouring-matter  separates  in  large  flakes, 
without  altering  the  flavour  of  the  wine."  (Hendersoa)  Sulphurous 
acid  ought  not  to  be  used  for  fuming  the  casks  into  which  red  wine  is 
to  be  put,  as  it  destroys  their  colour.  Spirit  of  wine  should  be  used  to 
rinse  such  casks.  The  colour  of  wine  vi  judged  of  by  placing  some 
of  it  in  a  small  silver  tray  or  saucer  (called  in  Portuguese  tafuhda- 
deira)  slightly  raised  in  the  centre ;  the  colour  it  exhibits  as  it  passes 
over  the  convex  centre  when  agitated,  is  that  which  guides  the 
broker. 

To  proceed  with  the  steps  towaids  the  conversion  of  the  must  into 
wine.  "  Before  beginning  the  vintage  it  is  necessary  to  be  assured 
that  the  fruit  which  is  to  be  gathered  has  attained  the  proper  and 


necessary  maturity,  for  on  this  almost  always  depjiuls,  in  a  greit 
measure,  the  quality  of  the  wine.  The  cultivator  ia  liable  to  fall  into 
one  of  two  errors,  which,  though  very  different  and  opposite  to  each 
other,  are  not  less  hurtful  to  the  wine,  especially  to  the  red,  which  u 
more  delicate  and  susceptible  of  injury  in  making  than  the  white,  if 
gathered  too  soon,  and  before  the  grape  has  attained  to  the  fit  degree 
of  maturity,  the  wine  is  likely  to  be  raw  {vert),  which  is  the  greatest 
faxdi  it  can  have,  and  the  moist  difficult  to  correct ;  the  wines  having 
this  defect  becoming  generally  h^rd  when  old.  The  other  error, 
though  of  less  consequence,  is  leaving  the  grapes  till  they  are  too  ripe, 
which  may  then  rot  before  gathered."  (In  the  north  of  France  this  is 
more  liable  to  occur ;  in  the  south,  less  so :  at  Langoe,  between  B<ir- 
deaux  and  Toulouse,  a  white  sweet  wine  is  prepared  from  Bpoile*i 
grapes.)  "  The  wine  made  from  grapes  too  ripe  acquires  a  aweetisb 
taste,  which  causes  it  to  work  a  long  while  in  the  banrels,  and  renden 
it  sour  and  difficult  to  keep.  The  wine  attacked  by  Hub  vice  requires 
greater  care  than  any  other ;  for  if  neglected  ever  so  little,  either  in 
racking  or  filling,  it  easily  becomes  sour.  However,  it  is  better  to 
gather  late  than  too  soon."  (Paguierre,  p.  47.)  At  Tokay,  where  the 
grapes  are  allowed  to  hang  on  the  vines  till  some  of  them  lose  ^eir 
globular  shape  and  transparency  {trockenbeeren),  the  gatherers  put  these 
into  a  separate  basket ;  and  the  juice  which  exudes  from  them  simply 
by  the  pressure  of  one  above  the  other  ia  carefully  collected,  and  known 
under  the  name  of  Tokayer-esaem,  This  thick  syrupy  liquid  does  not 
ferment,  and  always  remains  thick  and  muddy.  It  is  not  an  article  of 
commerce,  as  the  cultivators  keep  it  to  add  to  the  finest  wine  (called 
jiugbruch)  either  at  the  beginning  of  the  fermentation  or  at  the  termi- 
nation.   The  former  is  the  preferable  mode. 

We  may  take  Clarets  as  an  illustration  of  the  process  of  manufso- 
turing :  that  being  one  of  the  most  carefully  prepared  kinds  of  wine,  it 
will  serve  as  an  example  of  all.    In  the  words  of  Paguierre  ('  Wines 
of  Bordeaux '),  '*  the  proprietors  of  the  vineyards,  and  especially  of 
the  first  growths,  after  having  prepared  the  wine-vessels,  gather  the 
grapes  together  and  pick  them,  that  is,  set  aside  all  the  bunches  which 
are  rotten,  those  which  do  not  seem  quite  ripe,  or  which  are  withered, 
and,  finally,  all  which  might  hurt  the  quality  of  the  wine.     Their  first 
care  then  is  to  make  a  principal  vat  of  the  best  fruit,  which  is  called 
the  mother-cask  {euve-mireV  into  which,  after  picking,  they  put  the 
fint  and  best  grapes  which  arrive,  without  their  stalks,  and  without 
treading  them,  till  they  are  from  fifteen  to  twenty  inches  deep ;  after 
which  they  throw  about  two  gallons  of  old  Cognac  or  Armagnac  upon 
them,  ^ and  then  another  bed  of  picked  grapes,  followed  by  two  galloni 
more  of  brandy,  and  so  on  till  the  vat  is  full.    When  full  they  add 
spirit  of  wine,  taking  for  proportion  about  four  gallons  of  spirits  of 
wine  for  a  wine-vat  of  from  thirty  to  thirty-six  tuns.    It  must  be 
observed  that  the  quantity  of  brandy  or  spirits  of  wine  depends  on  the 
quality  of  the  vinte^e ;  for  if  bad,  more  must  be  put  in  order  to  excite 
fermentation,  and  replace  what  it  wants  by  defect  of  maturity.    (Of 
late  it  has  become  customary  to  add  stareh-sugar  when  the  grapes  are 
deficient  in  saccharine  principles.)    Rusins  are  often  used  for  the 
inferior  Gorman  wines.  (Mulder,  p.  51,  English  Translation.)   The  eattv- 
mire  being  filled,  it  is  shut  hermetically,  and  is  well  covered  with 
blankets^  in  order  that  the  air  may  not  penetrate.    This  vat  is  left  in 
this  state  for  three  weeks  or  a  month  without  being  touched.    A 
small  brass  cock  is  put  into  the  side  of  the  vat,  at  about  the  height  of 
the  third  of  its  depth  from  the  bottom,  in  order  to  be  able  to  judge  at 
will  of  the  progress  of  the  fermentation,  and  to  know  the  moment 
when,  the  ebullition  having  subsided,  it  may  be  racked  off  and  put 
into  casks,  pepored  beforehand  by  scalding  and  rinsing  with  a  little 
spirits  of  wme.     It  is  known  that  the  liquor  is  fit  to  be  drawn  off 
when  it  has  become  cool  and  is  sufficiently  clear.    While  Uie  out- 
mire  is  at  work,  the  vintage  is  continued  in  the  usual  manner ;  that  is, 
as  the  grapes  are  brought  in  and  picked,  they  are  trodden  in  the 
press,  and  put  with  their  stalks  into  the  vats,  where  the  fermentation 
takes  place  naturally.    These  vessels  are  not  entirely  filled ;  about  odo 
foot  or  fifteen  inches  are  left  for  the  fermentation,  which  sometimes 
overflows,  especially  when  the  vintage  has  attained  perfect  maturity. 
They  call  chapeau  the  stalks,  seeds,  and  skins,  &c.,  which  float  on 
the  surface  of  the  wine.    The  vintage  being  finished,  and  the  vats 
lightly  covered,  they  are  left  to  ferment,  taking  care  to  visit  them 
twice  a  day.    To  rack  them  it  is  necessary  to  wait  till  they  are  quite 
cold,  whidi  is  from  eight  to  twelve  days.    From  the  moment  that  the 
cask  has  become  sufficiently  cool,  it  is  necessary  to  draw  it  off;  for  if 
you  leave  the  wine  upon  the  lees  (marre),  or  with  its  crust  {chapeau), 
it  would  take  the  taste  of  the  stalks,  which  is  very  disagreeable  and 
difficult  to  get  rid  of,  and  is  a  great  defect.    If  the  cask  be  racked  off 
too  soon,  the  fermentation  would  not  be  complete,  and  the  wine  would 
run  the  risk  of  working  too  much  in  the  barrel,  and  of  not  keeping. 
When  the  vats  are  foimd  to  be  in  a  proper  state  for  racking,  the  wine  is 
drawn  off  into  barrels  prepared  for  the  purpose,  which  are  filled  about 
two-thirds  or  three-fourths ;  after  which  the  cuve-mlre  ia  emptied,  and 
the  wine  is  poured  in  equal  portions  into  these  casks  so  as  to  fill  them; 
and  the  remainder  is  employed  to  fill  up,  every  six  or  ei^t  days,  what 
is  consumed  by  evaporation,  or  what  the  cades  have  ullaged.    All  pro* 
prietors  have  not  the  means  or  localities  to  make  a  euve-mire  by  means 
of  old  brandy  or  spirits  of  wine,  either  because  their  vintage  is  not 
suffi<nently  extensive,  or  because  they  do  not  possess  the  things  neces- 
sary for  its  execution.    But  the  fermentation  succeeds  mu£  better 
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in  largo  vessels,  especially  when  prepared  as  aboye,  than  in  the  lesser 
ones  used  by  small  proprietors.  The  casks,  being  full,  are  left  about 
ei^ht  days  without  being  bunged ;  care,  however,  is  taken  for  the  time 
to  cover  the  bung-hole  with  a  stone,  brick,  or  piece  of  wood.  They 
are  filled  up  every  two  days,  and  when  bunged,  every  eight  days  at 
least,  till  the  wine  is  in  a  state  to  allow  the  cask  to  be  kept  with  the 
bung-hole  at  the  side,  which  is  not  till  after  eighteen  months. 

Manner  of  making  White  Wine. — To  make  l£e  white  wine  it  is  not, 
lilce  the  red,  put  into  the  vat  to  ferment,  but  the  grapes  are  trod,  and 
^^hen  taken  from  the  press,  the  juice,  skins,  and  seieds  are  put  into 
casks  (the  stalks  having  been  separated) ;  here  it  ferments  and  becomes 
wine  of  itself.  When  the  fermentation  in  the  barrels  has  entirely 
ceased,  it  is  racked  off,  and  care  is  taken  to  fill  up  what  has  been  con- 
sumed by  evaporation,  as  often  as  possible,  and  this  operation  ought  to 
take  place  at  least  once  or  twice  a  week. 

The  wine,  if  it  has  succeeded,  ought  to  be  dear,  transparent,  of  a  fine 
soft  colour,  a  lively  smell,  and  a  balsamic  taste,  slightly  piquant,  but 
agreeable,  inclining  to  that  of  the  raapbeny,  violet,  or  mignonette, 
filling  the  mouth,  and  passing  without  irritating  the  throat,  giving  a 
gentle  heat  to  the  stomach  and  not  getting  too  quickly  into  the  head. 

It  is  necessary  to  know  what  is  meant  bythe  Jlamnir  of  wine,  and 
what  by  bouquet,  terms  often  confounded.    The  flavour,  called  by  the 
French  sive,  indicates  the  vinous  power  and  aromatic  savour  which  are 
felt  in  the  act  of  swallowing  the  wine,  embalming  the  mouth,  and  con- 
tinuing to  be  felt  after  the  nassage  of  the  liquor.    It  seems  to  consist 
of  the  impression  made  by  tne  alcohol  and  the  aromatio  particles  which 
are  liberated  and  volatilised  as  soon  as  the  wine  receives  the  warmth  of 
the  mouth  and  stomach.    Hie  tive  differs  from  the  bouquet,  inasmuch 
as  the  latter  declu-es  itself  the  moment  the  wine  is  ezpoeed  to  the  air ; 
it  is  no  criterion  of  the  vinous  force  or  quantity  of  alcohol  present 
(being  in  fact  greatest  in  the  weak  wines),  and  influences  the  organ  of 
smell  rather  than  of  taste.    In  the  red  wines  of  Medoc  and  the  Qraves, 
the  sive  and  bouquet  exist  only  in  the  old  wines :  these  qualities  cannot 
be  known,  but  only  conjectured  in  the  new  wines;  and  experience  has 
alone  taught  the  brokers,  that  when  wines  of  particular  growths  present 
themselves  without  harshness  {verdeur),  with  colour,  body,  and  vino- 
sity,  they  will,  when  old,  acquire  a  baI«tfnio  flavour  {ihfe)  and  mellow- 
ness  {moilUux),  besides  t^e  colour  and  body;  they  will  also  keep  well, 
which  constitutes  the  perfection  of  wine.    To  give  bouquet  to  the 
wine,  two  drachms  of  orris  (the  rhizoma  of  the  Irie  Jlorentina)  in 
powder  are  put  into  a  fine  bag  of  muslin,  and  hung  for  about  fifteen 
days  in  the  cask.    Many  persons,  to  make  the  wine  appear  older  and 
higher  flavoured,  and  at  tiie  same  time  to  prevent  injuring  its  quality, 
employ  raspberry  brandy.     The  bouquet  which  by  these  means  ia 
given  to  the  common  or  ordinary  wines  never  replaces  perfectly  the 
natural  flavour  of  the  choice  wines  of  Medoc  and  Graven    It  is  very 
easy  to  distinguish  the  flctitious  bouquet  by  even  moderate  experience 
in  tasting  wine.  The  bouquet  is  altogether  a  new  product,  and  is  in  no 
way  dependent  on  the  perfume  of  the  grape  from  which  the  wine  is 
made.     Red  wines  scarcely  ever  retain  a  trace  of  the  odour  of  the 
grapes ;  the  white  muscadine  wines  do  in  some  degree,  especially  Fron- 
tignan.    It  haB  been  recommended  to  suspend  some  of  the  ripest  and 
most  odoriferous  bunches  of  the  grapes  in  the  cask  after  the  first 
fermentation  has  subsided,  in  order  to  heighten  Jthe  perfume  of  the 
wine,  a  practice  long  pursued  in  the  vini  ratpcUi  of  the  Italians,  and 
viTit  rapii  of  the  French.    But  if  the  omanthie  acid  and  osnanthie  ether, 
on  which  the  bouquet  depends,  be  the  Consequence  of  a  true  process 
of  putrefaction  (somewhat  similar  to  what  occurs  in  musk,  by  which 
the  odour  is  evolved),  by  a  mutual  interchange  of  the  elements  of 
gluten  and  sugar,  this  process  cannot  accomplish  the  object^  and  only 
runs  the  risk  of  exciting  a  hurtful  fermentation.    The  best  account  of 
the  bouquet  of  wine  is  given  by  Liebig,  who,  with  P^louze,  discovered 
ocnanthic  ether :— "  It  is  well  Imown  that  wine  and  fermented  liquors 
generally  contain,  in  addition  to  alcohol,  other  substances  which  could 
not  be  detected  before  their  fermentation,  and  which  must  have  been 
formed,  therefore,  during  that  process.    The  smell  and  taste  which 
distinguish  wine  from  all  other  fermented  liquids  are  known  to  depend 
upon  an  ether  of  a  volatile  and  highly  combustible  acid,  which  is  of 
an  oily  nature,  and  to  which  the  name  of  cenanthio  ether  has  been 
given . . .    The  substances  in  wine  to  which  its  taste  and  smell  are 
owing,  are  generated  during  the  fermentation  of  the  juice  of  sudi 
grapes  as  contain  a  certain  quantity  of  tartaric  acid ;  they  are  not  found 
in  wines  which  are  free  from  all  acid,  or  which  contain  a  different 
organic  acid,  such  as  acetic  acid.    The  wines  of  warm  climates  possess 
no  odour;  wines  grown  in  France  have  it  in  a  marked  degree;  but  in 
the  wines  from  the  Rhine  the  perfume  is  most  intense.    The  kinds  of 
grapes  on  the  Rhine  which  ripen  very  late,  and  scarcely  ever  com- 
pletely, such  as  the  JRieiling  and  Orleans,  have  the  strongest  perfume 
or  bouquet,  and  contain  proportionally  a  laiger  quantity  of  tartaric  acid. 
The  earlier  grapes,  such  as  the  Rutdnder  and  others,  contain  a  liu^ 
proportion  of  alcohol,  and  are  similar  to  Shpanish  wines  in  their 
flavour,  but  they  possess  no  bouquet  ....  The  acid  of  wines,  and 
their  characteristic  perfumes,  have  some  connection,  for  they   are 
always  fotmd  together;  and  it   can  scarcely  be  doubted  that  the 
presence  of  the  former  exerdses  a  certain  influence  on  the  formation 
of  the  latter.    Whatever  opinion  may  be  held  regarding  the  origin 
of  the  volatile  odoriferous  substances  obtained  in  the  fermentation  of 
wine,  it  is  quite  certain  that  the  characteristic  smell  of  wine  is  owing 


to  an  ether  of  an  oiganic  acid,  resembling  one  of  the  fatty  acids  . . . 
On  the  Rhine,  an  utificial  bouquet  is  often  given  to  wine  for  fraudu- 
lent purposes,  by  the  addition  of  several  species  of  the  sage  and  rue  to 
the  fermenting  liquid;  but  the  perfume  thus  obtained  differs  from 
the  genuine  aroma  by  its  inferior  durability,  it  being  gradually  dis- 
sipated."   (Liebig*s '  Organic  Chemistry.') 

The  fermentation  is  more  prompt  and  lively  in  proportion  to  the 
quantity  of  must ;  hence  the  best  wine  is  made  when  a  large  quantity 
of  must  is  operated  on.  In  some  cases,  when  the  season  is  cold  and 
the  grapes  are  imperfectly  ripened,  it  is  neeessary  to  promote  the 
fermentation  by  artificial  means ;  either  adding  some  boiliug  must,  or 
withdrawing  some  of  the  excess  of  water  by  adding  baked  gypsum. 
The  fermentation  is  best  carried  on  in  covered  vats :  since  in  open  ones 
not  only  the  carbonic  acid  gas  escapes,  by  which  the  wine  is  rendered 
flatter,  but  much  of  the  alcohol  and  aroma  are  lost,  and  the  wine 
rendered  weak.  The  length  of  time  that  the  fermentation  is  continued 
in  the  large  vats  depends  on  the  kind  of  wine  intended  to  be  made. 
The  temperature  also  influences  its  progress  and  the  results. 

In  the  Champagne  country,  the  grapes  which  are  to  fill  one  cuve  are 
all  pressed  within  the  space  of  two  hours,  and  the  must  allowed  to 
remain  in  the  cuve  for  a  period  varying  from  six  or  twelve  to  eighteen 
hours,  according  to  the  temperature,  during  which  it  undeiigoes  a 
process  of  spontaneous  purification,  becoming  as  clear  as  water.  The 
moment  when  this  is  complete  is  watched  for  with  the  utmost  care ; 
it  is  then  drawn  off  into  small  casks,  which  are  well  sulphured  (a 
process  which  is  hereafter  explained),  and  put  into  cellars  below 
ground,  the  bunghole  being  left  open,  but  covered  with  a  flint  stone. 
The  overflowing  froth,  or  yeast,  is  removed  from  time  to  time  till 
December  or  January,  when  the  chief  purchases  are  made,  as  then  the 
wine  can  be  tasted  and  proved.  It  is  then  also  submitted  to  the 
process  of  ^atjt^. 

At  Tokay  the  must  is  allowed  to  remain  in  the  vat  from  twenty- 
four  to  thirty-six  hours,  till  the  first  signs  of  fermentation  are  mani- 
fested ;  it  is  Uien  drawn  off  into  small  ca^  (which  are  never  sulphured) 
and  placed  in  a  still  part  of  the  cellar.  The  effervescence  lasts  two  or 
tlu^e  months. 

The  fermentation  spoken  of  hitherto  is  called  the  primaiy  or  active 
fermentation ;  but  there  is  a  subsequent  one,  called  the  secondary  or 
insensible,  which,  though  obviously  a  continuation  of  the  former,  is 
less  attended  to,  but  yet  of  great  importance  as  relates  to  the  ripening, 
keeping,  and  acidity  of  the  wine.  A  knowledge  of  the  causes  of  fer- 
mentation, and  the  conditions  under  which  it  can  take  place,  is 
essential  to  the  comprehension  of  the  measures  necessary  for  ripening 
the  wine  and  preserving  it  in  perfection.  The  subject  has  been  fully 
explained  in  Liebig^s  '  Chemistry  of  Agriculture/  and  Mulder's 
'  Chemistry  of  Wme/  London,  1859. 

When  a  dry  wine  is  wished,  it  is  necessary  that  all  the  sugar  should 
be  transformed  into  alcohoL  To  do  this  the  fermentation  is  excited 
from  time  to  time,  by  rolUng  the  wine,  or  returning  it  to  tiie  lees  to  feed. 
As  the  wine  contains  variable  quantities  of  undecomposed  gluten  in 
solution  or  thrown  down  to  the  bottom  of  the  cask,  it  is  only  neces- 
sary to  stir  up  the  lees  to  re-excite  the  fermentation.  But  lest  the 
point  should  Y>e  passed  at  which  the  wnous  fermentation  is  nearly  com- 
plete, and  the  acetous  would  begin,  all  the  undecomposed  ferment  is 
removed.  Much  of  it  remains  in  the  vat  in  which  the  first  and  violent 
fermentation  takes  place ;  when  the  fermenting  liquid  ia  put  in  casks, 
these  are  generally  kept  nearly  full,  by  frequent  additions  of  fresh  • 
juice,  so  that  much  of  the  ferment  works  out  at  the  bung-hole,  which 
18  seldom  perfectly  closed  for  two  or  three  months.  Racking  is 
practised,  for  valuable  wines,  as  often  as  three  times  the  first  year. 
This  consists  in  transferring  the  wine  to  a  fresh  cask.  It  Ib  in  doing 
this  that  the  practice  of  atSpkuring  is  mostly  adopted.  It  consists  in 
burning  sulphur-matches  or  linen  steeped  in  sulphur  in  the  cask 
previously  well  rinsed,  by  which  all  the  oxygen  of  the  atmospheric  air 
is  consumed,  and  a  quantity  of  sulphurous  acid  gas  produced.  This 
must  be  carefully  done,  as,  u  in  excess,  the  wine  acquires  the  taste  of 
sulphur,  which  it  would  keep  for  some  time.  White  wines  require 
most  sulphur,  especially  when  very  dry.  It  is  proper  to  transfer  the 
wine  immediately  to  the  exhausted  cask,  otherwise  it  would  speedily 
get  filled  again  with  common  atmoroheric  air.  Dr.  M'Culloch  recom- 
mends the  following  method,  as  he  remarks  that  by  the  common 
method  of  tapping  it  is  scarcely  possible  to  draw  the  wine  without 
mixing  a  portion  of  the  lees  with  it : — "  To  effect  it,  a  cock  is  introduced 
into  the  full  cask  at  the  ustial  place  of  tapping,  three  or  four  inches 
above  its  bottom,  from  which  a  leather  hose  (a  flexible  caoutchouc  tube 
would  be  better)  pipe  passes  into  the  bung-hole  of  the  empty  one.  A 
common  pair  of  bellows  may  then  be  so  fitted  to  the  bung-hole  of  the 
full  cask  as  to  force  by  its  action  the  whole  of  the  dear  liquor  through 
the  hose  into  the  empty  vessel.  By  this  means  the  least  possible 
disturbance  is  created,  and  the  wine  is  at  the  same  time  preserved  from 
the  injurious  contact  of  atmospheric  air."  The  whole  of  the  wine 
should  not  be  drawn  off,  as  the  cap  frequently  contains  principles 
which  would  readily  re-exoite  fermentation,  what  is  left  may  be 
employed  to  form  either  brandy  or  vinegar,  according  to  its  kind  or 
value.  Another  means  may  be  used,  instead  of  sulphuring,  to 
preventing  the  acetous  fermentation,  namely,  the  use  of  iu^kite  of 
potash,  A  drachm  is  in  general  sufficient  for  a  pipe  of  wine,  and  it 
oommnnicates  no   taste.     The   utility  of   both  agents  consists   m 
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absorbing  any  trace  of  oxygen,  and  preventing  it  acting  on  the  organic 
substance.  Many  volatile  oils  have  the  power  of  checking  the  vinous 
fermentation,  but  their  odour  is  a  practical  obstacle  to  their  employ- 
ment. They  probaldly  act  by  hindering  the  development  of  the  fungus 
(Sckcckaromyees  vini).  Alkalies,  combining  with  the  free  acids,  the 
presence  of  which  is  so  essential  to  the  process  of  fermentation,  also 
hinder  it,  but  as  they  are  destructive  of  the  qiuilities  of  the  wine,  they 
are  inadmissible.  Blade  oxide  of  manganese,  though  recommended  by 
Dr.  M'CuUoch,  should  never  be  used  for  wine  where  sulphiuing  has 
been  employed,  as  it  would  most  readily  give  off  o:rygen.  Hacking 
can  only  free  the  wine  from  matters  which  are  inaoluble,  and  either 
deposited  among  the  lees  or  floating  op  the  surface.  In  order  to 
get  rid  of  some  other  matters  held  in  solution,  a  different  practice  is 
adopted.  This  constitutes  the  process  of  filling*  Isinglass  m  solution 
in  wine,  or  white  of  eggs,  is  commonly  employed  for  this  purpose. 
The  common  and  new  wines  require  more  isinglass  than  the  fine  and 
old  ones.  If  the  wines  have  been  deprived  of  the  tannin  extracted 
from  the  seeds  of  the  grape,  isinglass  has  no  influence  in  purifying 
them.  If  kept  in  oak  casks,  however,  as  is  always  the  rule  in  France, 
they  extract  tannin  from  their  sides.  Numerous  powders  and  com- 
pounds, as  well  as  other  expedients  for  keeping  or  improving  wines, 
ore  detailed  in  JuUien, '  Manual  du  Sommelier.'  The  process  of  ftning 
is  always  repeated  previous  to  bottling  the  wine. 

At  Bordeaux  the  white  wines  are  generally  ready  for  the  first 
racking  in  December,  the  red  not  till  March ;  the  second  racking  is  to 
prevent  the  working  which  the  great  heats  of  July  and  August  might 
occasion  in  them ;  and  the  third  in  October,  before  the  cold  comes  on. 
A  favourable  state  of  the  weather  must  be  chosen  tor  these  processes. 
A  fourth  racking  takes  place  in  eighteen  months  lifter  the  vintage,  in 
March ;  it  is  then  that  the  casks  may  be  stowed  with  the  bung  at  the 
side.  After  this  it  only  requires  to  be  racked  twice  a  year,  in  March 
and  October.  When  it  has  attained  the  age  of  five  or  six  yearSf  it 
requires  racking  only  once  a  year,  which  is  always  done  in  March,  the 
moment  when  the  wines  are  always  finer  and  clearer  than  at  any  other 
season  of  the  year. 

One  of  the  qualities  of  a  good  wine  is  firmness  or  durability ;  but  in 
tills  respect  there  is  great  difference  among  wines,  and  one  potsessing 
every  other  requisite  may  be  defi^sient  in  this  essentiaL  This  may  be 
imparted  to  it,  however,  by  adding  some  other  stronger  wine,  or  one 
little  disposed  to  undergo  any  deleterious  change.  Hence  has  arisen 
the  practice  of  mixing  wines,  or,  as  it  may  be  termed,  their  medication, 
vulgarly  called  doctoring,  wbich  being  a  judicious  and  honourable  pro- 
ceeding when  the  only  articles  employed  are  the  real  produce  of  the 
grape,  is  not  to  be  confounded  with  unwholesome  mixtures  and  dis- 
honest practices,  which  deserve  to  be  reprobated*  Thus  some  of  the 
finest  growths  of  the  Claret  country  require  to  be  supported  by  tibe 
addition  of  Hermitage.  It  is  obvious  that  no  fraud  is  here  contem- 
plated, since  the  Hermitage  is,  'perhaps,  the  more  expensive  wine  of 
the  two,  and  the  maker  can  afford  to  add  it  only  to  the  besi  claret  It 
in  no  degree  impairs  the  fine  characteristics  of  the  choicest  claret,  nor 
diminishes  the  lightness  for  which  first-rate  claret  is  remarkable. 
Where  iDorhing  the  wines  is  practised  to  fit  them  lor  the  depraved 
taste  of  the  majority  of  consumers  in  England,  who  are  accustomed 
to  the  stronger  wines  of  Spain  and  Portugal,  the  case  is  very  different ; 
and  to  the  second  and  third  growths  Uie  red  wines  of  Boussillon, 
Bone  Carlo  from  Spain,  and  brandy  are  added — to  the  detriment  of  the 
character  of  Claret.  The  latter  addition  is  made  under  the  pretext 
that  it  is  necessary  to  enable  the  wine  to  bear  the  voyage.  Thifii 
except  so  far  as  a  very  small  quantity  of  brandy  is  concened,  is  altor 
gether  erroneous,  not  only  as  relates  to  Claret,  but  also  to  port  and 
Sherry.  The  wines  of  Basseins  and  St.  Ettlalie-d'Ambai'es,  two  parishes 
near  Bordeaux,  furnish  a  wine  which  is  generally  purchased  for  the 
French  navy,  because  it  keeps  well,  and  improves  greatly  at  sea.  The 
French  wine-brokers  at  Bordeaux,  familiar  with  the  qualitiea  of  the 
first  growths,  and  jealous  far  the  reputation  of  their  country,  deplore 
the  deterioration  which  much  of  their  wines  undex;go  to  fit  them  for 
the  English  market.  Still  Claret  with  no  other  addition  than  Hermi- 
tage may  be  obtained  here,  provided  a  proper  price  is  given,  by 
resorting  to  wine-merchants  of  high  repute.  Two  Sherries  come  to 
England  devoid  of  brandy,  AmontUlado  and  MamaniUa  ;  and  it  is  now 
the  wish  of  Port-wine  merchants,  of  the  highest  character  for  science 
and  probity,  to  introduce  Port-wine  with  as  small  an  admixture  of 
brandy  as  possible,  thereby  consulting  the  health  as  well  as  ];^ate  of 
their  customers.  Brandy  added  after  the  early  stages  of  fermentation 
is  only  mingled,  not  incorporated  with,  the  wine  —  increasing  its 
spirituosity,  but  not  its  vinosity,  and  producing  on  the  human  stomach, 
liver,  and  other  organs  the  same  effect  as  brandy  merely  diluted  with 
an  equivalent  quantity  of  water.  The  extension  therefore  of  a  taste 
for  the  pure  and  unsophisticated  wines  in  this  country  would  be  a 
national  benefit.  Sometimes  the  object  in  mixing  wines  is  to  pro- 
duce a  compound  having  a  different  or  more  agreeable  quality  ttum 
either  of  the  wines  singly  possesses  :  hence  the  mixing  of  the  Khine- 
wines  almost  constitutes  a  science.  Of  all  wines  Sherry  is  the  most 
mixed  with  the  vintages  of  diflferent  years.  **  The  wine-merchants  of 
Xeres  never  exhaust  their  stock  of  finest  and  oldest  wine.  According 
to  the  price  at  which  the  wine  expedited  to  the  market  is  intended  to 
be  sold,  it  contains  a  laiiger  or  smaller  proportion  of  old  wine.  But  it 
is  only  in  wines  of  a  very  high  price  that  even  a  small  portion  of  their 


finest  wines  is  mixed.  What  is  withdrawn  from  the  oldest  and  finest 
casks  is  made  up  from  the  casks  which  approach  them  nearest  in  age 
and  quality,  and  these  are  again  replenished  from  the  next  in  age  and 
quality  to  them.  Thus  a  cuk  of  wine,  said  to  be  fifty  years  old,  maj 
CQutain  a  portion  of  the  vintages  of  thirty  or  forty  seasons.**  (Busby.) 
A  sherry,  the  unmixed  produce  of  one  vintage,  may  no^  and  then  by  a 
rare  chance  be  obtained. 

*'  It  generally  happens  that  when  two  distinct  wjnss  are  mixed,  the 
process  of  fermentation  is  partially  renewedi  or  the  mixture,  in  technical 
language,  ^t<.  This  observation  haa  led  to  s  valuable  practioe  in  this 
manipulation,  namely,  ^t^n^-ini  technically  so  called.  It  is  foimd  bj 
experience  that  mixed  wines  unite  intq  one  durable  and  bomogeneoaa 
liquor  only  in  consequence  of  this  fermentation.  A  season  ^nd  circum- 
stances are  therefore  chosen,  in  which  one  or  both  qf  the  wines  to  be  thua 
mixed  are  either  in  a  state  of  renewed  f  ermentaticn  or  show  a  tendency  to 
it."  (McCuUoch.)  When  wine  is  thus  far  made,  it  is  left  in  the  cask,  or 
ss  it  is  termed,  in  lihe  toqod,  to  mature.  The  length  of  time  require! 
for  this  differs  much  in  the  different  wines.  |t  U  the  modem  practice 
to  send  several  wines  either  on  voysges  to  warm  cUniates  or  even  leave 
them  there  for  years.  This  is  particularly  the  case  urith  ^h^rry  and 
Madeira ;  the  fine  qualities  of  the  )atter  wine  are  very  greatly  developed 
by  a  few  years' sojourn  a^Mt^dras.  Consldersble  evaporatipn,  ss  well 
as  ullage,  occurs  during  ^his  time ,  hnt  it  js  reniarkable  that  duriog 
tlie  first  yesrs  ihaii  the  wine  remains  Vf^  the  cask  the  watery  particle 
chiefly  evaporate,  so  that  the  jfine  gains  in  slcohofUc  s^ngUi,  as  well 
as  flavour.  Afterwards  the  slpqhPl  begins  to  evaporate  :  and  it  U 
probable  thst  at  the  period  when  the  wines  b^pn  to  lose  alcohol  they 
cease  to  improve  in  flavouf  .  They  sre  then  fit  to  he  bottled.  The 
amount  of  evaporation  varies  with  the  climate,  and  the  kind  of  wood  of 
which  the  cask  consists.  In  some  cases  it  is  as  much  as  one-twelfth 
per  cent,  per  annum — especially  if  the  cask  is  qt  Spanish  chestnut, 
which  is  a  most  objectionable  wood  from  the  taste  it  Imparl  Memel 
or  Danzig  oak  is  exclusively  used  for  the  finer  Port  wines ;  American 
oak  is  cheaper,  but  not  so  gcKid.  The  presence  of  two  staves  of  chestDot 
in  each  cask  has  been  known  to  impart  a  taste,  slight  at  first,  but 
at  last  so  marked  as  to  lead  to  the  rejection  of  the  wine.  The  ullage  i* 
greatest  in  new  casks  ,*  and  hence  old  ones,  when  clean  and  sound,  are 
preferred.  But  Isrge  casks  of  glass  are  now  proposed  :  in  these  ullage 
is  impossible. 

During  the  stay  of  the  wine  in  the  wood,  a  deposit  of  tlrtar  and 
other  substances  occurs.  The  colour  undergoes  a  change,  espedally 
of  the  red  wines;  which  is  not  similar  in  aii*  Thus  while  Port 
wines  become  lighter,  those  of  Medoc  become  deeper :  hence,  to  give 
the  appearance  of  age  to  Port  wines,  vhite  Port  is  added ;  but  to 
Clarets  the  black  wine  of  Cahors  is  added.  The  wine  is  thought  to 
ripen  better  in  large  than  small  casks :  this  led  to  the  construction  of 
the  enormous  tuns  of  Heidelberg.  Where  any  of  the  wine  is  drawn 
off,  it  is  necessary  to  fill  up  the  void  as  speedily  as  possible  with  wine 
nearly  of  the  sf^me  quality,  otherwise  the  air  causes  the  remainder  to 
become  sour.  Where  wine  is  not  to  be  had,  the  introduction  of  a 
quantity  of  olive  oil  protects  the  wine.  A  fungus  is  very  apt  to  stretch 
across  tne  surface  ox  the  wine,  if  one  or  other  of  these  precautions  is 
neglected.  While  in  the  vaults  or  cellars,  the  casks  are  likely  to 
become  affected  with  the  dry-rot,  by  which  much  fine  wine  may  be 
lost,  especially  if  the  cellars  be  damp.  To  guard  ^against  this,  the 
casks  should  be  esrefuUy  inspected  from  time  to  tune.  Cellars  and 
vaults  should  be  ss  remote  as  possible  from  streets  and  other  ways  by 
which  waggons  pass,  the  vibration  caused  by  these  often  disturbing  the 
more  delicate  wines.  When  wines  have  been  kept  in  the  wood  for  the 
period  which  experience  has  fixed  as  that  proper  tor  attidning  maturity, 
they  are  generally  put  into  bottles  or  fiasks.  In  these  some  further 
change  goes  on,  by  which  they  are  still  further  ameliorated.  ^  In  many 
red  wines  a  deposit  occurs,  forming  a  crust  on  the  lower  side  of  the 
bottle.  The  operation  of  bottling  should  take  place  in  fine  weather,  if 
possible  m  March  or  October.  Before  this  is  done  the  wine  must  be 
fined,  either  with  white  pf  eggs,  very  fresh,  or  isinglass ;  after  which 
the  cask  must  be  left  to  repose  ten  or  fifteen  days,  according  to  the 
weather.  The  bottles  must  be  perfectly  clean,  and  if  not  new,  care 
must  be  taken  that  no  lead-drops  remain  in  them,  as  these  spoil 
the  wine  and  render  it  deleterious.  The  corks  should  be  perfectly 
sound,  and  as  elastic  ss  possible,  so  that  when  driven  home  tiiey  may 
expand  beyond  the  contracted  part  of  the  neck  of  the  bottle,  and 
thoroughly  exclude  the  air.  To  assist  in  this  object,  as  well  as  to  pro- 
tect the  corks  from  insects,  the  mouth  of  the  bottle  is  often  dipped  in 
melted  wax.  As  Ciiampagne  is  bottled  after  remaining  at  longest  only 
three  years  in  the  cask,  considerable  deposit  takes  place  in  the  bottle. 
When  recorked  this  is  got  rid  of  by  the  process  of  digorgement.  The 
bottle  is  inclined,  the  mouth  downwards,  till  all  the  sediment  is 
lodged  in  the  neck ;  the  cork  is  withdrawn,  some  of  the  wine  rushes 
out,  canying  before  it  the  lees ;  the  escape  of  the  rest  is  hindered  by 
an  adroit  adaptation  of  the  fore-finger.  To  fill  up  the  void  caused 
by  the  wine  which  has  escaped,  a  solution  of  suw-candy  in  any  of 
the  common  red  wines  of  the  country  is  added :  tne  permanent  cork, 
or  the  caoutchouc  stopper,  is  now  mtroduced ;  when  the  latter,  a 
simple  but  convenient  piece  of  mechanism  is  used :  it  is  then  wired 
down,  and  occasionally  covered  with  tin-folL  If  preserved  in  a  cool 
cellar,  good  Champagne  may  be  kept  in  perfection  from  ten  to  twenty 
years*     In  the  great  stores  at  Rheims  the  brealukge  amounts  on  9ii 
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average  to  ten  per  cent.  The  Italian  wines  often  have  only  oliye-oil 
pour^  infco  the  neck  of  the  bottle,  without  using  a  cork. 

AVines  are  clasmfied  according  to  the  predominance  of  certain 
ingredients.  When  much  alcohol  is  present,  they  are  termed  Hnmg  or 
generow;  when  otherwise,  liaht  or  weak;  when  much  sugar  undecom- 
posed,  sweet  or  Itucious  (Tins  de  liqueur) ;  when  little,  dry  ;  if  a  free  acid 
in  considerable  ptoportion  be  present,  thev  are  called  acid  or  aeeteeni  ; 
-when  much  carbonic  acid  is  present,  then  $parkHng  or  effervetcing 
{tnouiteux  of  the  French,  ff^aufhwein,  Qerman).  Water  is  more 
abundant  in  wines  made  in  wet  seaeons,  and  in  the  wine  from  new 
vineyards  or  young  vines.  These  are  also  most  prone  to  become  sour. 
"With  the  ancients  it  was  a  great  object  to  get  rid  of  the  watery  por- 
tion, for  which  purpose  they  employed  various  expedients,  and  often 
rendered  them  as  ti^ck  as  tar.  The  plan  noW  adopted  is  best,  to  add 
atarch-Bugar  to  the  must  The  alcohol  present  in  Wines  exists  from  an 
early  stage  of  the  fermentation,  and  is  not  a  product  of  distillation. 
The  quantity,  according  to  Christison,  varies  from  16  per  cent,  in  inferior 
Kudesheimer,  to  87  per  cent,  in  the  strongest  Port  and  Madeira ;  this 
being  the  per  centage  of  proof -spirit  estimated  by  volume.  The  con- 
dition in  wMch  alcohol  exists  as  thd  natural  product  of  the  primary 
and  secondary  fermentation  of  the  grape  is  veiy  different  from  that  in 
-which  it  is  found  when  obtained  by  distillation,  even  of  wine,  ^s  in 
the  case  of  the  finest  French  brandy.  The  addition  of  any  distilled 
spirit  to  wine  is  always  to  be  reprobated,  as  it  destroys  the  finer 
qualities  of  the  wine,  making  it  flat  and  mawkish.  "  The  first  and  most 
conspicuous  effect  is  the  loss  of  that  undefinable  lively  or  brisk  flavour 
which  all  those  who  possess  accuracy  of  taste  can  discover  in  French 
wines  or  in  natural  wines ;  and  a  flatness,  which  must  be  sensible,  by 
the  principle  of  contrast,  to  the  dullest  palate  which  shall  compare  the 
taste  of  Claret  wiUi  that  of  Port,  or  that  of  Hock  or  Grave  with  Lisbon  or 
Bucellas"  (Dr.  M'CuUoch).  It  tends  equally,  although  in  a  greater  length 
of  time,  to  destroy  the  union  of  the  colouring  principle,  which  is  well 
known  to  be  deposited  in  Fort  wines,  and  apparently  in  a  great  measure 
from  the  action  of  this  foreign  substance.  This  foci  explains  why  dis- 
honest wine-merchants  add  brandy  to  their  Port  wines,  to  give  them 
earlier  the  appearance  of  age,  by  producing  the  criut,  a  criterion  by  which 
no  experienced  or  intelligent  wine-drinker  allows  himself  to  be  misled. 
Moreover  no  quantity  of  brandy  can  hinder  the  process  of  acetificatlon, 
if  the  circumstances  favourable  to  it  are  present.  The  pure  light  wines 
of  France  and  Germany  produce  an  agreeable  exhilaration  of  mind, 
very  unlike  the  mere  phvsical  excitement  which  results  from  the 
largely  brandied  wines,  wnich  are  too  much  in  vogue  in  England. 
The  diseases  also  which  attend  spirit-drinkers,  chiefly  disorders  of  the 
liver,  are  commonly  met  with  among  the  consumers  of  wines  to  which 
brandy  or  whiskey  has  been  adventitiously  added,  thou^  such  disorders 
rarely  if  ever  follow  even  the  intemperate  use  of  pure  wine.  Intoxica- 
tion is  a  very  rare  occurrence  among  the  inhabitants  of  the  wine-pro- 
ducing countries.  Acid  is  another  component  in  wine.  A  free  acid  is 
necessary  for  the  development  of  the  fungus  with  which  the  progress 
of  fermentation  seems  closely  connected,  for  the  evolution  of  the 
bouquet,  for  the  agreeableness  of  the  wine,  and  probably  for  its  whole- 
Bomeness.  In  the  best  Rhine  wines  it  is  about  I  per  cent.  It  is, 
therefore  a  popular  error  to  denounce  the  acidity  of  wine.  The  kind 
of  add  present  is  however  a  very  important  poinL  Tartaric  acid  is 
the  best.  Whether  malio  add  be  ever  present  in  good  pure  wine  is 
doubtful,  except  in  red  Bordeaux,  in  which  no  lactic  acid  is  f oimd. 
(Mulder.)  Racemic,  silidc,  and,  perhaps,  formic  and  gludc  add,  may 
be  found  in  some  wines.  (Mulder.)  It  is  said  to  prevail  in  wines 
made  in  wet  seasons.  Citric  add  is  perhaps  found  in  wine  made  from 
unripe  grapes.  It  is  not  certain  that  oxalic  add  is  ever  found  in 
wine.  It  may  be  formed  in  some  rare  instances.  It  is  veiy  likely, 
however,  to  exist  in  considerable  quantity  in  the  spurious  wine  now 
lu^ely  made  from  the  garden  rhubarb.  On  many  persons  it  must 
have  a  very  hurtful  effect.  Acetic  acid,  or  vinegar,  is  that  which 
mostly  abounds  in  low  poor  wines,  especially  of  northern  countries,  and 
in  good  wines  which  have  been  mismanaged  and  allowed  to  spoU.  The 
flat  taste  of  the  fluid  and  a  smell  of  vinegar  declare  its  presenca 
When  wine  is  drunk  on  draught  or  from  tap,  it  is  most  apt  to  form 
acid,  unless  the  consumption  be  rapid.  It  is  to  disguise  its  presence 
that  one  of  the  most  dangerous  practices  is  adopted  by  vintners, 
namely  adding  sugar  of  l^id  to  the  tainted  liquid.  When  this  is  sus- 
pected to  have  been  used,  sulphuretted  hydrogen  will  reveal  its  pre> 
sence.  Sometimes  it  is  present  in  bottled  wine  from  a  leaden  shot 
being  left  in  the  bottla  A  small  iron  chain  ia  safest  and  best  for 
deaning  bottles.  Carbonic  acid  not  only  renders  the  wine  sparkling, 
but  increases  its  exhilarating  action,  as  felt  in  Champagne.  Tannie 
acid  is  present  in  Port  and  Tent,  to  the  former  of  which  it  imparts 
both  roughness  and  astringency.  Port,  both  red  and  white,  has  less 
free  acid  than  some  of  the  finest  Sherries.  In  the  Qerman  wines 
Berzelius  states  that  there  exists  tartrate  of  alumina  and  potass.  Bi- 
tartrate  of  potass  is  more  common.  It  is  precipitated  along  with  the 
colouring  matter,  and  termed  argol,  found  in  wine-casks. 

Respecting  the  relative  amoimt  of  acidity  in  different  wines  much 
error  prevails,  not  only  in  the  popular  mind,  but  among  medical  men. 
Dr.  Prout  ('  On  Stomach  and  Renal  Diseases,'  4th  edit.,  p.  8)  afi&rms 
that  sound  Sherry  contains  less  acid  and  sugar  than  any  other  wina 
But  several  very  careful  experiments  on  different  wines  by  no  means 
confirm  this  statement.  If  applied  to  Man?;anil]a,  which  is  Uie  favourite 


wine  of  the  Spaniards,  it  is  true ;  but  that  wine  is  soarcely  known  in 
this  country,  nowever  well  it  deserves  to  be  so,  as  its  freedom  from 
adventitious  brandy  and  from  much  acidity,  with  its  slight  degree  of 
bitterness,  a  quality  always  to  be  prised  in  wine,  strongly  recommend 
it  as  a  summer  wina  It  will  be  found  that  Port  wine,  both  red  and 
white,  has  less  free  add  than  even  some  of  the  finest  Sherries,  though 
this  is  not  confirmed  by  Dr.  Jones'  Appendix  to  Mtilder.  Madeira  has 
long  laboured  imder  a  most  unjust  opprobrium  in  this  respect.  That 
bad  Madeira,  and  the  wine  which,  though  produced  elsewhere,  was 
sold  for  it,  contain  much  acid,  and  readily  disagreed  with  the  stomach, 
may  be  perfectly  true ;  but  genuine  first-rate  Madeira  has  certainly 
very  little,  especially  after  a  voyage  to  the  East  Indies.  *'  The  Madeira 
wines  had  fallen  off  in  quality  from  over-shipment,  and  thereby  gave 
further  effect  to  this  taste  for  Sherry.  In  this  a  useful  lesson  was 
given  to  all  wine-growing  countries."  The  observations  of  Dr.  Paris 
are  too  just  to  be  omitted : — "  What,  for  instance,  is  the  acid  con- 
tained in  Madeira,  and  against  which  so  many  mighty  objections  have 
been  urged  ? — An  atom  merely  of  tartar !  And  yet  the  person  who 
fancies  that  his  digestion  can  be  deranged  bv  its  action,  will  swallow 
twenty  times  the  quantity  of  the  same  ingredient  in  some  other  shape, 
with  perfect  indiflerence  and  impunity."  "  Before  we  quit,"  says  the 
same  author, "  the  subject  of  vinous  addity,  I  shall  beg  to  say  a  few 
words  upon  its  supposed  influence  in  exciting  paroxysms  of  gout. 
That  such  attacks  have  followed  particular  potations,  I  do  not  mean  to 
deny ;  but  a  slight  excess  of  any  Kind,  whetlier  in  diet  or  exercise,  will 
excite  the  disease  in  those  predisposed  to  it.  Where  the  train  is  laid, 
an  additional  glass  of  Claret  may  have  acted  as  tiie  match ;  but  in  all 
such  cases  the  explosion  would  have  equally  taken  place  had,  instead  of 
Claret,  some  other  exciting  cause  fired  it "  ('  On  Diet,'  p.  198).  Liebig 
imhesitatingly  affirms  that,  whUe  to  the  free  acid  the  exquisite  bauquel 
of  the  Rhine  wines  is  owing,  to  the  tartar  present  in  them  some  of 
their  most  salutary  properties  belong.  To  tius  he  attributes  the  im- 
munity enjoyed  by  those  on  the  Rhine  and  Moselle,  iadeed  of  all  who 
use  the  German  wines,  from  the  uric  acid  diathesis.  This  statement 
of  the  utility  of  these  wines  might  be  suspected  to  originate  in  national 
partiality;  but  it  is  abundantiy  confirmed  by  Dr.  Prout  and  many 
others  who  have  attended  to  the  subject,  and  who  have  investigated  it 
free  from  prejudice  or  favour.  An  occasional  use  of  them  is  objec- 
tionable, but  the  habitual  use  is  most  salutary.  (See  Prout,  4th  edit., 
p.  210.)  Being  light,  they  can  be  drunk  without  dilution,  which  is 
preferable  to  reducing  a  strong  wine  by  adding  water,  which  is  much 
more  prone  to  produce  acidity  in  the  stomach.  (Prout,  p.  9.)  The 
water  furnishing  the  oxygen  and  hydrogen  necessary  to  convert  the 
alcohol  into  acetic  acid,  probably  favours  the  production  of  the  acid. 
Moreover,  wine  diluted  with  water  more  readir^  produces  intoidcation 
than  the  pure  wine  would  do ;  perhaps,  as  Dr.  Paris  has  suggested,  by 
applying  the  stimulus  to  a  lai^ger  surface  of  the  stomach  ('  On  Diet/ 
p.  191). 

The  classification  of  wines  has  engaged  the  attention  of  almost  all 
writers  who  have  treated  of  them;  but  no  satisfactory  one  can  be 
presented.  JuUien,  in  his  very  valuable  '  Topographie  de  tous  les 
Vignobles  connus,'  has  given  a  geographical  one,  followed  by  an 
arrangement  of  the  wines  of  each  country  into  five  or  fewer  classes, 
distinguishing  the  wines,  simply  so  called,  from  the  vius  de  liqueurs, 
and  subdividing  each  into  the  red  and  white.  This  for  all  commercial 
purposes  is  sufficient ;  but  for  dietetical,  or  as  a  guide  to  individuals 
desirous  of  procuring  wine  for  their  own  consumption,  is  futile.  The 
greater  number  of  the  different  kinds  mentioned  are  never  heard  of 
beyond  the  district  where  they  are  produced,  either  from  being  entirely 
consumed  by  the  inhabitants,  or  from  the  difficulty  or  expense  of 
transport,  or  from  deficiency  in  those  qualities  which  ensure  their 
preservation  or  recommend  them  to  distant  lauds.  This  is  especially 
the  case  with  what  are  termed  the  fourth  or  fifth  growths,  which  are 
seldom,  even  in  good  years,  worth  the  expense  of  transport,  if  sold 
under  their  real  names  and  at  their  just  value.  The  first,  second, 
and  even  third  growths  in  good  years,  bring  a  price  on  the  spot  which 
puts  it  out  of  the  power  of  persons  not  possessed  of  large  capitals  to 
obtain  even  a  small  stock  of  them.  The  prindpal  EngUiah  shipping- 
houses  at  Bordeaux  and  the  first-rate  houses  in  this  country  make  their 
purchases  only  in  the  good  vintages.;  and  it  is  their  competition  which 
then  raises  the  price,  and  the  absence  of  their  demand  which  makes  it 
siak  again  in  the  unfavourable  seasons.  First-rate  wine  must  always 
be  high  priced,  if  it  be  borne  in  mind  that  the  market-value  of  a 
renowned  vineyard  is  very  great;  that  the  territorial  extent  of  such  is 
in  general  very  limited ;  that  the  expense  of  cultivation  is  very  high ; 
that  these  expenses  are  as  great  in  the  bad  years,  when  they  bring 
no  return,  as  in  the  good  years ;  that  the  recurrence  of  favourable 
vintages  are  rare  and  distant ;  and  that  constant  superintendence  and 
expense  are  necessary  till  the  wine  reaches  perfection — not  to  mention 
the  loss  from  evaporation,  ullage,  breakage,  and  other  accidents,  and  to 
say  nothing  of  the  accumulating  interest  of  the  original  purchase- 
money  for  twenty  or  thirty  years.  Besides  all  these,  the  duty,  though 
paid  in  the  first  instance  by  the  merchant,  is  recovered  by  a  chatige  on 
the  consumer. 

Attention  is  now  being  paid  to  the  culture  of  the  grape  and  the 
making  of  wine  in  the  United  States,  South  Africa,  and  Australia; 
with  a  view  of  determining  whether  tempehite  climates,  and  EngUsh 
or  Anglo-American  industry,  can  introduce  this  as  a  profitable  culture. 
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The  taste  of  English  wine-drinken  has  been  unquestionably  vitiated 
by  the  long  use  of  higbly-brandied  Spanish  and  Portuguese  wines;  the 
taste  for  light  German  and  French  wines,  even  if  the  price  were  low,  is 
by  no  means  extensive  in  England ;  and  as  the  new  vintages  above- 
named  would  hear  more  resemblance  to  those  of  France  and  Germany 
than  to  those  of  Spain  and  Portugal,  they  will  have  some  difficulties  to 
contend  against^  Nevertheless,  it  is  highly  desirable  that  the  new 
attempts  shoxild  have  a  fair  trial  When  Professor  Wilson  reported  on 
the  New  York  Exhibition  of  1853,  he  stated  that  vineyards  are  rapidly 
extending  in  that  cotmtiy,  principally  in  Ohio ;  twelve  kinds  of  grapes 
are  cultivated  for  the  purpose ;  and  the  matter  is  an  interesting  one  to 
English  colomsts,  seeing  that  the  climate  of  Ohio  is  very  much  like 
that  of  many  of  our  colonies. 

Of  the  South  African  wine  which  is  now  coming  over  to  this  country, 
it  is  to  be  regretted  that  the  importers  give  it  such  names  as  "  South 
African  Port,"  "  SouUi  African  Sherry,"  &c.  If  it  be  a  pure  and  plea- 
sant wine,  it  should  depend  on  its  own  reputation,  and  not  on  the 
attempts  to  imitate  what  are  really  mixtures  of  wine,  brandy,  and 
Adulterants, 

In  1856,  the  Society  of  Arts  awarded  a  silver  medal  to  the  grower  of 
four  kinds  of  wine  from  Australia,  three  white  and  one  red.  Two  of 
the  white  kinds  were  satisfactory;  one  much  resembled  Cape  wine, 
while  the  other  was  a  dry  and  clean  wine,  with  considerable  body. 
The  red  wine  was  light,  clear-tasted,  and  exactly  like  Bordeaux.  These 
>vines  were  made  by  Mr.  Marking,  in  1853  and  1854,  at  Irrawory,  in 
the  Hunter  district  of  New  South  Wales.  He  found  that  the  grapes 
suitable  in  Europe  would  be  no  criterion  for  those  best  fitted  for  the 
climate  of  New  South  Wales.  The  colony  contains  a  large  area  of  good 
vine  land,  some  of  which  has  been  made  to  yield  1000  gallons  per  acre. 
It  is  believed  that  the  freight  would  not  necessarily  be  large,  for  the 
wine  would  form  good  ballast  for  wool  ships  to  England.  All  the 
operations  for  making  Australian  wine  are  fully  described  in  the  Society 
of  Arts'  Journal  for  1856.  Professor  Owen,  as  one  of  the  jurors  of  the 
Paris  Exhibition  of  1855,  said,  **  In  the  department  for  Australia  were 
evidences  of  the  increasing  importations  from  the  vineyards  of  New 
South  Wales.  The  specimens  of  wine  exhibited  by  Messrs.  Macarthur, 
King,  and  Brown,  are  deserving  of  special  notice.  The  wines  included 
white  wines  akin  to  those  of  the  Rhine ;  red  light  wines  like  those  of 
Bordeaux ;  Mousseux  varieties  with  a  bouquet,  body,  and  flavour  equal 
to  the  finest  Champagne ;  Muscats  and  other  sweet  wines  rivalling  the 
Montignac  of  the  Cape.  Some  of  these  wines  were  of  the  vintage  of 
1839,  bottled  in  1842;  others  had  made  the  voyage  round  the  world 
in  wood.  The  verdict  of  the  experts  (judges)  was  much  in  their  favour; 
for,  whereas,  on  the  wines  of  Europe  the  numbers  indicative  of  quality 
ranged  from  as  low  as  2  to  18,  uie  lowest  number  assigned  to  the 
Australian  specimens  was  7,  the  highest  14,  and  the  average  number 
104,  being  as  high  as  that  of  the  wines  of  Austria,  and  much  exceeding 
that  of  the  wines  of  the  Cape,  or  any  other  wine-producing  colony."  It 
has  been  since  stated,  however,  that  the  Austi^ians  themselves  care 
little  for  their  own  wine ;  those  who  can  afford  to  drink  wine  at  sll.  buy 
the  port  and  sherry,  the  claret  and  champagne,  of  Europe.  There  is 
doubtless  much  of  habit  and  conventionalism  in  this ;  nevertheless  the 
exertions  of  the  planters  are  worthy  of  all  commendation. 

Of  wines,  real  or  sophisticated,  other  than  the  juice  of  the  grape,  we 
speak  in  Wines,  British.  Of  the  extent  and  peculiarities  of  the  toade, 
details  will  be  found  under  Wine  and  Spirit  Trade. 

WINE,  MEDICAL  USES  OF.  These  are  distinct  from  the  common 
or  dietetical  employment  of  wine.  For  very  young  children,  wine  may 
be  pronounced  to  be  at  once  needless  and  hurtful,  as  was  proved  by 
the  experience  of  Dr.  Hunter  on  his  own  children.  The  immense 
number  of  the  children  of  the  lower  orders  who  fall  early  victims  to 
gin  prove  it  on  a  large  scale.  But  in  the  case  of  great  constitutional 
debility,  or  in  states  of  exhaustion  from  depressing  dismuies  such  as 
diphtheria,  scarlatina,  or  gastric  fever,  small  quantities  of  good  wine 
cautiously  administered,  are  invaluable  tonics.  The  best  mode  of 
administering  them  is,  not  to  give  them  undiluted,  or  eyen  simply  with 
water,  hot  or  cold,  but  with  a  very  small  quantity  of  hot  water  having 
mixed  with  it  so  much  biscuit  or  rusk  as  shall  form  with  ike  wine  a 
thick  pulp,  requiring  to  be  eaten  rather  than  drunk.  This  prevents  the 
coats  of  the  stomach  being  so  much  irritated,  and  the  wine  does  not 
so  speedily  reach  the  brain  to  over-excite  it  At  a  more  advanced 
period  of  life,  if  rapid  growth  should  occur,  wine  in  moderation  is 
beneficial  But  much  caution  is  requisite,  lest  habits  should  be  formed, 
difficult,  if  not  impossible  to  break.  2iealous  students  are  sometimes 
tempted  to  prop  up  exhausted  nature  by  wine ;  but  the  benefit  is  only 
temporary,  while  the  injury  is  often  permanent.  Tea  or  coffee,  or 
coca,  [Erythroxylon  Coea :  See  Stimulants]  are  preferable. 

As  life  advances,  and  the  circulation  becomes  languid,  wine  in 
moderation,  at  fit  times,  is  commendable.  It  has  been  designated 
"the  milk  of  old  age,"  and  may  tend  to  prolong  life— but  in  excess 
cannot  fail  to  shorten  it. 

The  selection  of  the  kind  of  wine  must  be  left  to  the  individual,  or 
to  the  judgment  of  his  medical  attendant.  Every  one  should  aim  at 
obtaining  good  wine,  and  avoid  mixing  wines.  Where  gouty  persons 
use  wines,  it  should  be  Rhenish,  Moselle,  or  Bordeaux  (Claret),  and 
these  should  be  strictly  adhered  to. 

In  the  treatment  of  fever,  common  or  typhoid,  there  generally 
occurs  a  stagei  when  stimulants  are  requisite.    Of  these,  wine  is  most 


frequently  employed.  But  as  the  type  of  fever  so  frequently  varies,  no 
rules  can  be  laid  dovoL  Nothing  shows  the  discrinuDating  power 
of  the  physician  more  than  his  abUity  to  decide  when  it  is  to  be  used, 
and  how  much  is  to  be  administered.  States  of  great  prostration  need 
much.  Port  wine,  Madeira,  and  Champagne  are  mostly  preferred. 
But  if  erysipelas  or  affections  of  the  liver  occur,  MoeeUe  with  Seltzer 
water  is  best.  Tympanites  is  often  dissipated  by  wine,  given  either  by 
the  mouth,  or  as  an  enema.  (Abercrombie  on  the/ Diseases  of  the 
Stomach.')  The  same  author  gives  cases  where  delicate  females, 
unaccustomed  to  the  daily  use  of  wine,  had  been  saved  by  the  liberal 
use  of  wine,  in  cases  of  much  exhaustion.  But  these  are  very  extreme 
oases.  Wine,  especially  port  wine,  given  with  very  warm  water,  to 
persons  much  exhausted  with  over  walking,  or  during  oonvalesceoee 
from  fevers  or  other  weakening  diseases,  before  out-of-door  exerdae 
can  be  taken,  often  insures  sound  refreshing  sleep  if  administered 
about  the  usual  time  of  going  to  bed.  A  rusk  or  biscuit  steeped  in  it 
converts  it  )nto  a  digestible  supper  for  such  persons. 

WINE  AND  SPIRIT  TRADE.  It  will  be  convenient  to  titsat  thii 
subject  under  two  sub-headings. 

Wine  Trade.  The  wine  trade  of  England  has  been  governed  for  a 
century  and  a  half  almost  wholly  by  a  particular  treaty  with  Portugal, 
called  the  Methuen  Treaty ;  cmefly  by  creating  an  artificial  taste  for 
that  particular  wine  which  happened  to  be  most  ea^y  procuied. 
During  many  centuries,  almost  the  only  foreign  wines  consumed  in 
England  were  French.  In  1693,  a  change  began,  by  favouring  Portu- 
gal wines  with  a  lower  import  duty ;  the  favour  was  increased  in  1697 ; 
and  in  1703,  Mr.  Methuen  negotiated  a  treaty,  whereby  Enghod 
engaged  to  admit  port  wine  at  a  duty  of  one-third  less  than  that  oo 
French  wine ;  on  condition  that  Portugal  received  English  manufac- 
tured goods  on  i^vourable  terms.  The  English  wine-drinkers,  in  fsct, 
were  sacrificed  to  the  English  manufacturers;  and  the  Effects  hare 
been  apparent  from  that  day  to  this.  During  the  greater  -p^rt  of  the 
last  century,  England  took  twenty  times  as  much  Portuguese  wine  as 
French  wine,  until  the  taste  for  the  latter  became  almost  extinguished, 
except  among  the  wealthy  classes.  The  wine-growers  on  the  Doufo 
and  the  ^eat  merchants  at  Oporto,  finding  they  had  nearly  a  monopoly, 
worked  it  in  the  usual  way  to  their  own  profits  An  Oporto  Wine 
Company,  established  in  1754,  purposely  diminished  the  extent  of  the 
vineyards,  with  a  view  of  keepmg  the  price  wholly  under  their  own 
command;  and  this  policy  was  successful  until  quite  recent  times. 
Almost  evexy  gallon  of  port  wine  was  sent  to  England ;  other  countries 
either  did  not  like  it,  or  would  not  pay  the  price  demanded  for  it 
The  natural  flavour  and  quality  of  the  wines  of  the  Upper  Douro  are 
almost  unknown  in  England,  and  probably  would  not  be  reHshed ;  they 
are  strongly  flavoured  for  the  English  market,  and  require  to  be  kept 
many  years  in  the  wood  and  in  bottle,  before  they  acquire  the  qualities 
familiar  to  English  port  drinkers.  < 

In  1819  a  reduction  was  made  in  the  duty  on  French  wines ;  and  in 
1831  the  duty  on  all  foreign  wines  was  equalised — after  128  years  of 
favouritism  to  Portugal  The  consumption  of  port  did  not,  however, 
yield  to  this  change ;  because  the  English  had  become  accustomed  to  the 
taste  of  that  wine,  and  had  not  yet  learned  to  appreciate  the  light  wines 
of  France.  So  signaUy  was  this  the  case,  that  in  1842,  ^even  years  after 
the  equalising  of  the  duty,  the  English  consumption  of  French  wines 
barely  amounted  to  one  ^lon  for  every  sixty  persons :  the  total  con- 
^  sumption  of  all  wines  was  about  a  quarter  of  a  gallon  per  head,  whereas, 
so  far  back  as  the  year  1700,  it  was  a  gallon  a  head.  It  is  well  known 
that  wholesome  wine,  of  fair  quality,  can  be  exported  from  France  at 
sixpence  per  bottle ;  and  it  still  remains  to  be  seen  to  what  degree 
England  wiU  be  able  to  avail  herself  of  this  advantage.  It  was  stated 
before  the  Committee  on  the  Wine  Duties  in  1852,  by  Mr.  Forrester, 
an  extensive  wine-grower  in  Portugal,  that  no  port  is  brought  to  Eng- 
land with  less  brandy  in  it  than  three  gallons  to  a  pipe  of  115  gallons ; 
and  that  the  ratio  varies  from  this  minimum  up  to  a  maximum  of  1 7 
gallons.  Unfortunately,  too,  many  other  substances  besides  brandy 
are  added  in  all  except  the  best  kinds  of  port. 

From  1697  to  1785,  the  quantity  of  foreign  wine  imported  annually 
never  varied  far  from  2,000,000  to  3,000,000  gallons ;  from  1786  to 
1851  it  varied  from  4,000,000  to  11,000,000.  The  Portuguese  wioe 
(port)  maintained  an  ascendancy  over  Spanish  (sherry)  till  about 
1830;  since  which  year  the  balance  has  been  rather  the  other  way. 
The  difference  in  the  above-named  quantities  was  in  the  imports  ;  the 
home  consumption,  from  1830  to  1860,  remained  remarkably  constant, 
never  deviating  far  from  an  average  of  7,000,000  gallons.  The  duty 
remained  steady  during  that  period  (about  5«.  6d.  per  gallon,  or  lit/. 
per  bottle),  and  the  consumption  barely  increased  as  rapidly  as  the 
population. 

At  present,  port  is  gradually  giving  place  to  sherry.  The  entries  for 
home  consumption  of  all  kmds  of  foreign  wine,  in  1860,  were  as 
follow : — 

From  Spain        .....  2,975,709  gallons. 

Portagal 1,776,138 

France 1,125,599 

South  Africa  ....      426,556 

Datch  poasessioiu  .  •  .  222,725 
Italy  and  Naples  •  •  •  •  205,084 
AH  other  ooontriet     •        •        •     626,821 
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Of  this  total  quantitj,  8,001,418  gallons  belonged  to  the  class  of  red 
^nes,  and  4,856,779  to  that  of  vfhUe.  The  most  noticeable  feature  in 
that  year  was  the  advance  in  the  Frencfh  wine  trade.  In  1857, 1858, 
and  1859,  the  French  wine  drunk  averaged  about  600,000  gallons 
annually :  in  1860  it  was  nearly  double.  This  resulted  from  only  a 
few  months'  operation  of  the  new  tarifl^  which  opened  the  way  for  the 
introduction  of  French  wines  at  a  moderate  duty.  By  the  Customs 
Duties  Act,  passed  August  28th,  1860,  foreign  wines,  during  the 
remainder  of  that  year,  were  to  pay  8t.  per  gallon,  and  colonial  wines 
2s,  9d.,  plus  5  per  cent.  From  and  after  January  1st,  1^61,  all  wines 
pay  If.  per  gallon,  if  containing  less  than  18  per  cent,  proof  spirit ;  the 
duty  rises  to  2ff.  11<L,  according  to  the  alcoholic  strength.  There 
seems  something  ressonable  in  this,  making  the  stronger  wines  pay  the 
higher  duty — provided  the  mode  of  testing  the  quality  be  not  too 
oomplex  and  troublesome.    [Alcx>holometrt.] 

We  may  here  remark  that  Sykes's  Hydrometer  [Htdrometbr]  is 
declared  by  tiie  legislature  to  be  the  official  means  of  deciding  the 
alcoholic  sb*ength  oSf  wines  and  spirits ;  but  as  wine  is  now  to  be  esti- 
mated bv  Uie  quantity  of  spirit  it  contains,  attention  will  naturally  be 
paid  to  the  easiest  mode  of  making  the  estimate.  Mr.  Phillips,  chemist 
to  the  Revenue  Department,  has  reported  i^vourabl^  of  Urockford*s 
Patent  Spirit  Indicator  for  wines.  This  apparatus  is  based  on  the 
principle  that  the  boiling  point  of  any  spirituous  liquor  depends  on  the 
quantity  of  contained  fdcohoL  It  consists  of  a  spirit-lamp  and  stand, 
a  boiler  and  condenser,  and  a  thermometer  with  a  moveable  scale 
graduated  to  show  the  d^greep  per  cent,  of  pure  spirit,  and  fitting  with 
an  air-tight  plug  into  the  boiler.  There  is  a  tin  vessel  to  hold  water, 
which  flows  thence  through  a  flexible  tube  to  the  inlet  of  the  con- 
denser ;  a  similar  tube  is  attached  to  the  outlet  whence  the  water  runs 
to  waste.  The  boiler  is  provided  with  a  condenser,  which  returns  to  it 
whatever  portion  of  the  alcohol  is  exhaled,  so  as  to  include  it  in  the 
estimate  of  the  sample. 

The  Refreshment  Houses  and  Wine  Licences  Act  of  1860  is  likely 
to  have  some  influence  on  the  consumption  of  wine  in  England.  Any 
shopkeeper  may  take  out  a  licence,  vaiying  from  10«.  M.  to  ZL  8i.  per 
annum,  according  to  the  rated  value  of  his  house,  for  the  sale  by 
retail  of  foreign  wine.  The  word  "  retail "  Ib  considered  to  refer  to 
quantities  less  than  two  gaUons,  or  one  dozen  bottles.  The  wine  may 
be  drunk  on  the  premises,  under  certain  specified  conditions,  and  on 
payment  of  a  higher  Ucenc^uty.  All  liquor  sold  as  wine  must  contain 
less  than  40  per  cent,  of  proof  spirit,  or  it  will  be  regarded  as  spirit. 
Excise  officen  are  to  possess  large  powera  in  respect  of  the  examination 
at  all  times  of  premises  licensed  as  wine-shops.  Standard  measures  are 
to  be  used.  Numerous  precautions  are  taken  to  insure  the  honest  inter- 
pretation of  the  Act — ^rendered  necessary  by  the  fact  that  spirits  now 
pay  ten  Hme$  as  much  duty  per  gallon  as  vrine. 

&>iri(  Trade. — ^The  duty  on  spirits  has  been  heavy  for  more  than 
half  a  century  past,  varying  from  200  to  600  per  cent,  on  the  value  of 
the  article  taxed.  The  quantity  of  home-made  spirits  which  paid  duty 
rose  from  9,000,000  gallons  in  1802  to  28,000,000  gallons  in  1849,  and 
26,000,000  gallons  in  1854 ;  while  in  the  last-named  year  foreign  spirits 
(mm,  brandy,  hollands,  &c)  were  taxed  to  the  extent  of  about  5,000,000 
gallons.  Spirit  drinking  is  not  increasing  among  us.  In  1858, 1859, 
and  1860,  the  home-made  spirits  charged  with  duty  did  not  in  any  one 
year  reach  24,000,000  gallons,  being  less  than  in  1854.  The  foreign 
spirits  in  1860  (slightly  greater  than  in  the  two  preceding  yean)  pre- 
sented the  following  quantities: — Rum,  8,700,000  gallons;  Brandy, 
1,460,000 ;  Geneva^  or  Hollands,  260,000.  British  and  foreign  together, 
there  are  about  80,000,000  gallons  of  spirits  for  80,000,000  peopM,  or  a 
gallon  per  head  per  annum  each. 

An  interesting  matter  concerning  sphrit  duties  is  that  of  wkethylated 
tpirU.  Spirits  of  wine,  or  alcohol  in  a  strong  form,  is  used  for  many 
purposes  m  the  arts.  It  is  a  solvent  of  resinous  substances,  which, 
when  thus  dissolved,  are  used  in  stiffening  hats,  and  in  making  var- 
nishes. It  is  used  as  a  solvent  in  the  manufacture  of  many  chemical 
substances,  including  the  alkaloids  and  other  organic  products,  largely 
used  in  medicine.  It  is  used  in  the  production  of  ether,  chloroform, 
sweet  spirits  of  nitre,  and  fulminating  nitre ;  as  a  solvent  or  menstruum 
for  administering  the  animal  and  vegetable  substances  used  in  medicine 
in  the  form  of  tinctures ;  as  a  fuel  for  burning  in  spirit  lamps ;  as  an 
addition  to  oil  of  turpentine  or  other  hydro-carbons  in  lamps;  and  as 
a  solvent  for  essential  oils  and  other  odoriferous  substances  used  in 
perfumery.  For  all  such  purposes  alcohol  is  very  valuable ;  but  the 
high  price  is  a  bar  to  extensive  use.  There  is,  however,  a  liquid  now 
wdl  xnovni  to  chemists,  called  methylated  tpirit,  which  will  answer  for 
these  purposes  nearly  as  well;  and  as  this  is  not  fit  for  drinking,  manu- 
facturen  have  for  some  yean  uiged  the  Excise  to  remove  tiie  duty 
from  it,  simply  in  the  interests  of  productive  industry.  In  1856, 
Messn.  Qreatorex,  Hofmann,  and  Redwood  presented  a  report  to  the 
government  on  this  subject,  They  tried  to  produce  a  substitute  for 
spirit  of  wine  that  would  not  be  drinkable,  such  as  sulphide  of  ethyl, 
caoutchidne,  &o.  At  last  they  found  that  wood  naphtha,  pyroxylic  or 
methylic  spirit,  might  be  so  prepared  as  to  be  useful  to  manufacturers, 
and  yet  not  likely  to  be  used  by  spirit  drinkan  as  a  substitute  for  gin. 
Messrs,  Tumbull  of  Glasgow  announced  that  th^  could  make  it  at 
8i.  6d,  per  gallon ;  and  o&en  have  stated  it  might  possibly  be  pro- 
duced for  5i.  Two  gallons  and  a  half  of  methylated  spirit  can  be 
obtained  from  one  ton  of  dry  wOod.  Mr.  Smith,  the  distiller,  of  White- 
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chapel,  expressed  a  belief  that  publicans  would  not  venture,  if  the 
methylated  spirit  were  rendered  ever  so  cheap  by  the  removal  of  the 
duty,  to  mix  more  than  ^  part  with  their  gin,  for  fear  of  exciting  the 
suspicion  of  their  customers.  The  chemists  reported  to  the  Excise 
that,  in  their  opinion,  methylated  spirit  might  be  set  free  from  duty 
without  affecting  the  ordinary  revenue  from  ardent  spirits.  "  It 
appean  to  us  that  it  would  be  proper  to  mix  the  spirit  in  the  distilleiy, 
and  to  declare  illegal  the  possession  of  the  methylated  spirit  by  a 
rectifier  or  publican.  The  retail  sale  of  the  methylated  spirit  would 
then  fall  into  the  hands  of  druggists  and  oilmen,  who  could  be  supplied 
direct  from  the  distillers."  This  advice  has  been  acted  on.  A  small 
per  centage  of  pure  methylated  spirit,  mixed  with  alcohol,  is  allowed 
duty  free ;  it  is  suitable  for  all  manuiacturing  purposes,  but  is  not 
drinkable,  nor  can  the  alcohol  be  separated  from  it  by  any  available 
process.  All  the  government  pyrotedmio  or  artillery  compositions 
are  now  made  with  methylated  spirit  instead  of  spirit  of  wine ;  and 
the  liquid  is  coming  very  largely  into  use. 

The  duty  on  spirits  underwent  changes  in  1858, 1854, 1855, 1858, 
and  1860.  In  1860  an  act  was  passed,  which  repealed  wholly  or  par- 
tially no  less  than  twenty-six  former  acts,  embodying  all  the  regulations 
for  the  guidance  of  manufacturen  of,  and  dealera  in,  spirits.  In  the 
same  year,  another  act  fixed  the  duty  on  British  spirits  at  8«,  Id.  per 
gallon  till  July  17th,  1860,  and  10«.  after  that  date.  By  the  Customs 
Act  of  the  same  year,  foreign  spirits  pay  an  import  duty  about  equal 
to  the  Excise  duty  on  British  spirits,  namely,  10«.  2d,  to  10s.  5d.  per 
gallon. 

WINES,  BRITISH.  British  wines,  or  Sweets,  as  they  are  called  by 
the  Excise,  are  sweet  beverages  made  as  substitutes  for  real  wine.  The 
making  of  them  forms  a  part  of  domestic  chemistry  or  household  skill, 
as  well  as  a  branch  of  trade.  Generally  q[)eaklng  they  are  prepared  from 
the  juice  of  fruits ;  but  a  large  number  of  other  chemical  substances 
are  similarly  employed.  The  common  English  fruit  wines  comprise 
gooseberry,  currant,  cherry,  raspberry,  mulberry,  strawberry,  apple, 
elder,  whortleberry,  blackberry,  damson,  bullaoe,  apricot,  orange, 
jumper,  lemon,  grape,  peach,  quince,  and  mixtures  of  these.  The  dry- 
fruit  wines  are  chiefly  raisin,  fig,  and  date.  The  root  wines  are  such 
as  rhubarb,  celery,  panmip,  turnip,  and  beet-root.  The  flower  and  sap 
wines  comprise  cowslip,  elder-flower,  rose,  clove,  giUiflower,  violet, 
carnation,  lavender,  primrose,  balsam,  pine-apple,  birch,  ftc. 

In  the  preparation  of  ordinary  fruit  wines,  Uie  fruit  is  selected 
mature  and  ripe,  but  not  so  sweet  as  overripe  fruit.  The  stalks  and 
the  damaged  portions  are  picked  off.  The  rest  is  bruised  in  a  tub,  put 
into  a  vat,  and  steeped  thirty  or  forty  houn  in  water,  witii  frequent 
stirring.  The  liquor  is  drawn  off.  The  pulp  is  prened  in  hair  bags ; 
sugar,  tartar,  &€;,  are  added,  and  stirred  for  some  time.  Vinous  fer- 
mentation then  commences;  during  its  continuance  the  liquor  is 
frequently  skimmed,  and  after  three  or  four  days  is  run  off  into  casks. 
In  about  a  week,  flavouring  ingredients  are  added ;  and  several  days 
afterwards  brandy  or  some  other  spirit.  Fining  and  racking  complete 
the  process.  Some  fruits  are  better  for  boilingbef ore  these  operations ; 
othera  would  be  spoiled  thereby. 

The  Excise  authorities  first  gave  the  name  of  noeett  to  raisin  wine ; 
but  the  name  became  afterwards  applied  to  all  the  fermented  bever- 
ages known  as  British  wines.  The  making  of  raisin  wine  as  a  branch 
of  trade  arose  in  a  curious  way.  In  Yikboab  MAiarPACTURK  it  is 
explained  that  a  substance  called  rape,  consisting  of  the  stalks  and 
skhsB  of  raisins,  forms  the  best  known  filtering  and  clarifying  sub- 
stance for  vinegar.  When  Mark  Beaufoy  established  his  vinegar  works 
at  Lambeth  more  than  a  century  ago,  he  could  devise  no  better  way  of 
obtaining  rape  then  by  purchasing  raisins,  steeping  them,  throwing 
away  all  the  juicy  pprtion,  and  retaining  the  rest  Dr.  Fothei^,  an 
eminent  physician,  suggested  to  him  the  ma.Hing  of  raisin  wine  out  of 
the  juice,  instead  of  wasting  it.  He  did  so ;  and  thus  commenced  a 
trade  which  has  been  continued  by  his  descendants  ever  since.  The 
manufacture  of  raisin  wine  requires  larger  appliances  than  those 
which  relate  to  familiar  English  fruits.  The  kinds  of  raisins  chiefly 
used  aro  Smymas,  Malagas,  Lexias,  Faros,  and  Gape  de  Verds;  these 
produce  various  qualities  of  wine  known  by  such  terms  as  diy,  sweet, 
strang^fodied,  rich,  fuU,  &c.  The  wholesale  purohaaes  of  raisins  are 
made  chiefly  towards  the  close  of  the  year ;  and  the  wine  is  made 
from  thence  to  spring.  The  hard  masses  of  fruit  are  beaten  open,  and 
steeped  in  water  till  the  raisins  swell  and  float.  All  the  vinous  and 
saccharine  juices  are  then  pressed  out  by  hydraulic-presses,  screw- 
presses,  or  heavy  weights,  according  to  the  scale  on  which  the  opera- 
tions are  conducted.  Fermentation  is  then  induced  in  the  juice  by  a 
leaven  or  yeast  From  the  fermenting  tuns  the  juice,  which  is  now 
wine,  passes  to  other  vessels,  where  the  racking,  flmng,  and  sweetening 
are  carried  on. 

Home-made  wines  or  sweets  paid  a  small  duty  until  1884 ;  but  the 
duty  was  abolished  in  that  year,  since  which  time  the  extent  of  the 
manufacture  has  not  been  known. 

A  maker  of  sweets  may  be  as  honest  a  dealer  as  a  maker  of  the 
best  foreign  wines ;  but  imf dtunately  the  cheaper  wine  has  come  to 
be  used  as  an  adulterant  of  that  which  is  more  costly.  There  is  hardly 
any  possibility  now  of  determining  to  what  extent  iLe  rectifier  and  the 
British  wine  maker  are,  knowingly  or  unknowingly,  concerned  in  pro* 
dudng  imitations  of  foreign  wine.  If  the  name  given  to  the  beverage 
be  such  as  to  denote  home  maaufacture,  there  ift  no  difficulty.    There 
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are  in  the  market  wineB  designated  British  champagne,  British  port, 
British  sheny,  British  Moselle,  &o.  These  are  made  In  England 
moetlv  from  English  fruits,  by  procenes  in  which  the  rectifier  and  the 
British  wine  maker  are  concerned.  But  the  great  fraud,  which  recent 
investigations  have  brought  to  light,  is  the  making  up  of  a  mixture 
which  sh^  bear  the  name  and  bring  the  price  of  foreign  wine.  It  has 
been  estimated  that  two  out  of  three  bottles  of  all  the  so-called  cham- 
pagne  sold  in  England  sre  surreptitious :  the  wine  being  made  chiefly 
from  English  gooseberries.  Cider  is  a  chief  constituent  in  a  very  large 
roportion  of  the  low-prioed  port.  Much  of  the  port  imported  from 
Portugal,  also,  is  adulterated.  It  was  proved  before  a  oommittee 
of  the  House  of  Commons  on  the  Wine  Duties,  in  1852,  that  the 
Portuguese  mix  elder-juice,  apple-juice,  sloe-iuioe,  and  logwood  decoc- 
tion, in  the  port  wine  intended  for  the  English  market;  and  that  the 
Spaniards  are  not  more  scrupulous  in  rcKference  to  sherry.  They 
believe  that  the  English  taste  for  wine  is  so  depraved,  as  to  render 
detection  improbable.  When  the  wines  reach  England^  various  other 
ingredients  are  often  added,  including  oak-bark,  tunisole,  elder,  privet, 
beet,  Braail-wood,  cudbear,  red  Sanders  wood,  and  catechu — some  to 
hide  the  fact  that  a  large  quantity  of  water  has  been  introduced, 
some  to  imitate  the  right  colour,  some  the  right  oruBt,  fto.  It  has  even 
been  found  that  glass-makers  are  employed  to  make  bottles  of  glass 
having  a  peculiar  chemical  constitution,  such  as  to  lead  to  the  forma- 
tion of  a  sort  of  skin  or  scum  which  shall  Imitate  the  "  bee's  wing  "  of 
"  fine  old  crusted  port**  Many  receipts  for  making  so-called  port  wine 
are  extant,  some  of  which  contain  not  a  drop  of  real  port.  It  ia  known 
that  much  of  the  port  sold  at  public-houses  can  be  made  for  1«.  6d. 
per  bottle,  thus  leaving  a  large  profit,  even  when  sold  at  what  seems  to 
be  a  low  price. 

It  may  be  well  to  remark  that  brandy,  either  real,  foreign,  or  imita- 
tive British,  is  used  to  mask  the  use  of  adulterants  in  port  wine.  In 
imitating  most  other  foreign  wines,  the  produoe  of  the  British  wine- 
makers  is  more  especially  iwlied  upon. 

WINTER,  SPRING,  SUMMER,  AUTUMN.  The  astronomical 
meaning  of  these  words  is  derived  from  Uie  considerations  in  Seasons, 
and  we  are  told  and  taught  that  winter  begins  at  the  winter  solstice, 
spring  at  the  vernal  equinox,  summer  at  the  summer  solstioe,  and 
autumn  at  the  autumnal  equinox.  That  is,  according  to  the  best 
authorities,  it  is  spring  from  the  middle  of  March  to  the  middle  of 
June,  summer  from  thence  to  the  middle  of  September,  autumn  from 
thence  to  the  middle  of  December,  and  winter  from  thence  to  the 
middle  of  March  again.  At  the  same  time  the  poets  and  the  farmers, 
who  have  a  much  better  right  than  the  astronomers  to  settie  the 
meaning  of  these  terms  for  common  use,  agree  in  placing  the  rise  of 
vegetation,  the  pairing  of  birds,  and  the  first  appearance  of  flowers  in 
the  spring ;  the  hay  harvest  and  the  ripening  of  all  the  earlier  fruits  in 
summer ;  the  grain  harvest^  the  later  fruits,  and  the  fall  of  the  leaves 
in  autumn ;  and  the  heavier  frosts,  snow,  and  ice,  in  winter. 

It  is  impossible  to  fix  a  common  commencement  of  the  seasons  even 
for  the  parts  of  the  earth  which  lie  between  the  Arctic  ou^le  and  the 
tropic,  which  are  all  that  need  be  considered  j  for  the  polar  and  inter- 
tropical regions  have  each  a  set  of  seasons  of  their  own.  But  this  we 
may  safely  say,  that  the  agricultural  and  poetical  seasons  aro  earlier 
than  the  astronomical  ones.  All  that  distinguishes  spring  from  winter 
begins  to  take  place  before  the  vernal  equinox,  all  that  distinguishes 
summer  from  spring  before  the  summer  solstice,  and  so  on.  Meet 
cwtainly  it  will  be  found  that  the  greatest  Intensity  of  the  several 
seasons  happens,  one  year  with  another,  at  a  period  not  long  after  the 
astronomioid  phenomenon  at  which  the  season  is  said  to  commence. 

When  the  year  is  divided  only  into  summer  and  winter  without 
further  subdivision,  it  is  then  an  exact  division  to  say  that  tiie  two 
halves  begin  and  end  with  the  equinoxes.  But  hers  the  principal 
phenomena,  the  solstioes,  on  approach  to  which  heat  and  cold  depend, 
are  in  the  middle  of  the  halves.  If  we  wefe  to  divide  the  year  into  four 
seasons,  during  which  the  earth  should  receive  from  the  sun  the 
greatest  and  least  portion  of  heat  in  two  of  them,  and  intermediate 
portions  in  the  other  two,  the  four  astronomical  commencements 
should  be  made  the  middle  points  of  these  seasons.  The  consideration 
in  Seasons  will  easily  make  it  appear  why,  for  the  same  reason  as  the 
greatest  heat  is  after  the  longest  day,  the  middle  of  the  agricultural 
seasons  should  fetll  after  the  astronomical  point  of  separation. 

WINTER'S  BARK,  the  bark  of  Drymii  Winterl  (Linn.)  j  called  also 
Wintera  artmatica  (Murray  and  Willd.),  the  true  Winter's  Bark,  or 
Magellanic  Cinnamon,  to  distinguish  it  from  the  bark  of  Oandla  alba, 
or  false  Winter's  Bark.  As  one  of  the  names  imports,  this  is  obtained 
from  a  tree  growing  In  South  America,  from  MagaUiaen's  Straits  up  to 
BrasiL  It  is  met  with  in  cylinders,  rarely  flat  pleoes  (these  last  are 
termed  caryocoatin),  from  one  to  two  feet  long,  and  from  six  lines  to 
two  or  three  inches  in  diameter.  It  Is  generally  tneA  from  the  outer 
nnd  (which  is  tasteless  and  without  aroma),  and  is  of  a  yellowish-red 
colour,  with'  reddish-brown  points,  the  marks  where  the  leaves  and 
young  branches  have  been.  The  inner  surface  is  tolerably  smooth, 
more  or  less  clear,  of  a  reddish-brown  colour,  which  serves  to  distin- 
guish  It  from  the  bark  of  OaneUa  alba,  which  is  much  paler.  The 
taste  IS  aromatic,  sharp,  burning,  and  peppery.  The  smell,  when  finrt 
broken,  is  agraeable,  resembling  a  mixture  of  doves,  cinnamon,  pepper, 
and  marjoram. 

Aooording  to  Henfy,  its  oh«mloal  composition  is  resin,  voUtile  oil. 


colouring  matter,  tannin,  aeetate  of  potass,  chloride  of  potassium,  sul- 
phate of  potash,  oxalate  of  lime,  and  oxide  of.  iron.  The  volatile  oil  is 
pale  yellow,  lighter  than  water,  with  a  very  hot  and  acrid  taskct  By 
standing,  it  separates  into  two  parts:  one,  the  most  abundant,  a 
greenish-yellow  liquid;  the  other  (heavier,  but  Ughter  than  water), 
white,  and  of  a  iat^  consistenoe.  The  volatile  oil  <rf  Oandla  is  heavier 
than  water:  this  serves  to  distinguish  them,  as  well  as  reagents, 
showing  in  the  true  Winter's  Bark  the  presence  of  both  tannin  snd 
iron,  which  are  wanting  in  the  Candla. 

Winter's  Bark  is  an  aromatic  stimulant  and  tonic,  of  a  very  valual^ 
kind,  and  it  is  to  be  rogretted  that  its  use  has  been  almost  entirely 
supOTseded  by  the  false  Winter's  Bark  {OaneUa),  Dr.  0.  F.  von  Martios 
says  :  **  This  hustk.  deserves  the  first  place  among  the  aromatic  tonics  of 
this  country — that  is,  BrasiL"  When  no  inflammatory  state  of  the 
stomach  contraindlcates  its  use,  in  debility  of  the  digestive  ctgans, 
with  loss  of  appetite,  or  slow  digestion,  it  is  a  valuable  remedj. 

WIRE-DRAWING.  Wire  is  metal  elongated  into  the  form  of  a 
slender  cylindrical  rod,  often  so  fine  as  to  be  oomparable  to  a 
thread,  by  the  operation  of  wire-drawing.  This  process  ccmaisls  in 
passing  a  piece  of  ductile  metal  tiiroug^  a  series  of  holes,  suooessively 
diminishing  in  diameter,  in  a  hardened  steel-plate  called  a  drtt»-plaU, 
so  as  to  reduce  its  oross-seotion  to  the  size  and  figure  of  tlie  last  or 
smallest  hole,  increasing  its  length  at  the  same  time  in  a  certain  propor- 
tion to  the  diminution  of  thickness  occasioned  by  the  process.  Thou^ 
ordinary  wire  is  cylindrical,  the  nature  of  the  process  of  wire-drawing 
renders  it  available  for  the  formation  of  slender  rods  of  any  other 
required  figure.  An  important  application  of  the  jirooess  to  the  pro- 
duction of  other  forms  is  to  the  manufacture  of  pmiom-wire  tar  time- 
keepers. This  is  produced  of  any  requbred  siie  and  number  of  teeth, 
and  the  wire  being  cut  to  the  required  length  for  both  pinions  and  axis, 
the  teeth  are  filed  away  from  the  portion  used  for  the  latter.  By  this 
means  pinions  may  be  formed  at  much  less  expense  than  by  the 
ordinary  process  of  wheel-cutting.  The  grooved  rims  of  spcotsole- 
frames  are  another  example  of  the  useful  application  of  the  wire- 
drawing process,  tiiey  being  formed  of  wira  made  for  the  purpose^ 

In  early  times,  metals  were  probably  beaten  out  with  a  hainmer  into 
thin  plates  or  leaves,  which  wero  then  divided  into  small  slips  by 
means  of  scissors  or  some  other  cutting  instrument ;  these  slips  were 
subnequently  rounded  by  a  hammer  and  file,  so  as  to  form  thraads  or 
wires.  Beckmann  expresses  his  opinion  that  the  rari^  with  which 
works  made  with  threads  of  metal  are  alluded  to  strengthens  the  pre- 
sumption that  the  ancients  wero  unacquainted  with  the  process  of 
producing  wire  or  metallic  threads  by  drawing.  So  long  as  wire  was 
formed  by  the  hammer,  the  artists  of  Niimberg,  by  whom  it  was 
fabricated,  wero  styled  wire-nnithaf  but  8u))sequent  to  Uie  introduction 
of  the  drawing  process  their  designation  was  changed  to  vire-c^roimn 
or  wire-miUen  ;  and  as  these  appellations  occur  as  early  aa  1351  and 
1860,  in  the  histories  of  Augsbui^  and  Niimberg  respectively,  Beck- 
mann conceives  that  the  invention  of  wire-drawing  must  be  assigned 
to  the  14th  centuiy.  In  all  probability  the  earliest  drawn  wire  was 
made  by  hand,  but  ere  long  a  machine,  impelled  by  wat6r>power,  and 
capable  of  drawing  wire  without  the  intwvention  of  the  hand,  was 
introduced.  Though  the  point  is  not  certainly  eetablisihed,  this 
ingenious  machine  appears  to  have  been  first  oonstmeted  at  Niimberg 
by  a  person  named  Ludolf,  who  kept  it  secret  for  some  time,  and 
realised  much  money  by  the  use  of  it.  Nfimbei*g  also  gave  birth  to 
many  subsequent  improvements  in  the  manufacture  of  various  kinds  of 
wire.  The  precious  metals  wero  undoubtedly  among  the  first  made 
into  wlro;  and  perhaps  brass  and  iron  wero  not  drawn  until  some 
time  after  the  invention  of  the  art.  Blanch  iron-win,  or  white  wire, 
is,  however,  mentioned  in  a  Ust  of  manufaotursd  artidea  the  importa- 
tion of  which  into  England  was  prohibited  by  an  act  of  the  reign  of 
Edward  III.,  in  the  year  1463;  and  in  a  similar  act  passed  in  1484 
both  iron  and  latten  wiro  are  mentioned.  Anderson  records,  under  the 
year  1600,  the  granting  of  patents  to  certain  Dutchmen  or  Gennaas 
for  the  prosecution  in  England  of  various  manufactures,  among  which 
is  that  of  wire.  He  states  that  prior  to  that  time  all  English  iron 
wiro  appears  to  have  been  drawn  by  manual  strongth,  in  the  Forest  of 
Dean  and  elsewhero;  and  that  until  these  foroigners  introduced  the 
use  of  a  drawing-mill,  the  quality  of  English  wiro  was  so  bad  thai 
most  of  that  used  in  the  country,  as  well  as  ready-made  wooUoards  and 
similar  articles,  was  imported  from  abroad.  By  the  year  1680  the 
manufidoturo  appears  to  have  made  such  progress,  that  in  a  proclama- 
tion of  Charles  I.  it  is  alluded  to  as  a  manufacturo  of  long  standing, 
and  one  which  employed  many  thousand  persons ;  and  it  is  asserted 
"  that  English  wiro  is  made  of  the  toughest  snd  best  Osmond  iron,  a 
native  commodity  of  this  kingdom,  sckI  is  much  better  than  what 
comes  fh>m  foroign  parts,  especially  for  making  wool-cards."  The 
proclamation  then  forbids  the  importation  of  foreign  Iron  wiro,  and  of 
wool-cards,  hooks  and  eyes,  and  other  articles  made  of  it  The  first 
wire-mill  in  England  was  set  up  at  Sheen,  near  Richmond,  by  a  Butch- 
man,  in  1602.  The  wire-drawing  business  either  following  the  doth 
nianufacturo  or  determined  by  the  proximate  localities  of  coal  and 
iron-stone,  took  deep  root  in  tiie  neighbourhood  of  Bamsley  in  York- 
shire. The  manufacturo  of  copper  and  brass  wlro  in  this  country  was 
commenced  about  the  year  1649,  at  Esher,  by  two  foreigners ;  but 
th^  used  Swedish  rose-copper. 

For  the  manufacturo  of  iron  wlro  the  very  best  and  tongheat  iioii 
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is  selected.  Before  the  prooeig  o£  rolllDg  with  grooTed  roUen  had 
be<pome  common,  this  superior  iron  was  prepared  for  the  drawix^' 
machine  by  extending  it  with  the  hammer  into  convenient  rods,  about 
the  thickness  of  the  little  finger.  These  rods  were  further  reduced  in 
thickness  and  extended  in  length  by  a  coarse  kind  of  drawing,  called 
ripping  or  rampUng,  with  the  kind  of  machine  described  by  Beokmann 
as  probably  the  invention  of  Ludolt  HoUand,  writing  about  1833, 
states  that  although  this  contrivance  ia  now  rarely  to  be  seen  in  the 
laige  wire-mills  of  tlus  country,  it  remains  in  use  in  some  old  esta- 
bUshments;  aiid  also  that  in  Fnmce,  and  among  the  continental  manu- 
facturers generally,  iron  wire  wasj  until  within  a  late  period,  altogether 
drawn  by  such  an  apparatus. 

In  modem  practice  both  iron  and  steel,  but  espedally  the  former, 
are  prepared  for  the  final  drawing  by  passing  between  grooved  rollers, 
made  with  the  greatest  accuracy.  The  rollers  uied  for  this  purpose 
are  generally  at  least  seven  or  eight  inches  in  diameter,  and  are  some- 
timea  made  to  perform  850  revolutions  in  a  minute.  A  bar  of  steel 
thirty  inches  long  and  an  inch  square,  heated  to  redness,  is  passed 
between  the  rollers,  through  grooves  successively  diminishing  in  size, 
eight  times  in  less  than  a  minute,  and  is  thereby  elongated  to  from 
twenty  to  thirty  feet.  As  it  would  be  difficult  and  inconvenient  to 
pass  the  rod  back  between  each  rolling,  in  order  that  it  might  always 
enter  the  grooves  in  the  same  direction,  three  rollers  are  used,  placed 
one  above  the  other,  so  that  when  the  wire  has  passed  in  one  direction 
between  the  two  upper  rollers,  it  may  pass  back  in  the  opposite 
direction  between  the  two  lower  rollers,  and  vice  vend,  thus  avoiding 
any  loss  of  time,  heat,  or  labour  in  passing  it  backwards  and  forwards. 
For  ordinary  wire  the  rods  are  commonly  reduced  to  a  thickness  of 
about  one-eighth  of  an  inch  by  this  process.  The  slender  rods  thus 
produced  are  called,  from  then*  appearance,  black  wire,  to  distinguish 
them  from  drawn  or  hriffhi  wire ;  and,  on  account  of  its  cheapness, 
such  wire  is  preferred  for  coarse  purposes  in  which  it  is  either  to  be 
painted  or  concealed  from  view.  It  is  commonly  used  by  tinmen  and 
braziers  for  strengthening  the  rims  of  pots,  kettles,  and  various  kinds 
of  tin- ware  and  copper-ware.  The  kind  of  cast-steel  wire  of  which  the 
best  needles  and  some  other  articles  are  made,  is  not  usually  submitted 
to  the  rolling  process,  but,  after  being  tilted  to  about  a  quarter  of  an 
inch  square,  it  JM  rounded  on  an  anvil  previous  to  dongation  by  the 
draw-plate.     , 

In  whatever  way  the  metal  may  have  been  prepared  for  the  ultimate 
process  of  drawing,  or  whatever  may  be  the  motive-power  employed  in 
that  process,  it  is  essentially  the  same.  The  draw-plate  is  usually 
formed  of  a  stout  piece  of  shear-steel,  about  six  inches  long  and  an 
inch  and  a  half  in  diameter,  flattened  on  one  side.  It  is  pierceid  trans- 
versely with  sevezal  conical  holes,  the  larger  orifices  of  which  open 
upon  the  flattened  sur&ce  of  the  plate^  while  their  smaller  orifices  are 
carefully  finished  to  the  sixe  to  which  it  is  intended  to  reduce  the  wire 
drawn  trough  them.  When  the  hdes  have  become  enlarged  by  use, 
their  smaller  orifices  are  reduced  by  hammering,  and  then  reopened  to 
the  proper  siae  and  iorm  by  means  of  a  long  taper  needle  called  a 
pritcheli.  The  art  of  making  draw-plates  has  been  earned  to  much 
greater  perfection  in  France  than  in  this  country;  and  in  time  of  war 
French  draw-plates  have  been  sold  for  their  weight  in  stiver.  The 
French  plates  consist  of  a  bar  of  wrought-iren,  about  two  inches  broad 
and  one  inch  thick,  covered  on  one  side  with  a  very  hard  composition 
called  poHn,  which  oonslBts  of  fragments  of  cast-iron  pots,  broken  with 
the  hammer,  and  mixed  with  pieces  of  white-wood  cluiircoal.  One 
side  of  the  wrought-iron  bar  is  hammered  to  a  furrowed  surface,  and 
covered  to  the  depth  of  about  half  an  inch  with  pieces  of  the  pre- 
pared potin ;  the  whole  is  then  wrapped  up  in  a  coarse  doth,  which 
has  been  previously  dipped  in  clay  and  water  mixed  to  the  consistency 
of  cream,  and  finally  put  in  the  forge.  Being  more  fusible  than  the 
wrought-iron,  the  potm  is  the  first  to  melt :  and  as  soon  as  it  begins  to 
do  so,  the  plate  is  withdravm  from  the  fire  and  gently  hammered ;  and 
the  heating  and  hammering  are  repeated  alternately  until  the  union  of 
the  two  metals  is  complete.  The  plate  is  subsequently  reheated,  and 
extended  by  hammering  to  double  its  original  length;  the  harder 
metal  bein^  so  perfectly  united  with  the  other  as  to  form  a  malleable 
alloy  with  it ;  and  whilo  the  bar  remains  hot  the  holes  are  formed  by 
punching.  For  this  operation  the  bar  is  four  times  heated,  and  after 
each  reheating  a  finer  punch  is  employed,  so  as  to  make  the  holes 
taper.  The  holes  are  formed  from  the  wrought-iron  side  of  the  bar, 
and  are  not  carried  completely  through  by  the  plate-maker ;  the  com- 
pletion of  the  holes  being  performed  with  sharp  punches  when  the 
plate  is  cold,  by  the  wire-drawer  himself.  Another  mode  of  producing 
draw-plates^  practised  at  one  of  the  principal  wire-manufactories  in 
France,  that  of  the  Meesrs.  Mouchel,  at  I'Aigle,  in  the  department  of 
rOme,  is  by  arranging  several  pieces  of  wrought-iron  in  the  form  of  a 
box  without  a  lid,  and  filling  the  cavity  with  cast-steel.  The  whole  is 
then  covered  with  a  luting  of  day,  heated  until  the  sted  begins  to 
melt,  and  worked  with  a  hammer  in  a  similar  way  to  that  above 
described.  When  draw-plates  have  been  hammered  up  several  times, 
to  reduce  holes  worn  too  large  by  use,  they  become  so  hard  as  to 
require  annealing.  After  every  precaution  has  been  observed,  draw- 
plates  will  vary  somewhat  in  hardness ;  but  those  which  are  too  soft 
for  drawing  iron  wire  may  be  used  for  brass,  while  the  vezy  hardest 
are  reserved  for  steel  wire. 

The  modes  of  detemuaiDg  the  thickness  of  wire,  and  the  improve- 


menta  in  graduation  suggested  by  Holieapffd  and  Whitworth  for  this 
purpose,  are  noticed  imdar  Oaojs. 

In  drawing  wire  by  hand  the  draw-plate  is  laid  agunst  two  upright 
pillars  fixed  on  a  bench  or  table,  and,  the  extreme  end  of  the  wire 
to  be  drawn  being  so  reduced  as  to  enable  it  readily  to  pass  through 
the  hole,  a  small  portion  ia  drawn  through  by  a  lever  apparatus. 
When  a  suffid^t  length  of  wire  has  thus  been  brought  through 
the  plate,  it  is  secured  to  a  conical  or  cylmdrical  drum,  which  is 
mounted  upon  a  vertical  axis  opposite  to  the  hole  in  the  draw-plate. 
The  worknum  then  takes  in  one  hand  the  coil  cd  thick  wire  to  be  reduced, 
and  in  the  other  a  lever  handle  attached  to  the  drum;  and  while 
he  turns  the  drum  so  as  to  wind  the  wire  upon  its  circumference, 
and  consequently  to  draw  it  through  the  plate,  he  imparts  a  kind  of 
twist  to  the  wire  which  enters  the  plate,  by  a  peculiar  motion  of 
the  hand  in  which  the  coil  is  supported.  In  drawing  coarse  wire, 
which  requires  considerable  power,  the  workman  walks  round  the 
bench  at  each  revolution  of  the  drum,  carrying  the  lever  round 
with  him;  but  for  finer  wire  the  apparatus  is  much  lighter,  and 
requires  very  little  labour.  In  factories  where  inanimate  power  is 
used  the  winding-cylinders  are  turned  by  bevil-gearing  imdemeath 
the  bench,  and  the  coil  of  undrawn  wire  is  placed  on  a  reel.  This 
apparatus  is  accompanied  by  an  ingenious  contrivance  which  allows 
the  drum  to  fall  out  of  connection  with  the  gearing,  and  consequently 
to  cease  to  revolve,  as  soon  as  the  piece  of  wire  Is  drawn  completely 
through  the  plate.  In  some  cases,  as  for  pinion-wire,  which  would  be 
injured  by  winding  upon  a  drum,  wire  is  drawn  upon  a  long  draw- 
bench  in  a  straight  line,  the  power,  which  is  equalised  hj  the  use  of 
a  fly-whed,  being  applied  to  a  winch-handle  which,  by  means  of  spu*' 
gear,  imparts  motion  to  a  horiaontal  rack. 

Between  the  repeated  drawlnfls  which  are  requisite  to  reduce  wire, 
especially  of  the  finer  or  smaUer  sizes,  to  the  required  degree  of 
tenuity,  it  is  necessary  frequently  to  heat  and  anneal  it,  by  which 
processes  the  fibrous  character  imparted  by  the  Rawing  is  in  some 
degree  removed  before  a  fresh  extension  takes  place.  The  annealing- 
oven  should  be  so  contrived  as  to  avoid  oxidation  as  much  as  possible, 
and  to  heat  all  sizes  of  wire  with  tolerable  uniformity,  the  thickest 
being  placed  in  such  a  situation  as  to  recdve  most  heat ;  and  after 
leavii^  it  the  wire  must  be  scoured  or  washed  to  free  it  from  whatever 
oxide  may  have  formed  upon  its  surface.  In  order  more  perfectly  to 
remove  the  oxide  (which,  if  left  on  ibo  surface,  not  only  impairs  the 
appearance  and  the  strength  of  the  wire,  but  also  Injures  the  draw- 
piate)  the  coU  of  wire  is  sometimea  immersed  in  stcurch-water  or  stale 
beer-grounds  during  the  operation  of  drawing.  A  curious  and  im- 
portant discovery  was  made  some  years  since  at  an  emineut  wire- 
manulactoxy,  where,  in  order  to  heat  the  add  Uquor  in  which  the 
annealed  wire  was  steeped,  some  ingots  of  brass  which  happened  to 
be  at  hand  were  made  red-hot  and  quenched  in  it.  It  was  sub- 
sequently found  that,  owing  to  the  action  of  th«  add  upon  the  brass, 
the  iron  wire  had  become  coated  with  a  thin  film  of  copper,  wliich 
greatly  facilitated  its  passage  through  the  draw-plate,  acting,  it  would 
appear,  like  a  lulmeating  medium.  lEIo  important  was  the  advantage 
gained,  that  the  practice  has  been  miiversally  adopted  in  that  factory 
of  using  a  weak  solution  of  copper  in  the  add  liquor  in  which  iron 
or  steel  wire  is  washed.  The  fifan  of  copper  is  entirely  removed  by 
the  last  annealing  process.  The  operation  of  drawing  is  also  facilitated 
by  the  free  use  of  grease,  or,  for  the  finer  descriptions  of  wire,  wax, 
to  lubricate  the  wire  as  it  passes  through  the  plate.  The  cepeated 
annealings  of  sted-wire  would  deprive  it  of  too  much  of  its  carbon, 
but  for  the  practice,  which  is  not  pursued  with  iron  wire,  of  surround- 
ing it  with  charcoal-dust  while  in  the  furnace.  The  rapidity  of  the 
drawing  process  must  vary  with  the  quality  of  the  metal,  the  hardest 
steel  wire  requiring  the  dowest  motion  ;  but  as  each  succesdve  draw- 
ing increases  the  fibrous  or  filamentous  character  of  the  metal,  the 
rapidity  of  the  extendon  may  be  safdy  increased  as  the  wire  becomes 
more  and  more  attenuated. 

Even  when  made  with  the  greatest  posdble  care,  the  holes  of  iron  or 
steel  draw-plates  will  enlarge  so  much  with  wear  as  to  render  it  impos- 
dble  to  draw  any  very  great  length  of  wire  perfecUy  uniform  in  thick- 
ness. To  remedy  tlus,  Mr.  Brockedon  obtained  a  patent  in  1819  for 
making  draw-plates,  the  holes  of  which  consist  of  diamonds  or  other 
hard  precious  stones.  Dr.  Ure  states  that  with  a  plate  of  this  kind 
mounted  with  a  ruby,  pierced  with  a  hole  *0083  of  an  inch  in  diameter, 
a  silver  wire  170  miles  long  has  been  drawn  so  perfectiy  uniform,  that 
no  difference  could  be  detected  either  by  wdghiug  portions  of  equal 
length  or  by  measuring  with  a  micrometer. 

Dr.  Wollaston  communicated  to  the  Royal  Society,  in  the  year  1818, 
a  method  of  drawing  wire  of  extreme  tenuity,  suitable  for  use  in 
micrometers.  This  he  accomplished,  in  the  first  instance,  by  boring  or 
drilling  a  rod  of  silver,  longitudinally,  with  a  hole  one-tenth  of  its  own 
diameter,  and  then  iUliog  it  with  gold.  The  compound  bar  being 
drawn  into  wire  ^ih  or  j^th  of  an  inch  in  diameter,  the  diver  waa 
afterwards  dissolved  in  heated  nitric  acid,  leaving  a  perfect  gold  wire 
^th  or  a&oth  of  an  inch  in  diameter.  Findmg  the  operation  of 
drilling  the  silver  rod  very  troublesome,  he  subsequentiy  drew  platina 
wire,  and  cast  the  silver  round  it,  treating  the  compound  bar  as  before. 
Even  by  ordinary  processes,  brass  wire  is  made  so  thin,  that  gausw  may 
be  woven  from  it  which  will  have  67,000  meshes  in  a  square  inch.  The 
extreme  ductility  of  the  predous  metals  is  still  more  strikingly  illustrated 
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by  the  manufacture  of  what  ia  commonly  known  as  ^Id  wire,  but  which 
18  really  formed  of  silver  gilt,  actual  gold  wire  bcong  made  only  for 
filagree-work  and  a  few  other  purpoeee.  In  the  ordinary  mode  of 
making  gold  wire,  a  silver  rod  about  an  inch  thick  is  covered  with 
leaf-gold,  and  then  extended  to  the  required  tenuity  by  successive 
drawings  and  annealings ;  the  proportion  of  gold  allowed  to  a  pound  of 
silver  being  seldom  more  than  140  grains,  and  sometimes  as  little  as 
100  grains.  Fine  gold  wire  is  used  for  wrapping  or  twisting  round 
thread  to  form  gold  thread ;  and  its  beauty  is  greatly  increased,  while 
it  is  enabled  to  cover  a  larger  surface,  by  flattemng  it  between  polished 
steel  rollers. 

For  making  needles,  cards  for  the  woollen  and  cotton  manufacture, 
and  various  other  artides  into  which  wire  is  &bricated,  it  is  necessary 
to  remove  the  curvature  which  it  receives  by  being  wound  upon  the 
cylindrical  or  conical  dnmi  above  alluded  to.  This  is  done  by  drawing 
the  wire  between  pins  fixed  in  a  piece  of  wood,  and  so  arranged  as  to 
bend  the  wire  into  a  wavy  line,  the  flexures  of  which  gradually  dimi- 
nish until  the^  disappear  altogether,  leaving  the  wire  perfectly  straight. 
The  size  of  wire  is  common^  measured  by  means  of  a  gage,  wMch 
consists  of  a  plate  of  steel  with  a  series  of  deep  notches  or  sUts  at  each 
edge,  varying  slightly  from  each  other  in  width,  and  numbered  accord- 
ing to  the  number  given  to  wire  of  corresponding  size. 

Among  the  many  uses  to  which  wire  is  applied,  the  manufacture  of 
wire-gauze  or  doth  is  peculiarly  interesting.  Plainer  kinds  of  weaving 
are  performed  by  a  modification  of  the  common  loom,  the  coarser  varie- 
ties of  woven  wu*e-work  produced  being  used  for  fences,  pheasantries, 
coarse  riddles  or  sieves,  oc. ;  while  the  finer  sorts  are  employed  for  lan- 
terns, sieves,  flour-dressing  machines,  paper  -making  maohinexy,  win- 
dow-blinds, &c.  Aviaries,  flower-trailing,  skylights,  garden  borders, 
plant-guards,  arbours  and  summer-houses,  flower-bed  canopies,  flower- 
stands,  chairs,  garden-seats,  window-blinds,  bird-cages,  fire-guards  and 
fenders,  lamps  and  lanterns,  meat-safes,  lattice  for  book- cases  and 
windows,  sieves  and  strainers,  all  are  now  made  of  wire.  The  property 
which  renders  wire-gauze  so  invaluable  in  the  safety-lamp  has  been 
taken  advantage  of  by  the  Chevalier  Aldini  for  the  construction  of 
wire-armour  for  the  use  of  firemen,  which,  though  very  light,  is  in  a 
great  measure  flame-prool  Wire-gauze  is  also  formed  into  didi-covers, 
baskets,  and  other  useful  and  ornamental  articles,  by  pressing  it 
between  moulds  into  the  proper  shape,  which  it  retains  permanently. 
After  being  pressed  into  the  requix^  form,  the  artides  are  strength- 
ened and  neatly  finished  off  by  t^e  addition  of  hoops  or  rings  to  their 
edges  before  they  are  removed  from  the  mould.  Needle-making  is  one 
of  the  most  important  appUcations  of  sted  wire.  Some  of  the  finest 
sorts  of  sted  wure  are  made  into  watch-springs,  in  which  form  they 
recdve  an  augmentation  of  value  beyond  the  prime  cost  of  the  mate- 
rial probably  imparalleled  in  the  whole  range  of  manufacturing  indus- 
try. Of  the  delicate  hair-like  springs  alluded  to,  which  weigh  only 
one-tenth  of  a  grain,  70,000  are  required  to  weigh  a  pound ;  and  it  has 
been  repeatedly  stated,  though  perhaps  now  the  statement  may  be 
hardly  correct,  that  the  value  of  such  springs  is  half  a  guinea  each ;  so 
that  while  a  pound  of  crude  iron  cost  out  one  halfpenny,  a  pound  of 
these  delicate  manufactured  articles  produced  from  it  was  wort^ 
35,000  guineas.  One  of  the  most  elegant  applications  of  gold  and 
silver  wire  is  to  the  production  of  filagree  or  fihgrane  work.  To  form 
this,  fine  gold  and  silver  wire,  often  curled  or  twisted  in  a  serpentine 
form,  and  sometimes  plaited,  are  worked  through .  each  other,  and 
soldered  together  so  as  to  form  festoons,  flowers,  and  various  orna- 
ments ;  uid  in  many  places  also  they  are  frequentlv  melted  together 
by  the  blow-pipe  into  little  balls,  by  which  means  the  threads  are  so 
entwisted  as  to  have  a  most  beautifm  and  pleasant  effect.  This  kind 
of  work  is  of  great  antiquity,  and  was  formerly  much  employed  for 
caskets,  needle-cases,  trinket-boxes,  baskets,  shrines,  and  various  deco- 
rations for  church  furniture ;  but  it  has  in  a  great  measure  fallen  into 
disuse.  SpangUif  or  paUUtta,  which  are  small  round  leaves  of  metal, 
pierced  in  the  middle,  and  used  for  ornamenting  garments,  are  also 
formed  of  wire.  A  piece  of  wire  ia  twisted  round  a  pod  like  the  thread 
of  a  screw,  and  then  cut  into  little  spiral  rings,  each  of  which ,  being 
laid  on  a  smooth  anvil,  is  flattened  by  a  hammer  into  ^e  form  of  a 
spangle. 

An  important  purpose  to  which  iron  wire  has  been  recently  applied 
is  in  the  manufacture  of  ropes,  which  are  very  superior  in  strengtn  to 
those  made  of  hemp,  weight  for  weights    An  account  of  wire  ropes  is 
given  under  Rofe-Makino,  and  of  wire  bridges  under  Bridge. 
WIRE  GAUZE  LAMP.    [Sapbty  Lamp.] 

WIRE- WORM,  a  name  given  by  farmers  to  the  larvad  of  several 
insects  injurious  to  various  crops :  tney  are  spedes  of  the  coleopterous 
genus  hlater,  popularly  known  as  Skip-jacks,  so  called  on  account  of 
their  power  of  throwing  themselves  up  in  the  air  with  a  spring  when 
laid  upon  their  backs. 

^  The  Slater  {AgrioUt)  Uneattu  produces  a  larva  which  is  extremely 
mjurious  to  oats,  often  appearing  in  great  numbers  and  destroying 
whole  fields  of  com.  It  attacks  the  roots,  when  the  leaves  turn  yellow 
and  die  off.  The  JSlater  {Agrictes)  aptOator  is  another  destructive 
species.  Its  larva,  like  that  of  the  last,  resembles  the  common  meal- 
worm in  appearance,'  and  may  be  found  at  the  roots  of  withering 
lettuces,  by  destroying  which  plant  it  greatly  annoys  tiie  gpurdener.  It 
eats  the  root  as  far  as  the  collar,  when  the  plant  dies.  Jlemerhipout 
wjUiSy  another  insect  the  larva  of  which  is  called  the  wire- worm,  is 


less  choice  in  its  ravages,  destroying  plants  of  all  kinds.  Fifty  wn«- 
worms  of  this  kind  have  been  found  preying  on  the  roots  of  a  single 
plant. 

The  wire-worm  is  injurious  to  all  culinary  vegetables,  also  to  our 
various  grain  crops.  Tne  use  of  rape-cake  in  powder  has  been  recom- 
mended as  a  manure  to  the  ground  drilled  for  wheat  where  wire- worms 
abound ;  but  hand-picking  seems  to  be  the  only  effisctual  way  of  getting 
rid  of  them.  The  mole,  fowls,  and  above  all,  rooks,  are  their  natural 
enemies ;  and  the  last-named  bud  is  a  valuable  ally  of  the  fanner  in 
following  the  plough  tracks  to  devour  these  mischievous  larvse. 

WIT,  a  term  which  is  applied  to  a  faculty  of  the  mind  and  to  the 
products  of  that  faculty.  As  a  faculty,  it  denotes  not  a  distinct  power, 
but  cortain  specific  modes  of  using  or  operating  upon  the  notions  or 
images  with  which  the  mind  happens  to  be  fumiuied.  It  ranges  itsdf 
under  the  more  comprehensive  &culty  ef  imagination,  vrith  which  by 
early  writers  it  was  generally  used  as  synonymous ;  they  sometimes 
used  it  in  a  sense  still  more  general,  as  denoting  the  intellectual  faculty 
as  distinguished  from  the  wUL  The  precise  boundaries  of  the  term 
are  too  unsettled  to  admit  of  any  strict  definition.  It  may,  however, 
be  described  generally  as  consisting  in  the  display  of  remote  resem- 
blances between  ^^iatf^^m^^M*  objects,  or  sudi  at  least  as  have  no  apparent 
resemblance.  This  spedes  of  wit  is  exhibited  in  great  perfection  in 
two  poems  of  a  very  opposite  dass,  the  '  Hudibras '  of  Butler,  and  the 
'  Night  Thoughts  *  of  Young :  ludicroudy  by  Butler,  to  diiiplay  the 
absurdities  of  hypocritical  pretence ;  seriously  by  Young,  to  add  f  ores 
and  point  to  his  reasonings  m  favour  of  religious  belief  and  conduct. 

Other  kinds  of  remote  allusion,  often  without  any  actual  similitude^ 
but  suggestive  to  the  mind,  by  indirect  inference,  to  make  the  com- 
parison for  itself,  are  considered  as  wit,  and  produce  a  similar  effect  of 
surprise  and  pleasure. 

When,  ixuiead  of  the  remote  resemblances  discoverable  in  thingi 
themsdves,  the  different  meaninf^  of  the  sazne  word  are  brought  into 
equivocal  contact,  the  operation  is  called  punning,  and  the  product  is  a 
pun.    [Pun.] 

WITCHCRAFT.  There  is  probably  no  age  or  country  in  whidi 
there  has  not  existed  a  belief  in  the  possibility  of  mortal  bdogs 
acquiring  the  use  of  supernatural  powers  for  the  purpose  of  accom- 
plishing some  object  of  their  desire,  good  or  eviL  In  this,  as  in  other 
spedes  of  superstition,  there  will  be  more  or  less  resemblance  in  the 
manifestations,  wherever  or  whenever  they  are  exemplified;  but  that 
peculiar  dass  of  examples  which  comes  under  the  denomination  of 
witchcraft  admits  of  certain  lines  of  demarcation,  which  may  be  service- 
able in  keeping  the  subject  distinct  from  others.  The  proper  fidd  of 
this  superstition  was  among  the  Christian  nations  of  Europe — ^those  of 
the  north  more  parUcularly.  It  is  to  be  found  in  full  maturity  about 
the  middle  of  the  15th  century,  and  flourished  with  tolerably  equal 
vigour  through  Catholicism  and  Protestantism,  till  it  gradually  decayed 
before  the  progress  of  experimental  science.  In  its  doctrinal  principles 
it  was  a  mischievous  application  of  the  doctrines  of  Christianity,  being 
hdd  to  be  a  manifestation  of  the  powers  of  evil  operating  as  antago- 
nists to  the  authority  of  the  Deity.  It  was  not  necessarily  used  to 
accomplish  evil  ends,  because  many  of  the  accusations  of  witduaaft 
relate  to  acts  which  as  ends  are  oondexrmed  by  no  known  moral  code, 
but  which  became  crimes  from  the  means  made  use  of.  The  powers 
of  evil  thus  employed  by  human  beings  had  their  personal  embodiment 
either  in  the  Prince  of  Darkness  in£vidually,  or  in  certain  sublunary 
agents  csJled  imps  or  familiars,  the  messengers  between  the  contracting 
parties,  who  bore  in  this  agency  of  evil  the  same  position  as  that  occu- 

Eied  by  the  angels  in  the  holy  hierarchy.  The  return  giv^  by  the 
uman  being  for  the  use  of  the  miraculous  powera  thus  obtained  was 
generally  his  ovm  etemd  soul,  which,  according  to  a  superstition  enter- 
tained by  the  ignorant  in  all  countries  where  the  immortality  of  the 
soul  is  a  standiard  doctrine,  it  was  hdd  to  be  in  the  power  of  the 
corporeal  possessor  to  convey  in  remainder,  for  vdue  given  in  wealth, 
luxury,  power,  or  any  other  object  of  ordinary  human  desire.  Besides 
the  bargain  in  which  the  parties  are  supposed  to  covenant  openly  with 
each  other,  each  party  was  usually  presumed  to  have  in  view  the 
secondary  object  of  cheating  the  other.  German  romance,  and,  aince 
the  days  of  Balzac,  French  romance,  have  dedt  lai^gdy  in  the  horrors 
attending  these  mutual  efforts  of  imposition,  where  the  one  party  is 
struggling  to  recover  his  chances  of  eternal  salvation— the  other  to 
abridge  the  promised  rewards,  or  to  shorten  the  duration  of  their 
enjoyment.  In  its  most  simple  aspect,  the  struggles  of  the  evU  one  to 
cheat  his  victim  are  exemplified  in  the  ordinary  Scottish  superstition 
that  he  gives  them  money  which,  when  they  come  to  use  it,  is  turned 
into  slates  or  other  rubbish ;  and  the  same  instance  is  given,  by  way  of 
example,  by  Biensfddius,  a  Qerman  author,  who  in  1591  pubUdied 
'  Tractatus  de  Confesdonibus  Maleficorum.'  This  author,  who  is  one 
of  the  most  systematic  of  the  numerous  writera  on  this  subject^  and  is 
one  who,  instead  of  venting  the  indignation  of  an  exdted  and  terrified 
mind  against  the  lost  agents  of  infernal  power,  treats  all  the  horron  of 
sorcery  with  the  gravity  of  an  analytical  philosopher,  tells  us  that 
there  are  three  elements  necessary  to  the  accomplishment  of  witch- 
craft :  the  divine  will  permitting  it;  the  power  of  the  devil  instigating 
and  assisting  the  operation ;  and  man's  corrupt  will  consenting  to  be 
the  instrument.  It  is  a  further  general  characteristic  of  witdicraft, 
that  from  the  commencement  of  its  history  the  agents  or  victims  have, 
in  the  majority  of  cascs^  been  females  \  and  that  in  later  times,  when 
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the  ch«no(er  of  the  mpeniitioii  had  degenerated  both  in  the  magni- 
tude of  the  objects  aocompliahed  and  the  rank  of  the  aoton,  witchcraft 
came  to  be  considered  a  power  exclusively  possessed  by  old  women. 
It  is  probable  that  a  propensity  to  attribute  the  faculty  of  divination 
and  the  art  of  perpetrating  Aupematural  mischief  to  females  may  have 
legitimately  descended  from  the  Pythia  of  the  more  early  classical 
times,  and  the  venefica  or  poisoner  of  the  later  periods  of  Roman 
history ;  and  Uiat  the  account  of  the  witch  of  Endor  may  have  tended 
to  strengthen  the  opinion.  In  the  superstitions,  however,  of  UAtions 
which  have  had  no  means  of  acquiring  uiowledge  from  these  sources — 
the  African  negroes,  the  North  American  Indians,  and  the  Scandin«vians 
anterior  to  their  adoption  of  Christianity — ^females  seem  to  have  always 
been  the  prominent  agents  in  the  application  of  the  minor  supernatural 
influences.  In  the  practice  of  witdicraft  within  the  limits  assigned  to 
it  in  this  article,  it  might  be  possible  to  find,  in  the  nature  of  the  con- 
nection between  the  supernatural  being  and  the  earthly  agent,  a 
tolerably  sufficient  reason  why  the  influence  of  a  female  must  generally 
be  greater  in  the  infernal  court  than  that  of  a  male.  Whoever  has 
perused  tiie  full  records  of  the  trials  for  ^tchcrafty  or  the  books  in 
which  the  subject  is  most  minutely  investigated,  ^rill  observe  how 
necessarily  it  must  follow  that  the  power  of  evil  being  endowed  with 
the  masculine  gender,  and  communicating  his  sex  to  those  sjnritual 
emanations  of  hu  power  which  sometimes  in  his  stead  do  his  bidding 
upon  earth,  the  mortal  recipients  of  his  malign  influence  must  neces- 
Bfiurily  be  of  a  different  sex.  The  institutional  writers  on  the  subject, 
however,  are  not  found  to  allude  to  such  a  cause,  though  they  lay  it 
down  as  a  general  principle  thi^  women  are  more  liable  to  be  the  agents  of 
Satan  than  men,  a  circumstance  which  Spreng^i  in  his '  Malleus  Male- 
ficarum/  traces  to  what  he  calls  tiieir  mferiority  in  mental  strength, 
and  the  natural  wickedneos  of  their  hearts. 

In  going  back  to  an  earlier  period  than  that  which  is  here  aasigned 
as  the  time  when  the  superstition  of  witchcraft  was  fuU  grown,  it  will 
be  found  that  the  accusations  most  nearly  resembling  the  more  modem 
offence  of  witchcraft  are  of  two  distinct  kinds— attempts  to  accomplish 
mischief  through  the  operation  of  poison  or  other  natural  agents,  and 
lapses  from  Christianity  into  heathen  practices.  The  Anglo-Saxon 
laws  against  soroerr  or  witchcraft  are  simply  leveUed  against  the  prac- 
tices connected  with  the  heathen  wonhip  from  which  the  people  had 
not  been  long  converted.  The  corresponding  accusations  in  the  south 
of  Europe  are  levelled  against  intercourse  with  demons  who  represent 
Diana  and  her  n^phs,  or  Pan  and  his  satyn ;  and  down  to  the  ancient 
period  of  the  behef  m  witchcraft  we  find  the  same  personages  officiating 
with  changed  names,  and  witii  natures  adjusted  to  the  religious  opinions 
of  the  age.  The  secrecy  with  which  the  Waldenses  and  other  earlj 
seceden  from  the  Chiuvh  of  Rome  were  compelled  to  hold  their 
religious  assemblages,  brought  upon  them  charges  of  indulging  in  such 
unhallowed  rites  as  were  traditicmaUy  considered  the  characteristics  of 
ancient  heathenism.  One  remarkable  practice  of  which  the  Waldenses 
were  accused  will  be  recognised  by  every  schoolboy  who  has  heard  a 
witch  legend  in  the  nursery :  they  were  called  '*  soobaces,"  because 
they  rode  to  their  meetings  on  a  sooba,  or  broom.  The  '  Narrative  of 
the  Proceedings  against  Dame  Alice  Kyteler,  prosecuted  for  Sorcery  in 
1824,'  edited  by  Mr.  Wright  for  the  Camden  Society,  and  which  is 
perhaps  still  more  curious  from  the  light  it  throws  on  the  early  con- 
flicts between  the  ecclesiastical  and  the  civil  power  than  in  its  reference 
to  this  subject,  exhibits  both  the  classes  ox  offence  here  alluded  to. 
She  was  chai^ged  with  having  prepared  noxious  compounds,  productive 
of  debilitation  which  ended  in  death,  and  also  with  abjuring  her  bdief 
in  the  Holy  Church,  with  having  deserted  the  mass  and  the  eucharist, 
with  having  sacrificed  to  demons,  and  with  having  attempted  to  usurp 
the  keys  of  the  Church  l^  impiously  imitating  the  ceremony  of 
excommunication. 

During  its  earlier  Btages,  the  art  of  witchcraft  was  in  iar  higher 
hands  than  those  to  whidi  it  afterwards  descended,  and  was  used  for 
greater  purposes.  Witchcraft  or  sorcery  was  the  means  by  which  Joan 
of  Arc  was  charged  with  having  obtained  her  power  as  a  warrior.  The 
Duchess  of  Qloucester  was  buiished  to  the  Isle  of  Man  for  sorcery 
agaiust  Henry  YL  Richard  III.  made  repeated  accusations  of  this 
offence,  the  most  noted  of  which  is  the  charge  against  Jane  Shor& 
The  earlier  witch  trials  in  Scotland  generally  implicate  persons  of  rank. 
Sometimes  the  women  who  are  accused  are  young,  and  they  do  not 
always  use  their  power  for  mischievous  and  nulidons  purposes.  Bessie 
Dunlop,  who  was  tried  in  1576,  appears  to  have  used  her  art  for  no 
other  purpose  than  the  cure  of  diseases  and  the  performance  of  other 
benevolent  acts,  accomplishing  them  through  the  instrumentality,  not 
of  Satan  or  any  of  his  emanations,  as  they  are  spoken  of  in  the  later 
canons  of  witchcraft,  but  through  the  aid  of  an  amiable  old  gentleman, 
who  had  the  misfortune  to  be  a  prisoner  among  the  fairies  m  Elfland. 
Alesoun  Pearson,  tried  in  1588,  had  a  long  intercourse  with  Elfland, 
which  appears  to  have  commenced  when  she  was  but  twelve  years  old. 
She  had  many  personal  friends  among  the  fairies  there,  one  of  whom 
was  her  cousin  William  Symsoun,  a  doctor  of  medicine  and  "  ane  great 
scholar."  She  was  in  the  practice  of  appealing  to  her  friends  in  &iry- 
land  for  the  means  of  curing  earthly  diseases,  and  Archbishop  Adamson 
did  not  disdain  to  follow  a  prescription  which  she  obtained  for  him,  his 
reliance  on  it  being  probably  not  weakened  by  his  acquaintance  with 
the  virtues  of  the  principal  ingredient,  which  was  claiet.  These  two 
trials  BO  far  exhibit  the  darker  characteristics  cf  the  witchcraft  of  later 


times,  that  Bessie  Dunlop's  adviser  from  Elfland  wished  her  to  put  her 
soul  in  his  possession ;  and  Alesoun  Pearson  was  told  that  of  the  fairy' 
host  the  tithe  is  taken  every  year  to  helL  The  method  in  which  the 
same  occurrences  are  mentioned  by  writere  of  different  ages  ^ows  the 
promss  towards  the  accepted  doctrines  of  the  authorities  of  witch- 
craft; and,  as  may  be  afterwards  more  particularly  mentioned,  both  in 
England  and  Scotland  the  investigations  of  King  James  did  much  to 
establish  a  settled  creed  in  relation  to  this  dark  subject.  Wyntoun, 
who  wrote  early  in  the  15th  century,  in  describing  the  prophecies 
made  to  Macbeth,  brings  the  three  weird  or  fatal  sistere  to  him  in  a 
dream,  and  makes  him  inquire  after  the  auguries  of  his  fate,  as  Crcesus 
is  made  to  consult  the  Pythia.  By  the  time  the  history  had  descended 
to  Shakspere's  days,  it  had  acquired  from  the  state  of  opinion  on  the 
subject  which  it  pained  through  such  adjuncts  as  enabled  the  poet,  by 
selecting  the  grander  and  more  terrific  features,  and  adding  some  ele- 
ments from  the  current  superatitions  of  his  day,  to  create  those  hags 
"  so  withered  and  so  wild  in  their  attire,  that  look  not  like  the  inha- 
bitants o'th'  ettrth,  and  yet  are  on't."  ^Perhaps  the  latest  conspicuous 
occasion  in  which  rank  and  beauty  have  been  allied  with  charges  of 
the  nature  of  witchcraft,  is  that  of  the  Countess  of  Essex  and  Mrs. 
Turner,  in  the  murder  of  Sir  Thomss  Overbury  and  the  practices 
agamst  the  Earl  of  Essex ;  but  the  direct  and  palpable  crimes  exhibited 
in  this  horrible  history  throw  the  attempts  at  evil  through  supernatural 
influences  into  the  shade.  When  in  later  ages  it  ceased  to  be  encou- 
raged by  the  great  and  the  learned,  witchcraft  degenerated,  till,  in  the 
end  of  we  17Ui  and  the  beginning  of  the  18th  centuries,  it  was  entirely 
confined  to  such  persons  as  Harsnet,  so  early  as  the  year  1599,  describes 
in  this  passage : — "  An  old  weather-beaten  crone,  having  her  chin  and 
her  knees  meeting  for  age,  walking  like  a  bow  leaning  on  a  staff,  hoUow- 
eved,  untoothed,  furrowed  in  her  face,  having  her  Ups  trembling  with 
the  palsy,  going  mumbling  in  the  streets,— one  that  hath  forgotten  her 
Pater-noster,  and  vet  hath  a  shrewd  tongue  to  call  a  drab  a  drab.  If 
she  hath  learned  of  an  old  wife  in  a  chimney  end  Pax  Mu  Fax  for  a 
spell ;  Of -can  say  Sir  John  Grantham's  curse  on  the  miller's  eels — ^All 
ye  that  have  stolen  the  miller's  eels,  laudato  Dominum  de  coelis ;  and 
all  they  that  have  consented  thereto,  benedicamus  Domino :  why  then 
beware,  look  about  you,  my  neighbours.  If  any  of  you  have  a  sheep 
sick  of  the  giddies,  or  a  hog  of  the  mumps,  or  a  horse  of  the  staggers, 
or  a  knavish  bey  of  the  school^  or  an  idle  nrl  of  the  wheel,  or  a  young 
drab  of  the  sullens,  and  hath  not  fat  eaougb,  for  her  porridge,  or  butter 
enough  for  her  bread,  and  she  hath  a  uttle  help  of  the  epilepsy  or 
cramp,  teach  her  to  roll  her  eyes,  wry  her  moutb,  gnash  her  teeth, 
startle  with  her  body,  hold  her  arms  and  hands  stiff,  ftc,  and  then,  if 
an  old  Mother  Nobs  hath  by  ehsnce  called  her  idle  yo\mg  housewife, 
or  bid  the  devil  scratch  her,  then  no  doubt  but  Mother  Nobs  is  the 
witch,  and  the  young  girl  is  owl-blasted." 

There  are  two  causes  which  aooount  for  the  similarity  often  found 
to  exist  in  the  superstitions  of  different  and  distant  nations : — 1.  Phy- 
sical and  mental  phenomena  common  to  all  mankind  and  to  all  parts 
of  the  globe,  producing  like  effects  when  brought  into  the  same  com- 
binations; 2.  A  reference  to  a  common  origin  anterior  to  the  com- 
mencement of  the  superstition,  by  which  the  same  opinions  adopted 
by  families  of  mankina  separated  far  apart  may  be  traoed  by  ascent  to 
a  common  parentage.  A  great  portion  of  the  witchcraft  superstition 
of  Europe  may  be  traced  to  both  these  causes ;  but  at  the  same  time 
the  identity  of  the  phenomena  of  this  mental  disease,  as  exhibited  in 
different  nations,  is  so  remarkable,  as  well  as  the  rapidity  with  which 
the  opinions  adopted  in  one  part  of  the  world  travelled  to  othera,  that 
it  is  evident  some  other  causes  have  contributed  to  produce  the  effect. 
The  similarity  of  Hke  incidents  narrated,  not  only  in  the  books  which 
convey  the  knowledge  of  these  mysteries,  but  in  the  reports  of  criminal 
trials,  and  even  in  the  confessions  of  the  wretched  vicUms  of  the  creed, 
is  so  remarkable,  down  to  the  most  minute  particulara,  as  to  justify 
the  supposition  that  a  large  proportion  of  the  witchcraft  superstition 
was  propagated  by  means  of  books  or  through  the  tuition  of  men  of 
lettera;  and  that  thus,^in  that  age  of  imperfect  science,  literature 
became  for  a  time  the  means  of  propagating  and  concentrating  the 
influence  of  one  of  the  most  baneful  supentitions  which  has  ever 
visited  the  human  mind. 

Among  the  most  obvious  means  which  the  imagination  would  sug- 
gest for  indicating  to  supernatural  powen  the  exact  evil  effect  whidi 
tiiey  are  solicited  to  produce  on  mortal  beings,  would  be  the  symbolical 
accomplishment  or  exhibition  of  its  performance  on  an  effilgy  of  tiie 
person  intended  to  be  injured.  The  principles  of  human  action  which 
originally  suggested  this  device  are  so  wide  spread  as  to  include  the 
deScation  of  idols  and  the  burning  of  an  obnoxious  politician  in  effigy; 
but  in  the  practice  of  witchcraft,  Uie  method  of  symbolically  producing 
death  or  coiporal  injury  is  so  far  uniform  as  to  predicate  a  systematio 
opinion  on  the  subject.  An  image  of  the  devoted  person  was  made  of 
wax  and  melted  before  a  fire>  stuck  through  with  pins  pr  needles,  or 
perforated  with  arrows.  Sometimes  the  model  was  of  the  heart,  or 
some  other  vital  part;  sometimes  a  picture  was  used  in  its  stead. 
Ben  Jonson,  whose  '  Masque  of  Queens '  brings  together  all  the  pro* 
minent  ynidx  supentitions  to  be  found  in  the  classic  authors,  in  the 
commentatora,  and  in  the  practice  of  his  own  days,  says  in  the  third 
charm  f-:?; 

**  Witk  pictures  fnll  of  wax  and  of  wool 
Tbelr  liven  I  stick  with  needle*  quick  :*' 
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nearly  a  paraphraae  ol  Ovid's — 

'*....    timalaeraqYie  eerea  flgit, 
Kt  miflerum  te&uee  ia  Jecor  urget  acus.** 

Joiison  in  hia  notes  relen  for  this  piactice  to  so  old  an  example  as 
the  epistle  of  Hypsipyle  to  Jason^  from  which  the  above  is  taken ;  he 
probaoly  had  the  passage  in  his  eye.  He  refers  also  to  what  he  calls 
"  the  well-known  story  "  of  King  Dufius,  one  of  the  imaginary  kings  of 
Scotland,  the  legend  at  whose  sufferings  is  as  old  as  the  days  ol  Wyn- 
toun,  by  whom  it  is  mentioned^  but  would  be  searched  for  in  vain 
among  those  still  older  annalists  who  had  not  the  means  of  ornament- 
ing their  writings  with  some  of  the  wisdom  of  the  ancients.  Jonson 
says  be  remembers  some  such  figures  having  been  dug  up  in  a  dung- 
hill in  his  youth.  The  story  of  Bolingbroke  and  the  witch  of  Bye,  in 
Fabyan's '  Chronicle/  illustrates  this  practice.  In  Middleton's '  Witch/ 
Hecate  says,  **  Is  the  heart  of  wax  stuck  full  of  magic  needles  ? "  King 
James,  in  his '  Demonologie/  has  a  very  full  examination  of  the  opera- 
tion of  this  charm ;  and  after  receiving  so  high  a  sanction,  it  of  course 
cuts  a  conspicuous  figure  in  the  subsequent  witch  trials  both  of  Eng- 
land and  Scotland.  In  the  latter  country  it  became  united  with  a 
belief  in  the  unearthly  origin  of  the  numerous  small  flint  arrowheads 
of  ancient  workmanship,  conspicuous  for  the  regularity  and  beauty  of 
ihar  shape,  which  are  frequently  dug  up  in  the  north  of  Scotland. 
The  witdies  of  Auldeame,  whose  feats  are  recorded  in  Pitoaim's 
'  Criminal  Trials/  described  a  cavern  in  the  centre  of  a  hill  where  the 
arch  fiend  and  hjs  attendant  imps  conducted  a  complete  manufactory 
of  these  Tpitfgilea ;  the  inferior  spirits  hewing  them  out  of  the  rough 
stone,  and  their  master  giving  each  as  it  was  presented  to  him  in  a  rough 
state  the  proper  edge  and  finish,  to  adapt  it  for  service. 

Those  objects  which,  from  their  connection  with  death  and  decay, 
are  apt  to  produce  loathing  and  horror  in  the  minds  of  persons  whom 
habit  has  not  made  familiar  with  them,  are  favourite  instruments  in  the 
glands  of  witches,  to  whom  their  use  seems  to  have  descended  from  the 
necromancen.  There  are  few  narratives'of  witchcraft  or  sorcery,  from 
▲puleius  downwards,  which  do  not  present  us  with  some  of  the  spoils 
of  the  charnel-house.  Animals  loathsome  to  the  sight  from  their 
structure  being  associated  with  notions  of  deformity,  or  from  the 
venom  with  which  their  otherwise  feeble  frames  are  endowed,  are 
naturally  made  use  of  by  those  who  among  the  ignorant  aim  at  the 
possession  of  supernatural  powers.  In  this  respect  the  medicine-man 
of  the  Indiuis,  called  on  to  try  his  charms  when  the  traditionaiy  ussges 
of  the  tribe  in  the  application  of  simples  have  failed,  uses  many  of  the 
same  tools  as  the  witch  of  the  I6Ui  and  17th  centuries.  In  warm 
climates  the  serpent,  the  scorpion,  and  the  lizard  are  among  the  charms 
resorted  to ;  but  in  colder  latitudes  the  adept  must  be  contented  with 
the  toad,  the  frog,  the  mole,  and  the  bat. 

Cats  are  animals  which  hold  out  many  inducements  to  the  imagina- 
tive  and  superstitious.  They  bring  to  a  certain  extent  the  habitd  of  a 
wild  beast  into  the  domestic  circle.  The  contiast  between  their 
strength  and  agility,  their  gentle  and  frsgile  appearance,  their  tenacity 
of  life,  their  silent  and  rapid  movement^  their  mysterious  gatherings 
at  night  and  strange  cries,  invest  their  presence  with  a  faa^inafnng 
mystery.  The  tombs  of  Egypt  and  the  history  of  the  Eiiights  Tem- 
plars show  that  they  have  received  attention  m  other  quarters;  but 
the  very  peculiar  position  which  they  hold  in  the  councils  of  the 
powers  of  darkness,  in  connection  with  the  ministrations  ol  witches, 
shows  by  its  uniformity  that  the  opinions  regarding  them  entertained 
by  the  authorities  on  mtchcraft  lore  were  widdy  adopted  by  the 
^thf uL  In  several  of  the  ScottLsh  trials  and  confessions  women  are 
found  to  have  assumed  the  shape  of  cats,  and  to  have  betrayed  their 
pranks  by  exhibiting  when  restored  to  human  form  the  wounds  in- 
flicted on  them  in  their  bestial  capacity.  At  so  late  a  period  as  the 
vear  1718  a  solemn  judicial  inquiry  was  made  in  the  shire  of  Cai^ess, 
by  the  sheriff  or  local  Judge,  into  the  persecutions  suffered  by  William 
Montgomery,  whose  life  was  rendered  miserable  by  the  gambols  of  a 
legion  of  catSb  The  narrative  of  the  ciroumstanoe,  as  given  in  Mr. 
Kjrkpatrick  Sharp's  introduction  to  Law's '  Memorials/  is  a  livc^  and 
somewhat  exaggerated  picture  of  those  general  tumultuous  gatherings 
of  domestic  cats  which  sometimes  so  unaccountably  disturb  the  repose 
of  a  neighbourhood.  The  animals,  it  was  solemnly  maintained  by  the 
persecuted  man's  servant,  "spoke  among  themselves;"  and  at  length 
Montgomery,  his  patience  being  entirely  exhausted,  fell  upon  the  con- 
clave with  a  broadsword  and  an  axe,  s^^d  dispersed  them  with  several 
casualties.  The  consequence  was,  that  two  old  women  in  the  neigh- 
bourhood died  immediately,  and  a  third  lost  a  leg,  which  having  been 
broken  by  a  stroke  of  the  hatchet,  withered  and  dropped  o£  In  a 
curious  little  book  published  at  Leyden  in  1656,  ccUled  '  Magica  de 
Spectris  et  Appariticxiibus  Spirituum/  &c.,  which  is  a  complete  repo- 
sitory of  diabolical  experience,  consisting  of  a  series  of  narratives  ex- 
tracted without  comment  from,  historical  chronicles  and  books  of 
magic,  an  occurrence  is  said  to  have  taken  place  at  a  town  in  Calabria, 
bo  exactly  like  the  above,  that  whereas  Mr.  Montgomery  was  a  car- 
penter by  profession,  the  hero  of  the  foreign  adventure  was  in  the  act 
of  cutting  wood  when  he  was  distrocted  by  the  presence  of  a  turbulent 
bevy  of  cats,  whom  he  dispersed  with  his  implements.  In  this  case 
the  metamorphosis  was  made  known  by  a  charge  being  brought  against 
the  individuid  of  having  assaulted  and  wounded  some  women  of  rank 


in  the  neighbourhood,  when  he  disolosed  the  fashion  in  wfaioh  they  had 
appeared,  and  the  affiur  was  hushed  up.    A  beUef  in  the  metamor- 
phoses of  human  beings  into  brutes  is  a  superstition  so  widely  exem- 
plified in  classical  literature,  and  in  the  sculpture  and  paintings  of  all 
societies  of  men  sufficiently  oivUised  to  provide  such  testimonies  oi 
their  customs  and  belief,  imi  it  cannot  be  assigned  as  a  special  feature 
of  Uie  belief  in  witchcraft.    I^e  minuteness,  however,  of  the  analogj 
exhibited  in  the  above,  and  discoverable  in  many  like  cases,  seems  to 
those  who  do  not  believe  in  the  actual  metamorphosis  to  leave  no  other 
alternative  but  the  belief,  that  the  doctrines  promulgated  in  one  part 
of  the  world  were  in  all  ^eir  minute  particulars  adopted  an  another. 
Lyoanthropie,  or  the  conversion  of  men  into  wolves,  was  so  i»«valent  a 
belief  in  France  and  Qormany  as  to  be  the  subject  of  sepaiiate  treatises 
and  of  various  judicial  inquiries.    It  naturally  did  not  extend  to 
Britain.    This  superstition  may  be  perhaps  more  distinctly  traced  to 
the  influence  of  a  diHeaaed  imagination  than  most  of  the  others  con- 
nected with  this  subject :  by  the  Greek  phyucians  it  is  understood  to 
have  been  treated  as  a  disMse.    Both  toe  English  and  Scottish  trials 
frequently  illustrate  the  power  supposed  to  be  possessed  by  those  in 
league  with  Satan  of  converting  their  victims  into  beastA  of  burden, 
which  they  employ  to  convey  them  to  the  scenes  of  their  unhaUowed 
assemblies.    This  feat  was  performed  on  a  large  scale  by  the  great 
army  of  witches  charged  with  assembling  at  Blocula  in  Sweden,  in 
1669,  according  to  the   oanativa  of   Qlanvil,  in  his  'Saducianua 
Triumphatus.' 

A  power  over  the  elements  is  one  of  those  gifts  with  which  super- 
stition will  be  most  likely  to  invest  its  invisible  agents.  In  its  less 
striking  form  it  has  the  aspect  of  a  malign  intcnrfeience  with  Uie 
natural  fruits  of  the  earth,  either  by  blasting  some  particular  district, 
or  transferring  its  elements  of  fruitfulness  that  they  may  increase  the 
produce  of  some  other  tract  in  which  the  sorcerer  is  interested.  This 
species  of  incantation  is  prohibited  by  the  Twelve  Tables  (Dirksen, 
'  Ueberaicht,  &o.  der  Zwolf-Tafel-Fragmente'),  and  the  illustratiozu  of 
it  in  the  witch  trials  are  too  numerous  to  be  mentioned.  A  trading  or 
maritime  population  living  on  a  stormy  coast  will  endow  their  malig- 
nant demons  with  a  more  awful  authority  over  the  winds  and  nwea^ 
Olaus  Magnus  treats  lugely  of  the  storm-raising  powers  of  the  Scan- 
dinavian witches.  It  was  on  his  return  from  these  regions  with  his 
wife  Anne  of  Denmark,  that  King  James  produced  so  goodly  an  array  cf 
aoousations  against  witches  for  aiming  against  his  life;  and  coming 
frdhi  a  spot  where  such  a  particular  department  of  witch  superetiUon 
was  pre^dent,  it  is  natunl  that  the  aspect  assumed  by  the  aocuaatioos 
should  be  an  attempt  to  create  a  storm  at  sea  for  the  purpose  ol 
interesting  his  voyage.  In  the  accusations  against  the  witches  of 
Aberdeen  in  1696  and  1697,  the  record  of  which  is  printed  by  the 
Spalding  Club,  the  exercise  of  a  power  over  the  elements  ia  one  of  the 
chaiges.  In  the  curious  narrative  as  to  Margaret  Barday  and  others, 
preserved  by  Sir  Walter  Scott  in  his  '  Demonology/  we  find  the  same 
feature.  This  specific  superstition  does  not  seem  to  have  taken  root  in 
England,  and  Shakspere,  whose  witchery  in '  Macbeth '  ia  enentiaUy 
Scottiidi  in  character,  has  given  it  a  place  there  :— 

(•  Though  you  untie  the  winds  and  lot  them  fight 
Against  tho  churches ;  though  the  ycsty  waves 
Confound  and  swallow  navigation  up." 

It  is  a  remarkable  circumstance  that  nowhere  axe  the  identities 
between  the  opiiuons  promulgated  in  doctrinal  works  and  the  practice 
of  witchcraft  more  f ullv  developed  than  in  the  confessions  of  the 
witches  as  produced  in  official  documents.  The  horrible  tortures,  which 
the  alarm  produced  by  the  supposed  existence  of  a  coalition  with  Satan 
seems  to  have  prompted  men  of  ordinary  humanity  to  sanction,  ^pear 
to  have  generally  called  from  the  exhausted  victims  an  assent  to.whatever 
narrative  was  dictated  to  them,  and  the  inquisitors  being  learned  men, 
acquainted  with  the  best  authorities  on  tho  subject,  would  know  how 
to  connect  the  received  doctrines  of  sorcery  with  whatever  train  of  real 
droumstances  may  have  been  brought  home  to  the  victim.  Knowing, 
in  fact,  the  outline  of  natural  events,  they  would  be  able  to  fill  up  th« 
supernatural  details.  Margaret  Barclay,  tried  in  1618,  was,  according 
to  the  record  preserved  by  Sir  Walter  Scott,  subjected  to  "gentle 
torture."  Sir  Walter  caUs  this  ''a  strange  conjunction  of  words;* 
but  it  is  not  without  precedent,  and  we  can  imagine  it  taken  from 
Biensfeldius,  who  tells  us  of  a  lady  who,  in  1690,  at  Cologne  was  sub- 
jected to  "  modurata  torture."  The  Incubus  and  the  Succubus — ^the 
former  the  visitant  of  females,  the  latter  of  males — are  prominent  in 
the  confessions,  and  open  up  a  world  of  psycho-physiological  inquiry. 
These  notabilia  are  enlarged  upon  in  several  of  the  Scottish  trials. 
Ueferenoe  may  be  made  to  the  appendix  to  Pitoaim's '  Criminal  Triab/ 
p.  610,  and  to  a  pamphlet  called '  History  of  the  Witches  of  Renfrewshire.' 
Reginald  Scot  goes  over  the  same  subject,  and  further  curious  matter 
will  be  found  in  Qlanvil, '  Saducismus  Triumphatus;'  Sprenger, '  Mal- 
leus Maleficarum ; '  and  Delrio, '  Disquiaitiones  Magicse.'  There  is  ik> 
doubt  that  some  of  the  confessions  were  voluntarily  made ;  and  that, 
whether  dictated  by  their  own  imagination  or  by  their  reading,  the 
sdf -accusers  did  not  speak  on  the  suggestion  of  others.  There  are  thus 
two  mingled  elements  in  these  documents,  the  separation  of  which 
would  be  necessary  ^to  and  would  materially  aid  a  i^iilosophical  ex- 
amination of  the  causes  which  have  produced  such  singular  effects  :  the 
one  would  bring  before  us  the  physical  and  psychological  caosea  ^m 
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which  the  mind  voluntarily  imaginM  itself  m  actor  in  such  roper 
natund  oecurrenoea ;  the  other  would  explain  the  utterance  of  con- 
fessions of  Buoh  acts  by  persons  who,  until  they  were  subjected  to 
tortare,  never  imagined  their  ezistenoe.  The  eot^fesBions  made  under 
torture  were^  however,  frequently  revoked  during  moments  of  mental 
and  physical  resuscitation. 

The  influence  on  society  of  a  belief  in  witchcraft  was  of  the  most 
pernicious  kind.  It  gave  an  unchecked  flow  to  all  the  malignant 
passions;  some  venting  them  in  accusations,  others  in  attempts  to 
practise  the  nefarious  art.  In  the  year  1515  five  hundred  people  are 
said  to  have  been  executed  at  Gkneva  on  charges  of  witchcraft;  and 
Remigius,  the  inquisitor,  boasts  that  he  put  nine  hundred  to  death  in 
Lorraine.  The  first  person  who  lifted  his  voice  against  these  cruelties 
was  Wierus,  who  wrote  in  1568.  He  and  his  followers  eairied  on  a 
controversy  with  Delrio,  Bodinus,  Scribonius,  and  others,  in  which  it 
is  generally  admitted  that  the  defenders  of  witchcraft  were  the  more 
successful  logicians.  The  supporters  of  old  and  received  fallacies  have 
their  compact  and  complete  system  of  sophistry,  and  he  who  would 
break  through  it  must,  like  a  Bacon  or  a  Locke,  possess  strength 
enough  to  destroy  the  whole  fkbrio.  Wierus  and  his  followers  ven- 
tured to  raise  their  voice  against  the  method  only  of  the  manifestation 
of  Satan's  power  of  diaboUcal  possession,  not  its  ezistenoe.  Against 
the  brutal  practice  of  swimming  a  witch  to  see  if  she  will  sink  or  float, 
which  may  be  traced  as  an  ordeal  succeeding  that  of  the  red-hot 
ploughshares,  and  which  inferred  that  a  body  In  which  an  evil  spirit 
dwells  is  lighter  than  water,  they  could  do  no  more  than  adduce  the 
experimental  fact,  that  the  herd  of  swine  into  which  Jesus  cast  the 
evil  spirits,  nmning  into  a  lake,  were  drowned*  Of  all  the  early  oppo- 
nents of  this  superstition  the  English  Reginald  Scot,  who  wrote  in 
1584,  was  perhaps  the  most  successful  in  the  employment  of  an  ac- 
quaintance with  natural  operations,  a  bold  scorn  of  fallacies  highly 
supported,  and  a  ready  sarcasm.  He  was  followed  by  Harsnet  in  1599, 
and  in  1720  by  Francis  Hutchinson,  who,  however,  appealed  chiefly 
to  the  unlearned,  among  whom  alone  the  belief  lingered  at  the  time 
when  he  wrote. 

The  learned  men  of  Europe  generally  were  believers  in  witch- 
craft down  to  the  end  of  the  17th  century.  Selden  has  an  apology 
for  the  law  against  witches,  which  shows  a  lurking  belief.  He  says 
that  if  one  believes  that,  by  turning  his  hat  thrice  aT)d  crying 
'  buz,'  he  could  take  away  a  man's  fife ;  **  this  were  a  just  law  made 
by  the  state,  that  whoever  should  turn  his  hat  and  cry '  buz/  with 
an  intention  to  take  away  a  man's  life,  shall  be  mit  to  death."  The 
logic  of  Selden's  mind,  if  untainted  by  superstition,  would  surely 
have  shown  him  that  a  law  waging  war  with  intentions  incapable  of 
being  f  ulfllled  must  be  both  useless  and  mischievous.  Sir  Thomas 
Browne  and  Sir  Matthew  Hale  were  believers  in  witchcraft,  and  attested 
their  belief  by  being  instrumental  in  convictions  for  the  crime.  It  is 
supposed  that  there  were  no  executions  for  witchcraft  in  England 
subsequent  to  the  year  1682 ;  but  the  statute  of  1  James  I.,  o.  12,  so 
minute  in  its  enactments  against  witches,  was  not  repealed  tiU  the 
9  Qeo.  II.,  c.  5.  In  Scotland,  so  late  as  the  year  1722,  when  the  local 
jurisdictions  were  still  hereditary,  and  had  not  been  put  into  the  hands 
of  professional  lawyers,  the  sheriff  of  Sutherlandstdre  condemned  a 
witch  to  death.  It  is  worthy  of  remark,  as  one  of  the  last  vestiges 
of  this  superstition  in  educated  and  professional  minds,  that  in  a 
work  called  '  The  Institutes  of  the  Law  of  Scotland,'  published  in 
Edinburgh  in  1780,  by  William  Forbes,  an  author  deservedly  neglected 
by  practical  lawyers,  after  a  specific  definition  of  the  nature  of  witch- 
craft, there  is  the  following  passage : — "  Nothing  seems  plainer  to  me 
than  there  may  be,  and  have  been  witches,  and  that  perhaps  such  are 
now  actually  existing;  which  I  intend,  God  willing,  to  clear  in  a  lai^r 
work  concerning  the  criminal  law."  This  promised  work  never  made 
its  appearance. 

WITENAGEMOTE,  literally  an  "  assembly  of  wise  men,"  from  the 
Anglo-Saxon  "gemoth,"  an  "assembly,"  and  "witan,"  "to  know," 
which  has  the  same  root,  "  wit "  or  "  wis,"  as  the  words  wit,  witness, 
wise,  and  the  legal  phrase  still  in  use  "  to  wit." 

Although  the  chief  rulers  of  the  Anglo-Saxon  states,  nearly  down  to 
the  time  of  the  Conquest,  bore  the  title  of  king,  and  In  theu*  charters 
and  letters  attached  to  it  many  sonorous  epithets,  vet  in  fact  they 
were  little  raised  in  power  above  the  other  chiefs  of  their  nation.  To 
election  by  these  chiefs  the  king  owed  his  office ;  and  if  the  sceptre 
descended  in  1^  race,  it  was  by  means  of  the  formal  recognition  of  the 
new  king  by  the  nobles  in  an  assembly  convened  for  the  purpose.  Of 
this  assembly  the  chief  ecclesiastics  in  the  kingdom,  archbishops, 
bishops,  and  abbots,  the  judges  (if  such  there  were),  and  the  largest 
landholders  formed  part.  Whether  the  main  body  of  the  people  had 
a  voice  in  this  great  council  is  doubtful ;  but  judging  by  the  analogy  of 
the  shire  motes,  and  of  all  the  political  and  ludicial^institutlons  of  our 
Anglo-Saxon  ancestors,  it  is  probable  that  the  freemen  who  were  near 
the  spot  had  a  right  to  be  present.  Any  important  law  or  regulation 
was  transmitted  for  approval  or  consideration  to  the  various  folk- 
motes.  WhUe  the  folkmotee  were  small,  and  the  occasions  for  assemb- 
ling few,  little  inconvenience  was  felt,  but  ultimately  it  was  found 
expedient  for  the  king  to  summon  an  influential  person  from  various 
parts  of  the  country,  perhaps  oocasionally  the  leading  man  of  a  folk- 
mote,  and  thus  form  an  assembly  of  counsellors,  or  witenagemote. 
This  change  was  no  doubt  gradual,  and  no  precise  date  can  be  fixed. 


It  is  certain  that  it  was  in  existence  in  this  form  under  Ethelstan, 
(a.d.  981)  and  that  all  the  skerifi^  of  counties  attended  it.  In  934 
there  were  present  at  one  of  these  assemblies  the  king,  four  Welsh 
princes,  two  archbishops,  seventeen  bishops,  four  abbots,  twelve 
dukes,  and  fifty-two  thanes.  The  members  were  not  elected,  in  any 
sense  but  either  nominated  by  the  king  or  summoned  by  the  assembly 
after  having  been  constituted ;  and  the  members  seem  to  have  had  the 
right,  or  assumed  the  privilege,  of  introducing  a  friend  or  counsellor. 

The  powers  of  the  witan  were  extensive.  As  a  consultative  body 
they  had  a  right  to  consider  every  public  act  which  could  be  authorised 
by  the  king :  they  deliberated  upon  the  making  of  new  laws,  which 
were  to  be  added  to  the  folc-right,  and  which  were  then  promulgated 
by  theur  own  and  the  king's  authority ;  they  had  the  power  of  making 
aOiances  and  treaties  of  peace,  and  of  settling  their  terms ;  in  them 
was  vested  the  right  of  electing  the  king,  whom  also  they  had  the 
power  of  deposing  if  his  government  was  not  conducted  for  tho  benefit 
of  the  people.  They,  together  with  the  king,  had  the  power  to  appoint 
prelates  to  the  vacant  sees;  they  had  also  the  power  to  regulate 
ecclesiastical  matters,  appoint  fasts  and  f estivids,  and  decide  upon  Uie 
levy  and  expenditure  of  ecclesiastical  revenue ;  and,  with  the  king,  to 
levy  taxes  for  the  public  service.  The  king,  with  consent  of  the 
witan,  had  power  to  raise  land  and  sea  forces  when  occasion  demanded. 
The  witan  possessed  the  power  of  recommending,  assenting  to,  and 
guaranteeing  grants  of  lands,  and  of  permitting  the  conversion  of 
lolcland  (common  land)  into  bocland  (book-land),  and  rice  vertS, 
They  had  also  power  of  adjudging  the  lands  of  offenders  and  intestates 
to  be  forfeit  to  the  king;  and  they  acted  as  a  supreme  court  of  justice, 
both  in  dvil  and  criminal  causes.    (Kemble, '  The  Saxons  in  England.') 

A  witenagemote  in  the  reign  of  Ethelwolf  (855)  granted  to  the 
chiux^h  a  tenth,  with  the  assent  of  the  kings,  thanes,  barons,  and 
people.  The  eighth  law  of  Edward  the  Confessor  names  the  people ; 
and  the  S5th  law  recites  that  it  passed  by  the  common  advice  and 
assent  of  all  bishops,  princes,  chiefs  (procerum),  earls,  and  of  all  the 
wise  men  and  elders,  and  of  the  people  (populorum)  of  the  whole 
kingdom.  Sergt.  Ruffhead,  iu  his  preface  to  the  Statutes,  conjectures, 
confessing  at  the  same  time  his  ignorance,  that  the  f olcmote  resembled 
our  House  of  Commons,  the  ealra-witenagemote  our  House  of  Lords, 
and  the  witenagemote  our  privy  council  Undoubtedly  some  of  tiie 
functions  which  in  far  more  recent  times  the  privy  council  has 
performed  did  devolve  upon  the  witan ;  for  instance,  their  approval 
was  required  for  certain  acts  of  the  king ;  and  generally  their  office 
was  less  to  devise  measures  than  to  consider  and  to  sanction  those 
which  were  submitted  to  them. 

In  concurring  in  royal  charters  and  grants  the  witenagemote  per- 
formed the  double  office  of  cnnsenting  to  and  of  attesting  these  gifts 
or  privileges ;  and  here  their  office  was  analogous  to  that  of  the  shire- 
mote,  which  in  those  rude  days  distributed  justice  rather  according  to 
the  notoriety  of  the  facts  than  to  any  t^stematic  rules  of  investigating 
the  truth,  and  qualified  itself  for  this  office  by  requiring  that  the  main 
transactions  touching  the  rights  and  property  of  individuals  within  its 
district  should  pass  m  its  presence. 

In  those  cases  where  the  administration  of  justice  was  impossible  in 
the  county  courts,  owing  either  to  their  want  of  jurisdiction,  or  to  the 
power  of  one  of  the  tKirties,  the  authority  of  the  witan  was  appealed 
to ;  and  the  nation  pledged  Itself  to  support  the  executive  power  of 
the  king  by  giving  to  his  arrangements  the  force  of  a  law.  Thus  the 
great  family  of  Godwin  earl  of  Kent  was  outlawed  in  1043,  and 
restored  in  1052  bvthe  authority  of  the  witan;  in  another  case  the 
title  of  a  great  landholder  to  estates  of  which  the  muniments  had  been 
destroyed  was  acknowledged,  and  a  new  deed  setting  out  the  bounds 
was  granted. 

During  the  Anglo-Saxon  times  the  possessions  of  the  king,  and  the 
ordinary  payments  made  to  the  crown  by  every  landholder,  together 
with  the  mities  paid  by  townships,  were  sufficient  for  the  ordinary 
wants  of  the  government,  especially  as  the  triple  duty  (trinoda  neceo- 
sitas>  of  repairing  roads  and  bridges  {hryc-hote)^  maintaining  the  walls 
of  tne  burghs  {hwrgh-hoU),  and  resisting  invasion  (the  fyrd),  was 
invariable.  The  king  too  was  entitled  to  tolls  on  goods  sold  in  most 
markets  and  fairs,  and  to  customs  on  imported  goods ;  but  in  those 
emet^ncies  when  a  pecuniary  contribution  was  to  be  made  by  the 
nation,  the  witan  were  called  on  to  accede  to  the  tax. 

It  is  very  remarkable  how  these  powers  have  been  transmitted  to 
our  present  parliament,  though  some  have  been  separated  and  allocated 
between  the  House  of  Peers  and  the  House  of  Commons.  The  witena- 
gemote was  of  course  abolished  by  the  Norman  invader ;  but  the  idea 
was  evidently  preserved  and  ultimately  developed  even  by  the  Normans 
themselves.  It  assumed  a  distinct  form  when  Simon  de  Montfort, 
earl  of  Leicester,  issued  writs  in  the  king's  name  to  the  sheri£b  of  all 
counties,  commanding  them  to  return  two  knights  for  the  county,  and 
two  burgesses  for  certun  named  boroughs,  to  ait  in  parliament  to  con- 
sult on  the  aflhirs  of  the  nation. 

(Sir  F.  Palgrave,  RUe  and  Progress  of  the  English.  CommonweaUhf 
1882 :  J.  M.  Kemble,  The  Saxons  in  England,  1849.) 

WITNESS,  from  the  Saxon  witan,  "  to  know."    [Evidkncb.] 

WOAD  {Isatis  tindoria)  is  a  plant  which  was  once  cultivated  in 
Britain  to  a  considerable  extent  for  the  blue  dye  extracted  £rom  it.  It 
has  been  greatly  superseded  by  indigo,  which  gives  a  stronger  and  finor 
blue ;  but  on  some  soils  it  might  still  be  cultivated  to  advantage. 
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The  woad  in  a  plant  of  the  natural  order  of  the  Orudferof,  claaBed  by 
Linnseus  in  the  Tetradiffiamia  lUieiUoaa.  It  hai  a  strong  ti^root, 
which  lasts  two  years.  The  height  of  the  plant  when  in  perfection  is 
from  three  to  four  feet.  It  throws  out  many  branches  from  the  upper 
part  of  the  stem.  The  leaves  are  alternate  and  smooth,  the  lower  on 
foot-stalks,  lEu:ge  and  spear-shaped,  the  upper  embracing  the  stem  and 
arrow-shaped.  The  flowers  are  yellow,  in  panicles  at  the  extremity 
of  the  branches.  The  fruit  is  a  heart*shaped  pod,  with  two  valves  con- 
taining  one  seed  only. 

It  requires  a  good  substantial  soil  of  considerable  depth  and  fertility ; 
for  the  larger  and  more  numerous  the  leaves  are,  the  more  profit  is 
derived  from  the  plant.  A  wet  clay  soil  is  not  at  all  suited  to  its 
growth,  nor  a  loose  sandy  one.  When  it  was  largely  cultivated  in 
England,  old  pastures  ploughed  up  afforded  the  best  soil  for  the  woad 
to  grow  in.  These  were  often  taken  at  a  very  high  rent  for  two  years 
by  men  who  made  it  their  business  to  cultivate  the  woad  and  prepare 
the  colour,  and  who  found  it  a  profitable  speculation.  To  have  good 
woad  the  land  should  be  naturally  very  rich,  or  much  manure  should 
be  intimately  mixed  with  it  some  time  before;  noting  but  com- 
pletely decomposed  dung  should  be  used,  or  compost  made  on  purpose 
a  long  time  before. 

The  land,  having  been  prepared  by  repeated  ploughings  and  perfectly 
clean,  is  hud  into  narrow  beoB  with  deep  intervals.  On  these  beds  the 
seed  is  sown  in  February  or  very  early  in  March.  It  is  sometinleB 
sown  broadcast,  and  the  plants  thinned  out,  but  sowing  it  in  driUs,  two 
rows  on  a  four-feet  bed,  is  much  the  best  practice.  The  drills  are 
one  foot  from  the  edge,  with  two  feet  dear  between  them ;  some  make 
five-feet  beds,  and  there  is  an  interval  of  thirty  inches  between  the 
rows,  which  allows  of  better  cleaning,  and  gives  the  plants  more  room 
to  spread.  When  the  plants  are  come  up  in  the  rows,  they  must  be 
thinned  out  by  hand,  leaving  the  strongest  about  two  feet  apart;  the 
leaves  will  soon  fill  up  the  intervals.  They  b^gin  to  ripen  in  June. 
They  are  fit  to  gather  when  they  begin  to  droop  and  become  yellowish. 
This  should  be  done  in  very  dry  weather,  and  after  the  dew  is  oC 
The  leaves  of  the  woad  are  either  twisted  off  close  to  the  stems  or  cut 
down  with  a  sickle.  Gkeat  care  must  be  taken  that  no  dirt  or  earth 
adheres  to  them.  Some  recommend  taking  off  the  lower  leaves  firsts 
when  they  appear  ripe  by  drooping  and  turning  yellow,  and  letting  the 
upper  leaves  remain  till  they  show  the  same  appearance ;  ^bfia  nothing 
but  ripe  leaves  will  be  gathered.  This  stripping  may  be  repeated  two 
or  three  times  as  the  leaves  grow  again.  The  plants  destined  for  seed 
are.onlv  stripped  once  or  twice,  for  fear  of  weakening  them.  It  might 
probably  be  advantageous  not  to  strip  them  at  all,  but  to  leave  the 
whole  strength  for  the  formation  of  Uie  seed,  which  will  be  larger,  and 
produce  finer  plants  the  next  year. 

The  first  gathering  of  the  leaves  is  the  best ;  they  should,  therefore, 
be  kept  separate  to  obtam  the  best  dye.  As  soon  as  the  leaves  are 
gathered,  the  bed  should  be  well  and  deeply  hoed  or  dug,  to  give  a 
fresh  impulse  to  the  roots. 

The  leaves  are  naturally  full  of  sap,  and  soon  begin  to  decompose  if 
laid  in  a  heap.  They  should,  therefore,  be  partiaUy  dried,  and  mime- 
diately  carried  to  the  mill  to  be  manufactured.  The  seed  will  vegetate 
when  two  years  old,  but  cannot  be  depended  on  after  tiiat. 

Woad  is  also  occasionally  sown  as  food  for  cattle ;  and  has  been  brought 
forward  for  this  purpose  under  its  French  name  of  "PasteL"  Its 
vigorous  growth  and  hardy  nature  have  recommended  it ;  but  it  wUl 
only  grow  in  very  rich  soils.  There  are  many  other  plants  as  vigorous 
and  hardy,  which  will  thrive  well  in  inferior  soils,  and  therefore  are  to 
be  preferred.  But  for  its  dye  this  plant  is  well  worthy  of  the  attention 
of  those  who  have  good  rich  and  deep  soila 

WOMB,  DISEASES  OF  THE.  The  organ  which  is  devoted  to 
the  retention  of  the  foetus  during  the  early  stages  of  its  development 
[Reproduotion  in  Plants  and  Animals,  in  Kat.  Hist.  Div.]  and 
which  is  also  called  the  uterus,  is  subject  to  all  those  pathological  con- 
ditions which  are  found  in  other  organs  composed  of  sLmilar  tissues. 
The  principal  tissues  to  which  attention  need  be  directed .  are  the 
muscular  substance  of  the  uterus  and  its  lining  mucous  membnma 
The  latter  is  continous  through  the  os  uteri  with  the  same  membrane 
in  the  vagina,  and  the  affections  of  the  one  are  often  found  in  the 
other.  Like  the  mucous  membranes  in  other  organs,  those  parts  may 
be  inflamed  or  congested,  or  their  function  may  be  disturbed.  One  of 
the  most  common  and  troublidsome  forms  of  disease  of  these  membranes 
is  that  which  ia  called  leucorrhea,  and  which  is  attended  with  an 
increased  secretion  from  the  mucous  membranes.  This  may  or  may 
not  be  attended  with  pain  and  other  symptoms  of  congestion.  Where 
the  latter  is  present,  the  disease  requires  a  different  treatment  to  those 
cases  where  no  such  symptoms  are  present.  Rest,  saJine  purgatives, 
and  an  antiphlogistic  regimen  is  beneficial  in  these  cases.  On  the 
other  hand,  where  the  pain  is  slight,  and  the  pain  more  that  of 
nervous  irritation,  and  there  are  generally  symptoms  of  a  debility  and 
want  of  tone  in  the  system,  there  tonics,  such  as  quinine  and  iron, 
especially  the  latter,  will  be  found  of  great  benefit.  Rest,  cold  bathing, 
and  a  regimen  adapted  for  debilitated  states  of  the  system,  should  be 
recommended.  These  cases  are  often  accompanied  by  nervous  symp- 
toms, which  more  or  less  approach  ike  condition  of  hysteria  [HtstbbiaJ, 
and  which  also  require  special  treatment. 

In  cases  where  the  congestion  is  more  active,  the  secretion  from  the 
mucous  membrane  becomes  puriform,  and  has  a  yellow  colour.    In 


thettd  cases  the  more  active  measures  resorted  to  in  inflammatory 
affections  need  be  had  recourse  to.  Where  such  an  inflamed  condition 
of  the  mucous  membrane  is  kept  up,  ulcers  frequently  occur  on  the 
surface  of  the  membrane,  more  espiecially  in  the  contracted  portioa 
called  the  os  uteri.  These  ulcers  are  frequently  attended  with  exoessiTe 
irritation  of  the  nervous  system,  producing  intense  pain  of  the  back, 
more  especially  in  the  region  of  the  coccyx.  The  general  system  also 
frequentlv  suffers  in  these  cases,  and  great  feebleness  and  exhaustion  is 
the  result.  Although  such  ulcers  will  frequently  paas  away  by 
judicious  general  treatment,  it  is  in  such  cases  that  local  applintiom 
have  been  found  of  most  especial  beneflt.  Injections  of  tannic  acid, 
alum,  sulphate  of  sine,  and  nitrate  of  silver,  are  all  to  be  commended. 
Occasionuly,  in  inveterate  cases,  it  tday  be  necessary  to  apply  lunar 
caustic,  or  even  caustic  potash,  to  the  ulcer  itself.  This  practice,  whidi 
is  very  commonly  pursued  by  F^rench  practitioners,  does  not  commend 
itself  so  strongly  in  England. 

The  tissues  of  the  uterus  are  especially  liable  to  attacks  of  malig- 
nant disease.  The  nature  however  of  the  ulcerations  produced  by  t^ 
development  of  cancerous  formation  is  essentially  different  from  the 
ulcerations  last  spoken  of.  Nor  is  there  any  evidence  to  prove  that 
simple  ulceration  ever  terminates  in  the  miUignant  form.  It  is  aI«o 
important,  however  painful  it  may  be  to  know,  that  where  maUgnant 
ulceration  has  been  once  set  up,  it  can  never  be  arrested.  This  ought 
to  prevent  the  local  application  of  such  powerful  remedies  as  the  actual 
cautery^  and  caustic  potash,  which  can  onlv  add  to  the  sufferings  of 
the  patient  without  producing  any  beneficial  result. 

The  uterus  is  subject  to  the  occurrence  of  fibrous,  cellular,  and  other 
tumours,  which,  although  they  produce  great  inconvenience,  are  not 
necessarily  fataL  When  these  occur  on  the  internal  surface  of  this 
organ,  they  are  frequently  more  or  less  pedunculated,  and  may  be 
removed  by  ligature  or  the  ecrasseur. 

The  uterus  not  being  attached  directly  to  the  solid  framework  of 
the  body,  is  liable  from  the  stretching  to  which  its  parts  are  subject 
during  pregnancy  to  considerable  displacements.  It  may  be  tilted 
over  backwards,  which  is  called  retroversion ;  or  it  may  be  introverted, 
or  it  may  sink  lower  than  natural  into  the  outlet  of  the  pelvis,  con- 
stituting what  is  ci^led  prolapsus  uteri.  For  these  mechanical  defects 
various  appliances  have  been  made  with  more  or  less  success. 

Functional  disordera  of  the  uterus  are  very  frequent  in  both  un- 
married and  married  females.  The  periodical  and  sanguineous  effusion 
which  passes  off  from  the  mucous  membrane  may  be  increased  in 
quantity,  or  decreased,  or  changed.  The  amount  of  the  catamenia 
varies  in  different  women,  and  in  the  same  woman  at  different  periods 
of  life,  but  occasionally  the  increase  is  so  great  as  to  produce  funting, 
and  other  symptoms  of  exhaustion.  This  is  called  monorrhagia.  It 
sometimes  comes  on  from  over-exertion,  on  the  abortion  of  the  embryo, 
and  all  that  is  generally  required  is  rest,  and  the  same  treatment  as 
would  be  adopted  in  haemorrhage  from  other  oigans.  Sometimes  the 
discharge  is  produced  by  an  ixmamed  or  congested  condition  of  the 
uterus.  There  is  pain  in  the  back,  and  a  full  quick  pulse,  and  other 
symptoms  of  inflammatory  action.  In  these  cases  an  antiphlogistic 
regimen  diould  be  pursued,  and  active  purgatives  with  other  lowering 
medicines  may  be  given.  It  often  happens,  however,  that,  the  menor- 
rhagia  occurs  in  quite  a  different  state  of  the  system,  and  hers 
quinine  and  sulphuric  acid,  or  tannic  or  gallic  acid,  should  be  given. 

The  opposite  state  of  this  function  is  ^ed  amenorrhea.  The  sup- 
pression of  the  accustomed  secretion  may  arise  from  various  causes, 
and  where  any  obvious  impropriety  can  be  detected  of  course  this  must 
be  prevented.  Amenorrhea  comes  on  in  opposite  states  of  the  system, 
but  it  is  more  frequently  a  symptom  of  general  debility,  and  comes  on 
as  a  symptom  of  most  exhaustmg  and  debilitating  diseases.  Should 
there  be  amenorrhea  without  any  other  pressing  symptoms,  aloetic 
purgatives  combined  with  chalylieates  and  tonics  will  frequently  be 
found  all  that  is  required.  The  removal  of  girls  from  the  impure  air 
of  towns  to  the  more  invigorating  atmosphere  of  the  sesrside  is  a 
potent  remedy  in  such  cases. 

Accompanying  either  of  the  before-mentioned  affections,  or  without 
any  increase  or  decrease  of  the  catamenia,  there  is  frequently  great 
pam.  This  is  called  Dysmenorrhea.  In  these  cases  the  general  health 
should  be  attended  to  between  the  periods  of  attack,  and  opium  judi- 
ciously administered  will  be  found  the  most  valuable  remedy  in  reliev- 
ing the  pain.  This  secretion  is  frequently  lighter  in  colour,  or  presents 
other  changed  physical  appearances,  all  of  which  indicate  some  general 
derangement,  and  such  cases  should  be  treated  accordingly.  The 
affections  of  the  nervous  system  which  may  arise  from  disordered  affec- 
tions of  the  uterus  are  very  numerous.  Pain  may  be  reflected  from 
the  uterus  as  the  centre  both  upwards  and  downwards,  and  the  parietes 
of  the  abdomen,  the  loins,'[Euid  the  thighs  and  legs,  may  be  the  seat  of 
acute  neuralgic  pains.  The  nerves  of  motion  may  in  like  manner  be 
affected,  and  convulsive  movements  or  entire  paralysis  may  be  the 
result.  Such  affections  retire  when  the  local  affection  is  removed, 
and  all  attempts  at  curing  the  secondary  diseases  will  fail  until  the 
primary  one  is  removed.  [NsBvons  Ststek,  in  Nat.  Hist.  Div.; 
Htstkbia.] 

WOOD.    [Timber.] 

WOOD,  DECOMPOSITION  OF.    [Timber,  Pbkservation  op.] 

WOOD-ENORAVING  is  the  art  of  producing  raised  siurfacea,  by 
exciflloni  on  blocks  of  wood,  from  which  impressions  can  be  transferred 


vn  WOOD  EKOnXVINQ, 

Yty  meuu  of  a  ooloured  pigment  to  paper,  or  other  Bitii^ble  mediuiD 
gener&Uy  ippUedto  piotoiial  rapreaeDbitioiu  of  objecta. 

Tbe  ut  <rf  cutting  both  upon  metal  and  wood  for  other  puipoMS 
than  tboae  which  ue  now  understood  H  printing,  ucendi  to  a 
remot*  aatiquit;.  [EitaKATUo.]  Tbe  Babjloniui  bridu  [Cmmi 
CharaOTShb]  bear  inacriptioni  tliat  have  probabl;  been  formed  b;  a  tool, 
not  madi  nidike  lome  that  are  now  u>ed  in  wood-engraviDg,  but  witli 
UMdifl^enoe  that  theae  character!  are  indied.  The  Egrotiana  aeaA  to 
hwre  made  a  rerj  cloae  a^ftroiimation  to  pnuUng.  Some  of  their 
wooden  atampa  an  yet  remaining,  and  are  pRlecUy  CHtable  of  {pTing 
lii^>readona  in  the  manner  of  our  preaent  mooA-ta^m,  thoiu^  theiruae 
waa  doabtlen  for  itampine  on  olay  or  other  daetile  material;  brioka  ao 
impreaaed  bcdog  frequanUly  found,  of  which  tome  are  in  the  Btitljili 
Hnaeum. 

The  eaiiieat  applicstion  of  wood-mgntfing  to  the  podoetion  of  a 
'  '     '   '  '  n  be  but  little  doubt,  in  China,  and  about  the 


fawt  two  or  three  yeara  of  the  18th  centuij.  The  omimioii  il  cOTteJuly 
(Vmarfcable ;  yet  on  the  other  hand  the  date  here  given  doea  not  aacend 
to  the  penod  o(  Chineee  fable,  but  to  a  period  which  ii  [«aahed  by 
•ober  biatonoal  worka,  and  the  dynasty  under  which  it  la  thua  stated 
to  have  been  inTented  (that  of  Soong)  became  remarkaUe  for  the  ispid 
deTel<«ment  of  litoaiy  geidoa  that  took  [daoe  under  it.  It  Is  stated 
titat  the  flrtt  «Maj  in  printing  waa  made  by  ontUng  i»  ttone,  and 
tranafening  the  impreanon  to  paper,  the  dianoters  of  tlieir  language 
1...  .  .1-^.., ,... 5i,__L    ™.i__ J,. — iHnqS^ed 


Don  to  papa 
le  gnnmdbla 


a  appeannoe  whss  tmufnrred  waa  tbat  (A  tnr  praaeot 
nwkrial  aJtention  hat  dnoe  been  made,  except  Out  of 


rdief ,  and  tbe    .. 

books.    No  mattrial  aJtention  hat  dnoe  been  made,  except 
bitrodadng  plctmial  repreeentationt,  whioh  oocsriondly  lurm  a  whole 
Tolume,  the  aobjeeta  being  aomstimea  oonneeted  so  that  thougli  eooh 


le^(th  o 


Show, "  pieoea  of  mumo  and  songs  aong  in  tbe  streeta  on  imperial 
Urth^d^B,"  being  a  series  of  representatioiis  of  the  public  entertoin- 
menta  and  exhibitioDs,  hone-nwing,  toot-nciiig,  Ac,  o(  which  Utere  ia 
>  eopy  in  the  hbtary  ol  the  Aaiatio  Socdetj.  The  work  itMlf  U  in 
8  vols.,  of  a  size  somewhat  larger  than  our  demy  Svo,  and  the  lllua- 
tratione  form  a  separate  volume  of  gevetal  hundred  pa^ 

The  ma^^^Tial  used  by  the  Chineee  is  pea^tree,  which  ia  tough,  but 
easy  to  cut,  and  of  whidi  dabs  of  considerable  aiie  can  be  procured. 
The  method  adopted  in  engraving  and  printing  ia  thua  described  by 
Sir  J.  F.  Daria,  in  ■  The  Cblncae,  a  Geneial  Description  of  the  Empire 
of  CSiina  and  its  Inhabitaota  :'— 

"  Tbe  wooden  plate,  or  block,  of  a  thleknesa  calculated  to  give  it 
■ufSoient  strength,  is  finely  planed,  and  squared  to  the  >hi^  and 
dimensions  of  we  pages ;  the  surface  is  then  rubbed  over  with  a  paste 
or  siie,  ocoadonally  made  from  boiled  rice,  which  renden  it  quite 
■mootb,  and  at  the  Mme  time  aoftena  and  otherwiae  prepares  It  tor  " 


tion  is  still  wet,  uniteB  them  to  the  block  so  that  th<7  adhere,  but  in 
an  inrtritd  position,  the  thinness  of  the  p^wr  dist^jing  the  writing 
perfMtly  thnngh  the  \»dt.  The  pe^w  bang  aubaeqiient^  nibbed  off, 
a  dear  impresaiaii  inlnkot  the  inmted  writf- '       -  ■*-       - ' 


niting  remains  on  the  wood, 
^e  woriciun  then  with  hia  shaip  ^ver  cuts  away  with  eztiBordlnanr 
nftnrt  and  deapatch  all  that  portion  of  the  wooden  snrfaoe  which  is 
not  eorcred  l^  Uie  ink,  leaving  the  obarwtei*  lo  ^«t^  hlgfa  reliat 
ixij  alight  enor  may  be  corrected,  as  in  oar  woodouta,  by Inaerting 
...  .. 1 J    L...  1. . .1 "--'-no  cheap  and 


if  wood  :  but  the  p 


K  la  upon  the  whole  ao  cheap  ai 


expediliouB,  that  it  is  genenily  sMder  to  rfriplaae  the  block,  and  cut  it 

r'n,  for  their  mode  oif  taking  tbe  Impresrion  renders  the  thicknes  of 
block  an  immaterial  point    Strictly  speaking, '  the  press  of  China ' 


>n  renders  the  thicknes  of 
....  iking, '  the  press  of  China ' 
would  be  a  misnomer,  as  no  preas  whatever  is  used  in  their  printing. 
The  pi^>er,  which  ia  alinost  oa  thin  and  bibulous,  or  absorbent  of  ink,  as 
what  we  coll  ailver-p^ier,  receivea  the  Impreanon  with  a  gentle  aontaot, 
and  a  harder  preamira  would  break  thiou|^  it.  The  printer  holds  in 
hia  ri^t  hand  two  brushes,  at  tbe  opposite  extremitaea  of  the  same 
handle:  with  one  be  inks  the  faces  at  the  choractera,  and  the p^er 
being  tnen  laid  on,  he  run*  the  dn  brush  over  it  so  aa  to  make  It  ti'  ~ 
the  impreMioD.  They  do  thia  with  audi  expeditiou  that  ons  man  c 
take  offaooDple  of  thouaand  co]»aa  in  a  d^. 


supporad  to  have  been  near  Niimberg,  about  the  dose  of  the  14tl 
begmning  of  the  15th  oentury.  It  was  piobatdy  firat  used  for  the  , 
dudion  of  play icg-carda,  tiia  outlinoi  of  whioh  were  formed  \j  impisa- 

sions  from  wood-cuts,  and  the  colouring  filled  up  by  bond;  for  we 
diamiaa  as  utterly  tmfonnded  the  atory  told  bjr  I^pillon,  iu  bis  '  Traits 
de  la  Uravure  en  Boia,'  of  impreeaionB  of  a  seriee  of  wood-cuta  seen  by 
him,  uf  a  dale  between  I28fi  and  12S7,  executed  by  Alexander  Albedo 
Cunio  and  laabella.  bia  twin  aisteri  ollbuugh  the  atoiy  ia  believed  by 
Ottley  ('Inquiry  into  the  early  History  of  Engraving ').  Zoni  diapnives 
the  story.  (See  Zoni,  '  Hateriili  per  aenire  alia  Sloria  de'  Progreati 
dell'  Incisione  in  Rome  e  in  Legoo,'  p.  232.) 

The  origin  of  playing^arda  has  been  the  subject  ol  mudi 
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and  the  documents  from  which  conjecturea  have  been  drawn  as  to  the 
date  have  been  siagiilorly  subject  to  perhapa  unintentional  variations 
by  copyiata.  Thua  the  Abbdluvel' Etrenneaaui  joueurs  de  Cartes') 
quotes  a  atatute  of  Alfonso  XI.  of  Caatile,  forbiddiog  the  use  of  carda 


firat  published  in  15SS  no  mention  ia  made  of  corde.  John  I.  of 
CaaUle  ia  also  aoid  to  have  iaaued  an  edict  against  the  use  of 
them  in  I8S7  (BuUet,  '  Recherehea  Historiquea  but  lea  Cartes  It 
joner ') ;  but  here  again  the  authority  is  a  collection  of  the  laws  of 
Spain  printed  in  1611),  while,  in  an  earlier  collection,  printed  in  1541, 
tbs  some  law  only  forbids  the  playing  at  dice  and  trictmc  for  money, 
omitting  all  mention  of  cards.  The  early  specimens  of  cords  ahow  that 
they  were  of  two  kinds:  one,  called  taraU,  was  fonoed  entirely  of 
emblematio  figures,  and  waa  probably  used  in  games  similar  to  ^oaa 
in  which  now  we  endeavour  to  convey  ioatrucUon  in  some  departments 
of  learning ;  the  other,  called  numeral  cards,  waa  in  four  niita,  beoriog 
different  namea  in  various  countries,  but  essentially  the  same  aa  our 
present  playing-cards.  It  ia  almost  certain  that  the  Grst  ore  of  Italian 
origin;  th^  ore  noticed  in  1392,  in  a  Ufe  of  Philip  Uaria  Viaeontj, 
Duke  of  Milan.  In  the  aoms  year  the  Collating  entiy  baa  been  found 
In  the  arobirea  preserved  in  Uie  Chamber  of  Accounta  in  Paris ; — 
"  Donnj  h  Jooquemin  Qringoneur,  peintre,  pour  troia  jeui  de  carter 
ll  or  et  k  diverses  contours,  omit  de  pluafeuia  devises,  pour  porter 
dever*  le  sdgneur  Boi,  pour  son  eebattement,  dnquonte  eols  Poiiais." 
This,  to  some  extent,  oonfirma  the  tradition  of  their  being  invented  for 
the  amuaement  of  Charles  VL  of  Prance.  If  not  specially  invented, 
thn  wore  bcooght  into  early  employment  for  (liis  purpose.  These 
cards  were  painted,  but  as  tiiey  come  quickly  into  general  use,  the 
wood^ntwas  speedily  adopted,  and,  in  the  Biblioth^ue  Imperials  uf 
fiance,  ten  of  Uie  numeral  cards  ore  preserved  of  the  date  of  1125. 

Cards  soon  became  not  only  aa  amuse  meat,  but  an  important  article  of 
commerce.  In  the  registers  of  the  city  of  Ulm  there  is  inacribed,  in 
1102,  the  name  Ota  bnrgeea  who  waa  a  pointer  of  corda.  In  lllSthe 
burgess-book  of  Augsburg  contuna  the  name  of  a  "  Kartenmacher,"  or 
cord-maker.  The  trade  in  ooida  from  Augsburg,  Efiimberg,  and  Ulm 
become  so  great  that  Venice  prohibited  tbmr  importation,  and  in  Sicily 
they  were  imported  by  the  cask.  It  is  tbence  almost  certain  that  it 
must  have  been  by  means  of  some  bdlity  In  multiplying  copies  that 
tbey  oould  have  been  manufactured  so  cheap  aa  to  command  so 
extendve  a  demand  in  foreign  countries,  but  none  of  the  specimens 
now  remaining  enal>le  ua  to  fix  any  precise  date  to  their  production. 
We  give  one  specimen,  copied  from  Mr.  Singer's  work  on  playing- 


I 

v 

1 

1 

\ 

1 

Jager  (' Kunstblatt,'  for  1SS3)  found,  under  the  year  13S8,  the  name 
of  ons  Ulrloh,  a  wood-engraver  (Formachneider),  but  whether  he  cut 
blocks  tat  cants, tm  seals,  or  forprinta, is  at  least  doubtfuL  (Paasavant, 
'  Le  Pcdntre-graveur,'  L  11.)  There  also  occurs,  in  the  necrology  of 
theoonvent  of  the  Fianeiacana,  at  Noerdlingen,  which  terminated  at 
the  beginning  of  the  ISth  oentury,  the  name  of  a  lay  brother,  Luger, 
who  waa  an  excdlent  engnver  m  wood.  {"  Optimua  inciaor  lignomm ; " 
HeUer,'G«echlchte,'p.2S.)  Luger  was  probably,  as  Paasavant  suggests, 
an  BngTavcr  of  relig^oua  subjects,  and  several  wood-cuta  of  a  vei;  early 
date  ore  still  extant,  whidi,  if  not  executed  in  a  monastery,  were 
executed  for  one.  (See  list  in  Paasavant,  1.,  p.  22,  Ac]  But  Uie  first 
wood-cut  with  odate  known  to  be  in  exial«nce  is  of  1423.  It  waa  dis' 
oovetcd  by  H«iiMdw>^  pwrted  on  the  cover  of  a  manuscript  in  the 
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library  of  the  ooDTsnt  of  Buih<diu,  am  Menumngen,  In  Suabia,  and  !■ 
now  in  the  libraiy  of  Earl  Spencer.  It  repnnenb  St.  Chriatopher 
carrying  our  SaTiour  on  his  ahouklen  aonwa  a  river.  The  two  figiirea 
are  drawn  with  much  apirit ;  but  the  acoesioriea,  a  man  with  a  loaded 
aas,  a  harmil  holding  op  a  lanton,  and  a  man  ascending  a  itoq)  path 
towarda  tio>ue,ahowad«plamble  wantof  knowladgeof  perapactiTe.  It 
la  by  no  meanaeart^,  howerer,  that  thia  print  ia  tha  mortandentape- 
oimen  we  poaaata,  aa  there  are  aeveral  othoa  which,  from  llirir  greyer 
mdoMBB,  have  been  held  to  have  anpacior  claima  to  antiquity.  Bat 
thia  rudeneiB  cannot  be  aoeeptad  aa  a  pcoot,  aa  there  ia  reason  to 
beHera  that  theae  aeriptural  aubjecta  were  addraaaed  to  the  wanta  of 
Uie  poorer  rlmra.  and  were  intended  to  aappt;  the  place  of  the  more 
ooetly  illuminatioiks  tA  the  rich,  while  they  adnutted  of  being  made  to 
oocupj  a  middle  place  by  being  finished  off  by  hand  in  ooloun  ;  and, 
indeed,  many  of  the  lemaining  apecimana  owe  part  of  their  rudenrae 
to  the  defect  of  parta  intended  to  be  ao  enpplied.  Cheapnsaa  was 
therefore  an  eleiiient  neceaarily  required  in  the  production  of  theee 
printa. 

The  _ _.  _ . 

the  prodootion  of  block  booka 

[PkiNTiHa.l    Without  entering  mio  me 

of  the  ■  Kblia  Pupenun,'  the  *  Speouli 

will  be  enough  to  aay  that  they  prore 

many  of  tha  early  booka  with  moveable  wpea  were  uiuau-aua  wnn 

pietnial  wood-cuts.    Of  one  of  theae  vrorki  we  subjoin  a  fac-aimila 

apecimen.    A  aalection  of  rate  and  beautiful  specimens  of  block-books, 

melnding  the '  BiUia  Pauperum,'  auppoaed  to  be  the  earlieat,  and  the 

'  Opera  nova  Contemplativa,'  the  latest  block-book,  ia  exhibited  in  tlie 

Britlah  Moaenm,  casea  1  and  2  in  the  QrenviUo  Uhnuy. 


I  edition  of  Ptolemy, 

,  , , ,  and  in  a  l»t«r  edition. 

irintsd  at  Venioe  in  1511,  the  outline,  with  tha  mountains  ud  rivere, 
b  in  wood,  while  the  namea  are  printed  with  typo,  and  in  two  ooloun, 
no  doubt  by  ac^iante  woikinga.  In  England,  the  original  map  of 
London  by  Aggaa,  meaniring  6  ft  3  in.  by  2  ft.  1  <□.,  t<i  wLioh  the  date 
of  1580  waa  Miigned  by  Vertue,  though  it  was  probably  acme  yeara 
later,  was  on  wood  in  several  blocks,  worked  on  aaparaW  aheets  of 
j«per.  In  1486  the  inHprovoment  known  aa  "  oroBa-halching,"  by 
which  the  bold  and  free  efieot  of  a  pen-dnwing  waa  endeavmired  to  be 
attidned,  waa  ahown  in  Bteidenberg'a  'TiKvela,'  printed  at  Henta. 
This  innntion  h«a  been  usually  attributed  tg  Mi^ael  Wo}ilgemuth, 
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the  master  of  Albert  Dllrer.  This  work,  however,  preceded  by  seren 
jnn  the  Niimberg  Chronicle,  mid  to  be  by  Wohlgemuth,  bat  who 
probably  only  funiisbed  the  deognl,  and  the  execution  of  the  cula  ii 
in  a  very  auperioT  style  lo  that  of  any  ezUting  omtempoiary  prodaetioa : 
two  boaimileBpedmgna  are  given  in  '  A  TrMtise  on  Wood-Bngnkviiig, 
Historical  and  Practinl,'  executed  by  J.  Jackaon,  the  moat  oompleta 
work  that  haa  been  produced  on  the  subjeet  in  thia  country,  and  to 
whiob  we  are  much  indebted,  although  we  have  been  oompellBd  to 
difbr  from  aome  of  the  opinions  therein. 

The  art  had  now  attained  an  exoellenoe  which  induced  artuta  of 
celebrity  and  talent  to  aelect  it  aa  the  means  of  convening  their 
deaigns  to  the  world.  Among  the  most  distioguiihed  in  thia  line  was 
Albert  Ddrer,  whoae  productions  aa  a  painter,  and  an  engraver  oa 
copper  and  wood,  are  ao  numeroua  as  to  exdte  a  doubt  whether  he  was 
actually  an  engraver  on  wood  himself,  or  trhetho'  he  only  pnt  the 
design  ca  the  tdocka,  leaviOK  them  for  other  bands  to  execute.  The 
majority  of  critica  regard  it  aa  certain  that  DUrar  engraved  many  of 
his  own  deaigns ;  the  inequality  of  execution  of  thoae  marked  with  his 


A  Treatias  on  Wood-Engraving,'  have  agreed  that  DUrer  did  not 
engrave  on  wood-  The  lut-named  aaya,  of  all  the  wood-enpavinp 
m^ed  with  the  initiala  of  DUrer,  about  two  hundred,  "  the  great<r 
part  of  them,  though  evidently  demgned  by  the  hand  of  k  poaater,  an 
engraved  in  a  manner  which  omtainly  denotee  no  very  great  exoelleDce, 
and  that  none  are  ao  auperior  aa  to  ohallenge  a  belief  that  they  must 
be  from  hia  own  hand ;  but  he  acknowledgea  that  "  the  cute  of  the 
'Apocalypae'  (published  in  1198),  five  yHtre  after  the  Nutnbog 
Chronicle,  and  eif^t  from  the  exiunticm  of  his  apprwiticeahip)  gsne- 
rally  are  much  auperior  to  all  wood-engrmvingi  that  had  preiriooily 


engraving,  "  but  from  the  ability  of  the  penon  In  whom  they  wen 
drawn,  and  from  hia  knowledge  ca  the  capabilitiea  of  the  art.'  Another 


and  which,  as  an  artist,  be  could  have  easily  avoided.  This  ai  „ 
is  also  applied  to  othos,  Cranaoh,  Bnrgmair,  Ac,  who,  it  is  urged,  ss 
draughtsmen  on  the  wood,  produced  shade  thus  more  easily  than  by 
thi^lrpniinF  the  lincs,  thou^  in  cutting  the  caae  is  revsraML  The  last 
argument  la,  tha^  with  bis  other  avocations,  Dllrer  oould  not  have 
found  time  to  execute  the  great  number  marked  with  his  name.  On 
this  we  may  remark,  that  a  knowledge  of  the  capabilities  of  the  art 
wna  most  luely  to  have  bean  acquired  by  practice—a  tact  that  is  felt 
even  at  present  by  persons  who  draw  on  wood ;  and  it  is  remarkable 
that  in  the  '  Apocalypee '  the  uee  of  cross-hatehings  ia  much  more 
sparing  than  in  many  of  his  later  worka.  There  can  be  little  doubt 
that,  aa  be  advanced  in  reputation,  he  availed  himself  of  aasstuNe  not 
only  in  wood-engraving,  but  in  pdnting  and  engraving  on  copper.  It 
is  known  that  he  had  many  pupils,  and  of  oouraa  it  was  in  Uiia  w» 
the;  were  instructed.  His  wood-outa  are  marked  precisely  aa  his 
engravinga  on  eoppcr  are  marked,  and  we  think  than  are  thna  grounda 
for  Buppotiiig  thM  the  eutiof  the' Apocalypae' are ohieOy  from  his 
own  hand,  and  that  in  the  othere  he  at  Isaat  dceely  tuperintended 
their  execution  and  gave  the  finishing  toudie*.  There  Is  much  in  hi* 
designs  Uiat  patient  fidelity  could  ■uocessfully  oopy,  but  there  is  much 
of  artistic  feeling  and  expresnon  thst  none  but  an  artist  of  great  takmt 
oould  reach :  we  refer,  na  an  example,  to  the  Christ  taken  from  the 
Croes,  of  which  the  block  still  exists,  and  from  which  imprsasiona  were 
minted  in  OtUe^a  '  Inquiiv  into  the  Origin  and  Early  History  <rf 
Engraving,'  and  in  which  the  eroai-hatohing  is  but  spanngjy,  thou|^ 
eSectivelv,  introduced.  It  is  yet  a  cotmnon  praotioe  tor  engraven  to 
employ  their  pupils  in  the  more  tedious  and  meohaniosl  parts  of  their 
bunneea,  and  this  might  lead  him  to  adopt  the  cioea-hatching  more 
frequently  than  in  those  executed  by  his  own  hand,  in  which,  howeTer, 
he  would  not  altogether  omit  it,  aa  it  was  then  vndnstood  to  be  in 
impiwemeut.  It  would  be  hard,  however,  in  audi  cases  to  withheld 
the  uMoit  of  the  eugrwing  from  the  muter  because  he  had  been 
abated  perhaps  by  vadona  peraons,  acooidbig  to  their  e^am^  under 
tua  immediate  supervidon.  Ithia  ia  also  OUley'a  opinion.  Be  aiys, 
"  DUrer  or  Burgmair  might  have  found  employment  for  a  doien  young 
msDj"  and  that  of  the  Abate  Pietro  Zani  (' Encyclopedia  Uetodica 
oritJco-ragionata  delle  Belle  Arte,'  Parma,  1831).  On  the  other  hand, 
Passavant,  who  haa  collected  the  whole  of  the  evidence,  and  many  of 
the  oianions,  on  each  ade  ('  Peiatre^raveur,'  voL  L)  inclines  to  the 
belief  that  Dilrer'e  demgns  ware  certainly  for  the  moat  part  engraved 
byjmitessional  wood-engiaTen. 

Thus  much  we  have  thought  it  neoessoiy  to  urge  in  favour  of  Dilrer's 
claiuis  to  be  considered  as  on  engraTsr  on  wood,  though  doubtless  his 
merit  as  an  artist  is  to  be  eetimated  lather  from  hia  other  works  sa  a 
painter,  an  engnver  on  copper,  and  aa  a  sculptor,  in  all  of  which  he 
excelled.  In  the  histonr  of  the  art,  however,  the  queetion  haa  but 
little  real  importance.  The  prints  exist,  the  date  of  their  productioD 
is  well  uoertained,  the  progrees  of  improTDment  definitely  marked,  let 
the  enantTers  have  been  who  the;  mij^ht. 

In  the  earl;  part  of  the  Ifltb  century  seveisl  artiste  of  celebrity  were 
cither  deaigneis  on  wood  or  engravers :  Louis  Ctanach,  Hans  Uolbedn, 
Hans  BuigiaaiT,  Hans  SfhouIBem,  Ursa  Qmffo  of  Beme,  and,  in  Italy, 
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Ugu  da  CarpL  Their  iniiialB  or  monogranu  are  on  the  works ;  but  their 
claims  to  the  engraving  have  been  denied  by  Bartsch  and  by  PaasaTant, 
as  well  88  by  the  writer  in  the '  Treatise  on  Wood-Engraving.'  To  Da 
Carpi  has  been  attributed  the  invention  of  imitating  drawings  in  chiaro- 
scuro, effected  by  using  three  or  more  blocks ;  but  it  has  been  shown  that 
this  had  been  done  earlier  by  Dienecker,  if  not  by  Cranach,  though  Da 
Carpi  most  certainly  improved  on  it,  and  some  of  his  designs  are  said 
to  have  been  drawn  on  the  blocks  by  Rafikelle  himself,  and  many  of 
them  are  from  his  designs.  Books  were  also  at  this  period  most  pro- 
fusely illustrated ;  but,  with  the  exception  of  those  from  the  artists 
already  named,  and  a  very  few  oUiers  of  some  (though  inferior)merit, 
the  illustrations  aro  very  rude  both  in  design  and  execution.  The  art 
was  chiefly  practised  in  Germany,  being  greatly  patronised  by  the 
Bmperor  MaTJmilian,  for  whom  Buigmair  designed  the  great  work 
called  *The  Triumphs  of  Maximilian.'  Carpi  was  the  only  distin- 
guished name  out  of  that  empire  at  this  peri^,  and  the  Italian  wood- 
engravings  are,  on  the  whole,  even  inferior  to  tiiose  produced  in  the 
Low  Countries.'  A  selection  of  the  early  German  and  Italian  prints  in 
chiaroscuro  may  be  seen  in  the  King's  library  at  the  British  Museum. 

From  about  1645  to  1580  wood-engraving  continued  to  be  much 
used  for  the  illustrating  of  books,  but  the  style  of  the  designs  became 
much  lowered;  and  during  this  period  Uie  execution  of  engravings 
improved  in  Italy,  in  Holland,  a^  at  Lyon,  while  in  Germany  the 
reverse  took  place,  althou^^  the  productions  of  Jost  Amman  may  be 
deemed  an  exception,  as  they  are  designed  with  considerable  spirit, 
and  executed  with  great  caro  and  neatness.  His  works  are  very  nume- 
rous :  one  of  them,  his  illustrations  to  Schopper's '  De  omnibus  lUibe- 
ralibus  sive  Mechanicis  Artibus,'  contains  115  prints  of  the  principal 
arts  and  trades  then  practised.  From  the  end  of  the  16th  century, 
while  the  art  continued  to  decline  elsewhere,  the  cuts  in  Kngliah  worlss 
showed  visible  improvement.  About  this  time,  also,  it  became  ous- 
tomaiy  to  designate  the  designer  as  well  as  the  engraver  (they  had  now 
become  separate  professions)  in  the  impression ;  as,  for  instance,  in  the 
designs  by  Rubens,  engraved  by  Jegher.  From  this  period  there  is 
little  to  be  recorded  of  essential  importance,  till  the  appearance  of 
Bewick,  though  a  regular  succession  of  engravers  on  wood  was  kept  up 
both  in  Enghmd  and  on  the  Continent.  The  principd  names  in  Eng- 
land were  £.  Kirkall,  who  published  prints  after  old  Italian  masters, 
in  which  the  outlines  were  taken  from  copper-plates  and  the  tints  from 
wood  blocks ;  and  John  Baptist  Jackson,  who  resided  for  some  time  at 
Venice,  and  there  executed  a  series  of  wood-cuts,  intended  as  fac- 
similes of  drawings  by  Titian  and  other  of  the  great  Italian  masters, 
somewhat  in  the  manner  of  those  of  yirlrATi, 

Bewick,  to  whom  the  revival  of  wood-engraving  is  chiefly  owing; 
was  bom  in  1758,  at  Oherrvbum,  near  Newcastle-upon-Tyne.  He  was 
apprenticed  in  1767  to  Mr.  Halph  Beilby,  of  Newcastle,  a  general 
engraver,  who  undertook  anything  from  book-plates  to  dock-fac^s,  and 
Bewick*s  first  efforts  in  wood  were  made  in  engraving  diagrams  for 
Dr.  Charles  Hutton's  Treatise  on  Mensuration ;  but  though  it  is  known 
that  he  endeavoured  to  improve  himself  in  this  line,  it  was  in  private, 
for  his  master  had  little  or  no  employment  of  the  kind  for  him.  He 
devoted^  himself,  however,  to  ue  art  alter  the  termination  of  his 
apprenticeship,  and  in  1775  he  received  a  premium  from  the  Society 
for  the  Encouragement  of  Arts  and  Manu&ctures,  for  the  cut  of  the 
Huntsman  and  the  Old  Hound,  which  appeared  subsequently  in  an 
edition  of  Gay|s  '  Fables,'  published  at  Newcastle,  in  1779,  hy  8.  Saint. 
After  a  short  visit  to  London,  he  entered  into  partDership  with  lus  old 
master  in  1777,  his  brother  John  becoming  their  apprentice.  He  con- 
tinued the  practice  of  his  art,  furnishing  the  cuts  to  the  edition  of 
Gay's 'Fables'  just  mentioned,  and  to  an  edition  of  'Select  Fables' 
in  1784.  In  1785  he  commenced  engraving  the  outs  for  his  '  General 
History  of  Quadrupeds/  for  which  the  descriptions  were  written  by 
Mr.  B^by,  and  which  was  published  in  1790.  The  excellence  of  the 
work  insured  its  success,  uid  editions  rapidly  succeeded  each  other. 
The  merit  of  the  work,  however,  did  not  consist  merely  in  the  execu- 
tion of  the  outs.  Bewick  drew  all  the  designs  himself;  the  drawing 
was  in  general  remarkably  correct,  and  the  backgrounds  and  little 
vignettes  full  of  the  most  natural  expression,  simphdty,  feeling,  and 
beauty.  The  success  of  the '  History  of  Quadrupeds '  led  immediately 
to  the  commencement  of  a '  History  of  British  Buds/  of  which  the  first 
volume  appeared  in  1797,  and  the  second  in  1804.  Bewick  had  now 
taken  pupils,  and  in  this  work  was  materially  assisted  by  them. 

From  this  epoch  the  art  has  continued  to  flourish.  The  pupils  of 
Bewick  were  numerous,  and  possessed  of  great  talent ;  the  celebrity  of 
their  master  procured  them  immediate  employment.  Illustrated 
works  became  fashionable,  at  first  at  very  high  prices,  but  by  degrees 
at  lower  rates,  and  particularlv  by  the  example  of  the '  Penny  Magadne/ 
wherein  it  was  proved  that  a  low  price  was  not  inconsistent  with  a  high 
degree  of  excefienoe  in  the  art  of  wood-engraving;  and  as  it  was  thus 
brought  within  the  reach  of  the  very  potest,  the  public  were  fami* 
liarised  with  the  best  specimens,  and  a  large  sale  was  ensured. 

For  the  purpose  of  illustrating  books,  wood-engraving  is  peculiarly 
adapted.  Being  worked  in  the  same  manner  as  type,  impressions  are 
produced  with  great  rapidity.  Any  number  of  cuts  may  be  printed  at 
once  on  a  sheet  of  paper  that  will  come  into  the  press  or  machine,  and 
an  almost  infinite  number  of  impressions  may  be  taken  off  without 
material  injury  to  them.  This  seems  the  proper  purpose  of  the  art 
The  attempts  which  have  been  made  to  imitate  the  effects  of  copper- 


plates aro  misapplied,  and  the  endeavouri  have  been  fiuluros.  The 
extreme  neatness,  length  and  sweep  of  line,  and  bold  outline  of  the 
copper  cannot  be  reached  in  wood-engravings;  while  in  depth  of 
shadow  and  effect  they  equal  even  mezzotint,  with  more  disttnctneas 
of  detaiL 

It  is  not  necesoary  to  detail  the  history  of  wood-engraving  beyond 
this  period,  as  many  of  Bewick's  immediate  successors  are  yet  living. 
Within  the  last  few  years,  also,  the  wood-engravers  of  France,  and  idso 
of  Germany,  have  made  such  progress  in  improvement  as  to  become  no 
contemptible  rivals  of  their  English  brethren.  Nor  is  it  any  part  of 
our  plan  to  give  practical  instructions  for  engraving,  which  can  only  bo 
effectively  learned  by  instruction  and  practice.  A  description  of  the 
process,  as  practised  in  his  time,  is  given  b^  Papillon,  in  his '  Traits 
historioue  et  pratique  de  la  Gravure  en  Bois,'  1766;  and  a  far  more 
detailea  account,  with  all  the  modem  improvements,  by  Mr.  Jackson, 
in  the  '  Treatise  on  Wood-Engraving,'  already  mentioned.  We  will 
only  observe  that  one  of  the  greatest  piactiGal  improvements,  that  of 
lowering  the  surface  of  the  blocks  in  parts,  so  as  to  graduate  the 
shadows  into  the  lights,  was,  though  not  invented,  yet  brought  into 
use  bv  Bewick,  nearly  all  his  blocks  being  so  prepared  for  working ; 
and  that  box  is  the  wood  now  universally  used  for  engraving  upon. 

(Ottley,  Inquiry  into  the  Hittory  of  £iigraving  on  Copper  and  Wood; 
Singer,  BaearcKet  into  the  ffiakry  of  Plauing-Oardi ;  W.  A.  Chatto 
and  John  Jackson,  TreaUie  on  the  MiHorv  of  Wood-Engraving,  hiMtorical 
and  practical.     With  upwardi  of  three  himdred  JUurtrations,  engraved 
an  Wood;  W.  A.  Chatto,  Oriffin  of  Playing-Oards ;   Heineken,  Idie 
QMroU  (fttM  OoUectim  eompUUe  d&tampa  ;  Em^ric,  David,  JliaL  de 
la  Oravure  en  taiUe  domoe  et  dela  Gravtire  en  Boie;  Jean  Duchesne, 
Jeux  de  Oartet  tarote  et  de  Oartet  numiralee  du  XIV«  au  XVIII*  tiicle 
(published  by  the  Sod^t^  des  Bibliophiles  Franfais) ;  Heller,  OetdUehU 
der  JfoktchneiddtunML) 
WOOD  NAPHTHA.    [Mithtl.    ffydraied  Oxide  of  Methyl] 
WOOD-SPIRIT.    [Mithtl.    HydraUd  Oxide  of  Methyl] 
WOODS.    There  are  in  England  many  old  natural  woods  remaining, 
besides  the  royal  forests,  although  the  great  demand  for  timber  during 
the  last  war  has  greatly  thinned  them  of  their  finest  trees.    When 
woods  vrere  abundant  and  covered  a  great  portion  of  the  land  little 
attention  was  paid  to  the  increase  or  preservation  of  the  trees :  kings 
and  lords  of  manors  readily  granted  to  ^eir  tenants  rights  of  com- 
monage, with  the  privilege  of  lopping  the  branches,  always  supposing 
them  to  be  useless  dead  wood.    The  consequence  of  this  is  still  to  be 
seen  in  all  old  forests,  especially  Uie  royal  forests,  which  never  were 
enclosed  or  protected.    Mwy  fine  old  trees,  whose  age  can  scaroely  be 
guessed  at,  which  are  veiy  picturesque  objects  and  a  fit  study  for  the 
umdsoape-painter,  have    evidently   been  lopped,    at  some   time   or 
other,  zor  the  sake  of  the  wood  for  fuel,  and  for  want,  of  care  have 
probably  never  been  in  such  a  state  as  would  affoid  fine  timber  for 
ship-buUding.    Windsor  Forest,  which  has  only  been  inclosed  since 
1818,  affords  many  specimens  of  noble  trunks  now  hollowed  out  by 
time  and  the  adxnission  of  water  from  above,  which  might  probably 
still  be  sound  and  solid,  had  they  been  duly  protected,  and  only  those 
branches  carefully  cut  out  which  were  dead  and  showed  decay.    The 
dates  of  the  indosures  of  different  parts  of  Windsor  Great  Park  can  be 
readily  discovered  by  observing  the  form  of  the  oldest  trees. 

In  many  extensive  woods  on  private  estates  the  want  of  care  may  be 
readily  seen  at  the  first  inspection.  Oak-woods  aro  diiefly  found  in 
stiff  clay  soils,  where  the  water  is  apt  to  accumulate,  by  which  the 
roots  aro  injured,  and  the  trees  decay  before  they  have  attained  their 
full  growth.  The  water  should  be  carefully  let  off  by  open  drains  and 
ditches,  which  should  be  regularlv  examined  and  cleiued  out  every 
year  before  winter.  The  sur&tce  being  thus  kept  dry,  Uie  timber,  as 
well  as  the  underwood,  will  grow  much  more  rapidly,  and  the  increased 
value  of  the  wood  will  amply  repay  the  outlay.  Cattle  should  be 
carefully  excluded  from  all  woods;  they  destroy  the  young  shoots  by 
cropping  them,  and  do  much  damage  to  the  underwood.  At  the  time 
when  aooms  and  beech-mast  are  plentiful,  pigs  may  be  turned  in 
without  danger ;  they  will  turn  up  the  ground  in  search  of  their  food, 
and  thus  bury  beech-mast  and  acorns,  which  may  vegetate,  and  grow 
in  time  into  fine  trees ;  for  it  is  well  known  that  an  oak  raised  from  an 
acorn  is  always  hardier  and  better  rooted  than  one  which  is  raised  in  a 
nursery  and  transplanted  in  the  woods ;  and  the  same  may  be  said  of 
beech  raised  from  the  seed. 

The  sweet  chesnut  is  one  of  the  most  useful  trees  in  a  wood,  pro- 
vided it  has  room  to  grow.  Its  timber,  when  of  a  certain  age,  is  as 
durable  as  oak,  and  the  shoots  which  spring  up  from  the  old  trunks 
cut  down  £^ve  the  most  useful  and  profitable  coppice-wood.  When  it 
is  recollected  that  a  coppice  may  be  cut  advantageously  every  tenth 
year,  if  a  calculation  be  made  of  the  value  of  growing  timber  after 
many  yearn,  it  will  be  found  that  the  underwood,  properly  managed, 
pays  fully  as  well  as  the  timber.  It  is  usual  to  cut  down  such  trees  as 
begin  to  show  decay  at  top,  when  the  coppice  is  cut ;  but  it  is  bettor 
to  auticipate  this  decay,  and  cut  them  when  they  have  ceased  to 
increase  from  year  to  year  as  much  as  the  interest  of  the  money  they 
would  sell  for  amounts  to.  For  example :  Suppose  that  an  oak  stand- 
ing measures  fifty  cubic  feet,  and  with  top,  lop,  and  bark,  may  be 
worth  104  If  it  does  not  increase  above  two  cubic  feet  in  a  year,  it 
will  not  be  profitable  to  let  it  stand  :  but  if,  by  cutting  down  others 
which  interfere  with  the  spread  of  its  branches,  its  growth  oto  b« 
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promoted,  it  may  probably  increase  bo  mach  as  to  pay  a  good  interest 
on  its  Talue ;  in  which  case  it  would  be  a  loss  to  cut  it.  There  is  a 
jieriod  when  the  increase  of  the  wood  in  a  tree  is  a  maximum,  and  this 
depends  on  soil  and  situation.  The  head  and  branches  contribute 
much  to  the  growth  of  the  trunk;  and  unless  they  have  room  to 
spread,  the  increase  derived  from  the  action  of  the  leaves  must  be 
checked.  On  this  depends  the  practice  of  gradually  thinning  out  young 
woods  as  the'  branches  spread,  the  object  being  to  let  in  as  much  air  as 
is  necessary,  without  leaving  too  great  a  space  between  the  head  of  one 
tree  and  its  neighbours.  As  soon  as  the  branches  begin  to  approach 
towards  tho<Se  of  another  tree,  room  must  be  mode,  by  cutting  out 
those  trees  which  appear  inferior  in  shape  or  in  health.  In  the  maziage- 
ment  of  young  plantations  [PlantinoJ,  it  is  a  question  whether  it  is 
more  profitable  to  cut  down  trees  at  the  age  of  thirty  or  forty  years 
and  replace  them  with  voung  plants,  or  to  let  them  arrive  at  their  full 
size,  which,  for  oaks,  will  toSke  150  or  200  years.  The  calculation  is 
made  on  the  annual  increase  of  the  wood,  which  is  said  to  be  greatest 
when  the  tree  is  about  thirty  years  old.  It  has  been  often  supposed 
that  the  slower  a  tree  grows  the  stronger  the  wood  will  be;  but  this 
appears  to  be  a  mistake.  Some  wood  taken  from  a  very  rapidly- 
growing  oak,  and  some  from  one  which,  having  been  headed  down 
as  a  pollard,  had  grown  slowly,  were  tried  by  the  action  of  a  very 
powexful  hydraulic  press,  and  the  wood  of  the  quicker-growing  tree 
was  found  to  resist  tne  pressure  much  longer  before  it  was  broken  or 
cnished. 

Although  it  is  generally  on  soils  unfit  for  cultivation  that  plantations 
of  wood  are  made,  yet  there  are  proofs  that,  on  a  deep  rich  soil  worth 
2L  an  acre  as  arable  land,  a  plantation  of  oaks,  well  managed  for  fifty 
or  sixty  years,  wiU  pay  a  better  rent  than  if  it  had  been  cultivated 
as  a  farm.  On  such  land  it  is  usual  to  plant  oaks  in  the  hed^e-rows, 
where  the  trees,  having  room  both  for  their  branches  and  their  roots, 
thrive  well  at  the  expense  of  the  farmer.  Most  old  farms  consist  of 
small  inclosures  surrounded  with  trees,  chiefly  oak,  ash,  and  elm, 
according  to  the  soil ;  and  the  landlord,  having  the  benefit  of  their 
growth,  only  cuts  them  when  fit  for  sala  The  tenant  is  scarcely 
aware  of  the  annual  loss  he  sufibrs  from  the  shade  of  t^e  trees,  as  well 
as  the  exhaustion  of  his  manure  by  the  roots.  K  the  mdosures  are  of 
the  extent  of  twenty  acres  or  more,  a  few  trees  here  and  there  in  the 
hanks  will  not  do  much  harm ;  but  it  would  be  far  more  advantageous 
to  all  parties  if  the  woods  and  plantations  were  entirely  separated  from 
the  arable  land.  A  few  single  trees  here  and  there  in  old  pastures  are 
both  ornamental  and  useful  as  shelter  for  the  cattle ;  but  they  should 
be  extirpated  in  all  arable  fields.  Clumps  and  woods  may  be  made 
pictures  in  the  scenery,  whereas  a  country  consisting  of  small  inclosures 
surrounded  with  trees  only  looks  like  an  immense  wood  when  seen 
from  a  small  eminence. 

Trees  of  full  size  are  sometimes  transplanted  to  form  shelter  and 
ornament  to  parks  and  pleasure  grounds.  Sir  Joseph  Banks  made 
some  experiments  in  his  grounds  near  Brentford,  by  cutting  off  the 
heads  of  old  elm  trees  and  transplanting  the  tnmks  bv  way  of  keeping 
up  a  proportion  between  the  head  and  the  roots,  in  the  expectation  of 
their  growing  out,  but  it  failed  entirely.  Sir  James  Stuart  Monteith,  in 
Scotland;  succeeded  better  by  retaining  the  head,  and  saving,  as  much 
as  possible,  all  the  fibres  of  the  roots.  The  removal  of  large  trees  is  a 
troublesome  and  expensive  process,  but  is  often  desirable  for  the  prO' 
duction  of  imtnediatB  effect,  as  in  laying-out  parks  and  pleasure-grounds. 

in  londsoape  gardening  generally.    The  method  now  usually  adoptea 


or 


is  brieflv  described  under  Planting,  ooL  558. 

Wood  is  too  valuable  in  Britain  to  be  used  for  fuel,  except  in  very 
distant  and  woody  districts.  Coals  have  everywhere  superseded  it ; 
but  wherever  woods  are  cut  down,  and  especially  where  the  roots  are 
grubbed  up,  they  give  an  excellent  and  economical  fuel  for  the  poor, 
or  to  use  in  the  lime  and  brick  kilns.  Where  old  hedge-rows  are 
cleared  in  the  progress  of  agriculture,  it  is  a  common  practice  to 
give  the  stumps  and  roots  found  in  old  banks  to  the  poor,  for  the 
trouble  of  grubbing  them  up  and  levelling  the  ground.  This  work 
is  generally  done  in  winter ;  and  the  wood  is  stacked  into  cords  six 
feet  long,  three  feet  wide,  and  three  feet  high. 

In  France  and  other  countries  where  they  use  chiefly  wood  for 
fuel,  the  trees  which  are  preferred  are  beech-trees,  which  are"  allowed 
to  grow  very  close  in  the  woods,  so  as  to  draw  each  otiier  up  and 
form  long  thhi  stems.  They  are  out  down  when  about  thirty  or  forty 
years  old,  and  then  do  not  average  a  foot  in  diameter;  thev  are  sawn 
u  lengths  of  a  yard,  and  thus  sold,  the  purchaser  generally  having 
them  sawn  into  shorter  lengths  and  split  for  use.  In  Paris  the 
trade  in  wood  is  yery  extensive,  and  employs  many  htmds. 

WOODS  AND  FORESTS.  A  considerable  portion  of  the  royal 
revenue  consisted  formerly  of  the  rents  and  profits  of  the  crown 
lands,  which  comprised  numerous  lordships  and  honours,  together 
with  forests  and  chaoes :  from  the  forests  the  principal  source  of 
profit  lay  in  the  fines  or  ameroiamenta  levied  for  offences  agunst  the 
Forest  Laws.  [Forkstb.]  The  demesne  lands  which  were  retained 
by  the  king,  or  which  came  to  the  crown  by  forfeiture  or  otherwise, 
aad  were  farmed  out  to  subjects,  were  originally  very  extensive ;  but 
owing  to  the  generosity  or  the  necessities  of  different  kings,  so  large 
a  i)art  of  them  was  granted  away,  that  the  legislature  was  fre- 
quently compelled  to  interpose  its  authority  in  order  to  prevent  the 
total  alienation  of  the  crown  property.    William  IIL  hod  used  the 


power  of  alienation  so  profusely,  that  upon  the  accession  of  his  sue. 
cesBor,  it  was  enacted  (1  Anne,  st.  1,  c  7)  that  no  grant  or  lease 
should  be  made  of  any  crown  lands  for  a  longer  term  than  thirty-one 
years  or  three  lives,  but  permitting  houses,  Ac.,  to  be  let  for  fifiy 
years. 

By  the  26  Geo.  III.,  o.  87,  amended  by  80  Geo.  IIL,  c.  60,  oommis- 
sioners  were  appointed  to  inquire  into  the  state  and  condition  of  the 
woods,  forests,  and  land  revenues  belonging  to  the  crown.  By  the 
46  Geo.  III.,  c.  142  (altered  by  tha  50  Geo.  IIL,  c.  65),  an  office  of 
surveyor-general  of  his  Majesty's  works  and  public  buildingB  was 
created ;  tbut  this  and  some  other  offices  were  incorporated  with  that 
of  "the  Commissioners  of  her  Majesty's  Woods,  Forests,  Land 
Revenues,  Works  and  Buildings  "  (2  Will  IV.  c.  1,  a.  1),  who  were 
called  "  the  Commissioners  of  Woods  and  Forests,"  whidi  office  or 
board  owed  its  shape  to  the  statute  10  Geo.  IV.,  o.  50  (amended  and 
extended  by  2  Will  IV.,  a  1;  2  &  8  Will.  IV.,  c  112;  and  3  &  4 
Will.  IV.,  c.  69).  The  commissioners,  who  were  not  to  exceed  three 
in  number^  are  appointed  by  letters  patent  (2  WilL  IV.,  o.  1,  a.  1). 
They  are  to  make  a  declaration  (5  &  6  WilL  IV.,  c.  62,  s.  2,  in  lieu  of 
the  oath  requured  formerly,  2  WilL  IV.,  o.  1,  s.  6)  that  they  will 
fedthfuUy  and  diligently  execute  the  duties  of  oomminionenB. 

Their  powers  are  very  large.  The  whole  of  the  possessions  (except 
advowsons)  and  land  revenues  of  the  crown  in  England,  Ireland 
(10  Geo.  IV.,  c.  50,  s.  8),  and  Scotland  (2  &  8  WiU.  IV.,  a  112 ;  8  &  4 
WilL  IV.,  a  69)  are  under  their  management;  but  the  prcpai$ 
therem  still  remains  m  the  crown.  (1 '  Q.  B.  Rep.,'  852.)  They  are 
required,  however,  to  observe  all  the  orders  ana  directions  of  the 
Lords  of  the  Treasury  toudbing  the  exercise  of  theur  powers  (2  Will. 
IV.,  c.  1,  s.  8). 

The  commissioners  have  the  power  of  appointing  and  removing 
various  officers,  such  as  receivers,  surveyors,  &c.,  whose  salaries  how- 
ever are  fixed  by  the  Treasury  (10  Geo.  IV.,  c.  50,  s.  12).  They  may 
also  appoint  stewards  of  the  royal  hundreds  and  manors  to  hold  courts, 
and  different  manorial  and  f orestal  officers  to  preserve  game,  fish,  &c ; 
and  they  may  grant  licences  to  hunt,  fish,  &c.  (Id.,  s.  14). 

Thev  are  empowered  to  grant  leases  of  any  part  of  the  crown  poases- 
sions  for  thirty-one  years  (10  Geo.  IV.,  c.  50,  s.  22) ;  or,  in  case  of 
houses,  buildings,  &c.,  or  building-land,  for  ninety-nine  years  (Id., 
s.  23) ;  but  this  power  of  leasing  does  not  extend  to  the  royal  forests 
in  England  (Id,  s.  25),  except  for  the  purpose  of  making  rai&oads  (Id., 
s.  97).  The  leases  are  required  to  contain  certain  specified  provisions, 
and  the  lessees  are  not  to  be  made  dispuniBhable  for  waste,  except  in 
leases  of  mines,  and  at  the  option  of  the  commissioners,  in  leases  for 
ninety-nine  years  (Id.,  s.  27).  The  leases  are  to  be  granted  at  a  rack- 
rent,  and  no  fine  is  to  be  reserved  (Id.,  s.  28),  except  in  building  looses, 
in  which  a  nominal  rent  may  be  reserved  for  the  first  three  years  (Id., 
s.  80),  and  a  fine  may  be  taken  not  exceeding  one-third  of  the  rent 
(Id.,  s.  31). 

They  may  also  tdl  any  part  of  the  crown  possessions,  exc^t  the 
forests  (Id.,  s.  84),  according  to  a  mode  pointed  out  (s.  85) ;  and  they 
may  also  sell  rents,  or  manorial  or  forestal  rights,  to  corporations,  or 
trustees  of  incapacitated  persons,  who  have  estates  subject  thereto 
(ss.  89,  40). 

They  may  exchange  or  purchoH  lands,  Ac  (Id.,  ss.  42,  52,  98). 

They  are  declared  to  be  exempt  from  all  personal  responsibUity  as  to 
any  covenants  or  contracts  they  may  enter  into  in  their  official  cha- 
racter (Id.,  8.  17). 

All  deeds  relating  to  lauds,  kc,  leased,  fta,  by  the  authority  of  the 
commissioners  are  required  to  be  enrolled  in  the  office  of  Land  Revenue 
Records  and  Inroknents  (10  Geo.  IV.,  c.  50,  s.  63 ;  2  Will.  IV.,  c.  1, 
ss.  16, 18,  21),  and  to  be  certified  by  the  commissioners  to  parliament 
(10  Geo.  IV.,  c.  50,  s.  125) ;  and  all  conveyances  and  sales  respecting 
such  lands  are  to  be  free  from  stamp  and  auction  duty  (10  Geo.  IV., 
c.  50,  ss.  67,  68). 

The  commissioners  are  also  empowered  to  give  certain  notioes  and 
claims,  and  to  authorise  entries  on  land  for  breach  of  oovenant,  &c. 
(1 0  Geo.  IV.,  c.  50,  &  92),  and  to  compound,  in  certain  cases,  for  rent 
(Id.,  s.  98). 

Tlieir  accounts  are  to  be  audited  by  the  commissioners  for  auditing 
public  accounts,  under  the  25  Geo.  IIL,  c.  52  (10  Geo.  IV.,  c  50, 
s.  19). 

The  receivers  appointed  by  the  Commissioners  of  Woods  and  Forests 
must  be  land-surveyors  (Id.,  s.  80).  They  are  required  to  account  at 
stated  periods  to  the  commissioners  (Id.,  s.  81),  and  to  tnmsmit  all 
sums  received  monthly  (s.  84) ;  and  they  are  empowered  to  distrain  for 
rent  (s.  90). 

Notwithstanding  the  management  of  the  crown  lands  is  thus  vested 
in  the  commissioners,  and  the  general  power  of  alienation  has  been 
token  from  the  sovereign,  a  power  is  reserved  to  the  crown  to  grant  sites 
for  churches,  chapels,  and  burial  grounds,  not  exceeding  five  acres  in 
extent,  or  lOOOJ.  in  value  (10  Geo.  IV.,  o.  50,  s.  45) ;  and  by  1  ft  2 
Will.  IV.,  0. 59, 8. 1,  churchwardens  and  overseers  are  empowered,  with 
the  consent  of  the  Lords  of  the  Treasury,  to  inclose  a  portion  not 
exceeding  fifty  acres  of  any  forest  or  waste  lands  belonging  to  the 
crown,  lying  in  or  near  their  parish,  for  the  purpose  of  cultivating 
the  same  for  the  use  of  the  poor. 

Besides  this  general  control  over  the  crown  lands,  certain  powers  are 
given  to  the  conmiissionerB  which  are  referable  to  the  execution  of  the 
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Forest  Lawe.  Tho  powers  and  authorities  belonging  to  the  offices  of 
wardens,  chief-justice,  and  justices  in  eyre  (which  were  abolished  upon 
the  termination  of  the  then  existing  interests  by  67  Geo.  IIL,  a  61), 
are  vested  in  the  first  commissioner  (10  Oeo.  IV.,  c.  60,  s.  96) ;  and 
the  commissioners  are  also  empowered  to  make  compensation  to  parties 
for  old  encroachments  made  upon  the  royal  forests  where  they  have 
been  in  nninterrupted  possession  for  ten  yean  (Id.,  s.  96). 

The  rerdgnen  ox  the  royal  forests  are  also  required  to  make  Inquiry 
«0  to  all  unlawful  inolosures,  enoroaohments,  so.,  in  their  courts  of 
attachment,  and  may  impose  fines  upon  the  offenders  (Id,  s.  100),  who 
may  however  be  prooeeded  against  by  the  ordinary  course  of  law 
(s.  108).  The  yeraererB  may  appoint  r^gaiders,  under-foresters  and 
otiber  officers  of  tiie  forests  and  courts  (&  101),  and  may  inquire  into 
their  conduct^  and  fine  them  for  neglect  of  duty  (s.  102).  Other 
penalties  may  be  recovered  before  a  justice  of  the  peace  (s.  104) ;  and 
all  such  fines  and  penaltiea  are  to  be  applied  to  the  ezpoiBea  relating 
to  the  forests  (s.  106). 

As  to  the  general  revenue  arising  from  the  letting,  &e.,  of  the  crown 
lands,  the  commissioners  are  directed  to  pay  in  the  moneys  received  by 
them,  to  a  proper  account  with  the  Bank  of  England  and  Ireland  re- 
spectively (10  Geo.  IV.,  c.  60,  SB.  117, 118)  and  the  chartered  bonks  of 
Scotland  (8  &  4  WiU.  IV.,  o.  69,  s.  17);  and  the  annual  income  (after 
certain  deductions)  is  to  be  carried  to  the  consolidated  fund  (10  Geo. 
IV.,  c.  50,  a.  118;  8  ft  4  WilL  IV.,  c.  69,  s.  16).  The  transfer  of  the 
revenue  arising  firom  the  crown  lands  to  the  consolidated  fund  is  how- 
ever the  subject  of  a  special  arrangement  between  the  crown  and  the 
subjects,  terminating  with  the  life  of  the  sovereign  in  whose  reign  it 
is  made. 

The  10  Geo.  IV.,  e.  60,  eontauu  some  provisions  peculiar  to  Ireland. 
Leases,  grants,  ftc.,  of  any  of  the  small  branches  of  the  royal  revenue 
(s.  128),  and  the  powers  appertaining  to  the  chancellor  and  council  of 
the  Duchy  of  Lancaster  (s.  180),  are  exempted  from  its  operation. 

The  real  property  of  the  crown  may  be  tiius  classified : — 

1.  Honours,  manors,  and  hundreds,  not  in  lease. 

2.  Other  lands  in  the  occupation  of  the  crown,  either  for  the  per* 
Bonal  convenience  of  the  sovereign  or  for  the  public  service. 

3.  Forests,  chaces,  and  wastes. 

4.  Lands,  tenements,  and  hereditaments,  held  of  the  crown  by  lease. 
6.  Fee-farm  rents,  issuing  out  of  lands,  tenements,  and  heredita- 
ments, held  of  the  crown  in  fee-simple. 

The  second  dass  comprises  the  f oUowing  rojral  palaces  and  houses : — 
Buckingham  Palace ;  St.  James's  Palace ;  Windsor  Castie ;  the  palaces 
of  Hampton  Court,  Kensington,  and  Whitehall ;  the  King's  House  at 
Winchester ;  the  Palace  of  Greenwich  (converted  into  a  hospital  for 
seamen) ;  Somerset  House  (used  as  public  offices) ;  the  New  Palace  of 
Westminster,  including  the  houses  of  parliament,  Westminster  Hall, 
and  courUi  of  law.  'The  following  palaces  and  buildings  have  been 
pulled  down  and  their  sites  used  for  other  purposes : — Csrlton  House ; 
the  Mews ;  Newmarket  PaIaoe»  The  following  parks  are  also  included 
in  this  class  i-^BL  James's,  Hyde,  Bagahot,  Bushey,  Greenwich,  Hamp- 
ton Court,  Kew  Gardens,  Richmond,  and  Windsor.  This  doss  is  now 
under  the  supervision  of  the  Board  of  Works  mentioned  below. 

In  the  third  dass  are  induded  not  only  the  royal  forests  which  have 
preserved  their  Jura  regaUa,  but  several  nominal  forests  and  chaoes, 
warrens,  wastes,  ftc.  The  following  is  a  list  of  the  real  forests  : — In 
Berks,  Surrey,  and  Wilts,  Windsor  Forest ;  in  Essex,  Epping  Forest ; 
in  Gloucestershire,  the  Forest  of  Dean ;  in  Hampelnre,  Bere  Forest, 
Kew  Forest,  and  the  Forest  of  Woolmer  and  Alice  Holt 

In  1851  the  offices  were  finally  separated,  and  to  the  Board  of  Public 
Works  and  Buildings,  and  to  the  officers  of  this  board,  was  consigned 
the  important  task  of  providing  for  the  people  public  walks  and  access 
to  the  national  buildings  and  collections.  The  duty  of  the  state  in  this 
respect  has  only  been  recognised  of  late  yeoni,  and  perhaps  we  owe  it 
to  our  intercourse  with  the  continent,  and  especially  with  France,  that 
it  has  been  at  all  acknowledged.  Fiity  vears  ago  Hyde  Park  and  Ken- 
sington Gkodens  were  the  only  public  places  of  recreation  open  to  the 
crowded  and  hard- worked  population  of  London;  since  then,  beside 
the  improvements  in  those  two  places,  and  the  formation  of  new  streets 
and  squares  in  those  parts  of  the  metropolis  of  which  the  land  either 
belongs  to  the  orown  or  has  been  purchased  by  parliament  for  public 
improvements,  there  have  been  opened  the  large  parks  and  gardens  of 
Bt  James's  Park,  the  Regent's  AA,  and  Plr^xurose  Hill,  at  the  west 
and  north ;  the  Victoria  Park  at  the  north-east ;  and  Kennington  Park 
and  Bottersea  Pork  at  the  south-west  of  London.  The  palace  and 
grounds  of  Hampton  Court  have  been  repaired  and  adorned,  and  the 
collection  of  pictures  has  been  arranged  and  enlarged ;  and  Kew  Gar- 
dens have  bemi  enlarged,  filled  with  the  rarest  and  chdcest  plants  and 
flowers,  and  improved  by  the  addition  of  magnificent  conservatories 
and  a  new  museum,  and  both  Hampton  Court  and  Kew  Gardens  have 
been  thrown  open  gratuitously  to  the  public.  In  Kensington  Gardens 
an  Italian  garden  has  been  laid  out  with  fountains,  statuary,  and 
carving ;  which  though  not  of  very  remarkable  excellence  or  originality, 
are  at  least  superior  to  anything  of  the  kind  hitherto 'given  to  the 
public. 

WOODY  PIBRR    [LiGwiN.] 

WOOL.  The  present  article  will  be  devoted  to  the  Sheep  with  re- 
ference to  its  wool-producing  properties,  and  as  the  subject  of  the  art  of 
the  grazier.    The  natural  histoiy  of  sheep  is  given  under  OvKS,  in 


Nat.  Hist.  Div.  The  treatment  of  the  fleece  when  removed  from  the 
animal  is  spoken  of  under  Wool  akb  the  Wool  Tbade  :  see  also 
Woollen  Makufacture. 

The  sheep  belongs  to  the  class  mammaUa  ;  to  the  order  ruminanHa 
with  four  stomachs,  and  the  organs  of  digestion  disposed  for  chewing 
the  cud ;  to  the  tribe  capridcSf  with  horns  persistent,  and  placed  on 
an  osseous  nucleus;  and  to  the  genus  ovis,  with  or  without  horns, 
but  these  when  present  uniformly  taldng,  to  a  greater  or  less  degree, 
a  lateral  and  spiral  direction.  The  forehead  of  Uie  sheep  is  arched, 
and  protruded  before  the  base  of  the  horns ;  there  ore  no  lachrymal 
ducts,  the  nostrils  are  lengthened  and  oblique,  and  terminate  without 
a  muzde ;  there  is  no  beud  properly  so  called,  the  ears  are  small,  and 
the  legs  slender.  The  hair  is  of  two  kinds,  one  hard  and  close, 
an4  the  other  woolly — ^the  wool  preponderating  in  proportion  as  the 
animal  is  domesticated.  The  sheep  is  principally  distinguished  from 
the  goat  by  his  convex  forehead,  by  his  spiral  horns  not  projecting 
posteriorly,  and  more  especially,  and  that  in  proportion  to  the  caro 
which  hi  bestowed  upon  Mm,  by  the  preponderance  of  wool  over  the 
hair,  with  which,  in  despite  of  every  effort,  the  Cashmere  goat  is 
covered. 

Different  names  are  given  to  the  sheep,  according  to  its  sex  and  age. 
The  male  is  called  a  ram  or  tup.  After  weaning  he  is  said  to  be  a  hot/, 
a  hogget,  or  koggerd,  a  lamb-hig,  or  tup-luig,  or  teg;  and  if  castrated,  a 
Vfelher  hog.  After  shearing,  and  wh^i  he  is  probably  a  year  or  a  year 
and  a  half  old,  he  is  called  a  thear  hog,  or  shearling,  or  dinmont,  or  Uip  ; 
and  when  castrated,  a  tkearUng  wether.  After  the  second  shearing,  ne 
is  a  ftoo  Aear  ram,  or  tup,  or  vether.  At  the  expiration  of  another 
year,  he  is  a  three^ear  ram,  &c. 

The  female  is  a  ewe  or  gimmerlamb  until  weaned,  and  then  a  gimmer 
or  ewe  hog  or  teg.  After  being  shorn,  she  is  a  shearling  ewe  or  gimmer, 
or  ikeave  or  double-toothed  ewe;  and  after  that,  a  two  or  Ikree  or  four 
tkearewe  or  theave.  The  age  of  the  sheep  is  reckoned,  not  from  the 
period  of  their  being  dropped,  but  from  the  first  shearing. 

The  teeth  give  certain  indications  as  to  the  age.  The  sheep  has  no 
incisor  teeth  in  the  upper  jaw;  but  there  is  a  dense  elastic  cushion  or 
pad,  and  the  herbage,  firmly  held  between  the  front  teeth  in  the  lower 
jaw  and  this  cushion,  is  putlv  bitten  and  partly  torn  asunder.  The 
sheep  has  the  whole  of  the  incisor  teeth  by  the  time  that  he  is  a  month 
old,  and  he  retains  them  imtil  the  fourteenth  or  sixteenth  month. 
They  then  begin  to  diminish  in  size,  and  are  displaced.  The  two 
central  ones  are  first  shed,  and  the  permanent  ones  supply  their  place, 
and  attain  their  full  growth  when  tne  animal  is  two  years  old.  Between 
two  and  three,  the  next  pair  are  changed ;  the  third  at  three  years 
old ;  and  at  four,  the  mouth  is  complete.  After  this  there  va  no 
certain  rule,  until,  two  years  more  having  passed,  the  teeth  one  by  one 
become  loosened  and  are  lost.  At  six  or  seven  years  of  age  the  mouths 
of  the  ewes  should  be  occasionally  examined,  and  the  loose  teeth  re- 
moved. By  good  pasture  and  good  nursing  in  the  winter,  they  may 
produce  lambs  until  they  have  reached  the  ninth  or  tenth  year,  when 
they  begin  rapidly  to  decline.  Some  favourites  have  lingered  on  to  the 
fifteenth  or  sixteenth  year;  but  the  usual  and  the  most  profitable 
method  is  to  fatten  and  dispose  of  the  ewes  when  they  ore  five  or  six 
years  old,  and  to  supply  their  places  by  some  of  the  best  shearling  ewes. 

The  rings  at  the  base  of  the  horns  afford  very  imperfect  indications 
of  the  age  of  the  sheep.  Even  when  untouched,  they  are  little  to  be 
depended  upon. 

The  history  of  the  British  sheep  wiU  be  most  naturally  divided 
according  to  the  quantity  and  quidity  of  the  wool  of  the  diffureut 
breeds,  and  the  quality  of  the  flesh.  The  covering  of  the  original 
sheep  consisted  ox  a  mixture  of  hair  and  wool ;  the  wool  being  short 
and  fine  and  forming  an  inner  coat,  and  the  hair  of  greater  length, 
projecting  through  the  wool,  and  constituting  on  external  covering. 
When  the  sheep  are  neglected  or  exposed  to  a  considerable  degree  of 
cold,  this  degenei-acy  is  easily  traced.  On  the  Devonshire  moors,  the 
mountains  of  Wales,  and  the  highlands  of  Scotland,  the  wool  is  deterio- 
rated by  a  considerable  admixture  of  hair.  Even  among  the  South- 
downs,  the  Leicesters,  and  the  Ryelands,  too  many  hemps  occasionally 
lessen  the  value  of  the  fleece.  It  is  only  by  diligent  cultivation  that 
the  quantity  of  hair  has  been  generally  diminished,  and  that  of  wool 
increased  in  our  best  breeds. 

The  filaments  of  wool  taken  from  a  healthy  sheep  present  a  beauti- 
fully polished  and  even  glittering  appearance.  That  of  the  n^lected 
or  half-starved  animal  exhibits  a  paler  hue.  This  is  one  valuable  in- 
dication by  which  the  wool-stapler  is  enabled  to  form  an  accurate 
opinion  of  the  value  of  the  fleece.  The  mixture  of  hair  in  the  wool 
can  often  be  detected  by  close  examination  with  the  naked  eye,  but 
most  readily  by  the  assistance  of  a  microscope. 

Among  the  qualities  which  influence  the  value  of  the  "wool,  fnenest, 
and  the  uniformity  of  that  fineness  in  the  single  fibre  and  in  the 
collected  fleece  have  hitherto  held  a  &rst  place.  This  fineness,  however, 
differs  materially  in  different  parts  of  the  fleece.  It  prevails  on  the 
neck,  the  shoulders,  the  ribs,  and  the  back.  It  is  less  on  the  legs, 
thighs,  and  haunch,  and  still  coarser  on  the  neck,  the  breast,  the  heSy, 
and  the  lower  part  of  the  legs.  The  fineness  of  the  wool  is  con- 
siderably influenced  by  the  temperature.  Sheep  in  a  hot  climate  yield 
a  comparatively  coarse  wool ;  in  a  cold  climate,  they  cany  a  doser  but 
a  warmer  fleece. 

The  fineness  of  the  fleece  is  also  much  influenced  by  the  kind  of 
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food.    An  abundance  of  nutriment  will  increttae  both  the  length  and  , 
the  bulk  of  the  wool.    This  is  an  important  consideration  with  the  • 
sheep-breeder.    Let  the  cold  oC  winter  come— let  it  continue  for  a  I 
considerable  period,  yet  if  the  sheep  be  well  kept,  although  the  fleece 
may  lose  a  little  weight,  this  will  be  more  than  compensated  by  its 
fineness  and  increase  of  value.    If  the  sheep,  however,  be  half -starved 
while  he  is  exposed  to  unusual  cold,  the  fibre  of  the  wool,  although 
perhaps  somewhat  finer,  will  be  deficient  in  weight  and  strength  and 
usefulness. 

What  is  called  trueneu  ofitaple,  or  the  fibres  being  of  an  equal  size, 
is  of  much  importance  m  the  manufacture  of  wool,  for  whenever  the 
wool  assumes  an  irregular  and  shagged  or  hreaehy  appearance,  there  is 
a  weakness  in  the  fibre  and  will  be  aa  irregularis  in  the  manulsoture, 
especially  if  the  fleece  is  submitted  to  the  operation  of  the  comb. 
Connected  with  this,  and  a  most  important  quality,  is  the  elaatieUy  of 
the  woolly  fibre — ^the  disposition  to  yield,  or  submit  to  some  elongation 
of  substance,  some  alteration  of  form,  when  it  is  distended  or  pressed 
upon,  and  the  energy  by  means  of  which  the  original  form  is  resumed 
aa  soon  as  the  external  force  is  removed. 

Referrible  to  this  elasticity  or  yielding  character  of  the  wool  is  its 
pHahilUy  and  aoflneu,  and  without  which  no  manufacture  of  it  can  be 
carried  to  an^  degree  of  perfection.  The  last  quality  which  it  is  neces- 
sary to  mention  is  its  felting  property,  that  quality  bv  which  it  may  bo 
beaten  or  pressed  together  and  worked  into  a  soft  and  pliable  substance 
of  almost  any  size  and  form.  It  would  seem  that  the  process  of  felting 
is  of  far  older  date  than  that  of  weaving,  and  it  is  still  continued  not 
only  by  the  nomadio  tribes  of  south-eastern  Europe  and  of  Asia,  but  it 
is  made  occasionally  to  vie  with  the  finest  productions  of  the  loom. 

Microecopio  observations  have  unravelled  the  whole  mystery  of 
felting,  and  of  the  employment  of  wool  in  almost  every  form.  The 
fibre,  examined  under  a  powerful  microscope,  appears  like  a  continuous 
vegetable  growth,  from  which  there  are  sprouting,  and  all  tending  one 
way,  from  the  root  to  the  other  extremity,  numerous  leaves,  or  serra- 
tures,  assuming  the  appearance  of  calicos  or  cups,  and  each  terminating 
in  a  sharp  point.  It  is  easy  to  conceive  how  readily  one  of  these  fibres 
will  move  in  a  direction  from  the  root  to  the  point,  whUe  its  retraction 
must  be  exceedingly  difficulty  if  not  impossible.  It  was  a  fibre  of  Merino 
wool  that  was  fint  submitted  to  microscopic  observationi  and  the 
number  of  these  serrations  or  projections  counted.  There  were  2400 
in  the  space  of  an  inch.  A  fibre  of  Saxon  wool  finer  than  that  of  the 
Merino,  and  of  acknowledged  superior  felting  quality,  was  substituted. 
There  were  2720  serrations.  A  fibre  of  Southdown  wool,  in  its  felting 
I>ower  well  known  to  be  inferior  to  that  of  the  Saxony  and  the  Merino, 
was  placed  in  the  field  of  vision.  There  were  only  2080  serrations  in 
the  space  of  aa  inch,  or  640  less  than  the  Saxony  exhibited.  The 
Leicester  wool  is  acknowledged  to  possess  a  less  felting  property  than 
the  Southdown.  There  were  only  1860  in  the  space  of  an  inch. 
Latterly  the  length  of  staple  and  the  lustrous  character  of  the  wool 
have  become  qualities  of  high  order,  so  that  the  long-wools  of  Lincoln- 
shire are  now  of  greater  value  than  the  diort-wools  of  Sussex. 

We  now  proceed  to  take  a  rapid  survey  of  the  difierent  breeds  of 
sheep,  commencing  with  the  Southdowm ;  for  by  them  or  their  con- 
geners the  first  woollen  manufactoiy  at  Winchester  was  supported.  As 
latterly  improved  by  the  Kllmans,  Lugan,  Rigdens,  and  Webbs,  it  has 
exerted  an  extraorduaiy  influence  for  sood  on  all  short- wooUed  breeds 
of  sheep  in  the  countrv*  The  flock  of  Jonas  Webb  in  particular  has 
furnished  rams  to  all  the  best  breeders  of  short-wooUed  sheep;  and  the 
high  estimation  in  which  his  breed  is  held  was  proved  at  its  recent  sale, 
when  960  sheep  of  all  ages  sold  for  nearly  11,000L 

The  Souti^down  sheep  have  succeeded  admirably  in  all  the  southern 
districts  of  the  kingdom;  but  the  northern  hills  have  occasionally 
been  too  cold  for  them.  Crosses  between  tiie  Southdown  and  almost 
every  breed  of  middle-wool  sheep  have  answered  well ;  while  in 
counties  where  it  could  have  been  least  expected,  the  old  breed  is  in  a 
great  measure  superseded  by  the  Southdowns. 

We  pass  from  Sussex,  Hampshire,  Berkshire,  Wiltshire,  where  a 
black-faced  short-woolled  sheep,  much  improved  hy  the  Southdowns, 
prevails,  into  Dorsetshire,  and  we  find  a  very  different  and  valuable 
breed  of  sheep.  They  are  white ;  the  face  long  and  broad,  with  a  tuft 
of  wool  on  the  forehead ;  the  shoulders  low  but  broad;  the  chest  deep ; 
the  loins  broad ;  and  the  bone  small ;  a  hardy  and  useful  sheep. 
Their  chief  peculiarity  is  the  forwardness  of  the  ewes,  which  supp^ 
the  market  with  lamb  when  it  produces  the  highest  price. 

A  very  profitable  variety  is  found  in  a  cross  between  the  South- 
down and  the  Dorset  sheep.  The  carcase  is  increased,  and  the  wool  is 
rendered  more  valuable. 

Returning  through  Somersetshire,  we  again  meet  with  the  South- 
downs,  either  pure  or  materially  improving  the  native  breeds.  In 
Gloucestershire,  the  short-woolled  sheep  have  given  way  to  the 
Cotswolds. 

In  Herefordshire  we  still  meet  with  a  few  flocks  of  that  breed  of 
sheep,  which  was  in  former  times  the  pride  of  the  agriculturist— the 
Byelands.  They  are  small,  polled,  with  white  Isoes,  the  wool  growing 
dose  to  and  almost  covering  the  eyes,  the  carcase  round  and  compact, 
the  animal  quickly  fattening,  and  Uie  superabundant  fat  •A^^wT«Ming 
within.  They  are  hardy,  and  peculiarly  free  from  dipcnoo,  and  par- 
ticularly distinguished  by  the  fineness  of  their  wool 

Shropshire  contdns  now  a  valuable  characteristic  broed  of  short- 


woolled,  largo-framed  sheep,  which  have  of  late  years  achieved  a  high 
reputation. 

The  Cheviots  extend  from  Westmoreland  far  into  Scotland.  They 
differ  essentially  from  both  the  black-  and  the  dun-faced  breeds  by 
which  thev  are  surrounded.  The  following  ia  a  description  of  the  pure 
breed,  thirty  years  ago,  before  they  b^;an  to  be  cmesed  by  the 
Leicesters :— ;"  The  head  polled,  bare  and  dean,  with  jaw-bone  of  a  good 
length ;  ears  not  too  short,  and  countenance  of  not  too  dark  a  colour ; 
neck  full,  round,  and  not  too  long,  well  covered  with  wool,  but  without 
any  coarse  wool  depending  beneath;  shoulders  deep,  full,  and  wide; 
chest  full  and  open ;  chine  long,  but  not  too  much  so ;  straight,  broad, 
and  wide  across  the  fillets ;  horns  round  and  full ;  the  body  in  general 
round  and  full,  and  not  too  deep  or  flat  either  in  the  ribs  or  flanks; 
the  fleece  fine,  dose,  short,  and  tiiick-set,  of  a  medium  length  of  pile, 
without  hairs  at  the  bottom,  and  not  curled  on  the  shoulders,  and 
with  very  little  coarse  wool  on  the  hips,  tail,  or  beUy." 

There  are  many  flocks  of  pure  Cheviots,  but  in  the  majority  of  the 
flocks  there  is  a  cross  of  Leicester  blood. 

The  other  breed  of  short-woolled  sheep  which  contend  with  the 
Cheriots  in  number  and  value,  is  the  blaae-faeed  Scots,  They  extend 
ht)m  Lancashire  to  the  very  north  of  Scothmd.  The  males  are  mostly 
homed,  the  horns  of  a  spiral  form,  but  the  females  are  frequent^ 
without  horns.  The  &ces  and  legs  are  always  black  or  mottled :  they 
are  covered  with  wool  about  the  forehead  and  lower  jaw :  the  fleece  is 
long  and  somewhat  coarse.  The  carcase  is  peculiarly  compact;  so 
much  so,  that  on  account  of  the  shortness,  roundness,  finnness,  and 
handsomeness  of  the  carcase,  it  is  called  the  Aort  sheep,  in  opposition 
to  the  Cheviots  or  Umg  Bheepw  Great  numbers  of  these  sheep  are  sent 
to  the  London  market.  The  weight  of  the  carcase  does  not  differ 
materially  from  that  of  the  Cheviot^  and  the  fleece  weighs  about  three 
pounds  alter  it  is  washed.  These  sheep  have  been  improved  by  sdeo- 
tion,  but  have  derived  little  advantage  from  any  of  the  crosses  that 
have  been  tried. 

We  now  arrive  at  the  Zong^wodOed  Sheep,  The  following  description 
of  the  New  Leieeater  hj  Mr.  Culley  will,  to  a  very  considerable  degree, 
serve  for  all  the  varieties  of  tiie  long-woolled  sheep.  The  head  should 
be  hornless,  long,  small,  tapering  towards  the  muide,  and  projecting 
horiaontally  forwards.  The  ^es  prominent,  but  with  a  quiet  expres- 
sion. The  ears  thin,  rather  long,  and  directed  backwards ;  the  neck 
full  and  broad  at  its  base,  but  gr^udly  tapering  towards  the  head,  and 
particulariy  fine  at  the  junction  of  the  head  and  neck.  The  neck 
seeming  to  project  straight  from  the  diest»  so  that  there  is,  with  the 
slightest  possible  deviation,  one  continued  horizontal  line  from  the 
rump  to  the  polL  The  breast  broad  and  full ;  the  shoulders  also 
broad  and  round,  and  no  uneven  or  angular  formation  where  the 
shoulders  join  either  the  neck  or  the  bade,  particularly  no  rising  of 
the  withers,  or  hollow  behind  the  situation  of  those  bones.  The  ann 
fleshy  through  its  whole  extent,  and  even  down  to  the  knee.  The 
bones  of  the  1^  small,  standing  wide  apart,  no  looseness  of  the  akin 
about  them,  and  comparativdy  bare  of  wooL  The  chest  and  barrd 
are  at  once  deep  and  round  in  the  ribs,  fonning  a  considerable  arch 
from  the  spine,  so  as  in  some  cases,  and  especially  when  the  animal 
is  in  good  condition,  to  make  the  apparent  width  of  the  chest  evea 
greater  than  the  depth.  The  barrel  ribbed  well  home.  No  irre- 
gularities of  line  on  the  back  or  the  belly;  but  on  the  sides  the  carcase 
very  gradually  diminishing  in  width  towards  the  rump.  The  quarters 
long  and  full,  and  as  wide  as  the  fore-legs.  The  musdes  extending 
down  to  the  back,  the  thighs  also  wide  and  full.  The  Icigs  of  a 
moderato  length ;  the  pdt  also  moderatd^  thin,  but  soft  and  elastic, 
and  covered  with  a  g(X)d  quantity  of  whito  wool,  not  so  long  as  in 
some  breeds,  but  considerably  finer. 

Such  is  the  Ldoester  sheep  as  Bakewdl  made  him.  He  found  him 
as  different  an  animal  as  it  was  possible  to  ooncdve — flat-sided,  huge- 
boned,  coarse-wooUed,  dow  to  fatten,  and  his  flesh  of  little  value. 
Were  there  room  for  ite  insertion,  a  detaOed  history  of  the  different 
steps  of  the  changes  would  be  most  interesting  to  the  reader.  The 
means  were  simple,  and  the  efTect  was  almost  magical  The  prindple 
was,  that "  like  produces  like ; "  and  therefore  he  sdected  a  few  sheep 
with  aptitude  to  fatten,  with  a  disposition  to  produce  an  unusual 
quanti^  of  vduable  meat^  with  little  bone  and  ofiQd,  and  with  quiet- 
ness of  temper ;  and  from  these  he  exdusivdy  bred.  He  cared  not 
about  near  or  distant  affinities,  but  his  object  was  to  increase  every 
good  point,  and  gradually  to  get  rid  of  every  bad  one.  They  were  not 
difierent  sorto  of  sheep  that  he  selected,  but  the  best  of  the  breed  to 
which  he  had  been  accustomed. 

His  sheep  were  smaller  than  those  of  his  ndghbours,  but  they 
retained  every  good  point,  and  had  got  rid  only  of  ^e  bad  one&  The 
dteration  was  rapid  as  wdl  as  great  in  his  own  flock,  and  the  practice 
which  he  introduced  of  letting  some  of  his  rams  qui<^v  extended  tJie 
benefit  of  his  system  far  and  wide.  The  first  ram  whidb  he  let  was  in 
the  year  1760,  at  17<.  Qd,  for  the  season.  In  1789  he  let  one  ram  for 
1000  guineas,  and  he  deared  more  than  6000  guineas  in  the  same  year 
by  the  letting  of  others.  After  thi^  so  great  was  the  mania,  or  dedre 
for  improvement,  that*  Mr.  Lawrence  oJculates  that  100,0002.  were 
annually  spent  by  the  midland  farmers  in  the  hiring  of  rama. 

The  chief  value  of  the  new  Ldcester  breed  oondste  in  the  improve- 
ment  which  it  has  effected  in  almost  eveiy  variety  of  sheep  with  whidi 
it  has  been  crossed,  in  which  ite  influence  has  corresponded  among 
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long-woolled  sheep  with  that  which  the  Southdownfl  has  exerted  on 
breeds  allied  to  it  in  the  character  of  their  wool. 

The  largest  of  the  other  breeds  of  long-wooUed  sheep  was  the  Lin- 
coins,  "hondess,  with  long,  thin,  and  weak  oaroasesi  large  bones, 
weighing  from  20  to  80  lbs.  a  quarter ;  the  wool  ayeraging  from  8  to 
14 lbs.  &e  fleece;  the  sheep  a  slow  feeder,  and  the  flesh  coarse- 
grained." This  is  the  account  of  them  given  by  a  good,  but  a  pre- 
judiced obserrex^-Mr.  CuUey.  In  fact,  while  Bakewell  and  his  ad- 
mirers were  almost  neglecting  the  fleece,  the  Lincolnshire  farmer  was 
quite  ss  inattentive  witii  regsrd  to  the  carcase.  Both  parties  were 
wrong.  The  old  Lincolnshire  sheep  yielded  a  wool  which  in  quantity 
and  in  quality  was  unrivalled,  while  the  Leicesters  could  boost  of  a 
disposition  to  fatten  which  the  other  could  never  equaL  At  length 
the  attempt  was  honesUy  made  to  amalgamate  the  valuable  qualifies 
of  the  two  breeds.  In  consequence  of  the  cross,  the  wether  attained 
its  maturity  a  full  year  sooner  than  it  was  accustomed  to  do,  end  the 
fleece  became  finer  and  improved  in  colour,  but  it  was  shorter  and 
more  brittle,  and  not  fitted  for  some  of  its  former  purposes.  On  the 
whole,  a  great  improvement  has  been  effected  both  m  tiie  carcase  and 
the  fleece ;  and  so  satisfactox^  did  this  prove,  that  it  is  now  difficult  to 
find  any  sheep  in  Lincolnduro  that  have  not  been  crossed  with  the 
Leicesters.  This  cross  is  deeper  on  the  wolds  than  in  the  marsh  lands, 
which  mav  serve  to  account  xor  the  diflerenoe  of  the  fleece  in  the  two. 
The  breed  of  these  sheep  genendly  has  been  miktly  increased  since  the 
introduction  of  the  turnip  system.  The  lustrous  character  of  the 
wools  has  given  them  a  nigh  value  in  the  manufacture  of  woollen 
fabrics,  corresponding  to  those  made  of  Alpaca  wool,  with  which  they 
are  mixed. 

Among  the  long-wooUed  sheep  that  have  been  improved  by  the 
admixture  of  the  old  and  new  long-wooUed  breeds  and  the  altered 
system  of  husbandly,  the  inhabitants  of  Romney  Marsh  must  not  be 
forgotten. 

The  Cotswold  sheep,  of  Gloucester,  were  a  long-woolled  breed,  yield- 
ing in  the  15th  century  a  description  of  wool  much  valued  on  account 
of  the  fabrics  in  the  construction  of  which  it  was  employed.  Even 
they,  like  the  rest^  have  amalgamated  themselves  with,  and  been  in  a 
manner  lost  among,  the  Leicesters.  They  were  taller  than  the  present 
sheep,  flat-sided,  deficient  in  the  fore^uarter,  but  full  in  the  hind- 
quarter,  not  fattening  so  early,  but  yielding  a  long  and  heavy  fleece. 
Many  of  these  good  qualities  have  been  preserved,  and  to  them  have 
been  added  that  which  is  of  so  much  importance  to  the  farmer — the 
ciapabiUty  of  rearing  and  fattening  so  msny  mora  sheep  on  the  same 
quantity  of  land,  uid  of  bringing  them  so  much  earlier  to  the  market. 

This  will  be  the  proper  place  to  speak  of  the  thearing  of  the  sheep, 
or  the  separation  of  the  fleece  from  the  animaL  The  animal  is  first 
washed  m  some  running  stream.  Two  or  three  days  are  then  allowed 
for  the  drying  of  the  wool  previous  to  its  being  shorn,  the  sheep  being 
turned  into  a  clean  pasture,  and  remaining  there  until  the  fleece  is 
dried,  and  that  the  new  yolk,  which  is  rapidly  secreted,  may  penetrate 
through  it,  giving  it  a  little  additional  wei^t  and  a  jpeculur  softness. 
As  soon  as  the  sheep  is  shorn,  the  mark  of  the  owner  is  placed  upon  it, 
consisting  of  lamp-blade  and  tallow,  with  a  small  portion  of  tar,  melted 
together.  This  wiQ  not  be  washed  away  by  any  nm,  but  may  be 
removed  by  the  application  of  soap  and  water. 

Few  rules  can  be  laid  down  with  regard  to  the  rearing  and  feeding 
of  sheep  that  will  admit  of  anything  like  general  application.  A  great 
deal  depends  on  the  kind  of  sheep,  end  the  nature  of  the  pasture  and 
the  food. 

Suppose  the  larger  kind  of  sheep,  and  on  arable  ground.  The  ewes 
are  generally  ready  to  receive  the  ram  at  the  beginning  of  OctobOT, 
and  the  duration  of  pregnancy  is  from  about  twenty-one  to  twenty- 
three  weeks,  bringing  tiie  period  of  parturition  to  nearly  the  beginning 
of  March,  at  which  time  most  of  the  lambs  will  be  dropped.  The  ewes 
should  be  fed  rather  better  than  usual  a  short  time  previous  to  the 
male  being  introduced.  Bams  are  fit  to  propagate  their  species  in  the 
autumn  of  the  second  year,  and  that  is  also  the  proper  period  for  the 
impregnation  of  the  ewes.  The  ewe  is,  after  impregnation,  suffered  to 
graze  on  the  usual  pasture,  being  supplied,  as  occasion  may  require, 
with  extra  food,  and  especially  in  case  of  snow,  until  within  five  or  six 
weeks  of  lambing,  when  turnips  are  given  to  her,  and  continued  from 
that  time  until  the  spring  of  grass  renders  them  no  longer  necessary. 
The  turnips  sra  laid  out  for  the  ewes  in  the  grass  fields  in  certain 
quantities  each  day,  but  by  no  means  so  many  as  they  would  consume 
if  permitted  to  feed  without  restriction,  as  it  is  considered  to  be  most 
important  that  they  should  not  be  too  fat  when  the  lambing  season 
approaches.  The  hogs  and  the  fattening  sheep  of  the  previous  year, 
now  one  year  and  a  half  old,  are  put  upon  the  turnips  in  October,  or 
whenever  the  pastures  cease  to  improve  their  condition.  The  turnips 
reqtiired  for  the  cattle,  or  the  ewe-flock,  are  then  drawn  off  in  alternate 
rows,  in  the  proportion  of  one-half,  one-third,  or  one-fourth,  as  the 
convenience  of  the  situation,  the  goodness  of  the  crop,  or  the  quality 
of  the  land  may  dictate.  The  remainder  are  consumed  on  the  ground 
by  the  other  sheep. 

As  the  period  of  parturition  approaches,  the  attention  of  the  shep- 
herd should  increase.  There  should  be  no  dogging  then,  but  the  ewes 
should  be  driven  to  some  sheltered  indosure,  and  there  left  as  much 
as  possible  undisturbed.  Should  abortion  take  place  with  regard  to 
any  of  them,  although  it  does  not  spread  through  the  flodL  as  in  cattle, 


I  yet  the  ewe  should  be  immediately  removed  to  another  inclosure,  and 
small  doses  of  Epsom  salts  with  gentian  and  ginger  administered  to 
her,  no  great  quantity  of  nutritive  food  being  aUowed. 

The  ewes  should  now  be  moved  as  near  home  as  convenience  will 
permit^  in  order  that  they  may  be  under  the  immediate  observation  of 
the  lamber.  The  operation  of  daUiitg,  or  the  removal  of  the  hair  from 
under  the  tail  and  around  the  udder,  should  be  effected  on  every  long- 
woolled  ewe,  otherwise  the  lamb  may  be  prevented  from  sucking  by 
means  of  the  dirt  which  often  accumulates  there,  and  the  lamber  may 
not  be  able  at  all  times  to  ascertain  what  ewes  have  actually  lambed. 
The  datting  before  the  approach  of  winter  is  a  useless,  cruel,  and 
dangerous  operation. 

The  period  of  lambing  having  actually  commenced,  the  shepherd 
must  be  on  the  slert.  The  process  of  nature  should  be  permitted 
quietly  to  take  its  course,  unless  the  sufferings  of  the  mother  are  unu- 
sually great,  or  the  progress  of  the  labour  has  been  arrested  during 
several  hours.  Experience  will  tesch  the  course  to  be  pursued  in  that 
esse.  If  any  of  the  newly-dropped  lambs  are  weak,  or  scaicdy  able  to 
stand,  the  shepherd  must  g^ve  wem  a  little  of  the  milk,  which  at  these 
times  he  should  always  carry  about  him,  or  he  must  place  them  in 
some  shdtered  warm  place ;  in  the  course  of  a  little  while  the  young 
one  will  probably  be  able  to  join  its  dam.  The  operation  of  castration 
should  be  performed  nine  or  ten  days  after  the  birth  of  the  lamb. 

Unless  the  pasture  on  which  the  ewes  are  placed  is  very  good,  it  wiU 
be  advisable  to  continue  the  use  of  the  turnips.  A  moderate  quantity 
may  be  given  twice  in  the  day,  care  being  t^en  that  the  Whole  of  one 
<|uantity  shall  be  eaten  before  any  more  Ib  placed  before  them.  This 
is  a  better  practice  than  hurdling  off  certain  portions  of  the  fidd  for 
the  sheep,  unless  the  land  is  perfectly  dry.  A  little  hay  will  always 
be  serviceable  while  the  flock  is  fed  on  turnips.  It  corrects  the  occa- 
sional wateij  quality  of  the  turnips,  and  the  sheep  usually  thrive 
better  than  u  they  are  fed  dther  on  hay  or  turnips  luone.  Bran  and 
oats,  with  oil-cake,  have  been  recommended  for  tibe  ewes  before  wean- 
ing time,  but  this  is  an  expensive  measure,  and  its  cost  can  hardly  be 
repaid  dther  by  the  ewe  or  the  lambw  By  the  end  of  March  or  the 
beginning  of  April  the  turnips  are  generally  nearly  consumed,  end  the 
farmer  is  occasionally  a  UtUe  pusded  to  find  sufficient  food  for  his 
flock.  He  should  have  had  some  plots  of  rye  to  support  them  for 
awhile.  Rye-grass  and  dover  are  very  serviceable.  Mangold  wurael 
and  Swedish  turnips  that  have  been  carefully  stacked  on  dry  straw 
will  be  most  useful,  for  they  will  retain  their  nutritite  quality  until 
the  flock  can  be  conveniently  supplied  with  other  food. 

At  length  comes  the  time  for  weaning.  In  a  poor  country  it  takes 
place  before  the  lambs  are  much  more  than  three  months  old.  In  a 
more  plentiful  one  the  lambs  may  be  left  until  the  fourth  month  is 
nearly  or  quite  expired.  If  the  pasture  is  good,  snd  it  is  intended  to 
sell  Uie  liunbs  in  store  condition,  the  wesning  may  be  delayed  until 
six  months.  Whichever  time  is  selected,  it  is  of  essential  consequence 
that  the  mothers  and  the  lambs  diould  be  placed  so  far  apart  that  they 
cannot  hear  the  bleatings  of  each  other.  The  ewes  should  be  somo- 
what  carefully  looked  aiter,  and  if  any  of  them  refuse  to  eat,  they 
should  be  caught,  the  state  of  the  udder  ascertained,  and  proper  mea- 
sures adopted. 

The  lambs  should  not  be  put  on  too  stimulating  food.  The  pasture 
should  be  fresh  and  sweet,  but  not  luxuriant.  It  should  be  sufficient 
to  maintain  and  somewhat  incresse  their  condition,  but  not  to  produce 
any  dangerous  determination  of  blood  to  any  part. 

I%e  Diaeata  of  £A«e^.— Commencing  wi^  the  head,  a  paradte,  having 
the  appearance  of  a  bladder  filled  with  pelludd  water,  attacks  the 
brain.  The  origin  of  it  is  connected  with  bad  management,  being 
scarcely  known  in  upland  pastures  or  in  grounds  that  have  been  w^ 
drained.  As  the  parasite  grows,  it  presses  upon  the  neighbouring 
substance  of  the  brain,  and  interferes  with  the  dischai^  of  its  func- 
tions ;  the  sheep  becomes  giddy,  is  frightened  at  any  trifling  or  imagi- 
naiy  object ;  he  separates  himself  from  his  companions ;  he  commences 
a  strange  rotatory  motion  even  while  he  gnizes,  with  the  head  always 
turned  towards  the  same  side.  This  is  the  characteristic  symptom, 
snd  as  soon  as  it  is  perceived  the  animal  should  be  destroyed,  for  there 
is  no  certain  cure,  and  many  of  the  operations  that  some  persons  have 
described  are  cruel  and  ineffident. 

A  somewhat  similar  disease,  but  with  which  the  hydatid  has  nothing 
to  do,  is  Hydroc^haliUf  or  wUer  m  the  head,  generally  indicated  by  a 
little  enlaraement  of  the  skuU ;  a  disinclination  to  move ;  a  slight  stsg- 
gering  in  the  walk ;  a  stupidity  of  look,  and  a  rapid  loss  of  condition. 
This  disease  seldom  admits  of  cure  or  palliation.  If  any  amendment 
can  be  effected,  it  will  be  by  the  administration  of  good  food,  tonio 
medicine,  and  gentle  aperients. 

Another  spedes  of  pressure  on  the  brain  is  of  too  frequent  occurrence 
— Apoplexy.  A  flock  of  sheep  shall  be  in  apparently  as  good  and  fine 
condition  as  the  farmer  can  demre.  They  have  for  a  considerable 
period  grazed  on  the  most  luxuriant  pasture,  and  are  apparently  in  the 
highest  state  of  health.  By  and  bye,  one  or  more  of  them  is,  without 
any  previously  observed  change,  suddenly  taken  iU.  He  staggers,  is 
unconscious,  falls  and  dies,  and  perhaps  within  a  quarter  of  an  hour 
from  the  first  attadL.  With  regai^l  to  how  many  over-fattened  sheep 
is  this  the  case  f  If  there  is  time  for  resorting  to  curative  means,  the 
jugular  vein  should  be  opened,  and  aperient  medidne  administered. 
If^/hmvuUion  of  the  brain  is  a  frequent  consequence  of  over-fseding, 
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WOOL  AND  THE  WOOL  TRADE. 


It  IB  luhered  in  by  duUnefls  and  dismclination  to  moTe  :  but  preBently 
the  eye  brightens^  and  the  animal  attacks  evexything  within  his  reach. 
If  it  can  be  managed,  the  same  treatment  must  be  adopted — bleeding, 
physic,  and  low  feeding. 

ifoave  is  a  distension  of  the  paunch  with  food,  and  the  extrication  of 
gas  from  that  food.  The  hollow  probang  should  be  introduced  into 
the  stomach  to  draw  off  this  gas.  Four  to  five  drachms  of  hartshorn 
in  half-a-pint  of  water  gives  early  relief  to  the  animaL 

There  is  however  a  disease  of  the  liver--  the  Rot — far  more  frequently 
occurring  in  sheep  than  in  cattle,  and  bearing  a  peculiar  and  more 
destructive  character. 

In  the  very  earliest  stage  alone  does  it  admit  of  cure.    The  decisive 

rptom,  at  that  time,  is  a  yellow  colour  of  the  eye  that  surrounds 
pupil  and  the  small  veins  of  it,  and  particularly  the  comer  of  the 
^e,  which  is  filled  with  a  yellow  serous  fluid,  and  not  with  blood. 
O&ere  is  no  other  apparent  morbid  appearance  until  it  is  too  late  to 
struggle  with  the  mahdy ;  on  the  contrary,  the  sheep,  although  per- 
haps a  little  duUer  than  usual,  has  an  evident  propensity  to  fatten. 
The  rot  is  a  disease  of  the  liver — inflammation  of  that  organ ;  and  the 
vessels  of  it  contain  fiukes.  They  are  taken  up  in  the  food;  they  find 
their  way  to  the  liver  as  their  destined  residence,  and  they  create  or 
aggravate  the  disease  by  perpetuating  a  state  of  irritability  and  dis- 
organisation. The  rot  is  evidently  connected  with  the  state  of  the 
pasture.  It  is  confined  either  to  wet  seasons  or  to  the  feeding  on 
ground  that  is  moist  and  marshy.  In  the  same  farm  there  are  fieldi 
on  which  no  sheep  can  be  turned  without  getting  the  rot,  and  there 
are  others  that  never  give  the  rot.  After  long  continued  rains  it  is 
almost  sure  to  appear.  The  disease  may  be  communicated  with  extra- 
ordinary rapidity.  A  flock  of  sheep  was  halted  by  the  side  of  a  pond 
for  the  purpose  of  drinking :  the  time  which  they  remained  there  was 
not  more  than  a  quarter  of  an  hour,  yet  two  hundred  of  them  eventu- 
ally died  rotten.  The  fact  is,  they  then  received  into  their  system  the 
germs  which  ultimately  assumed  the  destructive  form  of  those  flukes 
in  the  Uver  which  destix>yed  them.  In  the  treatment  of  the  rot  little 
that  is  satisfactory  can  be  done.  Some  sheep  have  recovered,  but  the 
decided  majority  periidi  in  despite  of  every  effort.  The  patients  how- 
ever may,  as  giving  them  a  little  chance,  be  moved  to  the  driest  and 
soundest  pastures,  and  there  fed  as  liberally  as  possible ;  but,  above  all, 
plenty  of  salt  ehould  be  placed  within  the  animals'  reach,  and  given  to 
them  in  the  way  of  medicine. 

In  the  way  of  prevention  the  farmer  may  do  much ;  he  may  drain 
the  most  suspicious  parts  of  lus  farm.  No  money  would  be  more 
profitably  expended  than  in  accomplishing  this.  Some  of  the  little 
swampy  q)ots  which  disgrace  the  appearance  of  his  farm  possibly  lie 
at  the  root  of  the  eviL 

JUdtoater,  or  the  efifusion  of  a  bloody  serous  fluid  in  the  cavity  of 
tiie  abdomen,  is  a  frequent  and  very  fatal  disease  among  sheep.  The 
cause  of  it  is  a  sudden  change  from  one  pasture  to  another  of  almost 
opposite  quality,  or  the  moving  of  the  flock  from  a  dry  and  warm  to  a 
damp  and  cold  situation.  It  is  most  destructive  to  lambs  if  exposed 
to  a  nard  frost  or  suffered  to  lie  on  a  damp  and  cold  soil  The  sheep 
will  separate  himself  from  the  rest  of  the  flock ;  he  will  evince  a  great 
deal  of  pain  by  rolling  about,  and  frequently  lying  down,  and  imme- 
diately getting  up  again ;  and,  sometimes,  he  dies  in  less  than  twenty- 
four  hours  from  the  first  attack.  The  bdly  will  be  found  swelled  and 
filled  with  the  red  water,  or  serous  fluid  tinged  with  blood,  from  which 
the  disease  derives  its  name.  The  treatment  should  consist  of  mild 
aperients,  with  gentian  and  ginger,  and  a  liberal  allowance  of  hay  and 
com. 

J>iarrhosa  is  a  very  prevalent  disease  among  lambs,  and  especially 
after  a  change  of  diet  or  of  situation.  When  it  is  not  violent,  and 
does  not  seem  to  be  attended  by  colic,  a  little  absorbent  and  astringent 
medicine,  with  a  few  grains  of  opium,  may  be  administered.  The 
diarrhoea  of  sheep  may  be  similarly  treated,  but  when  the  diseaae  is 
assuming  the  charact^  of  dysentery —vrhem  the  discharge  is  more  fre- 
quent and  copious,  and  mingled  which  mucus,  a  larger  quantity  of  this 
medicine  should  be  given,  and  some  blood  abstracted  if  there  is  any 
degree  of  fever. 

The  diseases  of  the  respiratory  organs  are  often  of  a  serious  character. 
During  the  greater  part  of  the  winter  the  nostrils  will  sometimes  be 
filled  with  mucus,  and  the  sheep  is  compelled  to  stop  for  a  moment  at 
every  second  or  third  bite,  and  snort  violently,  and  stand  with  his 
muzzle  extended  and  labouring  for  breath.  If  his  general  health  does 
not  seem  to  be  affected,  this  will  pass  away  as  the  spring  approaches. 
If  however  any  of  the  flock  should  now  appear  to  l«  losing  flesh  and 
strength,  it  is  too  probable  that  consun^tion  is  at  hand.  The  only 
chance  of  saving  or  doing  them  any  good  will  be  to  place  them  in  some 
comfortable  pEusture,  letting  them  have  ample  food  and  salt  within 
their  reach. 

Lambs,  when  too  early  and  too  much  exposed,  are  subject  to  diseases 
of  the  upper  air  passages,  one  attended  by  a  ringing  cough,  and  tlie 
other  by  one  of  a  more  wheezing  soimd.  Bleeding  will  always  be 
necessary  for  the  first,  with  aperient  medicine.  A  mild  purgative  will 
usually  suffice  for  the  second,  or  possibly  an  ounce  or  an  ounce  and 
a  half  of  common  salt  may  be  given  dissolved  in  six  ounces  of  lime- 
water. 

Inflammation  of  the  lungs,  recognised  by  the  difficulty  of  breathing, 
heaving  at  the  fiafiks^  and  distx^ssing  cough,  is  a  disease  of  frequent 


occurrence  in  sheep.  It  speedily  runs  its  course,  and  the  lungs  axe 
found  to  be  one  dlsoiganised  mass.  Bleeding  and  pui^ging  are  indis- 
pensable :  but  as  soon  as  the  violent  Efymptoms  seem  to  remit,  tonics 
must  follow. 

Oarget. — Inflammation  of  the  udder  is  more  frequent  in  the  ewe 
than  in  the  cow.  The  udder  should  be  well  fomented  with  warm 
water,  and  may  then  be  returned  to  her  lamb. 

JHseases  of  the  Feet, — ^The  treatment  of  foot^rot  essentially  oonsists  in 
piuing  away  all  loose  and  detached  horn.  This  is  the  comer-stone  of 
skilfm  and  successful  practice.  All  fungous  granulations  must  either 
be  cut  away,  or  destroyed  by  the  muriate  of  antimony,  and  the  foot 
well  washed  with  a  solution  of  chloride  of  lime,  llie  muriate  of 
antimony  must  then  be  lightly  applied  over  the  whole  of  the  denuded 
surface.  This  must  be  repeated  daily  until  the  whole  of  the  foot  is 
covered  with  new  horn. 

The  Scab  is  a  very  troublesome  disease,  common  in  the  spring  and 
summer.  The  sheep  is  continually  scratching  himself  with  his  feet, 
tearing  off  the  wool,  and  violently  rubbing  himself  against  every  pro- 
truding substance.  It  is  a  very  infectious  disease,  for  every  place 
against  which  the  sheep  can  rub  himself  becomes  tainted  with  the 
poison.  The  sheep  must  be  housed  and  shorn  as  closely  as  possible, 
and  then  well  washed  with  warm  water.  An  ointment  composed  of 
one  part  of  mercurial  ointment  and  seven  of  lard  must  then  be 
procured,  and  such  a  quantity  of  it  as  the  diseased  parts  seem  to  require 
rubbed  in  on  every  second  day.  Every  place  in  the  field  and  in  the 
fold  against  which  he  can  possibly  have  rubbed  himself  must  be  well 
cleaned  and  painted  before  he  is  permitted  to  return. 

Idee  and  Tieks  will  be  best  got  rid  of  by  the  application  of  the 
mercurial  ointment  just  recommended. 

The  Fly, — Several  species  of  fly  frequently  deposit  their  ova  on  the 
wool  of  the  sheep.  If  there  ore  any  sore  places,  they  are  selected  for 
the  habitation  of  the  larvse.  The  head,  as  uie  most  exposed  part,  is  the 
one  oftenest  attacked,  and  the  sheep  ore  sadly  tormented  by  the  fly 
and  the  larvae.  The  best  preservative  or  cure  is  the  application  of  a 
plaster  composed  of  a  pound  of  pitch  and  a  quarter  of  an  ounce  of 
bees'  wax,  spread  on  sott  leather  or  Unen.  The  attack  may  however 
be  generally  prevented  by  the  application  of  a  small  quantity  of  spirit 
of  tar  to  the  head,  or  any  bore  or  sore  part.  Two  or  three  applications 
of  this  will  be  sufficient  for  the  whole  of  the  summer,  and  not  a  fly 
will  approach  a  sheep  thus  guarded. 

WOOL  AND  THE  WOOL  TRADE.  The  term  vool  is  now  appUed 
almost  exclusively  to  the  fleece  of  the  sheep.  The  distinction  between 
wool  and  hair  is  more  easily  imderstood  than  described.  When  the 
wool  brought  to  bear  in  the  comparison  is  that  of  sheep,  the  distinction 
is  tolerably  well  marked ;  but  in  various  other  animfllii  it  seems  often 
difficult  to  decide  whether  hair  or  wool  be  the  proper  appellation  for 
the  external  covering;  and  hence  perhaps  the  reason  for  the  appro- 
priation of  the  term  wool  principally  to  the  coating  of  the  sheep. 
Wool  compared  with  hair  is  generally  softer,  more  flexible,  and  more 
disposed  to  undeigo  the  feliing  process,  whidb  imparts  to  it  so  much 
value  in  manufactures.  Many  of  the  wilder  animals,  such  as  the 
beaver,  the  racoon,  the  wild  cat,  and  the  otter,  produce  both  hair  and 
wool,  the  hair  forming  the  long  and  conspicuous  outer  fibres,  and  the 
shorter  fibres  of  wool  lying  hidden  beneath.  The  goats  of  ceriain 
regions  of  Asia  Minor,  Tibet,  and  South  America,  yield  woolly  fibres 
of  great  beauty,  which  not  oi:Jy  equal  those  of  the  sheep,  but  greatly 
surpass  them ;  this  wool,  however,  as  we  shall  see  forther  on,  is  too 
costly  to  come  prominently  into  competition  with  that  of  the  sheep. 

In  a  commercial  and  manufacturing  point  of  view,  a  notice  of  wool 
may  consistently  be  confined  to  that  of  the  sheep ;  and  for  an  account 
of  the  varieties  of  sheep,  and  of  the  wool  they  bear,  as  preliminaiy  to 
the  present  article,  we  refer  to  the  article  Wool,  which  immediately 
precedes. 

The  history  of  wool  in  its  unmanufactured  state,  as  regards  the  legis- 
lative enactments  to  which  the  commodity  has  been  sublected,  forms, 
however,  a  distinct  subject,  and  is  full  of  instruction  in  relerenoe  to  the 
principles  of  commercial  economy.  It  enables  us  to  trace  the  gradual 
growth  of  just  opinions  on  such  xnattera,  and  the  many  conflicts  by 
which  these  changes  were  wrought  Wool,  as  an  article  of  wealth,  has 
been  singularly  exposed  to  these  contests ;  for  the  agriculturists  and 
manufacturers  for  ages  took  different  views  of  what  measures  in  refer- 
ence to  the  wool  trade  were  for  the  national  benefit,  influenced  perhaps 
by  what  they  deemed  their  own  interests.  The  reason  lies  in  this  cir- 
cumstance :  that  whereas  the  silk  and  cotton  manufacturers  work  upon 
materials  brought  wholly  from  abroad,  the  woollen  manufacturer 
employs  materials  both  of  home  and  of  foreign  produce ;  and  as  this 
applies  to  foreign  as  well  as  to  English  manufactured,  there  have  arisen 
four  distinct  points  upon  which  the  legislature  has  from  time  to  time 
had  to  decide,  namely — the  free  exportation  of  British  wool;  the 
restrictions  on  such  exportation ;  the  free  importation  of  foreign  wool ; 
and  the  restrictions  on  such  importation.  The  reasons  which  have  led 
the  two  great  class  interests  to  take  opposite  sides  in  the  question,  and 
the  efiects  which  that  opposition  has  had  on  the  wool  trade,  wUl  be 
seen  from  the  following  brief  details. 

In  the  time  of  Edward  I.  a  duty  was  imposed  on  the  exportation  of 
British  wool ;  and  great  complaints  were  made  on  his  increasing  the 
duty  in  1296  from  209.  to  40«.  per  bag.  Lynn,  Newcastle,  Kingston- 
upon-Hull,  Boston,  Yarmouth^  Ipsvriaij  Southampton^  Bristol^  and 
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London  were  appointed  ports  from  whence  wool  might  be  ihipped,  and 
at  which  customa'  officen  were  authorised  to  receive  the  dues.  When 
the  king  had  terminated  some  of  the  wan  in  which  he  -had  been 
engaged,  he  lowered  the  duty  from  40$.  to  half  a  mark  per  bag ;  but 
the  high  duty  was  sgain  imposed  at  a  subsequent  period.  In  1887  we 
hear  of  the  first  enactment  for  prohibiting  the  exportation  of  British 
wool,  a  measure  coincident  with  the  attempts  of  Edwsxd  IIL  to  encou- 
nf^  the  woollen  manufscture  in  England.  Subsequently  the  same  king 
obtained  grants  of  wool  as  the  means  of  defraying  the  expenses  of  his 
wars;  and  the  gross  absurdity  of  his  former  restrictions  could  not  be 
better  shown  than  by  the  fact,  that  while  he  ostensibly  prohiMted  the 
export  of  British  wool,  he  sent  his  own  quota  for  sale  abroad,  ss  he 
eould  thero  obtain  a  higher  price  for  it  than  at  home.  Throughout 
the  remainder  of  his  reign  Edwsxd  had  frequent  contests  with  the 
Commons  and  the  merchants  respecting  his  grants  of  wool,  the  duty 
payable  on  wool  sold,  and  the  prohibition  to  exportation ;  the  contests 
bemg  not  between  agriculturists  and  manufacturers,  but  between  the 
king  on  one  side  and  all  his  subjects  on  the  other.  By  a  statute  of 
27  Edw.  IIL,  the  towns  of  Newcastle,  York,  Bristol,  Lmcoki,  Norwich, 
Westminster,  Canterbury,  Chichester,  Winchester,  Exeter,  Caermar- 
then,  Dublin,  Waterford,  Cork,  and  Drogheda  were  appointed  iiapUi 
for  wool ;  that  is,  places  where  alone  wool  could  be  sold*  Mayors  of 
the  staple  were  appointed  to  seal  every  sack  of  wool  sold ;  a  customs' 
duty  of  half  a  mark  per  sack  was  chaiged  to  denixens,  and  of  10s.  a 
sack  to  aliens ;  and  the  power  of  expwting  was  limited  to  merchant 
strangers,  or  to  Hanse  town  merchants. 

During  the  reigns  of  Richard  II.  and  Henry  IV.  there  were  repeated 
grants  or  subsidies  of  wool  to  the  king,  petitions  from  towns  concerning 
the  places  for  the  staple,  idterations  in  the  customs'  duty,  and  licences 
granted  to  purticular  parties  in  respect  of  exportation.  The  same, 
indeed,  may  be  said  reflpecting  the  next  two  reigns ;  but  by  the  time 
of  Henry  Yl.  the  merchants  oi  the  staple  appear  to  have  acquired  a 
kind  of  monopoly,  which  was  often  made  a  subject  of  complaint. 
Edward  IV.  enacted  that  no  alien  should  export  wool,  and  that 
denizens  should  export  it  only  to  Calais ;  and  in  the  next  three  reigns 
the  policy  pursued,  however  mistaken,  seems  to  have  arisen  ra^er 
from  a  hope  of  encouraging  woollen  manufactures  in  England  than  to 
fill  the  coffers  of  the  king.  In  the  reign  of  Edward  VL,  the  land- 
owners of  England,  finding  the  sale  of  wool  profitable,  began  to  inclose 
common  lands  ss  sheep  pasturages  with  so  much  eagerness  as  to  cause 
great  complaints  to  be  made ;  and  this  may  perhaps  be  taken  as  the 
commencement  of  a  new  order  of  proceedings,  so  far  as  the  cultivators 
took  up  a  position  really  or  apparentlv  opposed  to  the  interests  of  the 
people.  It  was  not,  however,  tfll  the  time  of  Charles  L  that  the  abso- 
luto  prohibition  of  exportation  was  determined  on  seriously ;  and  this 
seems  to  have  been,  in  the  first  esse,  not  so  much  a  measure  demanded 
hy  the  manufacturers,  as  a  source  of  revenue  to  the  king  by  granting 
licences  to  favoured  persons.  After  the  Restoration,  in  1660,  however, 
the  prohibition  became  distinctly  enacted. 

From  1660  to  1825,  the  export  of  wool  was  strictly  prohibited.  The 
consequences  of  this  prohibition  soon  showed  themselves.  The  wool- 
growers,  shut  out  from  a  foreign  market,  sufifored  from  diminution  of 
price ;  1^  kinds  of  extravagant  expedients  were  resorted  to,  to  increase 
the  consumption  of  wool;  a  system  of  wool-running,  or  smuggling, 
became  very  prevalent;  and  many  pamphlets  appealed  from  parties 
taking  opposite  sides  of  the  question  at  issua  The  sgriculturists,  thus 
restricted  in  respect  to  wool,  insisted  on  the  prohibition  of  the  import 
of  Irish  cattle,  as  one  means  of  maintaining  tneir  rents ;  this  ^sturbed 
the  course  of  trade  between  England  and  Ireland ;  and  the  attempts 
made,  at  the  instigation  of  the  woollen  manufucturers,  to  compel  the 
use  of  woollen  goods,  excited  the  hostiUty  of  the  silk  and  linen  trades; 
and  tiius  the  whole  commercial  system  became  disananged.  Nume- 
rous pamphlete  were  publiahed  in  the  last  century,  of  &e  following 
general  tenor :  from  Enctish  wool-growers,  to  show  that  Irish  wool 
ought  not  to  be  imported  into  England ;  from  KngKsh  manufacturers, 
to  show  that  Irish  wool  ought  not  to  be  sent  to  foreign  countries  j 
from  Irish  gnuders,  to  show  that  both  of  these  res&iotioDS  were 
unjust;  and  from  foreigners,  to  show  that  the  non-exportotlon  of 
British  wool  led  to  retaliative  measures  on  their  part.  The  agricul- 
tural and  manufacturing  classes  felt  that  they  were  by  legislative  mea- 
siures  thrown  into  snts^nism;  and  there  arose  frcm  time  to  time 
c<»nplainto  on  both  sides.  A  slight  sketeh  of  what  occurred  in  1781 
will  convey  a  correct  idea  of  the  usual  stete  of  party  feeling  concerning 
the  wool  trade,  for  a  period  long  subsequent^  as  well  as  long  previous, 
to  that  date.  The  price  of  wool  being  low,  meetings  were  held  in 
Lincolnshire  and  elsewhere,  under  the  auspices  of  the  great  landowners ; 
at  which  petitions  to  parliament  were  a^^^ed  to,  praying  that  British 
wool  might  be  exp(»ted,  «id  that  Irish  wool  might  be  excluded  from 
Englsnd.  Thereupon  tiie  Yorkshire  manufacturers  met,  and  came  to 
resolutions  that  the  exportation  of  wool  would  be  ruinous  to  the  trade 
and  manufacturers  of  England;  that  the  manufacturen  would  be 
obliged  to  leave  tiie  kingdom  for  want  of  employment ;  and  that  the 
importetion  of  Irish  woollen  yarn  ouftht  to  be  interdicted.  The 
worsted  manufacturers  were  parUcularly  vehement,  for  they  luid  a 
notion,  whether  correct  or  not»  that  no  other  oountvy  produced  long 
combing  or  worsted  wools  equal  to  that  of  Lincolnsmre ;  snd  that  if 
they  coukl  keep  the  whole  of  this  wool  in  Bnglaad,  they  niight  perhaps 
retain  a  monopoly  of  the  worsted  trade. 
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The  union  with  Ireland,  in  1800,  was  another  cause  of  disagreement 
in  the  wool  trade.  Bv  one  of  the  resolutions  of  parliament  prepara- 
tory to  that  measure,  it  was  determined  that  the  two  countries  should 
be  placed  on  an  equalitv  as  regards  bounties,  prohibitions,  &c ,  on  the 
natural  produce  of  eacn.  One  effect  of  this  would  be  to  legalise  the 
transit  of  wool  from  England  to  Ireland ;  and  the  manu^icturers  in  a 
body  opposed  it,  but  without  success.  Thus  was  effected  one  stop  in 
the  attunment  of  increased  power  on  the  part  of  the  English  wool- 
growers  ;  snd  another  step  was  made  in  1802,  by  the  imposition  of  a 
duty  of  6f.  3c{.  per  cwt.  on  the  importation  of  all  foreign  wooL  This 
latter  measure  of  course  enhanced  the  comparative  price  of  English 
wooL  It  had  long  been  urged  that  foreign  wool  was  indupensably 
necessaiy  to  the  manufacture  of  some  kinds  of  goods,  and  towards  the 
end  of  the  last  century  the  importo  became  considerable.  Tear  after 
year  the  quantity  increased,  and  bv  1800  it  reached  4,000,000  lbs.  in 
the  year,  being  about  ^th  part  of  the  quantity  required  in  the  manu- 
facture. This  alarm^  the  landowners,  who  thereupon  procured  the 
imposition  of  a  duty  of  fit.  Zd,  At  various  times  the  leading  sgricul- 
tunste  made  laudable  attempte  to  improve  the  quality  of  Rngliah  wool, 
by  introducing  the  Spamsh  merino  sheep ;  but  they  still  found  Uiat 
when  their  wools  came  into  the  market  with  those  from  Spain  and 
Saxony,  the  latter,  notwithstanding  the  import  duty,  commanded  a 
more  ready  sale  for  the  manufacture  of  the  finer  cloths.  Hence  an 
increase  of  the  import  duty  was  constantly  uxged  upon  the  government, 
and  such  an  increase  was  made  to  a  souJl  extent  in  1813,  by  fixing 
the  dutv  at  6f.  Sd,  instead  of  5t,  Zd»  per  cwt.  But  this  not  satisfying 
the  Ifuadowners,  renewed  demands  were  made;  and  by  Uie  year  1816 
parties  were  placed  in  a  curious  antagonism,  which  may  be  thus 
represented : — 

LandowBSca^  GfadiBs.'  lIsasAwtoiers'  Claims. 

Bestrletsd  imports  of  wooL  1  f  Uoreitrioted  Imports  of  wooU 

Unrettxieted  ezporta    , ,      |  \  Beslrleted  exports         ^ 

The  landowners  wished  to  keep  out  foreign  wool,  that  their  own 
might  command  a  higher  price ;  and  at  the  same  time  wished  for  an 
unrestricted  foreign  market  for  their  own  wooL  The  manufacturers, 
on  the  other  hand,  wished  for  a  free  import  of  foreign  wool,  because  it 
was  best  adapted  for  their  work ;  and  at  the  same  time  wished  to  pre- 
vent the  export  of  British  wool,  as  a  means  of  monopolising  woollen 
manufactures.  Each  party  argued  consistently  with  liberal  policy  in 
one  instance,  but  displayed  the  narrow  spirit  of  monopoly  in  the  otiier : 
there  was  a  right  and  a  wrong  on  each  side— a  liberal  and  an  iUiberal ; 
and  the  two  psrtiee  were  so  far  pretty  equally  matohed.  In  most  of 
the  subsequent  measures  taken  by  the  two  parties  in  reference  to  the 
wool  trade,  the  peers  and  commoners  belonging  to  Tori:shire  generally 
took  the  mannfacturers*  view  of  the  question;  while  those  in  the 
sheep-rearing  counties  took  the  opposite  view ;  and  petitions  and  reso- 
lutions were  poured  forth  in  abundance  by  both  parties.  In  1818  the 
matter  was  brought  on  in  parliament  by  the  agriculturists,  and  lost  by 
only  a  very  small  majority ;  but  in  the  following  year  the  country  was 
taken  by  surprise  by  a  government  proposition,  which  was  carried  by  a 
large  majority,  to  increase  the  import  duty  on  foreign  wool  from  6«.  6d, 
to  66a  per  cwt. 

The  depressed  stete  of  the  woollen  trade,  partly  consequent  on  this 
impolitic  tax,  was  one  of  the  moving  causes  to  the  disturbances  in  the 
north  between  1819  and  1821 ;  and  the  attention  of  the  government 
was  repeatedly  directed  to  this  matter  by  the  opposite  stetomento  of 
different  parties.  In  1824,  Mr.  Robinson,  after  aUuding  to  the  peculiar 
tinge  of  monopoly  shown  in  the  argumento  of  both  parties,  proposed 
to  admit  Uie  export  of  British  wool  at  a  duty  of  one  penny  per  pound, 
and  the  import  of  foreign  wool  at  an  equal  duty — thus  showing  to 
both  parties  the  same  meed  of  fairness.  Neither  party  seemed  very 
well  pleased  with  the  proposal ;  but  ministers  brought  it  before  parlia- 
ment, and  carried  it  into  a  law.  In  the  following  year  (1825),  Mr. 
Huskisson  carried  some  of  his  measures,  which  still  further  opened  the 
woollen  trade. 

In  1828  the  wool-growers  induced  the  House  of  Lords  to  appoint  a 
Comxhittee  of  Inquiry ;  but  the  evidence  taken  before  it  appears  to 
have  convinced  the  government  that  it  would  be  wrong  pohcv  to  re- 
impose  the  import  duty  as  a  protective  measure ;  and  there  has  not 
since  then  been  an^  renewal  ox  the  obnoxious  duties. 

Many  of  the  legislative  enactmente  here  alluded  to  depend  evidently 
on  some  peculiarity  in  foreign  wool  which  fite  it  for  manufacture ;  and 
this  was  strikingly  illustrated  in  the  evidence  before  the  Loxds'  Com- 
mittee, in  1828,  where  several  eminent  manufacturers  steted  that  they 
could  scarcely  find  a  sale  for  any  woollen  cloths  if  made  wholly  of 
English  wool.  This  led  to  many  laudable  efforts  to  improve  the 
character  of  both  our  long  and  short-wooUed  sheep. 

We  will  now  briefly  trace  the  progress  of  the  wool-trade,  in  rdation 
to  the  produce  of  English  fleeces,  and  the  importation  of  othecs  from 
abroad. 

In  the  year  1800  Mr.  Luccook  estimated  the  quantity  of  wool  pro- 
duced in  England  and  Wales  thus : — 


Short  wool 
Long  wool 
Skin  wool 


SOS,7S7 

181,794 

ft8.705 


809,236 


n 
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Hr.  Hubbard's  estimate  for  1828 


Short  wool 
Lonff  wool 
Bldnwool 


.  129,917  pseki. 
.  263,647 
•    69.409 


•I 


468,109     .,» 


a  pack  beiD^  equal  to  240  lbs.  It  has  often  been  asserted  that  the 
attempts  to  miprove  the  quality  of  English  mutton  has  deteriorated 
the  quality  of  the  fine  wool,  but  increased  the  ouanHty  of  the  long 
wool ;  and  this  seems  to  be  borne  out  by  the  numbers  here  given.  Mr. 
Bischoff  gives  a  table  to  show  the  quantity  of  foreign  wool  imported 
eveiy  year  from  1741  to  1841,    We  will  give  a  few  of  the  years. 

lbs.  lbs. 


1771  . 

.    .  1,829,772 

1811  . 

.    4,739,972 

1781  .     . 

.  2,478,832 

1821  .     . 

.    9,770,103 

1791  . 

.    .  3,014,5111 

1831  . 

.  81,652,029 

1801  .     . 

.  7,371,774 

1841  .     . 

.  49,710,396 

These  numbers  sufficiently  show  how  prone  English  woollen  manufiEM:- 
ture  is,  when  left  to  itself^  to  derive  aid  from  the  use  of  foreign  wool. 
All  the  finer  wools  used  to  be  brought  from  Spain ;  but  in  1765  the 
elector  of  Saxony  imported  into  his  dominions  a  few  Merino  sheep, 
which  have  had  a  most  surprising  influence  on  the  trade  in  wool.  The 
Saxony  Merinos,  instead  of  degenerating,  improved  upon  their  Spanish 
progenitors,  and  the  wool  afforded  by  them  has  ahnoet  driven  the 
Spanish  wool  out  of  the  English  market.  In  1800  the  imports  of  wool 
from  Spain  were  fourteen  times  as  large  ss  from  Qermany ;  whereas  in 
1840  Uiose  from  Qermany  were  seventeen  times  as  large  as  those  from 
Spain. 

The  inquiries  made  within  the  last  twenty  yean,  into  the  history  of 
the  M[ool-trade^  present  many  mints  of  intcHrest.  How  many  idieep 
there  are  grazing  in  the  United  Kingdom  at  one  time,  and  how  much 
wool  is  obtained  from  them,  are  matters  on  which  no  trustworthy 
figures  have  been  given.  All  is  guess-work.  In  1860  Mr.  P.  L. 
Simmonds  gave  a  curious  comparison  of  estimatea  made  at  different 
times  during  the  present  century,  relating,  in  most  instances,  to  the 
number  of  sheep  supposed  to  be  living  at  one  time,  but  more  especially 
to  the  supposed  weight  of  wool  annually  obtained  from  them.  These 
estimates  are  eleven  in  number.  The  quantities^  or  round  numbcnrs, 
are  as  follows : — 


Year. 

Compoter. 

Sheep. 

Wool. 

1801 

LqcoocIc 

.  20,000,000 

94,000,000  lbs. 

1828 

Hubbard 

T 

111,000,000  „ 

1634 

M*CaUooh    . 

.  82,000,000 

t 

1835 

U'Queen 

.  48,000.000 

247,000,000  „ 

1645 

Low    . 

.  85,000,000 

157,000,000  „ 

1851 

Soathey  • 

.  65,000,000 

275,000,000   „ 

1852 

Poole  « 

.  82,000,000 

128,000,000   „ 

1857 

Athworth       . 

1 

148,000,000   „ 

1858 

Balnes 

t 

200,000,000  „ 

1860 

Wray      . 

.  55,000,000 

275,000,000  „ 

1860 

Simmonds    . 

.  50,000,000 

250,000,000  „ 

Mr.  Leonard  Wra^,  in  I860,  made  an  earnest  attempt  to  arrive  at 
the  truth ;  the  opimons  expressed  to  him  by  wool-growers  and  wool- 
staplers  were  most  discordant ;  but  he  arrived  at  a  hypotiietical  result 
very  similar  to  one  which  Mr.  Southey  had  put  forth  in  1851.  Mr. 
Simmonds  has  given  a  curious  comparison  of  the  wool-producing 
powers  of  various  kinds  of  sheeps'  food,  only  possible  since  the  wide 
development  of  the  study  of  agricultural  chemistry.  According  to 
this  comparison,  equal  weights  of  the  following  kinds  of  food 
will  lead  to  the  production  of  the  following  weights  of  wool : — 

Potatoes,  raw,  witb  ialt  .       .       •       .        .    OjofwooL 
MangeUwnriel,  raw    •        •        .        «        •    .    5|      .. 

Wheat 14 

Oats ,        .    .  10 

Bye,  with  salt  •••..•  14 
Bje,  without  salt  .  .  ,  ,  .  •  12j 
Barley  •  .  .  .  •  .  .  .  i2j 
Peas 16] 


M 

II 


Buckwheat ,10 


If 

M 


ti 


Peas,  wheat,  and  rye  with  salt,  thus  appear  to  be  the  best  What  is 
the  best  mu/fon-producing  food  for  sheep,  a?  contrasted  with  t0oo^pro• 
ducing,  we  have  no  concern  with  here.  There  are  six  diffei«nt  quali- 
ties which  manufacturers  look  for  in  wool— ^Snsneif^  or  equable  thinn<>ff 
of  fibre ;  fuUnest,  or  closeness  in  the  growing  of  the  locks  on  the 
sheep ;  fretntu,  or  absence  of  entanglement  in  the  fibres;  toundnm,  or 
strength  of  fibre  when  pulled  in  combing ;  length,  or  a  fitness  in  the 
length  of  fibre  for  each  x>articular  kind  of  manufacture ;  and  f^/2netf , 
or  a  certain  degree-  of  silkiness  to  the  touch.  Ancoiding  to  the 
degree  in  which  wool  possesses  any  or  all  of  these  qualities,  so 
is  the  price  which  it  will  command  in  the  marketw  During  the 
latter  half  of  the  last  centurv,  English  wool  commanded  from  6(i.  to 
1#.  Irf.  per  pound.  During  the  first  quarter  of  the  present  century, 
the  price  varied  between  the  wide  limits  of  7d,  and  8#.  Since  the 
fi-eedom  of  import  and  export,  the  price  has  depended  more  con- 
sistently on  the  actual  quality.  While  English  wool,  very  little 
applicable  to  the  m  mufacture  of  fine  clotb^  sells  at  lOd,  or  1«.  per  , 


pound.  Saxony  or  Merino  wool  will  often  command  2f .  to  ia;  The 
«>od  Saxony  fleeces  are  alwavs  smaller  in  weight  than  the  coarser 
English;  the  former  varying  from  2  lb.  to  3  lb.,  the  latter  from  4  lb. 
to  5  lb.  About  half  the  home  supply  is  used  for  worsted  goods,  and 
half  for  cheap  woollens;  the  best  woollens  now  depend  wholly  on  the 
use  of  foreign  wooL 

One  of  the  most  notable  present  features  in  the  wool  trade  is  the 
competition  of  Australia.  We  have  said  that  Germany  nearly  drove 
Spain  out  of  the  market ;  and  now  Australia  is  eclipsing  Germany.  It 
is  found  that  the  climate  and  soil  of  Australia,  and  the  kind  of  labour 
obtainable,  are  favourable  to  the  growth  of  wooL  This  has  been  done 
with  very  little  encouragement  from  external  sources. 

Wool  is  largely  imported  horn  the  British  possessions  in  Sooth 
Africa.  India,  it  is  behoved,  could  easily  supply  us  with  200,000,000  lbs. 
of  wool  annually,  by  the  display  of  a  liule  energy.  Chinese  sheep, 
brought  to  England  and  America,  have  proved  very  profitable,  produo- 
ing  large  fleeces  of  wool  suitable  for  cheap  goods.  Australia  could 
greatly"  increase  her  present  supply,  did  not  gold-digging  frequentiy 
disturb  the  course  of  pastoral  industry.  The  United  Statee  do  not 
produce  enough  wool  for  their  own  manufactures ;  they  import  good 
wool  from  Europe,  and  cheap  wool  from  South  AmerioiL  It  affbrds  a 
curious  instance  of  the  tendencies  of  trade  when  unshackled,  that  the 
United  States^  mills  work  up  Australian  wool  which  has  codm  to  them 
vid  England— a  distance  altogether  equal  to  two-thirds  of  the  dnsuit  of 
the  globe. 

The  total  quantities  of  wool— whether  sheeps',  lambsT,  or  Alpaos, 
imported  in  recent  years,  will  conveniently  be  shown  by  taking  eeitain 
dates,  three  years  apart : — 

lbs. 

1848  .    .  .  49,248,008 
1846  .  .    .  68,285,462 

1849  .    .  •  76,768,647 

It  will  sufiice  to  take  one  year,  I860,  to  ahow  the  trade  a  little  more 
in  detail: — 

lbs. 

Wool  from  AostraUa 80,168,080 

Morthtm  Europe  ...    88,840,061 

East  Indlss    .....    20,214,178 

South  Africa 16,674,845 

Other  countries       .       «       •       •    10,705,283 


lbs. 

185t  . 

•    .    08,761,488 

1855  . 

.    09,800,446 

1858  • 

.    .  126,7S8,7U 

ft 
I* 


145,500,651 

Of  this  quantity,  however,  rather  mote  then  80,000,000  lbs.  were 
exported,  leaving  about  115,000,000  lbs.  of  foreign  and  colonial  wool 
to  be  used  up  by  our  woollen  and  worsted  manufacturers. 

It  will  be  desirable  here  to  say  a  few  words  oonoeming  the  pro- 
spective supply  of  that  peculiar  kind  of  wool  called  cJ^aca,  Under 
Au>aoa  Wool  it  was  stated  that  Australisa  sheep  farmers  were 
beginning  to  attend  to  this  subject.  We  will  here  briefly  notice  itiai 
has  been  done  since  that  article  was  written.  It  is  to  'Mr.  Charles 
Ledger  that  we  owe  moat  of  what  is  known  conoeniing  the  wool  of  tiie 
aJ»aca,  llama,  vicnfia,  and  guanaeo,  animals  which  paotura  on  the  hi^ 
table-lands  among  the  Andes.  Those  four  kinds  have  slight  differences ; 
and  by  cross  breeds  between  the  animals  it  is  believed  that  wool  will 
be  obtained  of  finer  quality  than  any  yet  known.  The  Peruvians  use 
Uama  wool  for  sacking,  oordMe^  carpets,  bed  coverlets,  to.,  and  alpaca 
wool  for  various  textile  fabrics.  Mr.  Outram,  of  HaUfaac,  first  ovo^ 
came,  in  1885,  the  difficulty  of  spimung  alpaca  wool  hj  machineiy; 
and  Mr.  Titus  Salt,  of  Saltairo,  made  those  further  improvements 
which  established  alpaca  among  the  staple  manufactures  of  Y  orkshire-- 
especially  when  combined  with  cotton  warp  for  strong  but  cheap 
goods,  and  with  silk  for  waistcoaiings  and  ladles'  dreues.  A  demand 
having  been  thus  created,  the  supply  has  gradually  increased.  Alpaca 
comea  to  England  in  small  bales,  from  60  lbs.  to  150  lbs.  each.  1835 
was  the  first  year  of  considerable  import;  it  amounted  to  about 
100,000 lbs.;  this  increased  to  1,200,000 lbs.  by  1845;  and  from  1851 
to  1860  the  imports  avenged  about  2,500,000  lbs.  yearly.  The  price 
has  fluctuated  considerably,  from  8«{.  to  St.  9(2.  per  lb. 

Mr.  Ledger,  for  many  years  a  resident  in  Peru,  conceived  the  idea 
of  transferring  alpacas  to  Australia^  as  a  oommeroial  speculation.  In 
1853  he  went  to  Melbourne  and  Sydney,  to  ascertain  whether  the 
climate  and  soil  of  Australia  were  suitable  for  his  purpose ;  and  he 
found  spots  which  possessed  in  an  admirable  degree  aU  the  requisite 
qualities.  He  returned  to  Peru  and  made  arrangements  for  gradusUy 
buying  and  rearinga  large  stock  of  alpacas :  tmdergoing  great  hudships 
wmle  travelling  re^tedly  over  the  Andes.  It  was  not  until  1858 
that  he  could  get  his  flock  into  the  Argentine  States ;  for  the  govern- 
ment  of  Peru  placed  all  kinds  of  obstacles  in  the  way  of  their 
exportation.  At  length,  in  November  1858^  a  flock  of  278  alpacas, 
Uamas,  and  vicufias  arrived  safely  at  Sidney.  In  May,  1859,  he  began 
a  tour  of  inspection,  at  the  instance  of  the  New  Soutii  Walea  govern- 
ment, to  select  the  best  place  for  a  breeding  and  pasture  ground.  He 
fixed  on  the  Maneroo  district,  about  260  nmes  from  Sidney*  The  fint 
shearing,  in  November  of  that  year,  was  too  ear^,  and  the  wool  wu 
pronounced  in  Torkshiro  to  be  too  short-stapled  for  tiie  best  goods. 
The  flock  was  transferred  to  Maneroo ;  and  the  numbers  are  gradually 
increasuDg.  Mr.  Ledger  has  made  a  calculation  that,  allowing  for 
accidents,  deaths^  bad  years,  ftc.^  he  very  earnestly  looks  forward  to 
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3000  alpacM  bv  1870 ;  and  if  ihis  eetunate  be  borne  out»  the  inorease 
after  that  would  be  very  rapid.  The  New  South  Wales  government, 
regarding  the  Bubject  as  one  6f  great  colonial  importance,  have  made 
liberal  arrangementa  with  Mr.  Ledger ;  for  Yorkshire  will  ei^erlv  buy 
all  the  alpaca  that  Australia  can  produce ;  and  espedaUy  will  this  be 
the  case  if  the  quality  can  be  maintained  at  a  hi^  standard. 

WOOLLEN  AND  WORSTED  MANUFACTURES.  The  manu- 
faotures  in  wool  and  in  worsted  are  so  closely  connected,  in  re! wenoe 
both  to  their  past  history  and  to  the  industrial  amuagements  involved 
in  them,  that  it  will  be  convenient  to  treat  of  them  unider  one  heading. 
Wools  are  divided  into  two  great  cltjmM—eUUhing'WooU  and  com^n//- 
tBooU,  or  tkofi^¥fOoU  and  long^wook;  and  the  fabrics  woven  from  them 
are  tenned  tooo/iens  or  vont4d$,  according  as  the  one  or  the  other  is 
employed.  Clothing-wools  possess  in  high  perfection  that  peculiar 
proper^  which  enables  the  fibres  to  Mt  or  interlace  one  among 
another,  and  to  form  thereby  the  dense  compact  material  of  which 
men's  garments  are  so  largely  made  in  this  country,  as  well  as  the 
still  tlucker  felt  for  hats  [Hat  MAirorACTUBB] ;  whereas  combing- 
wools,  tiiough  long  in  fibre,  are  deficient  in  the  felting  property, 
and  are  therefore  employed  for  stu£b,  merinos,  hosiery,  iad  a 
large  number  of  fabrics  which  do  not  undergo  the  felting  or  fulling 
process. 

Midtry,— It  is  proboble  that  no  other  of  the  textile  manufsctures  is 
BO  anoieBt  as  that  of  wooL  Sheep  were  reared  from  the  earliest  timee, 
and  there  caa  be  little  doubt  that  the  use  of  the  wool  for  nlothing  was 
soon  adopted.  If  a  mass  of  woolkn  fibres  be  preaMd  firmly  together 
in  a  flat  layer,  the  fibres,  by  virtue  of  their  felting  property,  will  cohere 
into  a  continuous  sheet  even  without  the  process  cf  weaving ;  and  this 
property  oould  not  fail  to  attract  notice.  The  pssiBgnB  in  the  Bible 
which  seem  to  aJlude  to  the  use  of  woollen  gamients  are  well  known ; 
and  we  have  indirect  evidence  from  various  quarters  to  show  the  pro- 
valence  of  a  similar  custom  in  the  East  geneially,  in  early  times.  The 
spinning  of  the  fibres  was  most  probably  effected  by  the  fingers ;  while 
the  thi^e  or  teaale,  as  at  present,  was  used  to  comb  out  the  fibres ; 
the  dyeing  of  the  threads,  too,  it  is  quite  evident,  was  well  understood 
by  the  andenta.  Among  the  Qreeks  and  Romans  the  woollen  manu- 
facture was  of  a  domesbUs  character ;  but  yet  it  would  seem  that  the 
clothing  of  large  armies  must  have  required  arrangements  of  a  more 
extensive  kind.  The  nafcives  of  India,  after  the  epoch  of  Maoedcoisn 
oonquests  in  that  country,  made  shawl-dotha  of  exquisite  beaoty,  con- 
sisting, as  is  supposed,  m  short  wool  woven  without  felting :  and  the 
Greeks  and  Romans  may  have  derived  some  of  their  modes  of  pro- 
ceeding from  such  a  quarter.  But  however  this  may  be,  the  Romans 
of  both  sexes  wore  woollen  garments  verv  generally. 

The  decay  of  the  arts  consequent  on  the  irruption  of  the  barbarians 
into  Rome  did  not  appear  to  have  extended  to  this  manufacture. 
Woollen  dothmg  was  still  made  in  most  of  the  countries  where  the 
Romsns  had  established  colonies ;  and  there  are  indications  that  in  the 
10th  century  the  manu&cture  became  the  occunation  of  a  particulsr 
fraternity  in  the  Low  Countries.  The  wool  emiuoyed  was  at  first  the 
produce  of  their  own  country;  but  they  afterwards  imported  wool 
from  other  countries,  and  carried  on  the  manufacture  to  such  an  extent 
that  the  Low  Countries  became  in  a  great  measure  the  clothing  district 
for  Europe.  Spain  produced  doth  for  herself,  and  acquired,  about  the 
13th  century,  considerable  reputation  for  the  beauty  of  the  fabrics 
produced,  consequent,  we  msjf  suppose,  on  the  fine  wool  which  tiie 
Spanish  aheep  have  for  ccntunes  produced.  The  Italians  and  £Vench 
entered  upon  this  msnufseture  at  a  later  period. 

In  the  time  of  William  the  Conqueror,  an  inundation  which  occurred 
in  the  Netherlands  drove  manv  of  the  clothiers  into  other  countries, 
and  some  of  them  came  to  Engnnd.  William  of  Malmesbury  says  that 
the  kin^,  glad  of  such  an  accession,  placed  these  Flemish  dothiers  first 
in  Carlisle  and  th^i  in  the  western  counties.  From  that  time  the 
mention  of  dothiers  is  frequent  in  the  old  chronicles ;  London,  Oxford, 
Lincoln,  Huntingdon,  York,  Nottingham,  and  Winchester,  bdng  ena- 
merated  as  towns  wherein  the  manufscture  was  carried  on ;  while  at 
other  towns  there  were  doth-deslers  who  paid  a  licence^uty  to  the 
king  for  the  privilege  of  buying  and  selling  dyed  doths.  It  has  been 
stated  [Wool  ahd  thb  Wool  Trade]  that  the  kin^  frequently  derived 
considerable  revenues  from  English  wool ;  and  this  drcumstsnce  led 
to  the  enactment  of  many  laws,  tending  to  the  exdusion  of  fonign 
wool  and  the  use  oi  Rnfflish  wool  only  in  our  manufactures.  The 
esdusion  of  Spanish  wool  from  English  broad-doth ;  the  limitation  of 
the  width  of  broad-doth  to  two  yards ;  the  deteormination  of  the  width 
of  striped  doth  made  at  Bristol ;  the  appointment  of  towns  where 
alone  doth  could  be  bought  and  sold ;  the  appointment  of  the  office  of 
king^s  Aulnager,  whose  duty  it  was  to  attmid  the  doth-markets,  and 
measure  all  tibe  doth  sold,  to  see  that  there  was  no  defidency  of  length, 
and  who  recdved  a  fee  for  evexy  i»eoe  of  doth  to  which  he  attatmed 
his  seal ;  the  prohibition  to  export  woollen  doths  until  they  had  been 
fulled ;  the  granting  of  permission  to  make  certain  coarse  kinds  of 
doth  three^uarters  of  a  yard  in  width ;  the  fixing  of  a  leaden  seal  to 
pieces  of  doth  wrought  in  London  and  the  suburbs — these  are  some 
of  the  laws  by  which  the  government  tried  or  hoped  to  regulate  the 
manufacture;  and  they  will  serve  to  convey  an  idea  of  the  general 
character  of  others. 

Edward  IIL  brought  about  a  great  extension  of  the  manufacture  bv 
inviting  over  some  skilful  weavers  from  tiie  Netherlands.    BngUsh 


wool  was  said  to  be  worked  up  more  successfully  in  the  Netherlands 
than  in  England ;  and  Edward  thought  that  by  getting  over  some  of 
the  Flemings  to  this  country,  he  oould  improve  the  native  manufacture. 
This  seems  to  have  been  done ;  and  the  following  distribution  of  the 
manufacture^  consequent  on  tins  immigration,  shows  how  widdy  this 
branch  of  industry  became  spread — Norfolk,  fustians ;  Sufiblk,  baize ; 
Essex,  says  and  serges ;  Kent,  broad^doth ;  Devon,  kerseys ;  Glouces- 
tershire, doth ;  Worcestershire,  doth ;  Wales,  frieses ;  Westmoreland, 
doth ;  Yorkdiire,  cloth;  Somersetshire,  serges ;  Hampshire,  Berkshire, 
and  Sussex,  doth. 

For  eeveral  reigns  subsequent  to  that  of  Edward  III.,  the  woollen 
doths  made  in  England  appear  to  have  been  chiefly  of  a  coarse  quality ; 
the  majority  of  the  manumcturers  directing  their  attention  chiefly  to 
worsted  fabrics;  while  the  finer  broad-doths  were  imported  from 
Brabant,  a  proof  that  the  exertions  of  Edward,  though  successful  as 
regards  the  extent  of  the  manufacture,  were  not  so  in  respect  of 
qualify.  By  the  rei^  of  Henrv  YIII.  the  exports  of  English  doths 
became  vay  large,  msomuch  that  when,  through  foreign  wars,  the 
markets  of  Spain  and  the  Netherlands  were  dosed  to  the  English,  great 
complaints  arose  among  the  manufacturers,  who  could  not  sell  the 
doth  which  they  sent  to  ^sckwell  Hall,  a  kind  of  Cloth  Hall  whence 
London  dealers  and  merchants  were  supplied.  About  this  time  the 
manufacture  in  the  counties  of  Somenwt,  Gloucester,  Wilts,  and  Wor- 
cester was  ?''t"'**^  to  corporato  towns;  and  the  most  absurd  laws  were 
passed  to  confine  it  to  those  favoured  spots.  During  the  reign  of 
Elisabeth,  owing  partly  to  many  of  these  restrictions  being  removed, 
and  parthr  to  the  ioamigration  into  ^gland  of  many  weavers  driven 
from  the  Netherlands  by  the  persecutions  of  the  duke  of  Alva,  a  con- 
siderable advance  was  made  in  the  English  manufacture.  In  the 
following  reign  the  Bnglifih  dyers  succeeded  in  obtaining  a  law  pro- 
hibiting the  export  of  doth  in  the  white  or  undyed  state,  under  the 
expectation  that  they  would  be  gainers  thereby ;  but,  like  many  other 
monopolies,  it  defeated  ite  own  aim ;  the  Duteh  and  Germans  refused 
to  buy  RngliA  dotii  in  the  dyed  state,  and  thus  the  exports  fell  so 
enormoudy  that  dyers  as  well  as  manufacturers  lost  by  the  impoUtio 
prohibition. 

During  the  time  <^  the  Stuarte  a  narrow  poUcy  almost  ruined  the 
manufacture.  At  one  time  there  was  an  attempt  to  get  all  Spanish 
wool  brought  to  thia  counby,  and  to  no  other  countries ;  at  another 
time  the  exportation  of  English  wod,  of  fuller's  earth,  and  other 
materials  of  manufacture,  was  prohibited ;  English  clothiers  refused  to 
receive  Flemings  among  them,  from  a  feehng  of  jealousy ;  the  London 
merchante  procured  an  act  prohibiting  all  foreigners  from  buying  and 
selling ;  and  many  other  measures  were  passed,  either  by  parliament  or 
by  corporations,  tending  to  cripple  the  free  spread  of  tne  trade  and 
manu&cture.  Ireland  sufiered  severely  by  this  mischievous  system; 
for  after  being  compdled  to  give  up  the  exportation  of  cattie  to  Eng- 
land, on  account  of  the  oomplainte  of  the  graders,  she  turned  attention 
to  the  growth  of  wod ;  but  this  offended  the  English  wool-growers ; 
and  if  Irish  doths  were  sent  to  England,  this  roused  the  opposition  of 
the  English  dothiers;  so  that  from  about  1640  to  the  end  of  the 
century  there  was  one  continuous  struggle  in  Irdand  to  bear  up  against 
the  selfish  policy  of  England  in  respect  to  wool  and  ite  manufactures. 

Throughout  the  greater  part  ox  the  18th  century  the  manufsetiue 
steadily  incressed  in  En^and,  especially  in  those  fabrics  made  of  long 
or  combing  wooL  When  the  inventions  in  spioning-madiinery  gave 
an  extnordinaiy  impetus  to  the  cotton-manufacture,  that  of  woollen 
became  thrown  oomparativdy  into  the  shade ;  but  the  application  of 
improved  msd^nery  has  since  increased  the  power  of  the  manufac- 
turers; while  the  great  improvements  in  the  quality  of  German  and 
Austrdian  woola,  combined  with  the  maintenance  of  a  liberal  policy  in 
commerce  and  interohange,  have  given  to  ttie  woollen  and  worsted 
manufactures  in  England  a  more  healthy  tone. 

WoolUm  MauMfoiCiwra. — ^It  has  been  before  explained  that  the 
woollen  manufacture  relates  to  such  fabrics  9A  require  the  use  of  short 
or  fdting  wooL  This  wool  undergoes  a  very  large  number  of  processes 
in  the  course  of  the  mannfaotnra  If  we  take  a  piece  of  superfine 
broad-doth  as  a  representetive  of  this  manufacture  generally,  the 
following  are  the  sucoeanve  prooesMS  by  which  it  ia  produced  :^* 


1.  Sorting  the  wool. 
S.  Scouring. 

5.  Washing. 
4.  Drying. 

I^»  Djeing  (when  djed 
in  the  wool). 

6.  WiUylng. 

7.  Picking. 

8.  Oiling. 
0.  Moating. 

10.  Scribbling. 

11.  Flacking. 


12.  Carding. 

18.  Slabbing. 

14.  Spinning. 

15.  Beeling. 

16.  Warping. 

17.  Beaming. 

18.  Singeing. 

19.  Sising. 
ao.  Weaving, 
ai.  Scouring* 

aa.  Dyeing  (when  dyed 
in  the  cloth). 


as.  Burling* 
34.  Falling, 
as.  Scouring, 

86.  Tenterlng. 

87.  Teaxling. 
86.  Shearingw 
89.  BoiUng. 

80.  Brushing^ 

81.  Picking. 

88.  Precaing. 
88.  Steaming. 
84.  Packing. 


More  than  one-half  of  these,  in  the  most  improved  forms  of  pro- 
ceeding, are  effected  by  machinery. 

The  sorting  of  the  wool  is  the  first  operation,  and  la  one  of  much 
importance,  ainoe  the  quality  of  the  cloth  depends  greaUy  on  a  due 
admixture  of  different  kindis  of  wooh  Each  pack  of  wool  contains 
many  different  qualities^  according  to  the  part  of  the  fleece  whence  it 
was  taken,  and  other  droumstaooes;  and  much  tact  and  discrimination 
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Bre  called  for  in  the  separatioD.  The  sorter  hue  to  make  his  selection 
in  relation  to  the  finmeBS,  the  aoflness,  the  ttrength,  the  coiUmr,  the 
cUanne9$,  and  the  weight  of  the  wool;  and  in  reference  to  these 
qualities  he  separates  &e  wool  into  man^  parcels,  which  receive  the 
names  of  prime,  choieef  ntper,  head,  dawnnghls,  tecondt,  fine  abb,  eoane 
abb,  livery,  fto.  The  finest  fibre  is  that  of  Spanish  ewe,  the  mean 
diameter  oi  which  is  j^  of  an  inch ;  while  the  coarsest  is  that  of  Wilts 
ewe,  measuring  «^  of  an  inch.  AH  woolly  fibres  are  thicker  at  one 
end  than  the  other ;  but  the  less  the  difference  in  that  respect,  the 
more  valuable  is  the  wool ;  and  this  is  one  of  the  favourable  points  in 
Merino  wooL 

When  the  proper  kinds  an  selected,  they  are  next  aoouredaod  vftuhed, 
to  free  them  from  the  grease  which  invariably  attaches  to  them.  The 
wool  is  soaked  in  an  alkaline  ley  at  a  temperature  of  about  120*, 
rinsed  with  cold  water,  and  passed  between  the  rollers  of  a  powerful 
press  to  free  it  from  nearly  all  moisture. 

If  the  cloth  is  dyed  in  the  wool,  that  operation  succeeds  the 
scouring;  but  if  dyed  in  the  piece,  many  other  processes  intervene ; 
and  it  depends  a  good  deal  on  the  kind  of  colour  as  to  which  plan  is 
followed.  Supposing  the  dyein|;  to  be  completed,  however,  the  wool 
undergoes  the  process  of  viUy%ng  or  wUhwing,  which  is  somewhat 
analogous  to  the  batUng  or  eaUMng  in  the  cotton-mamiincture ;  the 
object  being  to  open  and  disentangle  the  looks  of  wool,  and  cleanse 
them  from  sandy  and  other  loose  impurities.  One  among  many  forms 
of  willy  is  a  kind  of  hollow  truncated  cone,  having  an  axis  running 
through  its  centre ;  on  this  axis  are  fixed  three  wheels  of  diifferent 
diameters,  bearing  on  their  circumference  four  longitudinal  bars 
studded  with  sharp  spikes.  The  cone  revolves  with  a  rapidity  of  three 
or  four  hundred  revolutions  per  minute,  within  an  outer  cylindrical 
casing,  whose  inner  surface  is  armed  with  similar  spikes.  The  machme 
is  fed,  by  means  of  an  endless  apron,  with  wool,  which  enters  at  the 
small  end  of  the  cone,  and  travels  to  the  hurger  end  by  virtue  of  the 
centrifugal  force  produced  by  the  rotation.  As  it  passes  onwards 
between  and  among  the  spikes,  it  becomes  opened  and  disentangled, 
the  fibres  of  each  lock  separated,  and  the  impurities  detached.  When 
the  wool  has  reached  the  lower  end  of  the  cone,  it  passes  into  a 
receptacle  where  a  fan  is  revolving  with  great  rapidity,  by  which  a 
current  of  air  is  generated  sufficient  to  blow  away  all  tne  dust  mixed 
with  the  wool ;  while  at  the  same  time  a  kind  of  revolving  cage  dis- 
tributes the  wool  in  a  flat  equable  layer  or  stmtum.  Thus  the  same 
machine  disentangles  the  fibres,  separates  the  impurities,  blows  away 
the  dust,  and  lays  the  wool  in  a  smooth  sheet. 

Some  kinds  of  wool  require  willying  more  than  once ;  but  this  is 
not  the  cose  with  the  finer  qualities.  There  are  however  frequently 
some  impurities  which  cannot  be  removed  by  the  wiUy ;  and  such  are 
afterwards  picked  out  by  boys  or  women,  called  wool-moaters,  or  wool- 
pickers.  A  further  opening  of  fibres  results  from  the  process  of 
tcribbling;  but  before  this  is  effected,  the  wool  undergoes  that  of 
oiling;  it  being  spread  out  on  a  floor,  sprinkled  with  olive-oil,  and  well 
beaten  with  s&ve&  The  teribbHng-machine  consists  of  sevend  cin- 
ders, on  whose  external  sur&oes  are  rows  of  teeth  or  wires.  These  are 
combined  in  a  strong  frame,  and  so  fitted  as  just  to  touch  and  work 
against  each  other ;  the  wires  on  one  cylinder  are  bent  in  a  direction 
contrary  to  those  in  the  adjoining  one ;  so  that  when  all  tiie  oylmders 
are  revolving,  and  wool  is  applied  to  the  first  one  of  the  series  by  an 
endless  apron,  it  u  caught  uxnn  tooth  to  tooth,'  carried  rapidly  from 
cylinder  to  cylinder,  separated  completely  from  all  entanglement,  and 
fhially  given  forth  in  the  shape  of  a  delicate  fleece  or  sheet  It  becomes 
wound  on  a  revolving  roller,  after  having  passed  through  the  seribbliog- 
machine;  but  when  it  leaves  the  osurding-machine  it  presents  the 
appearance  of  slender  rods,  cylinders,  or  pipes,  which  are  called 
eardingt. 

These  cardings  are  then  spun  into  yam  for  the  use  of  the  woollen- 
weaver  ;  the  pocess  of  spinning  being  generally  effected  by  means  of 
the  tlvhbing-bUly^  or  dui&ng-inaiehine,  and  afterwards  by  the  common 
jenny  or  mule-qnnning  macSiine;  the  slubbin^-billy  bringing  the  wool 
to  the  state  of  a  soft  weak  thread,  and  the  spinning-machine  giving  it 
the  proper  firmness  and  hardness  for  vam.  The  dubbing-biUy  has  a 
wooden  frame,  within  which  is  a  moveable  oaniage,  running  <m  lower 
side-rails  on  fnction-wheels.  The  carriage  contains  a  niunber  of  steel 
spindles,  which  receive  a  rapid  motion  from  a  long  cylinder,  by  means 
of  separate  cords  paasii^  round  the  pulleys  of  the  respective  spindles ; 
this  cylinder  is  a  long  dnmi  of  tin  plate,  six  inches  in  diameter, 
covered  with  paper,  and  extends  across  the  whole  breadth  of  the 
carriage.  The  spindles  are  placed  in  a  frame  so  as  to  stand  nearly 
upright  at  about  foiur  inches  apart;  their  lower  ends  being  so  formed 
as  to  act  as  pivots.  The  drum  lies  horizontally  before  the  spindles, 
with  its  centre  a  little  lower  than  the  line  of  the  spindle-pulleys.  The 
drum  receives  motion  by  a  .pulley  at  one  end  with  an  endless  band 
from  a  wh^  placed  on  the  outside  of  the  main  frame,  turned  by  the 
spinner  with  his  right  hand  applied  to  a  winch ;  and  by  this  movement 
the  spindles  are  made  to  revdve  rapidly.  Each  spindle  receives  a  soft 
card  or  slubbing,  which  comes  through  beneath  a  wooden  roller  at  one 
end  of  the  frame.  A  child  is  employed  here,  who  brings  the  cardings 
from  the  card-engine,  and  places  them  upon  an  inclined  doth.  These 
cardings,  being  drawn  beneath  the  roller,  are  then  caught  between  two 
rails.  The  movement  then  is  very  similar  to  that  in  Hargreave's 
spinning- jenny ;  a  small  portion  of  each  carding  is  allowed  to  pass 


betwe^i  the  rails  or  eUiep;  and  this  portion  is  then  drawn  oat  or 
elongated  to  the  state  of  a  thread  by  the  recession  of  the  carriage 
towards  the  other  end  of  the  frame.  Meanwhile  the  spindles  have  been 
kept  in  motion,  by  which  a  slight  twist  is  imparted  to  the  thread  or 
slubbing.  A  faller-wire  and  a  rail  assist  in  regulating  the  winding  of 
the  thread  uniformly  on  the  spindles.  The  process  then  is  thus  con- 
ducted. A  child,  called  a  piecener,  takes  the  cardings  from  the  carding- 
machine,  and  lays  them  on  the  inclined  apron;  they  are  theoco 
carried  up  beneatn  the  roller  and  between  the  clasp,  and  the  woi^man 
or  dubber,  by  managing  his  moveable  carnage  with  one  hand,  and  the 
wheel  which  turns  the  spindles  with  the  other,  elongates  the  carding 
into  dubbing,  and  winds  it  on  the  spindles.  The  pieoeners  are  employed 
and  paid  by  the  slubber ;  and  some  years  ago  great  cruelty  was  said  to 
be  inflicted  on  the  children  by  the  workmen  for  any  neglect  of  their 
duty ;  but  the  inspectorship  of  factories  has  removed  such  sources  of 
discredit  to  the  factory  system. 

In  the  vpiwnin'j  of  the  wool,  which  follows  the  slubbing,  the  kind  of 
machines  employed  and  the  general  character  of  the  processes  are  so 
similar  to  those  exhibited  in  the  cotton  manu&cture,  that  it  will  suffice 
to  r«fer  to  Cotton  Manufacture  and  Spinning  for  details,  with  the 
following  few  additional  remarks.  The  soft  cord  or  sliver  is  caused  to 
pass  between  two  pairs  of  rollers ;  the  space  between  the  two  pain 
being  rather  more  Uian  equal  to  the  length  of  the  fibres.  The  tvTo 
pairs  of  rollers  between  which  the  diver  is  compressed  do  not  aqnxate 
farther  from  each  other  in  order  to  stretch  it,  but  that  effect  is  pro- 
duced by  making  the  second  pair  of  rollers  revolve  &ster  than  the 
first.  It  is  necessary  to  arrange  the  distance  between  the  two  pairs  of 
rollers  with  reference  to  the  average  length  of  the  filaments  of  which 
the  diver  is  composed ;  because  if  Uie  two  pairs  of  rollers  were  too  far 
apart,  the  soft  cord  would  be  liable  to  separate  between  them,  and  if 
they  were  too  near,  so  that  the  oppodte  ends  of  a  filament  diould  be 
compiesiwd  between  them  at  the  same  time,  the  sliver  could  not  extend 
or  lengthen  by  the  sliding  of  the  filaments,  but  the  filameots  them- 
selves must  break  with  the  strain.  Hence,  in  machinery  for  spinning 
wool,  on  account  of  the  variable  length  of  the  filaments,  the  drawing- 
rollers  are  so  mounted  that  they  may  be  readily  adjusted  to  diflerent 
Hiftfftn^^oa,  In  consequence  of  the  greater  elastidty  of  wool,  the  rdatiTe 
vdodties  of  the  two  pairs  of  rollers  are  so  arranged  as  to  produce  a 
greater  degree  of  stretdiing  or  extension  than  is  usual  with  cotton. 

The  process  next  following  that  of  spinning  is  weaioing,  by  which  the 
yam  is  worked  up  into  a  textile  fabria  If  it  be  a  plain  doth,  the  loom 
employed  is  very  simple  in  its  arrangements;  if  it  be  a  twill  or  an 
omamentd  fabnc,  the  loom  is  somewhat  more  complex;  but  the 
general  arrangements  will  be  sufficiently  understood  by  a  reference  to 
WsAViNO.  Hitherto  woollen  dotha  have  been  principally  woven  by 
hand-weavers ;  but  the  power-loom  is  every  year  becoming  mcnv  and 
more  applied  to  this  purpose.  Some  of  the  doths  are  woven  as  broad 
as  twelve-quarters,  to  aJiow  not  only  for  the  shrinkage  oocadoned  in 
the  subsequent  process  of  fulling,  but  for  an  edging  or  list,  made  dther 
of  goats'  hair  or  of  coarse  yam,  into  which  ^he  tenter-hooks  are  thrust 
in  the  process  of  tentering. 

As  tke  wool  has  been  dressed  with  oil  before  spinning,  and  with 
size  before  weaving,  it  becomes  necessary  to  cleuise  it  from  these 
impurities  immedii^y  after  the  weaving.  This  is  the  object  of  a 
second  eeowring  process,  in  which  the  doth  is  beaten  with  wooden 
mallets  in  a  kind  of  trough  or  mill ;  soap  and  water  being  let  in  upon 
it  first,  and  then  dear  water.  Being  then  carried  to  the  diring-room, 
or  the  tenter-ground,  it  is  stretohea  out  by  means  of  hooks  on  rails, 
and  allowed  to  dry  in  a  smooth  and  extended  state.  It  ii  then  taken 
into  a  room  and  exammed  by  bwletB,  who  pick  out  all  irregular 
threads,  hairs,  or  dirt  After  this  it  is  ready  for  the  important  process 
oifuUimg,  or  felUng,  which  imparts  to  woollen  goods  that  peculiarity 
of  surface  wherel^  they  are  distinguished  from  all  others.  A  large 
mass  of  doth  folded  into  many  jdies  is  put  into  the  fidling-miiU,  where 
it  is  exposed  to  the  long-continued  action  of  two  heavy  wooden  mallets 
or  stocks.  Superfine  doth  recdves  four  fullings  of  three  hours  each,  a 
thick  solution  of  soap  being  spread  between  each  layer  of  doth  every 
time.  During  the  violent  percusdons  which  the  doth  tiins  recdves 
for  twdve  hours,  the  fibres,  bdng  at  every  stroke  stron§^y  impelled 
together,  and  driven  into  the  dosest  posdble  contact,  at  length  hook 
into  each  other  by  means  of  the  littie  serrations  on  their  8ur£ioes, 
until  they  become  firmly  and  inextricably  united;  each  thread,  both 
of  the  warp  and  wdt,  being  so  compacted  with  those  that  are  con- 
tiguous to  it,  that  the  whole  seems  formed  into  one  substance,  not  liable, 
like  otiier  woven  goods,  to  unravd  when  cut  with  the  sdasors.  This 
compacting  process  in  the  cloth  manufacture  is  effected  by  beating,  and 
is  called  fiUling  ;  in  the  hat-manufacture  it  is  effected  by  pressure  and 
rolling,  and  is  called  fdting  ;  but  the  two  are  clearly  analogous  in  prin- 
dple.  This  process  thickens  the  doth  remarkably,  but  diminishes  it 
both  in  length  and  breadth  nearly  one  half. 

In  the  fulled  state  the  doth  presents  a  woolly  and  roua^  ^ipearance, 
to  improve  which  it  goes  through  the  processes  of  Uadimg  or  reusing, 
and  thearvng  or  evUdng,  The  object  of  the  first  is  to  raise  the  ends  of 
the  fibres  above  the  surface,  and  of  the  second  to  cut  them  off  to  a 
uniform  leveL  The  raising  of  the  fibres  is  effected  by  thistie-heads, 
teazling-cards,  or  wire  brushes.  Teazles  are  the  seed-pods  of  the 
dipaacvu  foUonum,  having  smdl  hooked  points  on  their  surfaces.  They 
were  formerly  used  in  the  cloth  manufacture  thus :  a  number  of  them 
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with  WDolleD  fibrea,  froiD  tha  wnkBuing  at  their  poiati  b;  the  trttet 
with  which  the  cloth  wu  ntunted,  tnd  from  the  high  price  which  the 


lHg«  damuid  en*bled  them  to  oommand  in  the  muket, 
sttemptB  wore  nuule  from  time  to  time  to  nibaUtute  metillio  pointa ; 
but  from  Tuioiu  Miuae  the  teules  are  atillpnihTred,  and  tie  now 
UHid  in  a  more  effioaoiotu  way  thao  foimerlT.  Tie  taulea  are  arrangad 
on  a  crrlioder  in  »  machine  galled  tgig-mUlf  Uw  doth  ia  (tretched  on 


le  eruineT  i 

mother,  and  the  fibna  become  theret^  worked  or  combed  up.  The 
nuneied  cut  ahom  the  aection  of  mch  a  machine ;  vbere  the  cloth, 
pasaiQg  from  a  roller  A,  ronnd  the  roller  i,  comes  in  contact  with  the 
bruabee  c  on  tlis  wheel  a,  and  afterwarda  puaca  round  g  and  I  to  the 
roller  it;  the  roller  jr  being  ao  r^ulated  br  the  pinioii  »  and  the  nek 
m  aa  to  keep  the  cloth  thorough!;  atretched  ;  aad  the  rerolring  bniab 
/being  ao  uHjuBted  aa  to  clean  tha  teailing-oarda  e,  la  aome  machinee 
the  teaiUng-pointe  are  made  of  wire,  to  obriate  the  waate  of  3D0D 
natural  tculea,  which  takea  place  in  the  dresriog  of  one  piece  ol 
doth. 

When  the  enda  of  tha  Abraa  hare  been  Qiua  rdied  to  the  aurboe, 
thej  are  next  lieartd  or  cropped,  a  pre  cm  of  great  besuty  and  ungU' 
laritj.  Orirlnallf  thia  prooeaa  waa  performed  ^  meana  M  lai^  hand- 
ahean,  the  doth  being  atretched  orar  a  atuffed  table,  and  tha  woAman 
proceeding  to  dip  the  «ada  of  the  fibrea  in  a  regular  and  equable 
manner.  Tbiawaa  an  opeiation  requiring  great  deatvrity;  and  the 
man  who  worked  at  it  being  in  the  receipt  of  |ood  wagea,  were  ao 
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maohinea  became  t^  degreea  extensively  em^oyad.  They 
each  of  a  pair  of  aheara,  aa  in  the  haod-method  ;  but  all  the 
movementa  were  effected  by  machinery.  Hare  recently  a  maobine  haa 
been  introduced,  the  action  of  which  ia  regulated  on  a  diSerent  principle, 
as  will  ba  aaen  from  tlie  anneied  out :  bbb  are  dtik-formed  cuttera, 
working  againatatbin  bar  of  ateel.aiia,  of  aaamidniular  form;  which 
cuttera  in  (heir  rerolution  trarel  round  againit  the  edge  of  the  bar  or 
blade  in  auoh  a  way  aa  to  ahaTC  off  the  filamcalB  atanding  up  on  the 
aurface  of  the  doth  beneath.    The  doth  ia  repTeaanted  m  the  ahaded 


part.     The  wheel  c  c  c,  aet  in  motioa  by  machmery,  imparta  aetiiKi  to 
tbe  circular  cuttera  attached  to  it  through  the  medium  of  the  rack  if  if. 


that,  whether  the  mji-hinn  timjela  along  o 
doth,  or  the  dotb  travela  along  beneath  the  machine,  every  part  ol 
flbroua  aurface  ia  acted  upon  m  predsdy  the  Bame  wi     '     " 
rotation  of  tbe  wheel  and  tlie  diik-outten.    Then  ai 
nuchinea  in  uae,  of  equal  ingenuity. 

When  the  cloth  hiw  been  taiaed  and  abeared  <which  opamtiona  are 
repeated  two  or  three  times  for  auperfine  doth),  it  ia  bnulud  by  a 
madiine  oonaiating  of  a  ayatem  ot  hruaha  afSied  to  cylinden;  the 
cloth  being  exposed  at  the  aame  time  to  the  adion  of  the  bruahcs  and 
of  ateam.  A  few  subaequent  opentiona  are  carried  on,  having  for 
thdr  object  the  ImpartinK  of  amootbneaa,  gloaa,  &o.  to  the  cloth,  pre- 
paratorv  to  ila  bemg  placed  in  the  hand*  of  the  dealera. 

We  bare  deacribed  moat  of  the  manubcturing  operatlona  in  thdr 
(lapler  forma,  for  more  ready  oomprebeniion ;  but  it  ii  well  to  bear  In 
minil  that  new  machinea  and  new  proceeaea  ora  being  coatinuaDy 
brou^t  into  thia  department  of  induitry.  A  meeting  of  Leeda 
woolwn  manotacturen  took  place  in  1860,  to  examine  a  new  French 
machine  invented  by  MM.  Tavemier  and  Touilloo,  "  to  convert  alivera 
or  roringi,  aa  they  cama  from  the  carding-engine,  into  threada  auitabte 
for  weaving,  by  felting  and  friction,  without  any  Bpinning  prooeaa.' 
It  waa  decliired  that  "  many  gold  medala  had  been  awaited  ia  Frvnce 
for  tha  invention  ;  that  many  of  the  machinea  were  at  work  ;  that  no 
oil  or  aiae  ia  neoaaaaiy  aa  a  dreaaing ;  and  that  30  per  cent  of  wool  ia 
aaved."  So  far  aa  we  are  aware,  thia  favounhle  deeoriptioa  failed  to 
make  the  intended  improaaion  on  tbe  maatitaaturen.  Haay  of  tha 
recent  novdtiee  in  tbe  trade  rdate  to  tbe  employment  of  cotton  (or 
warp-threada,  and  of  ng-wool  toixed  with  new  wool  for  weft ;  a  lul)- 
iect  briefly  noticed  nnder  SaonoT  M^miFAtTruHE.  One  inventor  haa 
brODght  into  uae  a  tMcbine  oalled  a  emnbiiicr,  by  which,  when  attached 
to  the  oarding-engina,  the  wool  ia  brought  oS  in  a  continuoua  aliver 
wound  on  cylinders,  rendy  to  be  conveyed  to  the  Bpinning- machine. 
Mr.  Archibald,  of  Tilliooultty,  in  1858,  introduced  a  machine  for 
piecing  tha  lengtfaa  of  carded  woel  aa  they  leave  the  carding-engine, 
and  forming  them  into  a  oonlinnoua  length  or  roving ;  the  rolls  drop 
into  reversing  dianneta,  and  thmoe  to  trsveliing  hAia,  which  convqr 
them  to  a  machine  where  they  are  coonectad  Into  a  length  more  um- 
formly  than  in  tbe  ordinary  way.  Without  noticing  the  almoat  num- 
berleaa  new  machinea  BUdpTocesaea,  we  may  juatmentionaTerycuriouB 
proceee,  patented  by  Mcaara.  Tolaon  and  Irving,  for  imparting  a  metallic 
tuatre  to  One  woollen  cloth.  Tbe  doth,  either  in  the  yam  or  whan 
woven,  ia  steeped  in  a  solution  of  Bulphate  or  oiide  of  copper,  lead,  or 
bismuth,  and  then  aipcsed  to  Bteam  diarsed  with  aulphurettad  hydro- 
gen gaa,  by  which  s  metallic  deposition  takee  plaoe. 

Other  matters  relating  to  the  manufacture  at  woollen  cloth  will  ooma 
under  notice  preaently. 

WonUd  or  Sliif  Uaiaifactwt.—T'b.a  long  woola  tor  worsted  fabrica, 
□ot  being  felted  or  fulled,  paaa  tbnnirii  a  aeriee  ot  opetatjona  different 
from  those  hitherto  noticed  ;  ainca  the  object  in  view  ia  nthcr  to  lay 
tiie  fibrea  is  a  paralld  poeition  than  to  twiat  and  entangle  them  one 
among  another.  All  combing-wools  ar«  longer  in  fibre  than  the  doth- 
ing-wools,  but  they  are  aul^ect  to  the  diviaion  into  long  and  (Herri 
combing  wools ;  the  long,  varying  from  aii  to  twdfe  inchea  in  length, 
bdng  uaed  prindpally  fur  coarse  wuratad  gooda ;  and  the  short,  from 
four  to  Beven  inchea,  being  used  tor  hoaiery  and  some  other  puinposea. 

After  the  wool  haa  been  torted,  vaAal,  ajid  tanirtd  from  the  adherent 
gresae,  and  dried  in  a  heated  room,  it  ia  carried  to  a  madiine  called  a 
plueka;  containing  a  pair  of  apiked  loUen,  by  the  action  of  wbidl 
the  wool  is  cleansed,  separated,  and  the  fibra  Btraight«ied,pT«parataT7 
to  the  piucea  of  combing.  In  hand-comliiHg,  wliich,  nntil  modera 
times,  waa  the  only  mode  followed,  and  which  is  nther  laborious  work, 
the  proiDaediDgs  are  somewhat  aa  follow  ;-'Ths  somber  is  provided 
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teeth.  EacU  comb  comIbU  of  two  or  three  roira  ot  steel  teeth,  ft,  oub 
row  longer  than  the  other,  inserted  in  >  wooden  Btoot  or  head,  e,  from 
which  iirotrudes  t.  handlB,  d,  >t  right  angles  to  the  direcUoo  of  tlo 
teeth,  'i'he  workmui  Erat  heabi  the  teeth  of  one  of  the  conib«  in  the 
»tove,  snd  Siea  it  in  the  poet,  teeth  upiiennwt.  He  then  take«  »  small 
handful  ot  wool,  oonsiBtiog  of  about  four  ouncee,  BprinklM  it  with  oil  to 
increase  the  pliancy  and  ductility  of  the  filameats,  and  works  it  about 
between  his  hands  to  equalise  the  oil  on  CTery  part  of  the  fibre*.  The 
ooraber  then  tatea  half  the  bundle  of  oiled  wool,  and  dashes  it  on  the 
uptuniod  teeth  of  the  comb,  till  it  is  all  deposjtad  there,  and  caught 
between  the  teeth  sufficiently  firm  to  hs  retuned.  The  comb  with  lU 
wool  is  placed,  pointi  downwards,  in  the  stoye ;  and  the  comber  next 
fixes  the  other  heated  comb  in  the  comb-post,  Uys  the  other  half  of  the 
bundle  of  wool  od  it,  and  places  this  likewise  in  the  stove.  When  both 
combs  with  their  supply  of  wool  are  properly  wanned,  the  comber  holds 
one  ot  them  over  hu  knee  with  his  left  hand,  while  Heated  on  »  low 
stool,  and  with  die  oUier  comb,  held  in  his  right  hand,  ho  combe  the 
wool  upon  the  Bist,  by  introducing  tie  points  of  the  t«eth  of  one  comb 
into  the  wool  cootuned  in  the  other,  and  drawing  them  through  it. 
This  i«  repc«t«<l  till  the  fibres  are  hiid  paialleL  The  wool  which 
remains  uncombed  on  the  teeth,  and  which  constitutes  about  one- 
eighth  of  tho  length  ot  the  fibres,  is  unfit  for  spinning  into  WOTsted,  and 
is  conaequently  spplied  to  attier  purpoaeB.  In  madiint  nmbu^  the 
apiuntus  BometimeaconsiiteDf  t  louheelsof  large  diameter,  like  the 


Comblni- Wheel. 

one  here  sketchad,  having  wires  placed  round  tha  ciroumferenoo, 
parallel  with  (he  laiM,  and  pointed  at  one  end  so  us  to  act  like  teeth. 
A  boy,  sitting  on  the  ground,  strikes  wool  on  the  points  of  the  teeth 
in  one  wheel,  so  as  to  make  it  adhere  te  and  between  them.  The  two 
wheels  are  then  made  to  rotate,  tha  distance  between  them  being  such 
that  the  teeth  of  the  one  can  draw  through  or  oomb  the  wool  lyug  o~ 
the  teeth  of  the  other.  Thia  is  effected  with  great  rapdity ;  and  iriie 
the  combiuR  is  completed,  the  top  or  combed  worsted  is  tuen  off  by 
boy  or  prl  m  a  continuaus  shver  from  the  upper  part  ot  the  wheel, 
while  the  noiU  or  uncombed  part  is  removed  \^  another  boy. 

When  the  wool  has  bean  combed  either  by  hand  or  maotune,  1 
tranaferred  to  the  brtalMg-fmne,  the  object  of  whioh  ie  te  open 
any  fibres  which  may  have  eecsped  (he  action  of  the  oomta.  In  < 
machine  the  wool,  after  passing  between  rollen,  is  eipoeed  to  the 
action  ot  a  kind  of  endless  oomb,  ttaTsUing  round  two  roller*  disbutt 
from  each  other ;  and  the  arraugemsnta  aa  to  raMiTs  velocities  an 
such,  that  the  wool  becomea  someiritst  drawn  out  aa  well  as  oombed 
parallel,  and  leaves  the  machine  in  the  form  of  a  roll  or  narrow  belL 
The  sliver  ot  wool  proceeds  to  a  large  bobbin  or  cytindHr,  round  which 
it  is  lapped  inte  a  continuous  roll.  It  is  then  paased  a  second  time 
through  a  breaking- frame,  having  t««th  finer  and  more  closely  set  thee 
the  former.  The  soft  woolly  riband  is  then  subjected  to  the  action  of 
a  machine  analogous  in  principle  to  the  draidng-fraiiK  of  the  cotten 
msimfacture ;  the  object  being  te  extend  the  length,  diminish  the 
thickneea,  and  equaliee  the  number  of  fibres  of  tha  sliver.  Hitherte 
ttie  wooUy  fibrte  are  merely  aliahtly  coherent,  without  having  any 
twiet ;  but  they  are  now  pawed  uirough  a  mviiuf-BiQchi'if,  preparatery 
te  the  ptoeaas  of  fpinning.  The  working  parts  of  this  machine  r~ 
dightly  ihown  in  section  in  the  annexed  cut,  The  wool-cardiag  _. 
sliver  paasea  beneath  a  roller  r,  towards  a  cylinder  E,  the  ini&ce  of  which 
ia  studded  with  points  or  teeth.  The  wool,  after  being  acl«d  on  by 
these  teeth,  passes  between  the  pair  of  rollers  A,  where  it  is  pressed  by 
the  upper  roller  being  urged  downwards  by  the  weight  C.  Of  theee 
rollen  the  upper  one  ia  of  wood  covered  with  leather,  and  the  under 
one  of  iron,  fluted  parallel  with  the  axis;  and  the  rollen  being  made 
te  rotate  taster  than  the  teeding-rDller  r,  it  neceaiirily  toUowe  that 


WOOLLES  ABD  WOBSTED  MANUPACTURKS.      UU 

the  eliver  of  wool  beoomes  elongated  to  a  state  ot  atjll  greater  (enuilj 

while  [ossing  between  them.  It  ii  then  caught  by  a  leoond  pair  of 
rollers  b,  kept  in  clcee  contact  by  the  weight  d  ;  and  aa  thew  rolata 
stjll  more  tspully  than  the  former,  the  sliver  ia  still  mote  el 


until  ite  thickness  is  so  small  (bat  the  flbree  can  toariely  cohere.  Bnt 
in  order  to  nve  them  the  requiaito  coherent  strength,  they  are  slif^tly 
twiated  by  the  bobbin  and  fly  a,  that  beautiful  contrivance  which  is  to 
extensive^  adopted  in  the  textile  manufaclnrss.  One  fork  or  leg  of 
the  roteting  flyer  a  is  hollow  or  tubular,  and  down  this  tube  the 
delicate  o^  of  weol  passes ;  then,  by  the  rapid  rotation  of  the  flyer, 
the  wool  or  nwinf  becomes  wound  on  the  spindle  of  the  bobbin 
ooncentne  with  the  flyer.  The  straight  or  rectilinear  motion  of  the 
roving  while  approachuig  the  flyer,  combined  with  the  circular  motion 
at  the  flyer  itedt,  imparts  a  twist  te  the  roving,  auficient  to  enable  it 
te  undergo  the  proceos  of  epinning. 

The  spinning  of  the  worsted  bean  so  close  a  rcaemblaoee  to  that  of 
cotton,  as  described  in  Cottom  UaHCPJLOTCRS,  and  Spcnmro,  that  a 
reference  te  those  articles  will  sufflee  te  convey  a  general  notion  of  the 
prooesa.  When  spun,  the  worsted  yam  is  wound  on  a  reel,  sod  b 
tiienee  made  up  Into  banks  of  C60  yards  each.  These  banks  receive 
denominations  aooording  to  the  number  of  them  which  go  te  a  pound, 
and  the  yam  derives  ite  name  in  like  manner  :  thus,  No.  24  yam  has 
2i  hanks  to  the  pound.  In  some  instances  the  hank  id  reckoned  at 
SIO  yards.  The  hanks  are  tied  up  inte  pounda  ;  the  pounds  are  com- 
Uned  Into  bundles;  and  the  bundles  are  mode  up  into  bale*  ot  210  Ibe. 
each,  ready  for  Uie  market. 

Here  terminate  tha  opeiationi  of  a  worsted-mill ;  for  the  dyeing  of 
the  yam,  and  the  weaving  into  the  variaus  kinds  of  textile  fatei^  lead 
ns  to  other  dopartmonta  of  Industry.     [Dikiso  ;  WKivmo.] 

The  worsted  manufacture,  like  that  of  woollen,  bos  been  marked  by 
the  IntroducUon  of  many  new  machines  and  procmes  witiiin  Hit  last 
few  years.  Two  or  three  of  these  nay  be  briefly  noticed.  English 
wool  is  becoming  lees  and  lest  fitted  for  cloths,  and  more  and  more 
fitted  for.woretoda.  Moreover,  a  length  of  staple,  neoeeauy  under  the 
old  procese  of  comtnns,  is  lees  needed  under  the  modem.  From  both 
ol  these  causes  any  und  ot  English  wool,  from  three-inch  stapla 
upwards,  is  rendered  av^lable  for  one  or  other  of  the  numerous  kinds 
01  worsted  monufsctures.  Carding,  mnchines  In  great  varieiy  have 
been  adopted ;  and  tha  chief  inventer,  Ur.  Lister,  made  an  attempt  in 
IS55  te  overturn  the  patentrclaims  for  many  of  them,  but  failed  in  a 
court  ot  law.  UesHKi  (^ft  and  Steel's  machine,  introduced  at  Keigbley 
in  I8G7,  has  a  number  of  combs,  each  forming  a  circular  segment  i 
they  are  fixed  to  the  outer  ends  of  radiating  arms  eirried  by  a  hori- 
lontal  disc,  wUch  rotetee  on  a  vertical  axis.  The  comU,  while 
rotating,  pass  in  &ont  ot  a  feeding  apparatua,  and  have  a  peculiar 
oombing  motion  given  te  them  by  means  of  erauks ;  they  advance  snd 
retire,  rise  and  fall,  and  rotate,  all  at  onoe.  Each  comb  takes  its 
moper  quantity  of  wool  from  the  feeder,  and  cainea  it  rouud  to  the 
dtawing.off  roller.  There  are  circular  brushes  to  clean  each  comb 
after  ite  passage,  and  a  hot  chamber  in  which  the  teeth  are  warmed. 
The  great  iocraaae  in  the  facility  of  machine-combing  has  been  one 
cause  of  the  more  rapid  advanoe  of  the  worsted  than  of  the  woollen 
manufacture.  Another  is,  that  the  fly-epindles,  which  so  late  aa  ISIS 
only  made  2S00  revolutions  per  minute,  are  now  driven  at  the  enor- 
mous vslodty  of  SOOO  revolutions.  Another  is,  that  while  woollen 
cloth,  &om  its  great  wldUi  (often  8  feet  before  bemg  milled),  cannot  be 
woven  at  more  than  about  GO  picks  of  the  shuttie  per  minute,  worsted 
weaving  is  often  conducted  at  the  rate  of  160  picks.  So  great  is  the 
facility  bow  offered  tor  the  use  of  cotton  in  mixed  goods,  or  stu&  and 
worsteds,  that  out  of  100  pieces  ol  all  kinds,  taken  indiscriminately 
from  those  produced  in  the  Bradford  district,  it  Is  estimated  95  have 
cotten  vrarpe ;  white  the  total  weight  of  the  whole  produce  ia  supposed 
to  be  two-thiids  wool  and  on^-tbird  cotton.  Oae  ot  the  curious 
novelties  ot  recent  years  la  Heesra.  Saunders  and  Smith's  nrocess  for 
utilising  the  grtatr  resulting  from  the  various  eoourings  and  washings 
to  which  the  wool  is  sabjected.  Iron  pipes  convey  the  greasy  water  to 
a  tank,  whence  a  pump  dr»w*  it  up  te  other  tanks,  where  it  is  heated 
by  steam  te  1S0°  Fshr.  Certain  chemical  substances  are  added,  by 
which  the  ervamy  sud  Is  converted  into  a  scum  and  a  sediment,  with  a 
liquor  between  them.    The  liquor  i>  drawn  oS  as  useless.    The  scum 
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and  the  sediment,  nearly  alike  in  oompoaition,  are  drained  in  bofi  of 
matting,  preised  fordbljr,  and  made  to  yield  an  oily  fioid.  The  fluid 
is  used  in  making  stearme,  soap,  and  ouier  saleable  chemicals,  while 
the  refuse  oil-cake  is  sold  as  manure.  The  |Mitentees  supply  all  the 
additional  apparatus,  besides  buying  the  greasy  wash  at  a  stated  price, 
Greath^  or  wool-waste  so  saturated  with  ou  as  to  contain  mors  oil  than 
wool,  is  eagerly  bought  up  bv  farmers  as  a  powerful  manure. 

Localitiet  and  VarieHet  of  the  Trade, — ^When  it  is  considered  that 
woollen  and  worsted  goods  differ  primarily  in  the  length  fA  fibre, 
it  is  easy  to  imagine  that  many  Tarietles  may  be  produced,  according 
to  the  extent  to  which  this  separation  is  carried  out.  ThoTarious 
modes  too  in  which  the  warp  and  weft  threads  are  made  to  interlace, 
as  explained  in  Wkavino,  naturally  lead  to  the  production  of  manv 
different  classes  of  goods.  These  four  'conditions,  namely,  the  length 
of  fibre,  the  application  or  not  of  the  felting  quali^,  the  production  or 
not  of  a  yelyet-like  nap  or  pile,  and  the  diTersities  depending  on  the 
loom,  give  rise  to  innumerable  and  fancifully-named  kinds  of  woollen 
and  worsted  gooda  Blankets,  flannels,  stufb,  merinos,  mousseUne^do- 
lainee,  bombaanes,  tammies,  shalloons,  says,  moreens,  oalimancoes,  cam- 
lets,  lastings,  baiie,  and  a  host  of  other  names,  some  of  which  sm  now 
nearly  or  quite  out  of  use,  or  are  giving  way  to  others,  point  to  the 
diTerae  i^plioations  of  long-wool  in  the  production  of  woven  fabrics ; 
while  kerseymere  and  other  names  indicate  distinctions  in  the  f dted- 
wool  goods.  But  besides  these  diyersities,  there  are  others  depending 
on  Tarious  circumstances ;  such  as  the  admixture  of  woollen  with 
worsted,  or  of  either  of  them  with  cotton  or  silk,  in  the  same  fitbric ; 
the  dyeing  of  the  material,  sometimes  in  the  piece,  sometimes  uniformly 
in  the  yam,  and  sometimes  in  a  party-colouied  mode  called  douding  ; 
and  the  printing  of  devices  on  one  surface. 

A  few  examples  may  suffice  to  illustrate  this  diverdty.  Plain  broad- 
doth  is  a  specimen  of  plaiii  weaving,  followed  bv  the  fulling  process ; 
yrhoreoM  hateym/ere  is  a  twilled  &bric,  similarly  fulled.  Si/ya  am 
twills,  having  wonted  warp  and  coarse  woollen  weft  SkmktU  are 
made  of  vexy  soft  yam,  afterwards  woriLcd  up  into  a  kind  of  pfle  by 
milling ;  and  many  Tarieties  of  coarse  doth  are  of  analogous  structure. 
BomifKuuei^  is  a  twilled  mixture  of  worsted  and  sUk ;  whereas  PopUn  is 
an  tmtwilled  mixture^  showing  more  silk  than  worsted  at  the  surface. 
Saxonia  and  Orkant  are  n^Mle  of  wool,  sometimes  mixed  with 
cotton,  and  afterwards  printed.  Stuff  is  made  wholly  of  worsted; 
while  MeriM  is  a  fine  woollen  twiU,  sometimes  printed.  The  material 
called  Gatknure,  if  properly  so  named,  is  made  of  the  shawl-goat  wool, 
much  in  the  same  way  as  merino  ;  but  most  of  the  fabrics  so  called 
are  made  of  sheep's  wooL  Chattit  is  a  mixture  of  woollen  weft  with 
silk  warp,  and  is  generally  printed.  MomteiUne-de'lame  was  originally 
all  wool,  but  is  now  frequently  mixed  with  cotton,  and  generally 
printed.  Norwiek  crape,  imlike  common  erape,  is  composed  of  wool 
and  silk,  something  like  challis,  but  without  being  printed.  Oripe  de 
Lycn  ia  formed  of  worsted  and  silk ;  and  ludum  nei  of  worsted  only. 
In  WautcoaHnge,  fancy-weaving  adds  another  to  the  sources  of  diver- 
sity. Many  of  the  above  kinds  are  briefly  described  under  their  proper 
names  in  this  Cydopoddia ;  while  a  number  of  additional  kinds  will  be 
found  noticed  under  Sboddt  Makufactxtbs. 

The  West  Riding  of  Yorkshire,  the  most  important  olothing-district 
in  England,  exhibits  an  area  of  nearly  40  miles  by  20  occupied  by 
dothing  towns  and  villages.  Leeds,  Bradford,  Halifax,  Huddersfidd, 
Dewsbury,  and  Wakefidd  are  the  great  manufacturing  centrea.  Mixed 
or  oolouied  doths  are  made  prindpally  in  the  villages  west  of  Leeds 
and  of  Wakefidd ;  white  or  nndyed  doths  are  made  chiefly  in  the 
villages  occupying  a  belt  of  eoun^  extending  firom  near  Wakefleld  to 
Shipley.  Flannds  and  bdxes  are  the  princiiud  woollen  artldes  made  in 
and  near  Hali&x,  together  with  army  cloth.  Blankets  are  made  on  the 
line  between  Leeds  imd  Huddersfidd.  Bradford  provides  yer7  Isigely 
the  spun  worsted  required  for  the  various  manu&cturea.  Stuffs  are 
made  at  Bradford,  Halifax,  and  Leeds  \  and  narrow  cloths  at  Hudders- 
fidd. Saddleworth  furnishes  broad-doth  and  kerseymeres.  In  the 
neighbourhood  of  Batley  and  Dewsbury  are  the  shoddy  mills.  The 
West  of  England  takes  rank  next  to  Torkahire,  and  formerly  took  pre- 
cedence of  it^  The  finest  kinds  of  broMl-cloth,  from  Saxony, 
Australia,  and  Spanish  wool,  are  made,  in  Gloucestenahire.  The 
manufacture  is  canried  on  in  a  district  called  tiie  BoUonu^  and  in  other 
parts  of  the  country ;  the  town  of  Stroud  bdng  a  kind  of  centre  for 
the  whole.  Wiltshire  produces  very  fine  cloths,  at  Bradford,  Trow- 
bridge, Westbury,  Hdksham,  Chippenham,  and  the  surrounding 
villages ;  while  cloth  of  various  kinds  is  made  at  Wilton,  Warminster, 
Heyte8buiy,and  Calne.  Taunton,  Frome,  Tiverton,  and  the  surround- 
ing villages  constitute  the  Somersetshire  dothing  district.  Devonshire 
and  Dorset  have  little  woollen  manu&cture.  The  Norfolk  district  was 
long  the  prindpal  seat  of  tiie  stuff  or  worsted  manufacture.  Bomba- 
zeens,  crapes,  camlets,  and  shawls  have  constituted  the  chief  fabrics  for 
which  Norfolk  has  been  odebrated.  These  are  the  three  great  l^iglish 
districts  engaged  in  the  consumption  of  wool ;  to  which  may  be  added 
Leicestershire,  where  nearly  all  the  worsted  stockings  are  nude.  It  ■ 
must  be  noted,  however,  that  Torkdiire,  with  its  abundant  machinery  [ 
and  cheap  coal,  is  every  year  absorbing  a  larger  and  larger  proportion  of  , 
the  whole  manufacture.  In  Wales  the  prindpd  manufactures  relating 
to  wool  and  worsted  are  strong  webs  or  high-country  doths,  small  webs 
or  low-country  doths,  fiannds,  stockings,  sodcs,  wigs,  and  gloves ;  the 
chief  counties  being  Montgomery,  Merioneth|  and  Denbigh.     The] 


strong  webs  sre  used  principally  for  workmen's  jackets,  ironing  doths, 
Ac. ;  while  the  small  webs  are  largely  used  for  slaves'  clothing  in  the 
West  Indies.  In  Scotland  the  fine  woollen  manufacture  is  upon  a  veiy 
limited  scale ;  but  a  good  deal  is  done  at  Aberdeen,  Stirling,  Qakshiels, 
Jedburgh,  Hawick,  Inverness,  Kilmarnock,  and  Paisley,  in  the  produc- 
tion of  various  kinds  of  woollen  and  worsted  goods,  such  as  coarse 
plaiding,  dan-tortans,  woollen-hose,  blankets,  flannels,  and  especially 
carpets  and  shawls.  The  manufactures  of  woollen  and  worsted  goods 
in  Ireland  are  small  in  extent. 

^  Different  usages  prevail  in  different  counties  respecting  the  oomiec- 
tion  between  employers  and  employed,  buyers  and  sellers,  in  the 
woollen  and  worsted  manufactures.  In  the  West  of  England  the  gene- 
ral plan  of  operation  is  this : — The  master-clothier  buys  his  foreign  wool 
from  the  importer,  and  his  English  wod  from  the  wool-stapler.  He 
employs  in  all  the  different  processes  through  which  the  wool  passea 
in  the  course  of  manufacture,  distinct  classes  of  persons,  who  some- 
times work  at  their  own  houses,  and  sometimes  in  the  factory  of  the 
master-clothier.  Each  workman  confines  himself  exclusively  to  a  par- 
ticular branch  of  the  manufacture;  and  this  has  been  supposed  to 
have  led  to  the  excellence  of  the  West  of  England  doth. 

A  second  mode  is  on  the  factory  system,  now  extensively  adopted  in 
the  West  Ridhig  of  Yorkshire.  The  master-manufacturer,  who  gene- 
rally possesses  a  laige  amount  of  capital,  employs  a  great  number  of 
workmen  in  one  or  more  buildings,  imder  the  mspectlon  of  himself  or 
a  superintendent.  In  this  system,  as  in  the  master-clothier  system, 
the  workman  has  no  property  in  the  material  on  which  he  is 
employed. 

In  the  domestie  system,  which  was  the  one  originally  adopted,  the 
arrangement  is  altogether  different  Under  this  system  the  manufac- 
ture is  conducted  by  a  number  of  small  masters,  who  are  generally 
possessed  of  veiy  limited  capital,  and  who,  besides  their  business  as 
manufacturers,  mostly  occupy  farms  of  a  few  acres,  partly  for  tho 
support  of  their  famihes,  and  partly  for  the  convenience  of  their  manu- 
facture. The  domestic  clothiers  have  in  their  houses  from  one  to  four 
looms,  on  which  they  employ  themsdvee,  their  wives,  and  children, 
and  perhaps  other  assistants.  During  harvest  thdr  wives,  children, 
and  servsnts  are  sent  out  into  the  fields  to  work^  Formerly  these 
dothiers  used  to  carry  the  wod  through  aU  the  stages  of  its  manufac- 
ture, till  it  was  broi^t  to  the  state  of  imdressed  doth ;  but  of  late 
years  they  have  availed  themselves  of  public  mills,  which  are  esta- 
blished in  and  among  the  cbthing- villages,  for  the  performance  of  some 
of  the  processes.  These  mills  have  been  erected  on  a  joint-stock  prin- 
ciple, by  shares  of  502.  or  1002.  each,  principdly  subscribed  by  the 
domestic  dothiers.  When  machinery  began  to  be  extensivdy  em- 
ployed in  the  woollen  manufacture,  in  the  early  part  of  the  present 
century,  the  domestic  clothiers  became  violently  excited,  luaer  the 
apprehendon  that  .their  trade  would  be  taken  from  them  by  the  newly- 
invented  machines.  A  parliamentaiy  committee  was  appointed  to 
inquire  into  the  probable  operation  of  machinery  in  respect  to  the 
well-being  of  the  domestic  clothiers :  and  after  examining  numerous 
witnesses  they  made  a  report,  in  which  Ihey  detailed  the  distinctivo 
features  of  the  factory  and  the  domestic  systems,  and  came  to  a  con- 
dusion  that "  the  two  systems,  instead  of  rivalling,  are  mutual  aids  to 
each  other;  each  supplying  the  other's  defects,  and  promoting  the 
other's  prosperity."  "  Experience,"  says  Mr.  M'Gidloch,  "  has  proved 
the  correctness  of  these  conclusions.  The  nnmber  of  small  manufac- 
turers, and  the  quantity  of  doth  produced  by  them,  have  both  increased 
since  1806 ;  bu^  as  the  number  of  factories,  and  the  quantity  of  doth 
made  in  them,  have  increased  still  more  rapidly,  the  fannm  constitnte, 
at  present,  a  less  proportion  of  the  trade.*  One  circumstance  whidi  has 
enabled  the  domestic  system  to  maintain  its  ground,  is,  that  the  great 
width  of  woollen  cloth  has  been  a  difficulty  in  the  way  of  power-^m 
weaving;  the  hand-loom  cannot  compete  with  steam  in  the  stuff  trade, 
but  it  can  in  broad-doth.  The  domestic  ^stem  would  neverthdess 
have  succumbed,  had  not  the  dothiers  prudently  adopted  the  joint- 
stock  prindple  for  thdr  mills.  Each  shareholder  takes  his  own  wool 
to  the  mill  to  be  deaned,  dyed,  carded,  and  spun ;  brings  it  home  to 
weave  by  himself  and  family ;  takes  it  to  the  mill  to  be  fulled,  washed, 
and  tentered;  and  sdls  it  at  the  doth  haUs  to  merchants  who  employ 
dressers  to  finish  it. 

Am  respects  the  eaU  of  the  doth,  halls  have  been  established  for  this 
piupose  at  Leeds,  Halifax,  Bradford,  Huddersfidd,  and  other  towns, 
which  are  attended  on  the  publio  market-days  by  thousands  of  the 
smaller  class  of  manufacturers.  The  halls  are  divided  into  long  walks 
or  galleries,  consisting  of  rows  of  stands,  each  of  which  is  marked  witii 
the  name  of  the  person  by  whom  it  is  occnpied.  On  these  stands  the 
cloth  is  exposed  for  sde ;  and  when  the  market  opens,  the  manufac- 
turers take  their  stations  at  the  stands  behind  their  goods,  the  mer- 
chants or  buyers  passing,  to  make  their  purchasers,  thix)ugh  the 
avenues  between  the  rows.  The  time  during  which  the  halls  are  open  is 
limited  usually  to  about  one  hour  and  a  half ;  but  in  this  short  interval 
purchases  to  a  very  large  amount  are  made.  The  doth-halls  at  Leeds 
are  appropriated  exdusively  to  the  use  of  those  who  have  served  regu- 
lar aj^renticeship  to  the  business  of  cloth-making.  They  are  mani^ed 
by  trustees,  and  many  of  the  stalls  are  the  freehold  property  of  the 
persons  who  occupy  them.  All  the  cloth  sold  in  ^e  halls  is  rough 
and  undressed.  Those  by  or  for  whom  it  is  bought  have  what  are 
termed  finishing-shops,  where  the  cloth  is  shorn,  dressed,  and  fitted 
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for  use.  ThiB  ifl  aoalogous  to  a  iy>teiii  pursued  by  the  bobbin-net 
maoulusturen  «t  Nottingham,  where  the  net  is  sold  by  the  maker  in 
the  rough  state  ss  it  leaves  the  loom,  and  purehased  by  other  parties, 
who  singe,  dress,  and  finish  it  ready  for  the  market. 

Suaitikt  of  the  Trade.'^ln  1789,  the  writer  of  a  pamphlet  on  the 
subject  of  wool  estimated  the  number  of  persons  engaged  in  the  woollen 
manulsoture  at  1,500,000,  and  their  wages  at  11,787,500L  per  annunL 
This  estimate  was  obviously  sn  overcharged  one.  Dr.  Campbell,  in 
1774,  thought  that  there  might  probably  at  that  time  be  1,000,000 
persons  employed  in  the  manufacture  in  Eng^d ;  that  the  value  of 
the  wool  used  was  8,000,000^  per  annum ;  and  that  this  volue  wss 
inci^ased  to  12,000,0001.  by  the  processes  of  manufscture.  In  1800  the 
woollen  manufacturers,  in  committee  before  the  House  of  Lords,  made 
the  extravagant  estimate  that  there  were  then  1,500,000  persons 
directlv  engaged  in  the  manufacture ;  that  an  equal  number  were  col- 
laterally emploved  in  it ;  that  the  value  of  the  wool  used  wss  more 
than  6,000,0001.  sterling;  and  that  of  the  manufactured  goods  nearly 
20,000,0002.  sterling.  In  1815  Mr.  Stevenson  supposed  that  there 
were  half  a  million  persons  employed,  receiving  9.600,000^  per  annum 
wages;  and  that  this  sum,  added  to  ike  value  of  the  raw  material,  the 
interest  on  capital,  the  manufacturer's  profit,  &c.,  gave  18,000,0002.  as 
the  annual  value  of  the  doth  produced.  Mr.  M'CuUoch  ('  Statisti<»l 
Account  *)  forms  an  estimate  on  the  following  data : — That  thcnre  are 
about  150,000,000  lbs.  of  wool  worked  up  yearly ;  that  this  may  be  worth 
about  7,500,0002. ;  that  the  value  of  the  manufactured  goocUi  is  three 
times  that  of  the  raw  wool,  making  therefore  22,500,0002.  per  annum ; 
that  this  value  is  thus  made  up : — 


lbs.  of  shoddy  and  mungo,  and  cotton  to  the  value  of  200,0002L ;  thai 
the  value  of  these  fibres  is  about  10,500,0002. ;  and  that  the  wages, 
oily  soap,  dyes,  profit,  interest,  rent,  and  wear  and  tear,  raise  the  total 
value  to  20,290,0002.  He  estimates  that  150,000  persons  were  employed 
in  the  woollen  manufactures  in  1858 ;  Mr.  M'Culloch  estimates  275,000 
persons  employed  in  the  ioodUeii  emd  wanted  manufactures  in  the  ssme 
year. 

From  1725  to  1820  all  the  eloths  made  and  fulled  in  the  West  Riding 
were  measured  and  stamped  by  officers  appointed  for  that  purpose, 
and  from  the  returns  made,  it  appears  that  there  were  fulled,  in  the 
West  Riding,  the  following  number  of  pieces  of  broad  and  nairow  doth, 
in  the  yean  named : — 


Inl7S6 
1746 
1706 


Broad« 

26,671 
66,637 
72,576 


Narrov, 

68*775 
78,89S 


la  1786 
1806 
1816 


Broad. 

158,792 
290,269 
825,449 


Narrow. 

123,025 
175,334 
120,901 


The  woollens  and  worsteds  exported  in  1820, 1880,  and  1840,  had  a 
value  of  5,587,7582..  4,728,6662:,  and  5,827,8532.  respectively.  In  1845, 
1850,  and  1855,  the  value  rose  to  sums  varying  from  nine  to  ten 
millions  sterling  annually.  The  figures  for  the  year  1860,  given  some- 
what more  in  detail,  will  show  in  what  way  the  manufiicture  sub- 
divides itself  into  kinds.  The  exports  in  the  year  just  named  were  u 
follow  :— 


Saw  material     • 
on,  Map,  dye-stuA,  fte. 
Interest,  profit,  fte.    . 
Wages  •        •       .        • 


.  £7,500,000 
.  1,600,000 
.  4,650,000 
.     8,750,000 


£22,500,000 

And  dividing  this  amount  of  wages  at  the  late  of  262.  a  year  to  each 
operative  on  an  average,  he  arrives  at  the  number  884,600,  which  he 
thinks  a  probable  approximation  to  the  number  of  persons  employed 
in  the  woollen  manufacture  in  this  country.  Mr.  Chapman  (one  of  the 
Assistant  Hand-Loom  Commissioners)  made  an  estimate  which  agrees 
pretty  nearly  with  that  of  Mr.  M'Culloch ;  dthough  at  the  first  ghmce 
the  two  estimates  seem  discordant  He  thinks  that,  in  1881,  the 
number  of  families  directly  dependent  on  the  manufacture  were— 

.  85,096 
.     .  20,851 

.  17,570 
.     •  20,464 

•  20,000 

163.981 

Then,  taking  the  average  number  of  persons  in  a  family  at  5^,  he 
arrives  at  an  aggregate  of  874,565  persons  directly  supported  thereby. 
He  further  supposes  that  this  number  must  have  increased,  by  1841, 
to  226,298  families,  or  1,21 8,424  individuals.  Mr.  M'Culloch's  esU- 
mate  is  of  the  number  of  persons  employed,  while  Mr.  Chapman's  is  of 
the  number  of  persons  supported  ;  and  this  may  explain  the  apparent 
discrepancy  between  the  two  estimates.  As  to  the  value  of  the 
manufacture,  Mr.  Chapman  proceeds  thus  :--226,298  fao^es,  earning, 
on  an  average,  17«.  6(2.  per  week  each  family,  which  amounts  to 
10,296,5592. ;  and  the  rektion  between  this  and  the  other  items  of  the 
cost  he  thus  states : — 


In  the  West  Biding  of  Torluhlre 
In  the  West  of  England 
In  Norfolk  and  Kendal     . 
In  the  hoaiary  district  .        • 
la  all  other  plaees    • 


Value  of  wool  eflsploxcd 
Oil,  dTe^iuib,  soap,  fte. 
Wngee     . 
Wear  and  tear,  profit  . 


.  £10,000,000 

•  1,500,000 

•  10,296,559 

•  4,859,811 

£26,155,870 


In  the  last  edition  of  his  '  Commercial  Dictionary,'  Mr.  M'Culloch 
makes  an  estimate,  which  he  supposes  to  approximate  pretty  nearly  to 
the  true  figures  for  the  year  1858.  He  takes  the  consumption  of 
English  wool  at  110  million  lbs.  at  U.  8<2.  per  lb.,  and  that  of  foreign 
at  GO  million  lbs.  at  2t.    Then  he  makes  up  four  liu^  items  thus : 


Wool       .... 
Wages         .... 
8oap,  oil,  dyes,  fto.  . 
Profit,  Interest,  wear  and  tear 


.  £12,875,000 

.       7,725,000 

1,200,000 

.       4,200,000 

£26,000,000 


BesideB2,000,0O02.  worth  of  shoddy  and  mungo  manufactures.  So  far 
as  regards  wooUsn  and  worsted  miSa,aad  the  persons  en^imd  in  them, 
^.I^^^?^  ®^«  writers  have  guessed  the  total  value  at 
50,000,0002. ;  but  tjds  is  only  a  guess.  At  a  recent  period,  in  a  wooUen 
factory  at  Leeds,  570  persons  were  found  to  be  earning  12s.  lid.  per 
week  on  an  average :  namely,  men's  average  22s.  Zd, ;  women  and  giris', 
8«. ;  boys  »  6s.  8d,  Mr.  Baines,  in  an  article  in  the '  Statistical  Journal ' 
for  1859,  estimated  that  the  woollen  manufacturers  (without  the 
worsted)  use  up  156  milUon  lbs.  of  British  and  foreign  wool,  45  million 


WooUen  sloth  of  all  kinds  •        •        .        •       579,185  _ 
Mixed  stuffa,  flannels,  blankets,  and  carpets  95,079,584  jaida. 
Mixed  stoib  entered  at  value  .        •    .     £493,526 

Womted  stockings      .....       272,832  dosen  pain. 

Worsted  stoiEf 2,616,756  pieces. 

Woollen  and  worsted  yams        •       •       •       245,889  cwts. 

The  value  of  all  these  exports  exceeded  16,000,0002.  The  United 
States  were  the  largest  purohssers  of  the  woven  goods;  the  yam  went 
in  greater  quantity  to  Germany. 

WOORARI.  WooreUy,  (Ettrari,  Ureui.  The  extract  of  the  baric  of 
the  Stryekmm  toxifera,  which  is  used  by  the  Indians  of  Ouiana  to 
poison  thehr  arrows.  Recent  investigation  has  shown  that  the 
poisonous  principles  of  this  extract  are  stiychnine  and  bruoine.  [Nux 
Vomica,  Alkaloids  of.] 

WORK,  UNIT  OP.  The  sum  of  the  dynamicsl  effect  produced  by 
a  prime  mover  in  a  given  time  is  known  in  books  upon  meohanuim  by 
the  term  of  its  unit  of  vfork  ;  but  in  order  to  be  able  to  compare  the 
relative  effective  values  of  tiie  various  motors  it  is  customaiy  to  refer 
them  to  the  unit  of  work  most  generally  considered  to  represent  Uie 
normal  oonditiono  of  an  artificial  prime  mover.  In  sudi  oases  the 
amount  of  woA  is  taken  as  being  represented  by  a  weight  raised 
through  a  definite  height  in  the  time  given ;  and  as  hone-power  was 
formorly  the  one  most  commonly  used  for  mechanical  purposes,  the 
custom  has  arisen  of  comparing  the  effident  power  of  machines  in  pro- 
portion to  the  units  of  work  Uiey  can  peiform,  eadi  of  which  units  is 
equal  to  the  unit  of  work  performed  by  a  horse  supposed  to  raise  a 
weight  vertically.  Writers  upon  physics  are  far  from  being  unanimous 
as  to  the  real  value  to  be  assigned  to  the  hone^^owtr;  but  in  England 
it  in  generally  considered  to  be  equivalent  to  a  wdght  of  88,000  lbs. 
raised  one  foot  hig^  in  a  minute;  or  to  650  lbs.  raised  1  foot  in  a 
second;  and  that  unit  of  work  is  adopted  as  the  term  of  comparison 
in  the  majority  of  esses  when  the  powers  of  steam  engines  are  com- 
pared. In  the  case  of  the  pumping  engines  of  the  Cornish  mines,  the 
'Unit  of  work  is  made  to  refer  to  the  weight  of  water  actually  raised  by 
the  combustion  of  a  hundred  weight  of  coals,  and  the  unit  of  work  is 
technically  known  in  that  district  by  the  term, "  duty.* 

Of  course  the  amount  of  work  performed  by  any  prime  mover  must 
vary  under  the  ever  varying  conditions  of  practice;  and  especiaBy 
when  men,  horses,  or  other  animals,  are  employed  must  the  effort  they 
can  exert  depend  upon  individual  constitution,  and  upon  acddental 
drcumstsnces.  The  units  of  work  asngned  to  the  req>ective  motora 
mentioned  below  must,  therefore,  only  be  considered  to  represent  a 
rude  kind  of  avenge  in  each  instance,  and  particular  attention  must  be 
paid  to  the  fsct  that  there  is  for  all  of  them  a  velocity  of  the  point  of 
application  of  the  power,  an  effort,  and  a  duration  ol  that  effort, 
which  are  the  most  favounble  for  the  useful  effect  The  average  unit 
of  work  may  often  vary  from  i  to  {  above  or  below  the  quantities 
dted,  according  to  the  age,  or  the  health,  of  the  animal  motors,  or  to 
the  climate  in  which  they  work.  The  table  is  extracted  from 
Poncelet's '  M^canique  Industrielle.' 

The  unit  of  work  of  steam  engines,  the  horse-power,  has  long  ceased 
to  have  any  real  meaning,  for  the  real  power,  as  ascertained  by  the 
dynamometer,  is  invsriably  in  excess  of  the  nominal  horse-power  of  the 
engines.  The  common  i*ule  for  csloulating  the  nominal  power  of 
engines,  whose  pistons  move  at  the  velodties  prescribed  by  Watt's  rules, 
is  however  as  follows :  multinly  the  square  of  the  diameter  of  the 
cylinder,  in  inches,  by  the  vefodty  of  the  piston,  in  feet,  and  divide 
the  product  by  6000 ;  the  product  will  be  the  number  of  nominal  herses' 
power.  ^  As  Uiis  formula  does  not  include  any  term  expresBing  the 
expansive  power  of  the  steam,  it  must  evidently  be  unsi^is&ctoiy; 
the  reel  power  maybe  ascertained  by  means  of  the  indicator  ss  follows. 
Multiply  the  area  of  the  pLston  by  the  residual  pressure,  after  dedueting 
for  the  friction  and  the  loss  of  power  in  working  the  air  pump  (this  ii 
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usually  14  Ibfl.),  and  by  the  velocitv  of  the  piBton  In  feet  per  znmute; 
the  product  divided  by  33,000  will  represent  the  real  tgtcti'ot  honw- 
power  applied  to  the  main  shaft  In  both  these  cases,  the  unit  of  woriL 
of  the  horse-power  is  taken  at  88,000  lbs.  raised  1  foot  high  per 
minute.    In  Watt's  time  this  amount  of  work  could  only  be  secured 


by  the  combustion  of  about  16  lbs.  of  coal  per  horse-power  per  hour; 
at  the  present  day,  in  ordinaiy  condensing  engines,  only  from  7  to  8  lbs. 
are  required ;  whilst  in  the  best  expansion-gMred  eng^es  with  surface 
condensation  the  same  result  is  obtained  by  the  combustion  of  2  lbs.  of 
ooaL 


DsierlptSflB  of  Work* 


Weight 
ndaod. 


L 


k  msa  nunmtiof  sn  easy  tUirosse,  or  an  iaellae,  wlthont  a  load, 
bit  work  eonalsting  simply  in  moTiag  the  weight  of  hie  own 
body 

k  man  ralaing  weigbts  by  mesne  of  s  eord'  and  pnlley,  wbiob 
renders  necessary  the  return  of  the  cord  witboat  s  load 

k  man  raising  weigbts  by  his  bands  .... 

A  man  earrTiog  a  weigbt  on  bis  baek  np  an  easy  inoUne,  and 
retaining  wltbont  load 

A  man  raising  materials  by  a  wbeeUbarrow,  on  an  ineliae  of  1  in 
IS,  returning  nnloaded  •••••••• 

A  man  throwing  earth  by  a  spade  a  belgbt  of  h  foet  4  Inebss  •    • 

A  man  working  a  pla-wbeel  or  a  dram — 

let,  at  the  lerel  of  the  axle  ••••••• 

Snd,  at  bottom  of  wbeel 

A  man  walking  and  pasbing,  or  drawing  borixontally,  in  a  eon. 

tinnoas  manner     .        . 
A  workman  acting  npon  a  winch 
A  workman  poshing  Stnd  pnllins  alternately  in  a  vertical  direction 
A  borse  bamsiBed  to  a  carriage  going  at  a  walking  pace 

ff  ft  *i  St  a  trot      • 

A  horse  in  a  mill,  at  a  walking  pace  •        •       •       • 

„  at  a  trot    ..•••< 

An  ox  in  a  miU,  at  a  walking  pace     •        •        •        • 
Mule 
Donkey 


) 


It 
at 


Km. 
143 

44 

14S 

182 
4-94 

1S2 
S«| 

S«-4 
17-6 
IS'S 

194 
96-8 
99*0 
68*0 

182 
88 
80*8 


Yelooity 

per  ssooDd* 


{ 


foeU 


0*8 
0*88 
say  0*87 
0-58 

0*18 


Uaitofwork 
per  Bsoonda 


0*088 
/    0*88 
\  say  0*87 

0*5 
2*34 

2 

2*5 
2-8 
8 

7*22 

8 

6*88 

2 

8 

2-87 


) 


Ibsixft. 

71-8  • 
28*58 
24*64 

18*59 

8*58 
I     8*98 

88 
81*8 

52*8 

41 

29 
482 
699 
297 
433 
264 
198 

82*24 


Length  of 
working 


bottrs« 

8 

6 

e 


10 
10 

8 
8 

8 
8 

10 
10 

4*5 

8 

4*5 

8 

8 

8 


Total  work 
in  a  day* 


lbs.  X  ft* 

2,059,200 
878,048 
882,224 

401,544 

808,880 
148,280 

1,900,800 
1,770,840 

1.520,840 
1,267,200 
1,044,000 
18,682,000 
11,823,800 
8,558,600 
7,014,800 
7,608,200 
5,702,400 
2,888,518 


WORKHOUSE.  Relief  to  the  indigent  is  of  two  kinds,  in-door 
relief  and  out<loor  reliel  In-door  relief  is  relief  in  the  workhouse. 
At  first  workhouses  appear  frequently  to  have  combined  the  character 
of  a  bridewelL  In  the  reign  of  Edward  VL  the  poor  of  London  were 
classed  into,  three  great  divisions,  and  the  third  comprised  the  ''  thrift- 
less poor,*''namely,  1,  the  rioter  that  consumeth  all ;  2,  the  vagabond 
that  will  abide  in  no  place ;  3,  the  idle  person,  as  the  strumpet  and 
others  :  wad  the  king,  who  had  been  moved  to  the  necessity  of  alms- 
deeds  by  a  sermon  of  Bishop  Ridley's,  provided  hospitals  for  "  the  poor 
by  impotency  "  and  "  the  poor  by  casualty,"  and  Bridewell  was  allotted 
to  the  "thriftless  poor."  The  workhouse  at  Hamburg,  one  of  the 
oldest  institutions  of  the  kind  in  Europe,  ii  still  called  the  Correction 
and  Poor  House.  The  Canterbury  Local  Act,  passed  in  1727, 
expressly  orders  the  bridewell  and  workhouse  to  be  kept  up  within  the 
same  precincts ;  and  they  were  only  separated  under  an  act  passed  in 
1842.  A  centuiy  and  a  half  ago  it  was  common  for  writers  to  speak  of 
the  workhouse  as  a  place  where  idlers  and  vagabonds  were  set  to  work. 
(See  '  Workhouse,'  Johnson's '  Dictionary.')  The  general  character  of 
our  early  statutes  relating  to  the  poor  was  harsh,  and  indigence  was 
treated  as  a  penal  offence. 

One  of  the  great  objects  of  the  43  Elix.,  c  2,  the  foundation  of  our 
present  poor-laws,  was  to  provide  employment  for  the  destitute.  The 
overseers  and  justices  of  the  peace  were  directed  to  set  to  work  children 
whose  parents  were  unable  to  maintain  them ;  and  also  adult  persons 
who  had  no  means  of  maintaining  themselves,  and  who  used  no 
ordinary  and  daily  trade  of  life;  for  which  purpose,  with  the  fund 
raised  for  the  relief  of  the  poor,  a  convenient  stock  was  to  be  purchased 
of  flax,  hemp,  wool,  thread,  iron,  and  other  ware  and  stuff.  The  43 
Eliz.  also  autiiorised  overseen  and  churchwardens  to  build  cottages  on 
waste  land  for  the  poor  to  inhabit,  and  to  place  inmates,  or  more 
families  than  one,  in  one  cottage  or  house,  such  cottages  or  houses  to 
be  used  thereafter  only  for  the  poor.  Workhouses  in  former  times 
were  generally  called  houses  of  industry,  and  for  the  mqst  part  a  profit 
was  expected  to  be  derived  from  their  labour,  at  any  rate,  to  tiie  extent 
of  making  such  institutions  in  some  measure  self-supporting.  The  house 
in  such  cases  became  a  linen  or  woollen  fiictory ;  or  sacks,  nets,  and  a 
variety  of  other  articles,  were  manufsctured.  Sometimes  land  was  rented 
or  purchased,  and  the  inmates  of  the  workhouse  were  employed  in 
agricultural  labour.  The  final  extinction  of  poor-rates  was  reganled  as 
a  not  impossible  result  of  these  schemes  of  workhouse  industry.  In 
1704,  when  the  popularity  of  these  sohemes  was  at  its  height,  De  Foe 
clearly  pointed  out  their  inevitable  operation,  and  especially  their 
efiect  on  independdat  labour ;  but  he  was  scarcely  heeded,  ifearly  a 
century  afterwards  houses  of  industry  were  erected  in  Suffolk  on  a 
greater  scale  than  had  previously  been  attempted.  Instead  of  being 
employed  as  a  test  of  destitution,  these  houses  were  intended  to  provide 
occupation  for  all  the  unemployed. 

Previous  to  the  passing  of  &e  Poor-Law  Amendment  Act,  in  1884, 
the  poor-houses  (or  workhouses)  presented,  generally  speaking,  only 
accumulated  instances  of  mal-administration.  Absence  of  classifica- 
tion, discipline,  and  emfdoyment,  and  extravagant  allowances,  rendered 
them  proufio  nurseries  of  pauperism  and  vice.    Some  of  the  cases  of 
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workhouse  corruption  would  be  ludicrous,  had  they  not  exhibited 
practices  so  thoroughly  demoraUsing.    In  by  fiir  the  greater  number 
of  cases,  the  workhouse  was  a  large  almshouse,  in  which  Uie  young 
were  trained  in  idleness,  ignorance,  and  vice ;  tiie  able-bodied  main- 
tained in  sluggish  and  sensual  indolence ;  the  aged  and  more  respectable 
exposed  to  all  the  misery  that  is  incident  to  dwelling  in  such  a  society 
without  government  or  classification ;  and  the  whole  body  of  inmates 
subsisted  on  food  &r  exceeding  both  in  kind  and  in  amount  not 
merely  the  diet  of  the  independent  labourer,  but  that  of  the  majority 
ol  the  persons  who  contributed  to  their  support    By  30  Qeo.  III., 
o.  49,  passed  in  1790,  the  right  of  visiting  any  workhouse  at  all  times 
of  the  day  was  conierred  on  justices  of  the  psaee  and  deigymen; 
and  on  their  representation  the  overseers  were  liable  to  be  summoned 
at  quarter-sessions,  when  the  justices  could  make  orders  and  regulations 
for  the  rsmedy  of  any  defects  in  the  workhouse  management.    The 
chief  recommendation  of  the  Commissioners  of  Poor-Law  Inquiry  in 
1884  was  to  imite  parishes  for  better  workhouse  management,  and  the 
relief  of  the  destitute  poor.    This  is  the  origin  of  the  Poor-Law 
Unions.    As  soon  as  the  Poor-Law  CommlsaionerB  were  appointed, 
they  directed  their  attention  to  the  uniting  of  parishes  into  unions  for 
the  purpose  of  the  administration  of  relief  by  boards  of  guardians 
elected  by  the  ratepayers,  and  to  the  general  adoption  of  the  work- 
house system ;  but  their  main  reliance  for  the  discouragement   of 
pauperism,  and  for  the  establishment  of  independent  habits  amongst 
the  labouring  classes,  they  said,  was  founded  on  the  workhouse  system. 
Out-door  reuef  to  the  able-bodied  poor  is  now  prohibited  in  all  those 
unions  which  have  efficient  workhouse   accommodation, — ^with  the 
following  exceptions.    1.  Where  the  destitAe  poor  shall  require  relief 
on  account  of  sudden  and  urgent  necessity.    2.  Where  he  or  she  shall 
require  relief  on  account  of  any  sickness,  accident,  or  bod^y  or  mental 
infirmitT  affecting  him,  or  any  of  his  or  her  fimiily.    8.  Where  he  or 
she  shall  require  relict  for  the  purpose  of  defraying  the  expenses, 
either  wholly  or  in  part,  of  the  burial  of  any  of  his  or  her  family.    4. 
Where  the  person,  being  a  widow,  shall  be  in  the  first  six  months  of 
her  widowhood.    5.  Where  the  person  shall  be  a  widow,  and  have  a 
legitimate  child  or  children  dependent  upon  her,  and  incapable  of 
earning  his,  her,  or  their  livelihood,  and  have  no  ill^timate  child 
bom  after  the  commencement  of  her  widowhood.     6.  Where  the 
person  shall  be  confined  in  anjr  jail  or  place  of  safe  custochr.    7. 
where  the  person  shall  be  the  wife  or  child  of  any  able-bodied  man 
who  shall  be  in  the  service  of  her  majesty  as  a  soldier,  sailor  or  marine. 
8.  Where  any  able-bodied  person  not  being  a  soldier,  sailor  or  marine, 
shall  not  reside  within  the  union,  but  the  wife,  child,  or  chilcb«n  of 
such  person  shall  reside  within  the  same,  the  Bosrd  of  Guardians, 
according  to  their  discretion,  may,  subject  to  certain  conditions,  afford 
relief  in  the  workhouse  to  such  wife,  child  or  childr«o,  or  may  allow 
out-door  relief  for  any  such  child  or  children  being  within  the  age  of 
nurture,  and  resident  with  the  mother  within  the  union.    These 
exceptions  may,  however,  in  special  oases  be  further  extended,  with  the 
sanction  of  the  Poor-Law  Board  previously  obtained.    In  all  other  cases  * 
the  guardians  may  grant  relief  either  in  or  out  of  the  workhouse  as 
they  may  deem  expedient  under  the  circumstances  of  each  csise. 

3t 


1011 


WORKHOUSE. 


WORMS,  HUMAN. 


lou 


W'urkliuudcs  aie  guverned  under  the  rules  and  regulations  which  are 
contained  in  the  consolidated  order  of  the  Foor-Law  Board.  Paupers 
are  admitted  to  them  in  one  or  other  of  the  following  modes : — 1.  By 
a  written  or  printed  order  of  the  Board  of  Quardians,  signed  by  their 
clerk.  2.  By  a  provisional  written  or  printed  order,  signed  by  a 
relieving  officer  or  an  overseer.  3.  By  the  master  of  the  workhouse 
(or  during  his  absence,  or  inability  to  act,  by  the  matron),  without  any 
order,  in  any  oaae  of  sudden  or  urgent  necessity.  The  paupers  are 
divided  into  the  following  obisses : — 1.  Men;  infirm  through  age  or  any 
other  cause.  2.  Able.bcdied  men,  and  youths  above  the  age  of  fifteen 
years.  3.  Boys  above  the  age  ol  seven  yean  and  undsr  that  of  fifteen. 
4.  Women  infirm  through  age  or  any  other  cause.  5.  Able-bodied 
women,  and  girls  above  tihe  age  of  fifteen  years.  6.  Girls  above  the 
age  of  seven  yean  and. under  that  of  fifteen.  7.  Children  under  seven 
yean  of  age.  The  following  officers  ^re  appointed  for  each  workhouse, 
except  in  the  case  of  very  small  workhouses,  when  some  of  the  offices 
are  combined — namely,  a  chaplain,  medical  officers,  master,  matron, 
schoolmsster,  schoolmistress,  porter,  and  nurae,  with  such  assistants  as 
may  be  deemed  necessary.  These  officers  are  all  appointed  by  the 
bocurds  of  guardians,  of  the  respective  unions;  and  they  are  paid 
adequate  salaries  by  the  guardians,  subject  to  the  approval  of  the  Poor- 
Law  Board ;  and,  with  the  exception  of  the  two  first,  in  addition  to 
their  salaries,  are  allowed  bokrd  and  lodging  in  the  workhouse.  Though 
the  officen  are  appointed  by  the  boards  of  guardians,  unless  they  volun- 
tarily resign  they  cannot  be  removed  except  by  an  order  of  the  Poor- 
Law  Board.  For  detailed  information  regarding  the  government  of  the 
workhouse,  that  is,  the  admisdon  of  paupers,  their  classification,  dis- 
cipline and  diet,  punishment  for  misbehaviour,  and  the  duties  of  the 
workhouse  officera,  the  '  Poor-law  Board  Orders,'  edited  by  W*  Cun- 
ningham Glen,  .Esq.,  Barrister-at-Law,  should  be  consulted. 

There  are  623  unions  snd  parishes  under  separate  boards  of  guardians, 
and  in  which  relief  to  the  poor  is  administered  under  the  provisions  of 
local  acts  of  parliament,  all  of  which,  with  the  exception  of  about  ten 
unions,  have  workhouses  capable  of  acoommodatiog  from  a  compara- 
tivelv  small  nutnber  up  to  3500  paupen  (in  the  Liverpool  workhouse), 
which  is  the  largest  number  allowed  in  any  one  workhouse.  There 
are  708  workhouses  in  England  and  Wales,  and  the  maximum  number 
of  paupen  to  be  admitted  at  any  one  time  into  eacJi  workhouse  is  in 
each  case  limited  by  the  Poor-I^w  Board ;  the  total  accommodation 
afforded  by  all  the  workhouses  provides  for  about  218,000  penons, 
besides  accommodation  for  the  officen  of  the  establishments. 

The  following  are  the  numben  of  paupen  of  the  respective  claases 
who  were  maintained  in  the  workhouses  in  England  on  the  Ist  July, 
1860,  and  Ist  January,  1861j  respectively : — 


July  1,  1860. 

Jan.l,  1861. 

(Malm   . 

.        .     8,260 

7,689 

Able-bodied       •  <  Females   . 

.     .    9,643 

15,618 

(  Children 

.  U,H2 

19,441 

Males 

•     .  2.1,047 

39,227 

Not  able-bodied 

Females 

.  18,027 

21,735 

Children  . 

.     .  25,544 

28,480 

Lonatlcs,  insane 

Males    • 

.     3,344 

8,512 

persons,  and 

Females   . 

.     .     4,646 

4,887 

idiots.              ( Children 

319 

327 

Ysgnnu      • 

•        •       • 

•     .     Mi6 

1,179 

Total 


102,223 


182,140 


Under  ordinary  circumstances,  therefore,  the  workhouses  are  only 
about  half  full,  and  the  excess  of  accommodation  provided  is  reserved 
to  meet  any  extraordinary  pressure  that  may  occur. 
,  During, the  year  ended  the  25th  March,  1860,  the  total  expenditure 
put  of  the  poor-ntes  in  and  connected  with  the  relief  of  the  destitute 
poor,  amounted  to  the.  sum  of  5,454,964/.  Tt-,  and  of  that  sum 
012,860^  7s.  was  expended  in  the  relief  to  the  poor  in  workhouses ; 
but  to  that  sum  must  be  added  the  cost  of  the  workhouse  establish- 
ments, including  the  salaries  of  the  officen,  i  to  arrive  at  a  correct 
estimate  of  the  cost  of  workhouse  reliel  These  items,  however,  are 
not  separately  distinguished  from  the  cost  of  the  union  salaries  gene- 
rally; which  during  the  year  referred  to  amounted  to  the  sum  of 
644,799/.  9#.  Taking  the  whole  of  the  workhouses,  the  average  cost 
of  maintaining  each  pauper  therein  averages  about  3$.  2d,  per  week, 
which  is  the  cost  of  food,  clothing,  and  necessaries  chaiged  to  the 
in-maintenance  accounts ;  the  cost  of  the  food  being  about  iS.  lid,  per 
week,  and  of  the  clothing  and  necessaries  about  3d.  per  weeds  for  each 
{Niuper.  In  some  workhouses,  however,  the  cost  is  much  higher,  and 
in  othen. considerably  less  than  those  amounts. 

The  cost  of  erecting  the  Liverpool  workhouse,  which  is  the  laigeet, 
amounted  to  upwards  of  120,000/.  Some  of  the  smaller  workhouses 
cost  as  low  as  15002.  building,  but  taking  them  altogether,  the  average 
cost  of  each  may  be  stated  at  about  8000/. ;  so  that,  there  being  708 
workhouses,  the  total  cost  of  these  buildings  may  be  taken  as  repre- 
senting the  sum  of  five  millions  and  a  half  (exclusive  of  interest),  which 
sum  was  raised  by  loans  secured  upon  the  poor-ntes,  repayable  by 
annual  instalments,  including  interest,  in  periods  varying  from  ten  to 
twenty  years. 

Further  on  the  subject  ol  the  poor-law  statistics  the  reader  is 
referred  to  the  paper  on  th9 '  English  Poor-Rate/  by  Tiff,  Frederick 


Puidy,  in  the  'Journal  of  the  Statistical  Society  of  London/  for 
September,  1860. 

WORLD.    [Universb] 

WORKS  AND  BUILDINGS,  BOARD  OF.   [Woods  akd  Fobests.] 

WORMS,  HUHAN.  The  body  of  man,  like  that  of  the  lower  animals, 
serves  as  a  locality  for  the  residence  of  several  of  the  lower  forms  of 
animals  which  are  known  by  the  general  name  of  worms.  These  creatures 
all  belong  to  the  lower  forms  of  the.annulose  group  of  animals,  and  are 
sometimes  grouped  together  imder  the  name  of  Entozoa  [Ehtozoa,  in 
Nat.  HiST.'Diy.].  This  is  not,  however,  a  philosophical  classification, 
as  many  animals  belonging  to  this  group  in  point  of  structure  have  not 
necessarily  parasitical  habits.  Another  reason  for  getting  rid  of  the 
term  Entozoa  will  be  found  in  our  present  knowledge  of  the  history  of 
the  development  of  some  groups  of  these  creatures,  as  there  is  reason 
to  believe  that  they  do  not  pass  all  their  existence  within  the  bodies  of 
other  animals.  The  most  important  observation  made  with  regard  to 
these  animals  in  modem  times,  is  the  identity  of  those  forms  of  worms 
called  cyttic,  with  those  which  have  been  called  cettoid. 

The  researches  of  Siebold,  KUchenmeister,  Leuckart,  and  Rainey, 
have  now  placed  ihis  matter  beyond  a  doubt  The  history  of  the 
common  tape-worm  (Tcenia  tolium)  of  the  human  body  may  be  taken 
as  a  type  of  the  whole.  The  eggs  of  this  worm  are  contained  in  the 
segments  of  the  mature  worm,  which  are  called  proffkiiida.  [Anthel- 
MiwriCB.]  These  eggs>  in  order  to  their  future  growth  and  develop- 
ment, must  be  swallowed  and  submitted  to  a  proceaa  of  digestion  by 
some  other  animal  before  they  reach  maturity.  This  process  may 
occur  in  many  species  of  animals,  but  that  in  which  it  takes  place  most 
commonly  is  the  pig.  In  the  intestines  of  the  pig  the  egg  becomes  an 
embryo,  which  is  supplied  with  six  hooks,  by  means  of  which  it  pene- 
trates the  tissues  of  the  intestines,  and  entering  the  blood-vessels  is 
carried  by  the  current  of  the  blood  to  the  various  organs  of  the  body. 
This  embryo  having  reached  a  place  of  rest,  is  developed  into  the  cystic 
worm  known  by  the  name'  of  Cffsticercus  celluloea.  This  form  of  the 
worm  is  well  known,  and  produces  in  the  flesh  of  the  pig  that  app&ir- 
ance  which  is  called  in:  the  markets  "  measly  pork."  Here  it  remams 
and  dies,  unless  the  fiesh  containing  it  is  eaten  by  some  other  animaL 
When  eaten  by  man  and  submitted  to  the  process  of  digestion,  the 
cvstio  worm  is  further  developed.  In  the  cyst  there  is  a  head  called 
the  "  Scolex  head,"  supplied  with  sucken  and  hooks,  adapted  to  laying 
hold  of  the  mucous  membrane  of  the  intestines,  which,  when  effected, 
restllts  in  the  growth  of  those  segments  wbich  are  known  as  the 
characteristic  of  the  tape-worm.  The  scolex  head  is  now  the  head  of 
the  tape*wonn,  and  the  segments  are  the  proglottides  which  continue  to 
increase,  and  eventually  each  segment  is  developed  into  a  sexual  being, 
containing  both  the  male  and  female  oigans  of  generation,  and  the  eggs 
are  produoed.  These  facts  have  been  well  established  by  experiments, 
made  by  both  Von  Siebold  and  Kiichenmeister.  Man  is  also  subject  to 
the  attack  of  cystic  worms,  Eckinococcus,  &c,  which  attain  their  mature 
development  in  other  aniouls.  The  following  is  a  classification  of  the 
worms  at  present  known  to  inhabit  the  human  body : — 

Division  ANNtTLOSA. 
Subdivision  Annuloida. 
Order  Scolecida. 
Section  Plattelmia — Flat  worms. 
Family  Taniada^Cestoida. 
A.  Mature  States : — 

B(fUir%ocepKalw  /oitu— Broad  Tape-worm. 

Taenia  tolium — Common  Tape-worm. 

Toenia  mediocancUcUa, 

TtBnianana, 

Tcenia  t  (Cape  of  Good  Hope.) 


List  or  Matuss  Ain>  Imxatubi- AYoaxs,  ahd  Tusxa  HASiTATt. 

Immatare  State. 

Habitat. 

Mature  SUte. 

Habitat. 

TENIAD^. 

Cysticereua  celiuloaa 

Pig       .        .        . 

Tania  tolium 

Man. 

C./atciolarit  •        • 

Bat,  moase       •    . 

T.  crauicollit  .     . 

Cat, 

Cpin/ormii      .        ,    . 

Rabbit  . 

r.  »erraia  wira      • 

Dog. 

C,  tenuicollii  . 

i  Sheep,    hone,  ) 
(    monkey,  man  ] 

(      tenuieoUi    .j 

Dog. 

C.  innonUnaitu  Hypcrdtei 

Mole,  ficld-monse  . 

T,  ienuicottit 

i  Marten, 
(    weaoeL 

C,  longicoUit  Syperdai  , 

.  • 

T,  crtusteept     •    . 

D*)g. 

Ckgnunu  cerebralis     .    . 

:5hcep,  ox          •    • 

T,  citnuna   • 

Dog, 

Echinococctu  veterino^  \ 

rum                             f 
{S.  BeoliciparieM,   I 

Man,  ruminantia  . 

T.  eehmoeoeeus  <c. 

Dog. 

KOch.)                J 

S,  homini* 

{E,  altriciparient. 

Afan,  domestic  an. 

T,  eehmoeoecut  aU, 

KQch.) 

TREMATODA. 

Oercarid        •         • 

Fresh  water  moaael  DUUma  hepatictim  Sheep^  man. 

The  tape-worms  of  the  lower  animals  have  the  same  origin  with  those  of 
man,  and  their  history  has  now  been  traced  in  a  large  number  of  animals. 
Thus,  the  dog  is  liable  to  the  attacks  of  a  tape-worm  {Tmnia  ecgn»rm»). 
The  egg  of  the  TaawwrvLt,  on  being  swallowed  by  the  sheep,  produces 
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WORSTED  MANUFACTURE. 


>  ejitio  worm  In  It*  bnin,  whtoh  bu  long  bMn  known  by  tha  UMue  of 
Virnurtu  etrtbraiu,  Thu  worm  produoe*  the  "  itaggen  "  in  the  skeeii : 
and  when  dogi  get  acoeu  to  the  braiiu  of  aheep  under  thew  i 

they  produce  tha  Titnia  ciniiirM.     The  Oat  ii  liable  to  « tape-\ 

called  Tania  crameoUiM,  the  cyatio  (Uge  of  which  ia  found  in  the  Lver 
uf  the  nt  or  moiue,  and  ii  kaown  to  natunliati  under  the  name  at 
CytlUrreui  /aadolarit,  Kven  tba  Tramatods  womu  pua  Uirough 
elagea  of  this  kind,  and  the  Otrearia  of  tho  muaaal  becomsa  t£s 
Itiitoma  of  tha  iheep. 

A  quaation  of  aooie  intareit  haa  been  i^aed  a*  to  whethM  we  ought 
to  ref^rd  these  paraaitea  aa  neceaaarily  ootuiectod  with  a  diaeawd  aUto 
of  tha  body,  and  therefore  to  be  got  rid  of  at  any  Ooat.  It  ia  a  ouriuui 
fact  with  regard  to  fcipe-worma  and  neiualoid  womu,  that  they 
will  exiit  for  yean  withoot  jToduciDg  any  iaconveoleoae.  By  the 
Abyioniana  they  are  r^ardad  ai  indicative  of  hadth,  and  a  negro 
time  among  them  ia  valued  higher  for  it  It  i*  often  obeervad  that 
pereona  who  mtiat  have  been  the  auhjecta  of  tape  and  other  worma  for 
a  long  time  pant  do  not  auflo'  till  they  become  aware  uf  the  eiiatenoe 
of  thaae  oreatureib  At  the  aama  time  there  can  be  no  doubt  that 
certain  atatea  of  the  health  favour  tha  excaaaiTe  devalopmant  both  of 
the  immature  and  mature  atataa  of  the  varioua  apeciea  of  wtuio,  and 
that  they  then  beoome  aourcas  of  aerioiu  inooDveoienoe.  The  aymp- 
tnnu  attributed  to  tha  preaence  of  lape-wonoa  are  vei;  niuneroua. 
Kuchenmeiater,  in  hi*  woik  on  the  '  Faraaitee  of  Han  '  (tiaiulited  for 
tbe  :iydenham  Society  by  Dr.  Lankeater],  give*  the  following  acoouDt 
of  aymptomi  obaerved  in  100  cwea  in  which  tKpe-wonn«  were  known 
to  eiiat : — 68  lutrered  from  oerebro-apinal  affectiona  anil  partial  or 
general  oonvulaioni ;  49  from  nauaea,  aomatimea  with  vooiiting  and 
fuinting ;  IS  with  paina  in  the  abdomen ;  33  from  diaordered  digeation ; 
31  from  iiregular  and  Toraoioua  appetita ;  IB  from  headache ;  17  from 
colic;  16  from  abdominal  morementa;  IS  from  diuinaaai  II  from 
abifting  paina.  It  will  at  onoe  ba  aaeci  Uiat  none  of  them  can  be  pro- 
nouDued  aa  undoubted  nmptoma  of  worm*,  aa  they  may  all  reault 
from  other  kinda  of  diaorder.  The  only  dietin^iahing  algn  that  r  ~ 
bo  relied  on  without  doubt,  ia  tha  diiohaige  of  tha  proglottidea, 
portiooa  of  the  worm,  from  the  bowela.     Theee  being  witneaoed,  tUe 

The  remadiea  recommended  tor  ceatoid  and  other  w< 
numeroua.  When  the  general  health  ia  bad  it  ahould  be  iiopioTeJ. 
There  are,  howeTsr,  certain  remediea  whioh  act  in  an  eapeciol  manner 
on  the  wonu  in  the  inteatinea  which  ahould  alwayi  be  adminiatErsd. 
Tbeaa  are  called  anthelmintioa.  [AnthklhihticB.J  Moat  of  theae 
act  in  two  waya ;— 1.  They  destroy  the  worm,  and  act  oa  helmiathi- 
cidea  3.  They  expel  it  when  dead  or  enfeebled,  and  thua  act  aa  pur- 
gitirea.  The  beat  of  theae  ia  oil  of  turpentine.  It  haa  been  uaed  ex- 
tenaively  in  Great  Britain ;  and  KiidieumaLiter,  whose  authority  ia 
great  on  this  aubjeet,  aaya — "  It  ia  cerloinly  one  of  the  moat  energetic 
remediea  againat  tape-worm,  and  juotiy  merits  apiilioatian  in  uioaa 
eaaea  in  which  pomegranate-bark  baa  produced  no  result."  It  ia  a  very 
diaagreeable  remedy,  producing  iioDietimesBeriouaeQeLteiiithauerTOua 
ayatem  and  aomatiuibi  atrangitrj.  Couaequently  medical  men  try 
utLer  remediea  Srat.  U(  theae,  koapo,  male  fam,  pomegranate  bark, 
and  cnmelea,  are  preferred.  Koupo  has  undoubtedly  proved  of  aer- 
viee,  but  KuchenmeiiteT  aaya  he  boa  alwaya  been  more  or  leas  unlucky 
with  thia  remedy.  The  nude  fern  ia  also  usefuL  The  tlrooetion  of 
tbe  root,  the  powdered  sort,  or  etfaerial-oil,  are  given.  Rapji  aaya  by 
for  tha  moat  effiaiait  form  ia  the  freab  root. 

Kilehenmeiater  givea  the  preference  to  pomegranate  bark.  He  usee 
a  thick  extract  of  the  bark,  and  says  he  "  prefere  it  to  all  other 
remediea  againat  tape-worn."  U  dialodgea,  he  aaya,  the  head  of  the 
worm  more  effectually  than  any  other  reoady. 

For  a  good  abatnct  of  the  praaent  state  of  knowledge  with  re^uil 
to  tape-womu  in  man,  sea  an  Eaaay  on  thia  subject  by  Br.  JJ.  F. 
Weiuhmd,  published  at  Cambridge,  U.3.,  186S. 

WURSTED  MAKUFACTUHB.    [Woolum  axd  Wobstkd  Mabd- 


it  till  nturated.  When  the  water  of  the  Srwt  boUle  can  absorb  no 
more,  the  gas  posraa,  uncoudenaed,  through  the  aocond  right-auclod 
tube  into  the  wator  of  the  eecond  bottle.  whiiJi,  In  its  turn,  becomaa 
•aturated.    Any  gaa  that  may  be  produced,  which  ia  out  abaorbablu  b/ 


WOUD.    TWiLD.] 

WOULFE'a  APPARATOa  Under  v»rious<orma,  and  with  aeveral 
modiScaUona,  thia  apparatus  ia  much  stnployed  in  chemical  aperatlana. 
Tbe  arrangement,  flrat  described  by  its  inventor  in  the  '  Fhiiaaophical 
Tranaactiona,'  ia  inomiveniait  in  toim ;  we  aball  therefore  give  a 
deacriptiim  of  one  of  aeveral  improvements  to  which  it  has  been 
auhjeoted.  A  retort  a  {Jig.  1.)  L>  uttacbed  and  secured  by  mesne  of 
lute  to  the  first  receiver  b,  which  haa  a  right-angled  gbaa  tube,  open  at 
both  and*,  fixed  into  ita  tubniure ;  and  the  other  extremity  of  the 
tuba  ia  made  to  terminate  benaatb  tbe  surface  of  distilled  water,  oon- 
tainad,  M  high  aa  tbe  horiionUl  dotted  line,  in  the  three-necked 
bottle  e.  From  another  neck  of  this  bottle  a  seoand  ]npe  proceeds, 
whi^  ends,  like  the  Btet,  under  water  contained  in  a  aeoond  bottle  d. 
To  the  «ent(^  neck  a  etraight  tube,  open  at  both  enda,  is  fixed,  ao  that 
italowerendmay  bealittle  beneath  the  Rirface  of  the  liquid.  Of  theae 
bottles  any  number  may  be  employed  (hat  ia  thought  neaeaaaiy.  The 
materiala  being  introduced  into  the  retort,  the  arrangement  completed, 
and  the  jointe  aecured  in  the  manner  to  be  presently  described,  the 
distillation  ia  begun.  The  condensable  vapour  coUecta  in  a  liquid 
form  in  the  balloon  b,  while  the  evolved  gaa  paaaea  through  the  vent- 
tnba,  beneath  the  surface  of  tha  water  in  e,  which  conUnnea  .to  abaorb 


ipes  tbrough  tho  vent-tobe  t,  and  may  bo  collected.  If 
requiaitu,  iu  an  nir-jw  fillixl  with  auU  inverted  in  nator  in  the  pneu- 
malii!  trough.    Thia  is  reprcaeutod  in  ;^.  3  by/,/,  andf. 

Supposing  the  bottles  to  be  dtutitute  o(  middle  necks,  and  con- 
eequently  without  tho  perpendicular  lubes,  tha  procea*  would  Uu  liable 
to  be  interrupted  by  au  acciduut;  tor  it,  in  coasoquKuce  uf  dimiiiiohed 
temperature,  on  absorption  or  coudenaatiou  of  gaa  aliould  lake  pbcK  iu 
the  retort  a,  and  of  ouuiue  in  the  balloon  b,  it  must  neceaaarily  euaue 
that  the  water  of  tlie  bottlea  candd  would  Ije  forced  bythapreaaura  o^ 
the  atmoaphere  into  the  balloon,aod  possibly  into  the  retiut,  which  might 
cause  a  dangerous  exploaion;  but,  with  the  addition  of  the  ccnind 
tubea,  a  auUiciunt  quantity  of  air  rushea  through  them  to  auiiply 
any  occidental  vacuum,  Thia  luconveuience,  however,  is  atill  iNuru 
efleotually  obviated  by  Welthera  tube  ot  aafuty  (j^.  Si)  «,  which  iUwT- 
aedea  tha  expediency  ot  tbreu  necked  bottlee.  Tto  in)paratus  being 
adjuated,  a  small  quantity  of  water  ia  poured  into  the  funnel,  ao  aa  to 
about  half  lill  the  bail  b.  When  any  absorption  bapi«u»,  tlie  fluid 
rises  in  the  ball  till  none  remains  in  the  tube,  when  a  qunutity  of  air 
immodialaly  ruahea  in  and  auppliea  the  partial  vacuum  in  a.  On  the 
other  hand,  no  gaa  can  escape  under  ordinary  circumatancea  ;  becauae 
any  pressure  from  within  ia  ioatantly  fulluwcd  by  the  formation  of  a 
high  column  of  liquid  in  the  perpendicular  tube,  which  reaiata  tbe 
egreas  of  tbe  ^is. 

"'-  hove  already  obaerved  that  various  modiEcationa  ot  thia  appa- 
have  been  proposed,  an  occouut  of  which  may  bo  seen  in 
diUurenC  chemical  treatiaea:  the  above  description  ia  token  almost 
entirely  from  Dr.  Heary'a  '  ElemBiils.' 

WOUNUINO.    [Miiu.] 

W0UN1)3,  iu  Slurry,  are  aolutiona  ot  tha  continuity  ot  the  soft 
parts  of  the  body  effecteil  by  some  external  agent,  and  attended  with  a 
greater  or  lesa  amouut  of  bleeding.  Wounds  vary  in  their  character 
according  to  the  kind  uf  ioatrument  by  lyhich  they  have  been  pro- 
duced, as  well  as  the  graiter  or  less  amount  of  force  with  which  it  has 
been  applied.  In  order  to  facilitate  the  description  of  treatment,  surgi- 
cal writers  have  divided  wounds  into  aeveral  kinds.  Thus  they  are 
spoken  of  generally  under  the  terms  incised,  punctured,  contused, 
lacerated,  poisoood,  and  gunshot  wounds.  Wounds  of  [sutioular  porta, 
reiimring  peculiar  treatment,  ore  also  deacribed,  aa  of  the  head,  throat, 
cheat,  t*. 

Jiteiitd  wetcJuir,  eutt,  or  lacuURS  are  produced  by  cutting  inatru- 
menta,  and  are  free  from  contusion  and  taoaration.  J'uiKtanil  tom»dt, 
or  adiii,  are  cauaed  by  puinted  weapons,  aa  bayoneta,  lancea,  nails, 
thorns,^  Ao.,  penetrating  deep  into  the  fieah.  C'untiutd  and  iaamtid 
woiMi^  an  produced  by  tlta  violent  application  ot  hold  blunt  and 
obtuae  bodiea  to  the  aoft  porta;  and  under  this  head  might  be  included 
gmuhot  laiutuli,  i'l/itoned  KOundt  are  those  which  are  complicated 
vrilh  the  introduction  of  a  poison  into  the  wouuded  part.  Wouiida 
<  or  leaa  dangerous  according  to  the  extout  of  euf  t  parts  they 
the  ports  they  occur  in,  and  the  stato  of  health  ol  tho  indi- 
vidual wounded.  In  amsU  wounds,  unless  poisunod,  the  syatem  guna- 
raU;  auffets  little  in  oonaaquunoe ;  but  when  a  large  kiuouBl  o(  soft 
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piris  is  injured,  ■ymptomi  of  fever  oome  on  from  twen^  to  thirty 
noars  after  the  receipt  of  the  wound,  which  require  ttttention  on  the 
part  of  the  8ui*geon,  as,  according  to  the  constitution  and  droumstanoes 
of  the  patient,  the  fever  may  vary  greatly,  and  require  opposite  modes 
of  treatment  The  fever  is  called  symptomatic,  and  in  most  cases  is 
inflammatory. 

Incited  Wounds, — The  eOect  of  a  cut  on  any  part  of  the  body  is  to 
produce  a  ga][ymg  sptce,  from  which  blood  in  most  cases  inues,  and 
pain  is  felt  The  blood  arises  from  the  blood-yessels  of  the  part  having 
been  out  throu^^  or  wounded,  and  the  pain  is  caused  by  a  similar 
injuzy  to  the  nerves.  The  amount  of  blood  that  issues  from  a  wound, 
as  well  as  the  pain,  will  always  depend  upon  the  nature  of  the  part 
which  is  injured.  Some  parts  of  the  body  are  very  copiously  supplied 
with  blood-vessels  which  have  few  nerves,  and  viee  vend;  so  that 
neither  pain  nor  bleeding  is  constant  according  to  the  sise  of  the 
wound.  The  immediate  danger  of  incised  wounds  does  not  so  much 
arise  from  the  extent  of  parts  divided  as  upon  the  kind  and  siae  of  the 
blood-vessels  wlddi  are  injured.  Thus  extensive  wounds  may  occur 
on  the  back  and  other  parts  of  the  body  without  producing  sufficient 
hsemorrhage  to  endanger  life,  whilst  a  small  puncture  of  Uie  jugular 
vein  or  femoral  artery  might  speedily  oocasiou  death.  The  integrity 
also  of  some  parts  of  the  nervous  system  is  so  essential  to  life,  that  the 
slightest  wound  will  produce  an  immediate  cessation  of  the  functions 
of  the  body.  Thus  a  small  puncture  of  some  ports  of  the  brain,  cere- 
bellum, and  spinal  cord  will  cause  immediate  death.  The  remote  con- 
sequences of  wounds  also  vary  in  some  measure  with  the  kind  of  tissues 
and  the  organs  wounded.  Wounds  situated  near  moving  parts  some- 
times never  heal.  Wounds  of  tendinous  and  ligamentous  structures 
do  not  heal  so  rapidly  as  those  of  muscular  and  other  tissues ;  and 
thus  it  is  that  wounds  of  the  joints  are  frequently  healed  with  great 
difficulty. 

The  amount  of  gaping  of  a  wound  depends  on  the  kind  of  tissues  cut 
through.  The  skin  is  elastic;  and  thus,  whenever  it  is  cut  through, 
the  wound  gapes  by  reason  of  its  elasticity.  Where  there  is  much 
cellular  tissue  the  wound  does  not  gape  so  much,  as  this  tissue  is  not 
elastic.  Wounds  of  muscles  differ :  if  the  cut  is  in  the  direction  of 
their  fibres,  then  the  wound  gapes  but  little ;  but  if  it  be  across  the 
fibres,  then,  owing  to  their  contractile  nature,  the  wound  gapes  very 
considerably.  Wounds  may  be  also  made  to  gape  or  to  close  their 
edges,  according  to  the  state  of  flexion  or  extension  of  the  muscles 
under  the  part  in  which  they  are  situated. 

The  vessels  injured  in  incised  wounds  are  either  arUria  or  veins,  and 
each  require  attention  from  the  surgeon,  as  the  bleeding  from  them 
requires  somewhat  difTerent  treatment.  When  an  artery  is  wounded, 
there  is  an  immediate  retraction  of  the  ends  of  its  middle  and  internal 
ooats  within  the  outer  or  investing  coat,  and  also  a  contraction  of  tJl 
the  ooats  so  as  to  diminish  the  calibre  of  the  artery.  Blood  flows  frt>m 
both  ends  of  a  divided  uterr,  but  alwm  in  greater  quantity  from  the 
orifice  nearest  the  heart  llie  blood  from  an  artery  can  easily  be  dis- 
tinguished by  its  bright  red  colour  and  by  its  coming  out  m  jerks. 
When  a  out  artery  is  left  to  itself,  the  effusion  of  blood  is  great,  but 
the  fiow  becomes  less  and  less  profuse,  and  in  passing  over  the  rough- 
ened surface  of  the  external  sheath,  from  which  the  two  inner  ooats 
have  been  separated  hj  retraction,  particles  of  the  blood  adhere  to  its 
loosened  filaments.  These  partidM  keep  increasing  in  number,  till  at 
last  the  whole  space  between  the  end  of  the  external  sheath  uid  the 
ends  of  the  two  retracted  coats  is  filled  up,  the  blood  having  formed 
there  a  firm  ooaguUtted  mass.  When  this  process  is  oompleted,  the 
bleeding  from  the  artery  stops.  This  mass  of  coagulated  blood  is 
called  the  txtgnud  eoagulum,  but  the  same  process  is  carried  on  within 
the  retracted  inner  ooats  of  the  divided  artery,  and  the  ooagulum  is 
continued  up  to  the  point  at  which  the  artery  gives  off  one  of  its 
branches.  This  coagiuum  terminates  with  a  conical  extremity  in  the 
middle  of  the  tube  of  the  arteiy,  and  is  called  the  tutemoi  coa^um. 
The  blood  also  which  is  efiiised  outside  the  artery  altogether  coagulates, 
and  to  some  extent  may  assist  in  the  natural  process  of  arresting  the 
hsDmorriiage.  But  these  ooagula  of  blood  would  not  be  sufficient  alone 
to  restrain  the  hsemonhage;  another  process  follows,  which  perma- 
nently efilscts  this.  This  consists  in  the  efiViaion  of  lymph  from  the 
parietes  of  the  artery  itself.  This  Ivmph  fills  up  the  entirr  extremity 
of  the  arteiy,  and  is  first  deposited  between  the  external  and  internal 
coagula,  but  it  goes  on  increasing  till  at  last  it  occupies  theur  position, 
the  coagula  are  absorbed,  and  the  lymph,  becoming  eventually  orguused 
Hy  the  development  within  its  substance  of  blood-vessels,  forms  a  part, 
as  it  were,  of  the  artery  itself,  and  oonneots  it  more  or  less  with  the 
surrounding  pArts. 

When  an  artery  is  only  partially  divided  or  punctured,  a  somewhat 
different  process  takes  place.  Blood  is  effused  between  the  artery  and 
its  sheath,  both  above  and  below  the  wounded  part  In  consequence 
of  this  the  artery  is  distended,  and  a  difference  in  the  relative  positions 
of  the  internal  coats  and  the  sheath  takes  place,  and  the  Uood  ooagn- 
latmg  is  confined  by  the  sheath  over  the  wounded  part  of  Uie  internal 
coats.  Lymph  is  effbsed  as  in  the  former  case,  and  the  cure  is  only 
effected  by  the  obliteraftioB  of  the  artery. 

Whoi  the  veins  are  wounded,  the  blood  which  is  poured  out  is  of  a 

dark  colour,  and  comes  not  by  jerks,  but  in  a  uniform  stream.    There 

is  not  so  much  danger  from  the  bleeding  of  a  vein  as  an  artery,  and  it 

•Is  much  more  easuy  stopped.    When  a  vein  is  cut  through,  the  oppo- 


site ends  are  dosed  by  Uood  and  the  subsequent  oxganisation  of  lymph, 
as  in  arteries.  If  only  slightly  punctured,  and  longitudinally,  veins 
quickly  heal,  as  is  seen  in  the  comm<m  operation  of  venesection.  When 
veins  are  wounded  obliquely  or  transversely,  the  wound  is  dosed  by  a 
coagulum  of  blood,  and  the  lips  bf  the  wound  secrete  lymph,  which 
eventually  becomes  organised,  and  blocks  up  the  whole  vein.  Eventu- 
ally the  ooagulum  thus  formed  is  absorbed.  This  reparative  process 
is  much  longer  in  taking  place  than  that  which  occurs  m  arteries  under 
the  same  ciroumstances. 

Treatment, — In  the  treatment  of  indaed  wounds  the  objects  in  view 
are,  first,  to  arrest  the  hsemorrhage ;  secondly,  to  remove  all  foreign 
bodies  that  may  have  been  introdu^  into  the  wound ;  and,  thhdly, 
to  promote  the  union  of  the  divided  parts. 

The  arrest  of  bleeding  is  easily  accomplished  by  bringing  the  edges 
of  the  wound  together,  in  superficial  wounds,  and  wounds  where  no 
large  arterial  or  venous  trunks  have  been  injured ;  but  where  laige 
vessels  have  been  injured,  other  means  will  be  found  necessary.  There 
is  nothing  perhaps  which  distinguishes  modem  sui^gery  more  than  the 
power  which  it  has  attained  of  arresting  hemorrhage.  The  surgeon, 
through  lus  knowledge  of  the  circulation  and  the  means  of  arresting 
mechimically  the  fiow  of  blood,  can  venture  upon  cutting  throng  all 
but  the  prindpal  trunks  of  the  arterial  and  venous  svstem.  When  the 
bleeding  from  a  wound  is  great,  the  first  thing  that  can  be  done  to 
arrest  it  is  to  compress  the  trunk  of  the  artery  which  supplies  the  part 
This  may  be  done  by  means  of  the  tourniquet  [Toubniqttit],  or  a 
bandage  so  constructed  as  to  press  down  upon  the  artery.  The  circu- 
lation  of  the  blood  in  the  arterial  trunk  bdng  arrested,  tlie  hiemonrhage 
from  the  wound  will  in  a  great  measure  cease.  Compression  however 
can  seldom  be  used  for  a  sufficient  lengUi  of  time  to  act  as  a  ourative 
agent  in  stopping  the  fiow  of  blood.  In  the  first  pl%oe,  although 
pressure  by  baiidage  may  stop  the  supply  of  blood  through  the  principal 
arterial  trunk,  it  will  not  stop  it  through  deeper-eeated  branches ;  and, 
by  arresting  the  return  of  the  bbod  by  the  veins,  it  may,  under  certain 
circumstances,  tend  to  increase  the  bleeding.  Even  when  dreum- 
stances  are  most  favourable,  the  tourniquet  and  bandages  are  likdy  to 
get  displaced,  and  thus  to  suffer  the  return  of  the  bleeding. 

The  most  important  of  the  means  of  stopping  bleeding  from  wounds 
is  the  Itgatwre,  This  consists  in  seizing  the  wounded  ends  of  the  artery 
with  a  pair  of  forceps,  or  passing  through  it  a  tentaculum,  and  then 
tying  up  the  artery  in  tiie  same  way  that  the  mouth  of  a  full  sack  is 
usuidly  tied.  For  this  operation  all  the  skill  tiiat  is  required  is  ana- 
tomical knowledge.  Care  should  be  taken,  whilst  the  necessary  instru- 
ments are  being  prepared,  that  the  bleeding  is  prevented  by  preasuze 
on  the  trunk  of  the  artery,  or  by  pladng  the  finger  over  the  meeding 
orifice  itself.  The  f oroep  whicn  are  mostly  used  on  this  occasion  are 
the  common  dissecting  forceps,  but  Mr.  Liston  recommends  a  pair  of 
forceps  with  ho<^  at  their  points,  and  which,  alter  having  grasped  the 
arteiy,  are  kept  together  by  means  of  a  button  or  hook.  "  Wnen  no 
assistant  is  at  hand,  and  in  cases  of  emergency,  the  surgeon  provided 
with  this  little  instrument,  can  tie  vessels  without  the  least  difficulty ; 
and  in  operations,  when  many  vessels  spring,  several  of  these  forceps 
can  be  applied :  there  is,  besides,  this  great  advantage  in  their  em- 
|»loyment,  that  a  clumsy  assistant  can  scarody  indude  the  point  of  the 
instrument  with  the  vessel."  (Liston.)  The  immediate  effect  of  a 
tightly-drawn  ligature  is  to  arrest  the  fiow  of  blood,  to  divide  the 
middle  and  internal  coats  of  the  arteiy  at  the  ligatured  part  (the  exter- 
nal sheath  remaining  entire),  and  to  narrow  the  canal  for  some  extent 
above  the  ligature.  The  same  process  of  cure  goes  cm  then  as  when 
the  artery  heals  spontaneously. 

Other  means  of  arresting  hi»morrhsge  are  sometimes  onployed,  such 
as  the  application  of  styptics  [ Abtriv obmts],  sponge,  tiie  actual  cautery, 
caustics,  &c.  These,  however,  are  sddom  advisable  in  the  case  of  in- 
dsed  wounda  There  is,  however,  a  popular  prejudice  in  favour  of 
applying  various  styptics  to  cuts  for  the  purpose  of  stopping  the 
bleeding,  and  it  cannot  be  too  generally  known  that  all  these  applicap 
tions  are  injurious,  and  tend  to  retard  the  cure ;  and  that  in  some 
instances  loss  of  life  is  the  consequence  of  these  applications  to  wounds 
that  would  have  got  well  had  they  been  left  to  themsdvee.  [H^iio- 
brhagb;  Artsbt;  Hbabt.] 

The  second  indication  in  the  treatment  of  incised  wounds  is  tlw 
removal  of  foreign  bodies.  Unless  all  extraneous  substances  are 
removed  from  a  wound,  its  union  will  not  be  effected,  and  suppuration, 
abscesses,  and  penhaps  doughing^  will  occur.  It  is  in  gunshot  wounds 
ihat  this  indication  requires  the  greatest  attention,  but  fordgn  bodies 
are  oocadonally  introduced  into  incised  wounds.  [Gukbhot  Wouhds.] 
Wounds  from  broken  china,  glass,  snd  earthenware  frequently  have 
fragments  of  these  substances  in  them.  Sharp  instruments  are  fre- 
quently covered  with  dirt  and  various  impurities ;  hence  the  impoit- 
anoe  of  deaning  even  incised  wounds.  John  Hunter  advocated  the 
leaving  blood  on  the  edges  of  the  wound,  as  he  supposed  it  was  the 
blood  that  became  organised  and  united  the  wound ;  but  this  Is  now 
found  to  be  erroneous,  and  all  suigeons  advocate  the  praoUce  of 
removing  as  much  of  the  blood  as  posuble  from  the  wound. 

The  third  indication  in  the  treatment  of  incised  wounds  is  to  bring 
the  edges  of  the  wound  together,  and  to  retain  them  so  in  such  a  man- 
ner as  diall  favour  their  speedy  union.  Wounds  may  unite  in  two 
ways— dther  by  the  establishment  of  an  inflammation,  the  result  of 
which  is  the  secretion  of  pus,  and  the  formation  of  what  are  called 
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granulations,  or  the  throwing  out  from  the  wounded  parts  ooagulable 
lymph,  which,  becoming  organised,  unites  the  edges  of  the  wound 
together.  This  latter  process  is  oa^ed  wUcu  hjf  tkejbrti  tiUoi<ioii,  and 
should  be  the  great  object  of  the  surgeon  in  treating  wounds.  Evident 
as  it  may  appear,  that  to  heal  f^  wound  as  quickly  as  possible  should  be 
the  great  object  of  the  surgeon,  this  universal  rule  amongst  Ei^lish 
suigeons  is  objected  to  by  some  continental  writers  of  the  present  dav. 
It  was  at  one  time  supposed  necessary  that  wounds  should  heal  only 
after  a  long  and  tedious  process  of  core  by  granulation,  and  lint  and 
tow,  bandages,  compresses,  and  a  variej^  ol  other  appUaaoes  were 
made  use  of  to  prevent  nature  from  effecting  the  object  in  her  own 
way.  The  remnants  of  tlus  practice  are  still  found  amongst  the  popu« 
hoe  in  our  own  country  and  some  suigeons  on  the  continent.  Amongst 
the  latter,  M.  Roux,  of  Ptois,  has  distinguished  himself  by  advocating 
the  cure  of  wounds  made  in  suigical  operations  by  bringing  on  the 
tedious  process  of  granulation. 

When  the  blood  has  ceased  to  oose  from  the  sides  of  a  wound,  an 
effusion  of  lymph  takes  place  of  a  plastic  character.  Into  this  lymph 
vessels  are  projected  by  the  process  of  growth  from  the  sides  of  the 
wound,  and  an  organised  union  of  the  whole  wound  will  frequently 
take  place  in  the  course  of  forty-eight  hours.  Even  the  extent  of  sur- 
face laid  open  by  amputation  of  the  thigh  is  often  securely  united 
throughout  its  whole  extent  in  the  space  of  seventy-two  hours.  So 
readily  does  this  process  occur,  that  there  are  many  instances  on  record 
of  parts  of  the  body  having  been  totally  severed,  and  yet  union  by  the 
first  intention  has  taken  place.  Qarengeot^  in  his  '  Traitifi  des  Gyra- 
tions,' mentions  a  case  in  which  a  soldier's  nose  was  bit  off  by  one  of 
his  companions,  and,  being  restored  to  its  natural  position  immediateljrj 
a  permanent  union  of  the  separated  part  was  effected,  floraventi, 
Blegny,  Balfour,  Bossu,  and  otaers«  have  also  recofded  instances  of  th^ 
restoration,of  entire  union  of  parts  after  total  separation  by  accident. 
Hunter  transferred  the  spurs  ox  a  cock  to  its  comb,  and  the  teetides  of 
a  cock  into  the  abdomen  of  a  hen,  and  found  in  each  case  that  vascular 
union  took  place,  and  the  vitality  of  the  transferred  part  maintained. 
These  instimces  only  illustzated  the  restorative  nature  of  the  process 
of  union  by  the  first  intention.  It  is  not  often  that  parts  unite  after 
having  been  once  separated.  A  small  vascular  connection  being  pre- 
served, tends  greatly  to  render  this  process  more  likely  to  occur ;  and 
numerous  instances  are  recorded  of  fingers  and  toes  being  nearly  sepa- 
rated, and  afterwards  uniting  by  the  first  intention.  One  of  the  most 
remarkable  examples  in  which  the  surgeon  avails  himself  of  a  know- 
ledge of  this  fact,  is  in  what  is  called  the  Taliaeotian  operation.  In 
this  operation  a  new  nose  is  made  by  paring  the  edges  of  the  destitute 
part,  and  cutting  a  pyramidal  piece  of  skin  from  the  forehead,  its  union 
with  the  rest  of  the  skin  still  being  maintained  at  the  point,  and  bring- 
ing it  down  upon  the  face  in  the  form  of  a  nose,  when  it  unites  with 
the  pared  edges,  and  a  decent  substitute  for  the  lost  member  is  thus 
produced.    [TALUCorrcs,  Qaspab,  in  Bioo.  Div.] 

In  order  to  induce  wounds  to  unite  by  the  first  intention,  the  edges 
ought  not  to  be  brought  together  tUl  sll  bleeding  has  ceased,  for  we 
slightest  quantity  of  blood  retards  and  may  altogether  interrupt  this 
process.  When  the  edges  of  the  wound  are  nmdy  to  be  brought 
together,  there  are  several  modes  which  may  be  pursued  of  keeping 
them  in  contact.  FMvious  to  bringing  the  edges  together,  cold  water 
may  be  applied  to  the  wound  upon  lint.  This  will  keep  down  any 
tendency  to  over-action  or  inflammation.  It  was  at  one  time  supposed 
that  the  process  by  which  coagulable  lymph  was  thrown  out  from 
wounds  was  one  of  inflammation,  and  that  it  was  desirable  that  Uie 
part  should  be  kept  warm  to  encourage  this  sanatory  inflammatory 
process.  But  the  researches  of  the  U^  Dr.  McCartney,  of  Dublin, 
seem  to  have  set  this  question  at  rest ;  and  most  physiologists  look 
upon  this  process  as  a  secretion  going  on  under  increased  action^  but 
not  as  an  act  of  inflammation. 

Of  the  various  modes  of  keeping  the  edges  of  wounds  in  apposition, 
the  application  of  adhesive  plaster  is  the  most  common,  and  certainly 
applicable  to  the  greater  number  of  ordinary  incised  wodnda.  The 
plaster  should  be  applied  in  sudi  a  manner  as  to  maintain  the  edges  of 
the  wound  in  contact.  There  are,  however,  some  wounds  which  are 
too  extensive  lor  the  use  of  adhesive  plaster,  and  then  the  suture  is 
used,  which  consists  in  bringing  the  edges  of  the  wound  together  by 
sewing  them  up.    [Sxtturi.] 

On  this  subject  Mr.  Listen  remarki^  in  his '  Elements  of  Surgeir' 
(p.  208) :  '*  Of  late  I  have  greatly  diispensed  with  stitches  and  the 
common  adhesive  plaster,  using,  instead  of  the  latter,  slips  of  gUaed 
ribbon  smeared  with  a  saturated  solution  of  isinglass  in  brandy,  which 
is  much  less  irritating  and  more  tenacious  than  the  common  adhesive 
compost.  The  parts  are  fixed  temporarily  with  a  single  stitch,  or  two 
at  most,  and  cloths  dijijed  in  cold  water  are  placed  over  the  wound. 
The  ribbons  are  not  aj^ed  till  the  adhesive  substance  has  partiy  con- 
gealed and  the  oozing  of  blood  ceased.  The  divided  margins  being 
approximated  by  the  fingers  of  an  assistant,  the  ribbons  are  laid  gentiy 
ovei*  and  held  for  a  few  seconds.  Soon  after  a  sufficient  number  have 
been  applied  the  stitdies  are  withdrawn,  being  no  longer  necessary. 
Ne  other  dressing  is  requiredi  unless  suppuration  occur;  the  ribbons 
will  adhere  firmly  till  the  completion  of  the  cure,  and  thus  the  pain 
and  irritation  caused  by  frequent  dressing  is  avoided.  Even  the  largest 
wounds,  as  after  amputation,  are  treated  in  this  manner  with  the  most 
satisfactory  results.    Of  late  years  a  plaster^  made  by  coating  oUed  silk 


with  a  solution  of  isinglass,  has  been  used  instead ;  the  glased  surface 
of  the  slips  is  moistened  and  applied  as  here  directed."  Surgeiy  is 
deeply  indebted  to  Mr.  Listen  for  the  bold  and  fearless  manner  in 
whush  he  has  carried  out  a  simple  and  natural  treatment  of  incised 
wounds. 

Wounds,  however,  under  the  best  of  treatment  will  not  always  unite 
by  the  first  intention :  the  consequence  is,  that  the  parts  which  do  not 
unite  at  once  will  suppurate,  and  granulations  will  be  formed.  This  is 
called  union  by  the  Beeond  inietUiotL  [Ikflaxhation.]  When  this 
process  takes  place,  then  all  applications  to  procure  union  by  the  fint 
mtention  must  be  abandoned,  and  all  attention  must  be  given  to  curii^ 
the  wound  by  the  process  of  granulation.  Plasters,  sutures,  uid  ban- 
dages must  be  removed ;  and  where  the  inflammation  is  great,  every 
means  should  be  taken  to  arrest  it.  Suppuration  should  be  encouraged 
by  warm  fomentations,  by  poultices,  and  above  all  by  the  warm-water 
dressing,  which  consists  of  nothing  more  than  pledgets  of  Unt  dipped 
in  warm  water,  and  then  covered  over  with  oiled  silk  to  prevent  evapo- 
ration and  cooling.  When  the  inflammatory  action  is  subdued  snd 
granulations  are  forming,  gentie  pressure  should  be  employed  for  the 
purpose  of  avoiding  the  formation  of  more  new  matter  bv  granulation 
than  is  absolutely  necessary.  The  dressings  at  this  period  should  be 
light  Soma  surgeons  are  fond  of  ointments,  wMch  may  always  be 
dispensed  with;  but  in  some  cases  of  languid  granulation  a  stimulating 
ointment  is  useful  Lotions  are  generally  better.  A  weak  solution  of 
sulphate  of  sine  or  nitrate  of  diver  may  be  mostiy  employed  with 
advantage.  The  wound  itself  does  not  require  the  wasmng  and 
sponging  and  dabbing  to  which  it  is  so  frequenUy  submitted ;  but  the 
skin  about  the  wound  cannot  be  kept  too  dmn  and  free  from  impuritaes 
of  every  kind. 

Punctured  Wowndt. — ^These  wounds  are  dangerous  from  their  depths 
and  the  internal  effiision  of  serum  and  blo<^  which  usually  attisnd 
them.  In  consequence  of  this,  these  wounds  are  frequentiy  followed 
by  sevrae  Inflammation  and  suppuratioiL  These  results  used  to  be 
attempted  to  be  obviated  by  the  practice  of  dilatation.  This,  however, 
is  severe  practice,  and  only  justifiable  in  cases  of  the  existence  of  a 
foreign  body.  Setona  are  recommended  liy  the  French  surgeons  for 
these  wounds,  bat  then  are  so  many  objections  to  them,  that  they  are 
seldom  used  by  suigeons  in  this  country.  Whether  these  wounds 
unite  by  the  first  or  second  intention,  they  require  to  be  healed  upon 
the  same  general  principles  as  incised  and  gunshot  wounds. 

Contuaed  and  LaetraUd  Wounds* — ^These  result  from  the  coUision  of 
blunt,  obtuse,  haxd  bodies,  being  forcibly  driven  against  the  living  tex- 
tures. Although  these  wounds  may  occur  independent  of  gunshot, 
it  is  in  the  class  of  wounds  called  gunshot  that  th^^  best  examples  of 
lacerated  and  contused  wounds  occur.  The  npid  introduction  of 
powerful  machinery  into  the  manufactures  of  tnis  country  renden 
contused  snd  lacerated  wounds  of  veiy  frequent  occurrence  in  our  large 
towns.  In  these  wounds  there  is  seldom  much  bleeding*  arising  frcm 
the  coats  of  the  arteries  becoming  twisted  and  doubled  up  by  the  force 
of  their  retraction.  They  are  much  more  liable  to  have  foreign  bodies 
in  them  than  incised  wounds.  Such  wounds  seldom  unite  by  the  first 
intention,  but  in  their  treatment  this  object  should  always  be  kept  in 
view,  as  frequentiy  portions  of  the  wound  mav  be  induced  to  unite. 
During  suppuration  and  granulation,  the  same  plan  of  treatment  should 
be  punned  as  when  these  processes  occur  in  incised  wounds.  The 
constitutional  symptoms  arising  from  these  wounds  are  generally  more 
severe  than  from  anv  other^  and  require  attention.  Symptomatic 
fever  must  be  treated  according  to  the  same  general  principles  laid 
down  for  the  treatment  of  fevers.  [Fkvbbs.]  Another  consequence 
of  these  wounds  is  that  dreadful  state  id  the  nervous  system  called 
tetanus  [TxtakusI,  which  often  resists  all  kinds  of  treatment. 

Poisoned  Wounas, — ^The  principal  forms  of  this  class  of  wounds  seen 
in  this  country  arise  from  the  bites  of  rabid  animals,  pricks  and  cuts 
received  in  dissidction,  and  the  bites  of  vipera  and  the  stings  of  insects. 
The  bites  of  rabid  animals  are  unfortunately  too  common,  md  often  in 
this  country  require  the  attention  of  the  surgeoiL  When  the  poison  is 
introduced  into  the  system,  it  produces  the  fourful  disease  known  by 
the  name  of  hydrophobia,  for  which  medical  science  has  not  hitherto 
found  a  remedy.  [Htdbophobu.]  Where  persons  have  been  bitten 
by  cats,  dogs,  or  wolves  in  a  rabid  state,  the  wound  should  be  imme- 
diately eauSsid,  and  the  nitrate  of  silver  (lunar  caustic)  applied  to  the 
wound. 

Disseding  Wounds, — Under  this  head  may  be  included  not  only  the 
punctures  and  cuts  to  which  medical  men  are  exposed  in  the  examina- 
tion of  the  dead  human  body,  but  all  those  wounds  after  which  ill 
consequences  ensue,  in  which  there  is  resson  to  suppose  some  poison 
generated  in  an  animal  organisation  has  been  introduced  into  the 
system.  It  is  still  sometimes  discussed  in  books  on  surgery,  aa  to 
whether  the  effects  f oUowing  these  wounds  are  j>roduoed  b^  a  peculiar 
poison  or  are  only  the  result  of  a  slight  wound  in  a  constitution  pre> 
disposed  to  disease.  The  frequency  of  the  HI  effects  of  these  wounds 
amongst  medical  men,  aa  compared  with  other  classes  of  persons, 
equally  liable  to  pridung  and  cutting  their  fingers,  must  deode  thia 
question  in  favour  of  tibe  existeiuse  of  a  poison.  It  is  not»  however,  aa 
is  generally  supposed,  that  putrescent  bodies  and  those  advanced  in 
deoompoaitioa  are  most  injurious,  for  it  is  generally  found  that  the 
worst  consequences  follow  wounds  from  recent  bodies,  especially  of 
persona  who  die  of  puerperal  peritonitis.    The  consequences  following 
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these  outs  are  uneasmem  and  festering  the  wounded  i^art,  the 
ahsorbent  glands  up  the  ann  become  inflamed,  there  is  pain  felt  in  the 
arm  and  in  the  glands  of  the  axilla :  these  symptoms  are  attended  with 
more  ort  ess  fever,  and  generally  great  anxiety.  These  symptoms  some- 
times increase,  the  cellular  tissue  of  the  arm  and  side  becomes  inflamed, 
abscesses  form,  and  the  patient  sometimes  dies  from  the  fever  or  sub- 
sequent exhaustion.  This  diseaBe  is  principally  confined  to  medical 
men,  and  much  difference  of  opinion  has  ezistied  as  to  its  treatment. 
Foroperly  tonics,  wine,  and  brandy  were  administered,  and  active 
means  taken  to  destroy  the  poison  by  caustic  potash,  liquor  ammonise, 
nitric  acid,  &c. ;  but  at  the  present  day  there  is  a  general  opinion  in 
favour  of  mild  antiphlogistic  treatment,  and  having  recourse  only  to 
tonics  and  wine  when  the  symptoms  seem  to  require  it.  Leeches, 
bleeding,  purgatives,  antimonials,  and  opium  constitute  the  chief 
features  of  the  treatment  in  the  early  and  inflammatory  stage.  The 
application  of  Imnar  caustic,  a  solution  of  alum,  and  other  things,  have 
been  recommended  immediately  after  the  receipt  of  the  wound ;  but, 
after  some  considerable  experience,  it  may  be  doubted  if  these  things 
.  prevent  the  absorption  of  the  poison.  At  any  rate,  if  any  good  is  to  be 
done,  the  application  must  be  immediate. 

BiUt  of  Venonuma  Snaket. — These  are  frequently  fatal  in  tropical 
climates.  The  only  snake  that  is  to  be  feared  in  Great  Britain  is  the 
viper.  Its  bite,  however,  is  seldom  fatal  except  where  some  peculiar 
state  of  the  conistitution  is  favourable.  Immediately  on  the  receipt  of 
the  bite  a  pain  and  a  burning  sensation  are  felt  in  the  part,  which  are 
followed  by  rapid  swelling  and  a  livid  discoloration  of  ike  part^  The 
constitution  becomes  affected  also  rapidly,  and  there  is  giddiness, 
extreme  prostration  of  strength,  depression  of  spirits,  faintncBs, 
syncope,  a  small  quick  iiregular  pulse,  difficulty  of  respiration,  profuse 
cold  clammy  sweats,  confusion  of  vision,  headache,  vomiting  of  bilious 
matter,  a  general  yellow  tinge  of  the  sldn,  and  a  great  pain  about  the 
navel.  These  symptoms  are  observed  in  greater  or  less  degree  to  follow 
the  bites  of^most  venomous  snakes.  The  bite  of  some  of  the  snakes  of 
Africa  and  America  is  certainly  fatsl,  and  persons  die  in  a  few  hours 
after  receiving  the  wound. 

In  the  treatment  of  cases  of  bites  from  snakes,  the  first  object  should 
be  to  endeavour  to  prevent  the  passage  of  the  poison  into  the  system. 
Yarious  modes  are  adopted  for  fulillling  Uus  intention.  The  most 
effective  is  the  immediate  excision  of  the  part.  This  will  hardly  be 
required  after  the  bite  of  the  British  viper,  as  it  seldom  proves  fatal ; 
but  it  is  frequently  the  only  remedy  with  regaid  to  tropical  snakes. 
The  application  of  the  tourniquet  or  a  ligature  above  the  wounded  part 
has  been  recommended;  also  the  application  of  cupping-glasses.  These 
remedies,  however,  do  not  extract  the  poison,  and  only  arrest  Its  effect. 
The  application  of  caustic  may  in  some  instances  have  the  effect  of 
destroying  the  poison.  Various  local  applications  have  had  a  great 
reputation  for  their  prevention  of  the  eflects  of  the  poison  of  sniJies, 
but  none  of  them  seem  entitled  to  any  consideration.  The  treatment 
of  the  constitutional  symptoms  consists  in  the  administration  of  stimu- 
lants :  of  these,  ammonia  is  preferred.  It  is  the  basis  of  the  Eau  de 
luce,  a  remedy  once  very  popular  for  the  bite  of  snakes.  Mr.  Ireland, 
whilst  in  the  West  Indies  as  a  surgeon  to  a  regiment,  employed  arsenic 
in  doses  of  one  grain  as  a  remedy  against  the  effects  of  the  bite  of  the 
(Juluber  carinattts.  In  South  America,  the  plant  they  call  Guaco  is  said 
to  have  a  veiy  beneficial  effects  Poeppig,  in  his  '  Ueise,'  has  collected 
all  the  evidence  which  he  could  procure  of  the  value  of  Guaco  in  these 
cases,  but  this  is  far  from  being  satisfactory  as  to  the  value  of  this 
remedy.  Cases  from  the  bites  of  rattlesxiakes  and  other  poisonous 
serpents  have  occurred  in  this  country,  as  these  reptiles  are  often 
brought  over  here  for  the  purposes  of  exhibition.  A  man  died  a  few 
years  since  from  this  cause  in  St.  George's  HospitaL 

Wound*  of  Particular  Parti  of  the  Body, — When  any  of  the  viscera 
of  the  body  are  wounded,  questions  frequently  arise  as  to  the  treat- 
ment, which  can  hardly  be  answered  by  general  principles  :  hence  the 
wounds  of  particular  parts  of  the  body  require  consideration.  Wounds 
of  the  head  are  frequentljr  accompanied  with  concussion  and  compres- 
sion requiring  a  modification  of  the  treatment  Wounds  of  the  scalp 
are  also  frequently  attended  with  severe  inflammatory  qrmptoms,  and 
no  injuries  of  the  body  require  more  attention  and  close  watching  than 
these.  Of  all  wounds  which  the  suigeon  is  called  on  to  treat,  those  of 
the  throat  are  perhaps  the  most  eonunon,  and  require  the  most  prompt 
attention.  These  wounds  are  generally  Uie  result  of  attempted  suicide, 
and  vaiy  in  extent  according  to  the  greater  or  less  determination  of 
the  individual,  as  well  as  the  edge  of  the  instrument  used  for  effecting 
the  wound.  The  first  thing  to  be  attended  to  in  these  cases  is  to  arrest 
the  hiemorrhage,  which  must  be  done  by  placing  ligatures  on  the 
wounded  arteries. 

When  the  trachea  is  opened,  the  entrance  of  blood  into  the  lungs 
should  be  avoided  as  much  as  possible,  as  its  existence  there  as  a 
foreign  body  may  bring  on  inflammation  of  the  lungs.  When  a  woimd 
occurs  in  the  larynx  above  the  rima  glottidis,  every  attention  shoidd 
be  paid  to  removing  anything  that  may  irritate  the  glottis  or  prevent 
the  free  passage  of  air  to  the  lungs.  When  the  oesophagus  U  wounded, 
all  the  food  of  the  patient  should  be  administered  by  means  of  a  tube 
passed  through  the  mouth,  nostrils,  or  tlie  wound.  It  is  sometimes 
the  case  that  a  surgeon  sent  for  to  a  cut  throat  will  attempt  imme- 
diately to  bring  the  edges  of  the  wound  together  by  sutures.  If  this 
be  done  the  chances  are  that  the  patient  will  die  of  suffocation  as  soon 


as  this  is  effected.  When  the  bleeding  has  ceased,  an  attempt  shoald 
be  made  gradually  to  bring  together  again  the  disunited  parts.  This  ii 
frequently  done  with  the  most  perfect  success,  and  sometimes  the  very 
worst  cases  of  cut  throat  will  recover.  It  will,  however,  generally 
require  great  skill  and  attention  on  the  part  of  the  surgeon  to  meet  all 
the  difficulties  that  will  arise  in  the  treatment  of  cases  where  so  many 
important  organs  are  involved. 

Wounds  of  the  chest  become  dangerous  when  they  involve  the 
viscera  of  the  thorax,  and  several  important  questions  arise  out  of  the 
nature  and  extent  of  these  wounds.  The  most  important  compli- 
cations of  these  are — 1,  the  entrance  of  foreign  bodies  into  the  cavity 
of  the  thorax ;  2,  the  injury  of  one  or  more  of  the  intercostal  arteries ; 
8,  the  protrusion  of  a  portion  of  lung  from  the  wound ;  4,  the  occur- 
rence of  emphysema  from  the  wounding  the  lungs ;  and  5,  extravasation 
of  blood  in  the  cavitv  of  the  thorax.  Wounds  of  the  abilomen,  when 
superficial,  require  tne  same  treatment  as  wounds  generally.  In  pene- 
trating wounds  of  the  abdomen  there  is  always  great  danger  of  the 
occurrence  of  peritonitis,  which  requires  watching  on  the  part  of  the 
sui^geon.  In  cases  where  there  is  protrusion,  the  same  general  treat- 
ment will  be  required  as  for  hernia.    [Hebnia.J 

(Cooper's  Dictionary  of  Surgery  j  Cooper's  Fir$t  Lines  of  Surgery; 
Coopers,  Sir  AsUey,  Lecturet  on  Surgery;  LiBUm*B  h'lemenU  of  Surgery.) 

WliANGLEU.  In  old  times  the  word  Wrangle  was  used  in  the 
universities  in  the  sense  of  *'  to  dispute  publicly,"  that  is,  to  defend  or 
oppose  a  thesis.  The  verb  has  gradually  acquired  a  meaning  of  re- 
proach (being  made  to  imply  uncivil  and  indecorous  opposition),  which 
it  had  as  early  as  the  time  of  Shakspere.  In  the  'Taming  of  the 
Shrew,'  the  teacher  of  music  says  to  the  scholar — 

"  WrangUng  pedant,  this  is 
The  patroness  of  heavealj  Aomiony.*' 

The  substantive  Wrangler  is  hardly  ever  used,  except  as  significative 
of  a  person  who  has  passed  the  mathematicsl  examination  for  the 
Bachelor's  degree  in  the  university  of  Cambridge  (the  word  is  unknoMTi 
in  Oxford)  with  such  credit  as  to  have  had  his  name  inscribed  iu  the 
highest  list,  or  list  of  wranglers.  Of  these  the  first  in  nxerit  is  the 
Senior  Wrangler :  but  persons  not  accustomed  to  the  phraseology  of 
the  University  are  apt  to  confound  Wrangler  with  Senior  W'rangler, 
that  is,  to  imagine  that  any  one  of  their  friends  who  may  have  obtained 
a  ¥nranglership  must  necessarily  be  the  first  man  of  his  year.  The 
second  list  is  that  of  Senior  OptimSi,  as  they  are  called,  and  the  hut 
that  of  Junior  OptimSt.  All  who  are  in  these  three  lists  (which  are 
collectively  called  the  mathematical  Tripos)  are  said  to  take  the  Bache- 
lor's degree  teiih  konown,  or  to  go  out  in  himoun  ;  those  whose  names 
appear  in  the  Classical  Tripos  are  said  to  take  classical  honours ;  while 
the  remainder,  who  are  called  the  ol  voXKoi,  abbreviated  into  "  the  Pol," 
though  they  equally  take  the  Bachelor's  degree,  are  not  supposed  to  be 
honoured.  But  in  point  of  fact,  the  last  of  the  Junior  Optimds,  or  the 
last  on  the  list  of  honours,  has  always  been  considered  an  unfortunate 
person,  and  the  name  of  the  wooden  tpoon  *  has  long  been  attached  to 
his  place.  It  is  not  as  if  all  were  examined  together,  and  the  honoured 
were  selected  out  of  the  whole  list:  those  who  wish  to  go  out  in 
honours  declare  their  intention  and  are  examined  separately ;  so  thxit 
it  frequently  happens  that  the  last  of  the  honoured  graduates  is  a 
person  of  very  inferior  attainments  to  many  at  the  head  of  the  un- 
honoured  multitude.  With  regard  to  the  facetious  terms  current  in 
the  universities,  it  should  be  known  that  the  nicknames  invented  by 
uudei^praduates  are  generally  adopted  in  the  university,  which  become 
therefore  real  and  well-known  denominations.  From  the  vice-chai.coUor 
to  the  freshman  of  yesterday,  the  last  of  the  honoured  is  the  wooden 
spoon :  and  he  must  be  a  formal  man  (a  "  regulsr  Don "  the  under- 
g^nduates  would  call  him)  who,  in  speaking  of  the  "  previous  examina- 
tion," as  it  is  styled  in  the  grace  of  the  Senate  which  established  it, 
should  use  those  words  instead  of  "  the  little  go,"  a  term  which  was 
borrowed  from  the  Oxonians  as  soon  as  the  grace  was  passed. 

There  is  no  history  extant  of  the  original  introduction  of  the  terms 
wrangler,  senior  optim^  and  junior  optimd.  Huber,  whose  history  of 
our  universities  has  been  trausUted  by  Mr.  Newman,  says  that  every 
attempt  he  has  made  to  unravel  the  skein  of  university  technicaUUes 
has  miade  him  giddy  with  headache.  A  Cambridge  man  however  finds 
no  difficulty  in  seeing  how  the  word  was  used,  as  applied  to  the  manner 
in  which  an  examination  (not  a  public  disputation)  is  passed.  The 
examination  which  takes  place  in  January,  and  at  which  a  young  man 
is  said  to  **  take  his  degree"  (because  in  fact  he  then  does  ail  that  will 
be  asked  of  him,  the  old  disputations  having  long  been  abandoned),  iu 
old  times  was  not  an  examination  for  the  B.  A.  degree,  but  for  the  right 
of  being  admitted  to  perform  the  disputations  necessary  for  a  degree. 
All  degrees  were  originally  gained  by  disputatTons,  the  substitution  of 
an  examination,  to  see  whether  the  candidates  were  fit  to  dispute,  being 
a  thing  of  comparatively  modem  times.    The  vioe-chancellor,  when 

*  Sinoe  the  Institutioa  of  the  elawieal  honours,  to  which  nuthsmatioal  ones 
are  a  necessary  preliminary  at  Cambridge,  the  wooden  spoon  has  froquenUy 
been  a  distinguished  classic,  who  did  not  need  nor  with  for  anything  except 
the  formal  place  on  the  mathematical  liit,  which  was  rct^uired  preTioualy  to 
compeUtion  for  a  place  in  Uio  classical  one,  though  by  recent  changes  classical 
honours  may  be  obtained  without  the  necessity  of  passing  the  mathematical 
examination,  and  the  degree  of  B.A.be  obtained  through  the  classical  tripos. 
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iho  examination  was  over,  admitted  the  candidates,  not  to  the  Bache' 
lor^s  degree,  but  "  ad  respondendum  questioni,"  and  the  person  thus 
admitted  was  called  a  questionist.  The  form  of  asking  some  trifling 
question,  or  keeping  a  mock  act  [Act]  was  afterwards  performed  be- 
tween the  questionist  and  the  Father  of  his  college,  which  is  the  name 
giTcn  to  one  of  the  fellows  whose  duty  it  is  to  present  the  candidates 
of  his  college  to  the  Tice-chancellor.  On  the  Thuraday  after  Midlent 
Sunday  the  yice-chancellor  used  to  declare  all  the  questionists  (who  in 
the  interval  had  borne  the  name  and  assumed  the  dress  of  Badielor  of 
Arts)  "  actualiter  esBe->in  artibus  baccalaureos."  The  term  wrangler 
then  must  imply  one  who  is  held  more  than  usually  qualified  to  proceed 
to  the  disputations  which  were  once  the  practical  test  of  his  fitness  for 
the  degree. 

The  Tripos  lists  are  giTen  in  the  '  Cambridge  Calendar '  from  1747 
downwards;  but  the  wranglers  and  senior  optim^  form  one  hst 
till  1752  inclusive.  It  is  said  that  the  regular  order  of  previous 
years  cannot  be  ascertained,  as  the  proctors  were  in  the  habit 
of  making  honorary  senior  optim^,  and  placing  them  in  the  list  at 
pleasure. 

WRECK.    [Shipwbbck.1 

WRIT,  a  law  tenn,  which  in  its  proper  signification  means  a  vriiing 
imder  the  king's  seal,  whereby  he  confers  some  right  or  privilege,  or 
oommands  some  act  to  be  done.  Writs  are  either  patent  (open,  com- 
monly called  letten  patent,  lUerce  pataitei),  which  are  not  sealed  up, 
but  have  the  great  sesl  attached  to  them;  or  dote  {Utera  cidusce), 
which  are,  or  are  supposed  to  be,  sealed  up.  The  former  are  addressed 
to  all  persons  indiscriminately,  generally  in  these  terms — "  To  all  to 
whom  these  presents  shall  come ; "  the  latter  are  directed  to  some 
officer  or  other  Individual.  Of  the  former  kind  is  the  creation  of  a 
peer  by  patent^  which  is  a  royal  grant  of  peerage;  of  the  latter,  the 
creation  of  a  peer  by  writ,  which  ia  a  summons  to  attend  the  house  of 
peers  by  the  style  and  title  of  some  barony. 

Writ  in  its  ordinary  and  more  limited  sense  is  a  term  applicable  to 
a  process  in  civil  or  arimintU  proceedings.  Civil  writs  are  divisible  into 
original  and  judicial ;  original  writs  issue  out  of  the  Court  of  Chan- 
cery, and  give  authority  to  the  courts,  in  which  Uiey  are  returnable,  to 
proceed  with  the  cause ;  judicial  writs  are  awarded  by  the  court  in 
which  the  action  is  already  pending.  These  are  again  subdivided  into 
meene  and  JtnaL  Original  writs  (which  have  been  superseded  by  the 
writ  of  summons)  used  to  contain  a  brief  statement  of  the  plaintiff's 
alleged  cause  of  action ;  and  auch  a  writ  yfvus  called  in  law  Latin  breve, 
in  law  French  brief:  and  tins  term  was  afterwards  applied  to  judicial 
and  other  writs.  Original  writs  issuing  from  Chancery  were  always 
witnessed,  or  tetted,  in  the  name  of  the  king;  judicial  writs  issued 
from  that  one  of  the  superior  common  law  courts  in  which  the  original 
writ  was  made  returnable,  and  were  tested  in  the  name  of  the  chief 
judge  of  such  court. 

There  are  many  kinds  of  writs,  some  of  the  more  important  of  which 
may  be  here  mentioned.  There  is  the  writ  to  the  sheriff  of  a  county 
to  elect  a  member  or  members  of  the  Commons'  House  of  Parliament, 
in  case  of  a  vacancy  or  general  election,  which  issues  upon  the  warrant 
of  the  lord  chancellor,  or  in  certain  cases  of  the  speaker  of  the  House 
of  Commons.  The  writ  of  kabeai  coq>u$  {ad  iubjidendum),  which 
is  directed  to  any  person  who  detains  another,  commanding  him 
to  produce  the  body  of  the  prisoner  at  such  a  time  and  place, 
together  with  the  cause  of  his  caption  and  detention,  to  do,  submit 
to,  and  receive  (ad  faciendum,  eubjiciendum,  et  recipiendum)  whatever 
the  court  or  judge  by  whom  the  writ  is  awarded  shall  think  fit. 
[Habeas  Corpus.]  There  are  various  other  writs  of  habeas  ctyrput, 
for  the  purpose  of  bringing  up  prisoners  to  be  charged  in  execution, 
to  give  testimony,  &c. — the  writs  of  tvhpoEna  ad  testificandum,  by  which 
a  party  is  commanded  to  appear  at  the  trial  of  a  cause,  to  give  evidence 
under  a  pecuniary  penalty  ;  and  of  eubpama  duces  tecum,  by  which  tiie 
party  is  commanded  to  bring  certain  specified  documents  for  the  pur- 
pose of  the  triaL  A  defendant  privileged  from  the  particuLv  suit,  or 
from  being  sued  except  before  some  other  tribunal,  is  entitled  to  a 
writ  of  privilege,  by  which  the  court  is  required  to  discontinue  the 
suit.  In  modem  times  a  party  is  allowed  his  privilege  without  suing 
out  any  writ  of  privilege. 

WRIT  OF  ERROR.  Writs  of  error  in  purely  civilsuits  are  abolished 
by  the  Common  Law  Procedure  Acts,  and  a  mure  simple  procedure  for 
reviewing  and  correcting  the  decisions  of  the  superior  and  other  courts 
of  record  was  established.    [Error.] 

In  criminal  cases  there  is  a  writ  of  error  from  all  inferior  courts  to 
the  Queen's  Bench,  and  from  that  to  the  House  of  Lords. 

WRIT  OF  INQUUiY.  In  cases  where  a  plaintiff  seeks  to  recover 
a  specific  chattel  (as  in  the  action  of  detinue),  or  a  specific  sum  of 
money  (as. in  ddit),  if  the  defendant  allows  judgment  to  go  against  him 
by  default,  this  is  considered  as  an  admission  that  the  plaintiff  is 
entitled  to  what  he  claims ;  and  the  judgment  therefore  is  final  in  the 
first  instance,  provided  the  jplaintiff  is  content  to  take  a  small  nominal 
sum  for  the  damages  resulting  from  the  detention  of  the  chattel  or 
the  debt.  But  where  a  pUintiff  only  seeks  to  obtain  damages  for  an 
injury  done  to  his  person  or  his  real  or  personal  estate,  or  for  the 
non- performance  of  a  promuse,  if  the  defendant  lets  judgment  go  by 
default,  this,  though  an  admission  that  tlio  plaintiff  has  a  cause  of 
action,  does  not  ojierate  as  an  admission  of  the  amount  of  damages 
to  which  he  is  entitled;  and  such  judgment  is  called  interlocutory. 


In  such  cases,  and  also  where  the  plaintiff  seeks  to  reooyer  substantial 
damages  for  the  detention  of  a  chattel,  or  of  a  debt,  the  intervention 
of  a  jurjr  is  required  in  order  to  ascertain  for  what  damages  the 
plaintiff  is  entitled  to  have  final  judgment.  For  tills  purpose,  a 
jyulicial  process,  called  a  }ffrit  of  inquiry,  issues  to  the  sheriff,  com- 
manding nim  to  summon  a  jury  to  inquire  what  damages  the  plaintiff 
has  sustained.  If  the  plaintiff  offer  no  evidence  before  the  jury,  a  vex^ 
diet  must  be  found  for  nominal  damages,  as  existence  of  some  damage 
is  admitted* 

When  the  inquieition  (or  finding  of  the  jury)  is  retumed,  the  plaintiff 
is  entitled  to  judgment  for  that  amount 

WRIT  OF  SUMMONS.    [Writ.] 

WRIT  OF  TRIAL.  All  trials  of  causes  in  the  superior  courts  took 
place  formerly  either  at  bar  before  the  whole  court,  or  atiitstjmiu 
before  one  of  the  judges  of  the  court,  or  a  judge  or  Serjeant  named 
in  the  commission  of  assize ;  but  now,  by  the  8  &  4  WilL  IV.,  c  42, 
s.  17,  in  any  action  depending  in  any  of  the  superior  courts  for  any 
debt  or  demand  in  which  the  sum  sought  to  be  recovered  and  indorsed 
on  the  writ  of  summons  shall  not  exceed  20L,  the  court,  or  a  judge 
(if  satisfied  that  the  trial  will  not  involve  any  difficult  question  of 
fact  or  law),  may  order  the  trial  to  take  place  before  the  sheriff  of  the 
county  where  the  action  is  brought,  or  some  judge  of  an  inferior  court, 
and  for  that  purpose  a  writ  shall  issue  (called  the  Writ  of  Trial) 
directed  to  the  sheriff  or  such  judge,  commanding  him  to  try  the 
cause  before  a  jury,  and  to  return  such  writ  with  the  finding  of  the 
jury  thereon  indorsed.  The  statute  applies  only  to  actions  for  a  debt 
or  demand  indorsed  on  the  writ  of  summons ;  it  does  not  thereforo 
extend  to  cases  where  the  action  is  brought  for  a  wrong,  or  where  the 
demand,  being  for  unliquidated  damages,  the  amount  claimed  cannot 
properly  be  indorsed  on  the  writ  of  summons,  l^e  proceedings  under 
the  writ  of  trial,  when  directed  to  the  sheriff,  usually  take  place  before 
his  under-sheriff  or  other  his  deputy ;  and  they  are  conducted  in  the 
same  manner  as  at  a  trial  arnm  prius :  and  the  court  will  grant  a  new 
trial  for  the  same  causes  as  if  the  trial  had  been  before  one  of 
the  superior  judges ;  but  a  new  trial  will  not  be  granted  upon  the 
ground  that  the  verdict  is  sgainst  the  evidence,  where  the  amount 
of  such  verdict  is  lees  than  61.,  unless  such  verdict  be  manifestly 
perverse. 

WRITER,  in  Scotland,  is  a  term  of  nearly  the  same  meaning  as 
attorney  in  England,  and  is  generally  applied  to  all  legal  practitioners 
who  do  not  belong  to  the  bar.  The  body  who  in  Edinburgh  enjoy, 
concurrently  with  writers  to  the  signet,  the  privilege^of  conducting 
cases  before  the  Court  of  Session,  the  'Court  of  Justiciary,  &c,  are 
called  solicitors  of  supreme  courts  (abbreviated  S.  S.  C),  and  the  prac- 
titioners before  the  sheriff  court  of  Aberdeen  are  by  local  custom  called 
advocates.  In  each  county  there  is  generally  a  society  of  writers 
privileged  to  practise  in  the  sheriff  court  and  in  the  other  local  judica- 
tories, who  frame  their  own  bye-laws,  and  regulate  the  terms  of  admis- 
sion to  their  body.  Individually,  they  are  responsible  for  their  oonduct 
to  the  local  judges  before  whom  they  practise :  and  as  bodies  they 
are,  on  the  one  hand,  protected  from  the  infringement  of  their  privileges 
by  unlicensed  persons,  and  on  the  other,  liable  to  judicial  control  if 
they  attempt  unduly  to  restrict  the  means  of  admission  to  their 
privileges. 

WRITER  TO  THE  SIGNET,  abbreviated  W.S.,  is  the  designation 
of  the  members  of  that  class  of  attorneys  or  procurators  who  enjoy,  in 
common  with  the  solicitors  of  supreme  courts,  and  with  one  or  two 
smaller  bodies,  the  privilege  of  conducting  cases  before  the  Court  of 
Session,  the  Court  of  Justiciary,  and  the  Commission  of  Teinds.  Their 
peculiar  privilege,  however,  is  that  of  preparing  the  writs  which  pass 
the  royal  signet.  The  signet  was  a  seal  or  die  under  the  control  of  the 
secretary  of  state,  with  which  the  writs  by  which  the  king  directed 
parties  to  appear  in  court,  or  ordered  them  to  obey  the  decrees  given 
against  them,  and  other  executive  instructions,  were  stamped  for  the 
sake  of  authentication.  In  the  16th  century,  the  persons  who  were 
entitled  to  present  the  writs  which  received  the  impression  of  the 
signet  are  supposed  to  have  been  the  clerks  in  the  secretary  of  state's 
office ;  and  it  is  not  known  how  or  precisely  at  what  time  the  persons 
who  transacted  this  department  of  official  business  became  converted 
into  a  body  of  private  practitioners.  Since  the  Union  of  1 707,  the  signet 
has  been  under  the  disposal  of  the  Court  of  Session;  but  down  to 
about  the  middle  of  last  century  the  keeper  of  the  signet  was  deputed 
by  the  secretary  of  state  for  the  home  departments  Since  that  time  he 
has  been  appointed  under  the  great  seal,  and  he  names  a  deputy,  who 
is  a  member  of  the  society  of  writers  to  the  signet,  and  by  usage  pre- 
sides at  their  meetings.  In  the  general  case  the  summons  by  which 
an  ordinary  action  is  brought  into  the  Court  of  Session  requires  to  be 
signeted,  and  to  be,  as  a  preliminary,  signed  by  a  writer  to  the  signet ; 
although  a  member  of  one  of  the  other  privileged  bodies  may  conduct 
the  case.  Advocation  [Advocation],  and  some  other  analogous  classes 
of  procedure,  required  formerly  to  have  the  interposition  of  the  signet ; 
but  this  step  in  the  procedure  has  been  abolished.  The  writers  to  the 
signet  now  possess  few  privileges  which  are  not  shared  by  the  other 
practitioners  before  the  supreme  courts.  They  still  retain  their  privi- 
leges as  to  summonses,  and  they  have  the  exclusive  right  of  presenting 
signatures  in  exchequer,  or  of  presenting,  through  the  judges  acting  in 
exchequer,  the  indorsed  drafts  of  the  writs  passing  under  the  great  and 
other  seals  in  Scotland  appended  to  crown  charters,  appointments  to 
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olBces,  &o.  They  lutve  thus  a  monopoly  of  the  busmeea  of  makmg  up 
tho  titles  of  the  crown  TaasnlB  in  Scotland.  The  society  require  of  weir 
intoints  an  apprenticeship  of  five  years,  with  a  curriculum  of  university 
study,  which  includes  two  sessions  of  attendance,  the  one  at  Latin  and 
the  otiier  at  some  other  literaxy  class^  and  four  courses  of  attendance 


at  law  dasses.  The  writers  to  the  signet  possess  a  library,  the  colleet- 
ing  of  which  commenced  in  1765,  by  the  piurchase  of  some  law  books^ 
to  which  works  on  other  subjects  were  added  in  1778.  It  is  now  sup- 
ported by  an  annual  grsnt  by  the  society. 

WRITING.     [AliFEABET.J 


Xto  an  Englishman  is  the  representative  of  what  might  as  well  be 
denoted  by  the  two  consonants  k  t.  But  in  the  Greek  alphabet  it 
was  merely  a  guttural  aspirate,  equivalent  probablv  to  the  German  eh. 
The  cause  of  this  change  in  the  power  of  the  symbol  appears  to  admit 
of  the  following  explanation  : — Before  the  employment  by  the  Greeks 
of  their  character  8  or  |,  it  was  their  common  custom  to  represent 
this  sound  bv  X  3,  as  may  be  seen  in  Boeckh's  inscriptions,  rather  than 
by  K  2,  of  which  tiiere  exist  however  a  few  examples,  as  in  the  so-called 
Vanian  Inscription.  [ Alfhabbt,  plates  ii.  and  iii.]  Now  the  Romans 
copied  this  Greek  practice,  and  we  oonsequentlv  mid  in  Latin  inscrip- 
tions sudi  forms  as  icaxbvmvb,  froxsvmtb,  ie.  See  the  Index  of 
Marini's  '  Fratelli  ArvalL*  So  again  coins  give  us  the  proper  name 
Axsivs,  where  the  later  orthography  would  have  been  axivs;  and 
even  existing  manuscripts  still  bear  traces  of  this  orthography.  Thus 
the  Medicean  MS.  of  Viigil  has  ixbesa  ('  Aen.',  viiL  418),  sxsvit 
('Aen.',  viii-  567)*  But  the  Romans,  being  generally  averse  to  the 
aspirated  letters  (A  itself,  though  written,  seems  not  to  have  been  pro- 
nounced by  them),  had  little  or  no  occasion  for  the  character  x  except 
in  this  combination  with  an  s.  The  verj  sight  therefore  of  an  x,  even 
before  the  eye  came  to  the  s,  raised  in  the  mind  the  idea  of  a  sibilant, 
and  thus  rendered  the  sibilant  itself  a  superfluous  letter;  which, 
because  it  was  superfluous,  would  before  long  be  omitted,  and  thus  the 
single  letter  x  would  perform  the  office  of  the  two  consonants  x  8.  It 
may  be  objected  to  this  view,  that  in  one  of  the  oldest  inscriptions,  the 
Bacchanalian  (see  the  plate  in  the  seventh  volume  of  Dnuienborch's 
Livy),  we  have  the  form  exoeicerxnt,  where  the  letter  in  question 
already  has  the  power  of  our  modem  x.  This  perhaps  is  an  erroneous 
idea.  It  would  probably  be  more  correct  to  look  upon  the  character  in 
this  word  as  the  simple  guttural,  thus :  echdeieeretU,  from  which  the 
later  form  edieerent  woidd  easily  flow.  A  sibilant  in  this  word  would 
have  given  the  same  offlsnce  to  a  Roman,  as  c(di8orai  would  have  done 
to  a  Greek  ear.  It  should  be  recollected  too  that  the  old  Latin  prepo- 
sition had  the  form  ec,  as  seen  in  eefari,  eeferre,  &c.  (for  thus  did 
Cicero  write  these  words),  and  that  a  sibilant  was  added  only  before  the 
sounds  p,  k,  t,  or  before  a  vowel.  An  argimient  against  tiie  view  we 
have  taken  in  reference  to  the  change  of  power  in  the  symbol  might 
be  founded  upon  the  fact  that  the  Spaniards  employ  the  very  same 

Smbol  as  a  guttural  Thus  in  the  geocpraphical  names  Xeres,  Xalapa, 
exico,  the  x  has  Uttle  or  nothing  of  a  sibilant  character. 

The  letter  x  was  the  last  in  the  Roman  alphabet,  neither  T  nor  z 
belonging  to  it,  although  the  majority  of  Latin  grammars  include  them. 
On  reflection  however  it  vrill  be  acunitted  that  the  words  in  which 
those  two  letters  occur  are  not  really  part  of  the  Latin  language,  but 
borrowed  from  the  Greek,  as  zephyrus,  tona ;  or  from  some  Eastern 
source,  as  gaza.  Such  forms  as  laehryma,  hyenu,  sylva,  are  simply 
errors  of  modem  editors.  The  Romans  thenuelves  wrote  henma  or 
Uicrima,  kUnu,  or  rather  hiemvi,  and  nlvcL  But  the  fact  that  x  was 
the  final  letter  of  the  Roman  alphabet  is  established  by  an  anecdote  in 
the  Life  of  Augustus  by  Suetonius  (c88). 

The  interclumges  of  x  with  other  letters  are  as  follows : — 

1.  X  with  e,  as  in  the  double  form^  already  mentioned,  of  the  Latin 
or  Greek  preposition  ex  or  ee. 

2.  X  with  8e  or  $k.    See  S. 

3.  X  with  g,  as  in  the  Latin  aiugeo  compared  with  the  Greek'av^oyw, 
and  fuy-w/u  compared  with  mix,  Eng.,  and  miX'tut,  Latin. 

4.  X  with  pi,  as  the  Latin  exUia  compared  with  the  Greek  ^i\os. 
In  the  same  way  we  find  an  illiterate  Roman  officer  writing  ixi  for 
ipH,  and  thus  too  proximua  is  the  superlative  of  prope,  T)nB  change  is 
in  fact  only  another  instance  of  the  interchange  otp  and  e,  so  common 
between  week  and  Latin.    See  C. 

6.  X  perhaps  with  A.  Thus  |cyot  is  probably  in  the  first  syllable 
the  equivalent  of  the  Latin  hosHs  and  Aoqms.  Scnb  0  and  N.  So  again 
hatia  is  probably  connected  with  the  Greek  ^ttrros. 

6.  X  with  z.  Thus  in  Spanish  a  s  is  found  where  the  Latin  has  an  t. 
For  example,  the  Latin  words  emx,  pax,  have  become  in  Spanish 
cnu,  paz,  whence  the  names  of  the  American  towns.  Vera  Cruz  and 
La  Paz. 

XANTHAMTLAMIDE.     [Cabbaxio  Acid.     SulphocarbanaU    of 
amyl.] 
XANTHAMYLIC  ACID.     Amylduidphocarbome  acid  (C„Hi,OA 

B  CfiA  ^^   )•    Xanthamylate  of  potash  is  formed  on  treating  a 

solution  of  potash  in  amylio  alcohol  with  bisidphide  of  carbon  until 
alkaline  reaction  no  longer  manifests  itself :  the  salts  then  crystallises 
out  in  plates ;  it  is  soluble  in  alcohol  or  ether,  gives  precipitates  of 


xanthamyUtes  with  most  metallio  solutions,  and  when  acted  upon  by 
hydrochloric  acid  yields  up  its  xanthamylic  acid. 

Xanthamylic  acid  is  an  oilv  liquid,  oolouriess  when  quite  pure,  but 
generally  of  a>  yellow  tint ;  it  has  a  pungent  disagreeable  odour,  reddens 
UtmuB  paper,  is  heavier  than  water,  bums  with  a  luminous  flame,  and 
is  readily  decomposed  bv  water. 

X ANTHEIN.  A  yeUow  colouring  matter  oontsined  in  flowera.  It 
is  extracted  by  cold  alcohol  from  the  petals  of  yeUow  dahUss.  Xanthein 
is  soluble  in  water,  alcohol,  and  ether,  but  does  not  czystaUise  from 
any  of  these  solutions.  Alkslies  communicate  to  it  a  veir  rich  brown 
colour.  It  communicates  a  brilliant  yellow  to  tiasues,  and  unites  with 
most  metallic  bases  forming  ydlow  or  brown  lakes. 

XANTHELENE.    [Xanthio  Aom.] 

XANTHENE.  XutKeae,  Melene,  An  unimportant  and  proUema- 
tical  derivative  of  hydropersulphocyanic  add. 

XANTHIAN  MARBLES,  the  designation  given  to  a  eoUeefeion  of 
architectural  and  sepulchral  remains,  from  their  having  been  chiefly 
found  in  the  city  of  Xanthus  in  Lycia,  a  province  of  Asia  Minor. 
[Lycia,  ix^  Gbog.  DtY.,  coL  688.]  They  were  for  the  most  part 
obtained  by  Sir  Charles  Fellows,  during  researches  conducted  at  the 
expense  of  the  British  government  in  the  yean  1842-46,  and  are  now 
deposited  in  the  Lydan  gallery  #f  the  British  Museum. 

The  Xanthian  marbles  comprise  sculptural  remains  which  are  believed 
to  range  in  date  from  the  conquest  of  Xanthus  by  the  Persians,  B.a 
545,  to  the  period  of  the  Bysantine  empire,  and  vary  considerably 
therefore  in  character  and  value.  The  oldest  and  most  important  are 
the  xilievi  from  what  is  known  as  the  Harpy  Tomb,  ^priiich  stood  near 
the  theatre  at  Xanthus.  This  tomb  was  found  inmost  entire,  and 
consisted  of  a  solid  rectangular  shaft  17  feet  high,  surmounted  by  a 
small  chamber.  The  frieses  on  the  sides  of  this  pedestal  eidiibit  so 
much  refinement  of  feeling,  combined  with  an  idmost  austere  purity 
of  style,  that  it  may  be  doubted  whether  they  do  not  belong  to  a 
period  antecedent  to  the  Persian  invasion,  and  are  not  the  -wotk  con- 
sequently of  the  descendants'  of  the  Grecian  colonists,  before  their 
taste  was  vitiated  by  Persian  influence.  The  date  usually  assigned  to 
them  is  about  500  B.a 

The  tomb  has  acquired  its  name  from  four  figures  of  similar  design 
on  the  four  extremities  of  its  north  and  south  sides,  which  resemble 
the  Harpy  of  the  andents.  The  head  is  that  of  a  fexnale,  the  breast  is 
exposed,  and  the  body,  which  terminates  vrith  Uie  trunk,  has  wings 
and  a  tfldl  like  a  pigeon's ;  from  under  the  wings  comes  a  bird's  daw, 
clasping  the  \m  of  a  child,  which  is  carried  in  the  bosom  of  the  figure. 
They  are  all  flying  upwards  and  outwards  from  the  middle  ol  each 
group,  and  are  carrying  off  female  children.  There  was  no  inscription 
on  the  tomb,  which,  from  the  flying  figures  carrying  off  the  duldrtoi, 
is  supposed  to  allude  to  the  story  of  Fandarus,  king  of  Lyda ;  these 
figures  being  the  harpies  cairjing  away  the  cbughters  of  Pandanis. 
(Homer,  '  Odyssey/  b.  xx.)  Besides  these  there  are  seated  figures, 
probably  ddties,  wd  other  personages  from  the  Greek  mythology. 
The  figures  are  about  three  feet  high,  and  the  four  compartments, 
about  nine  feet  in  length,  form  the  top  of  the  tomb,  and  are  elevated 
about  twenty  feet  above  the  ground  upon  a  square  shaft  or  pedestal 
of  gray  stone,  and  roofed  with  two  flat  stones  of  a  similar  material ; 
the  bas-reUefs  are  in  white  marble. 

dose  to  this  tomb  stood  another  similar  tomb  of  the  same  dimen- 
dons,  entirdy  covered  with  Lycian  characters.  These  Xanthian  tombs 
extend  over  several  miles  of  country. 

Another  extremdy  interesting  series  consists  of  a  broad  and  a  nanx>w 
frieze,  and  various  architectural  members  of  a  remarkable  Ionia  struc- 
ture, the  purpose  of  which  is  not  determined,  but  of  which  there  are 
in  the  room  an  excellent  model,  according  to  the  restoration  proposed 
by  Sir  C.  Fellows,  under  whose  direction  it  was  made,  and  a  picture 
showing  the  appearance  of  the  spot  prior  to  the  excavations.  The 
frieses  represent  contests  between  ^e  heavily-armed  Greek  soldiers 
and  more  lightly  equipped  Asiatics ;  the  dege  of  a  dty,  and  a  sally  of 
the  bedeged ;  and  a  Persian  satrap  receiving  a  deputation.  The  subject 
refened  to  is  usually  conddered  to  be  the  conquest  of  Lycia  by  the 
Persians  under  Harpagus,  and  the  building  to  have  been  the  tomb  of 
Harpagus,  or  a  memorial  to  his  honour,  and  to  have  been  erected  in 
the  4th  century,  b.o.  By  some,  however,  the  bas-reliefs  are  supposed 
to  represent  the  suppresdon  of  the  revolt  of  the  Lydans,  B.o.  387. 
Be  that  as  it  may,  the  sculptures  are  thoroughly  Persian  in  character, 
and  both  in  subject  and  style  recal  to  the  memory  similar  subjects 
smong  the  Assyrian  rilievi.  Another  series  of  bas-rdiefB,  part  of  the 
tomb  of  one  Paiafa,  a  satrap  of  Lyda,  has  representations  of  warrion 
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fighting,  while  on  each  side  of  the  tomb  was  an  aitned  fig^iira  in  a 
quadriga.  Other  alabe,  statues,  and  aculpturad  fragments,  of  a  more  or 
less  debased  style,  carry  down  the  iliustzations  of  Lyoian  art  to  the 
period  mentioned  above. 

(Fellows'  Journal,  d:e,;  AeamtU  trf  Di§eovfntt  in  Ljfcia;  Aeecunt 
of  the  Ionic  Trojpihy  Monument  exeavaied  at  Xantkui  ;  and  Jbay  on  the 
Hdative  J>atet  of  the  Lycian  Monuments  in  the  Britith  Muteum  ;  Soharl, 
Observations  on  the  Seulpturea  aeen  on  the  Monuments  of  Ancient  L^eia; 
Qerhaid,  Archdol,  ZeituHf/,  1845 ;  Qgicial  Synapsia  of  British  Museum.) 

XANTHIC  ACID.     Sulphoearbovinic  add.     Sthi^disuiphocm^nie 

add  (c«H«0,8«sC,S«|^«|^^V    XanthaU  of  potash  is  formed  on 

treating  an  alcoholic  solution  of  potash  with  bisulphide  of  carbcn  until 
all  alkaline  reaction  be  neutraused ;  the  mixture  artiflcially  oooled 
deposits  colourless  prismatic  crystals,  which  are  veiy  soluble  in  water 
or  alcohol,  but  insoluble  in  ether ;  dilute  hydroohlorio  add  decomposes 
them  and  sets  free  xanthlc  acid. 

Xanthic  acid  is  so  named  from  loMs,  yeDov,  because  it  gives  a 
yellow  precipitate  with  salts  of  copper.  It  is  dly ;  heavier  than,  and 
insoluble  in,  water;  has  an  acid,  astringent,  and  bitter  taste,  and 
pungent  odour.  Heated  to  ebullition  it  is  decomposed  into  alcohol 
and  bisulphide  of  carbon,  and  is  very  inflammable.  It  stron^y 
reddens  litmus  paper  and  decomposes  alkaline  carbonates  with  effer- 
vescence. 

The  xanthates  are,  with  the  exception  of  xanthate  of  potash,  unim- 
portant. The  copper  salt,  already  referred  to,  seems  to  be  sooompanied 
by  a  crystallisable  compound.  Xarithdene  (xanthate  of  ethyl),  an  oily 
liquid,  is  also  occasionally  formed  at  the  same  time,  but  possibly  is  a 
product  of  the  decomposition  of  the  crystalline  body. 

XANTHIC  OXIDE.    [Ubic  Gboup.] 

XANTHIN.  This  name  has  been  applied  to  two  distinet  bodies, 
namely,  to  a  colouring  matter  contained  in  madder  [Madder, 
CoLOURnco  Mattkbs  of]  and  to  the  yellow  colouring  matter  of 
flowers.  The  latter  Is  best  extracted  by  treating  the  sunflower  with 
boiling  absolute  alcohol ;  on  cooling,  the  alcohol  deposits  the  whole  of 
the  xanthin,  which  is  of  a  beautiful  yellow  colour,  insoluble  in  water, 
but  soluble  in  hot  alcohol  and  water.  It  is  an  unciystallisable  resinous 
substance. 

XANTHO-COBALTIA  (Co^O,,  6NH^  NO,).  An  ammoniacal  base 
containing  cobalt.  It  is  obtamed  in  the  state  of  sulphate  bytnuuh 
mitting  a  rapid  current  of  nitrous  add  through  an  ammoniacal  solution 
of  sulphate  of  cobalt,  keeping  the  liquid  aLkaline  by  the  occasional 
addition  of  ammonia.    The  sulphate  of  xanthooobaltia  has  the  formula 

Co,0„  5Nn„  NOt,  280, +H0. 

The  nitrate  and  chloride  have  the  following  formulso : — 

Nitrate      .        •        •  Co^Os*  6NH,,  MO,,  SNO.+HO 
Ghloride        •        •    .  00,001,,  6NHj„  NO, -f  HO 

[CobaltJ 

XANTHOaENAMIDIL  [Carbahto  Agid.  Suiphoearkmate  of 
ethyl] 

XANTHOPENIC  AGID.    [Ofiuh,  Axkaloidb  or,  Opiammon.'] 

XANTHOPHTLL.  It  is  well  known  that  in  autumn  the  Idiage  of 
many  forest-trees  becomes  of  a  bright  yellow  colour,  whidi,  aeoording  to 
Berzelius,  is  owing  to  the  replacement  of  the  green  colouring-matter  of 
the  leaves,  or  ChlorophyU,  by  a  peculiar  yellow  colouring-matter  which 
he  calls  XarUhophylh  The  pronerties  of  this  are,  that  it  is  a  fatty 
substance  of  a  deep  ydlow  colour,  which  mdts  between  100"  and 
120**  Fahr. :  it  is  insoluble  in  water,  but  disMlves  copiously  in  aloohol 
and  ether ;  its  solution  exposed  to  air  and  light  is  rapidly  bleadied ; 
alkalis  dissolve  it  sparingly. 

X ANTHOPICRITK  Xanthopterin,  A  substance  oontahked  in  the 
bark  of  the  XantKoxylwm  Clata-ffereuKs,  Z.,  employed  in  the  Antilles 
OS  a  febrifuge.  It  ciystaUises  in  greenish-yellow  mOy  needleS|  which 
are  bitter  and  astringent^  readily  soluble  In  aloohol^  dlg^ttly  so  in 


water,  and  insoluble  in  ether.    It  possesses  ndther  add  nor  alkaline 
qualities. 

XANTHOPROTEIC  ACID  (Cj.H„N,0»,  ?).  According  to  Mulder, 
this  acid  is  formed  when  albumen  or  any  other  protein  compound  is 
digested  in  nitric  add ;  these  dissolve  with  the  escape  of  nitr(^gen  gas, 
and  yield  a  yellow-coloured  solution,  while  oxalic  acid  and  ammonia 
are  formed. 

Two  equivalents  of  protein,  1  of  water,  and  2  of  nxtrio  acid,  yidd  3 
of  oxalic  add,  2  of  ammonia,  and  1  of  xanthoprotdc  add.    After  being 
washed  with  boiling  water,  this  add  exists  as  a  tastdeas  orange-ydlow 
powder^  whidi  combines  with  adds  as  perfectly  em  with  bases;  its 
compounds  with  the  latter  dissdve  in  water^  and  give  dark-red  coloured 
solutions. 
XANTHORHAMNIN.    [CHRTSORHAiranr.] 
XANTHOXYLENE.    [Essential  Oils;  ^rafOJUxyZMSk] 
XANTHOXTUN.    [Essential  Oils  ;  xcmthwofiumA 
XIPHIAS  (constellation).    [Dorado.] 
XUTHBNB.    [Xanthih.] 
XYLENE.    [Xylole.1 
XYLIDINE.    [Xylols.] 

XYLITE  (CjyH^O,  ?).  According  to  OmeHn,  when  commercial 
pyroxylio  sinnt  is  submitted  to  distillation  from  dilotide  of  cddum^ 
a  ^our  rises,  which  condenses  Into  a  liquid,  which  he  calls  xj^iie. 

The  propeities  of  this  substance  are,  that  it  strongly  resembles 
aloohol;  its  odour  is  like  that  of  ether  and  agreeable,  and  its  taste  is 
empyreumatic ;  its  specific  gravity  is  0'810,  and  its  boiling-point  about 
143«  Fahr. :  it  is  miscible  with  water,  and  bums  with  a  white  flame. 
The  dendty  of  its  vapour  was  found  by  experiment  to  be  2*177 ;  by 
theory  it  should  be  rather  lighter. 

With  adds  xylite  produces  ethereal  compounds,  whldi  have  not 
been  minutdy  examined;  and  by  partial  decompontion  it  gives  rise  to 
xyUae  acid,  xylite  naphtha,  xylite  resin,  and  xyUte  oil ;  these  substances, 
however,  have  not  Mtherto  been  very  particularly  subjected  to  experi- 
ment, and  the  «hde  of  these  bodies  require  re-investigation. 
XYLITE  NAPHTHA.    [Xylite.] 

XYLOIDIN.  Pyroxam  or  nitranudine  (C„H,(NOJO,o  >).  A  sub- 
stance allied  to  pyroxylin.  [Qun-cotton.]  Starch  is  dissolved  in 
nitric  add  of  sp.  gr.  1'6,  and  the  solution  immediatdy  diluted  with 
water :  a  white,  tastdess  substance  is  then  precipitated  which  Is  the 
body  termed  pyroxylin.  It  is  insoluble  in  water,  aJoohol,  or  ether, 
and  when  heated  to  356*  Fahr.  bums  rapidly,  after  the  manner  of 
gun-cotton.  It  explodes  when  smartiy  struck  on  an  anvil  by  a  hammer, 
but  less  powerfully  than  gun-cotton.  It  also  leaves  much  carbonaceous 
rcddue  when  burnt,  and,  unlike  pyroxvlin,  is  easily  soluble  in  nitric 
add.    Protosalts  of  iron  reliberate  starch  from  xyMdin. 

XYLOLE  (C^,Hia)*  Xylene,  A  volatile  liquid  hydrocarbon  homo^ 
logous  with  benzole,  fta,  of  the  series  CnHa-a.  It  is  one  of  the 
oonstituents  of  the  oily  impurities  contained  in  commerdal  wood- 
spirit,  and  which  separate  on  the  addition  of  water.  It  is  purified 
by  agitation  with  concentrated  sulphuric  acid  and  fractional  dis&Ution. 
Xylols  is  a  limpid^ colourless  flmd;  boiling  point  259"  Fahr.  Fuming 
nitric  add  converts  it  into  nitro-xvlole,  a  yellow  oil  heavier  than  water 
and  of  an  odour  somewhat  resembling,  but  less  pleasant  than,  that  of 
nitrobensole.  Nordhausen  sulphuric  add  dowly  combines  with  it  and 
forms  colourless,  deliquescent^  adcular  crystals  of  sulfo-xyhie  or 
xylenj^sulphwrous  add  (CSmH  J3,0q).  Nitric  acid  acts  upon  the  latter 
compound  to  form  nitro-sMhxylde  or  nitro-xylenylsulphurous  add 
(C,A(NOJS,OJ. 

Xjfidine  (C^oHiiN).  This  alkaloid  much  resembles  its  homologues, 
toluidine,  fta  It  lis  produced  by  the  reaction  of  nitroxylole  and 
sulphide  of  ammonium.  When  pure  it  is  almost  colourless,  but 
becomes  purple  on  exposure  to  air  and  finally  resinifies.  It  turns  red 
litmus  paper  blue ;  boiling  point  416*  Fahr. 

XYLOttETIN  (CJB[„0«r).  A  fossil  resin  found  in  Danish  peat. 
It  crystallises  in  comused  prisms,  which  are  insoluble  in  water,  but 
very  aolaUe  in  aloohol  and  ether. 


V  liAS  found  lis  way  into  the  alphabets  of  Western  Europe  through 
-^  the  later  Latin  alphabet  from  the  Greek.  The  oldest  form  of  the 
Greek  character  appears  to  have  had  no  vertical  stroke,  but  to  have 
been  precisd^  the  same  as  the  Bingllsh  or  Roman  Y,  so  that  the  small 
character  i;  differed  from  the  other  form  only  in  the  usual  substitution 
of  a  curve  for  an  angle.  We  have  sdd  that  the  letter  Y  belonged  only 
to  the  later  Roman  alphabet.  Tbiz  fact  has  been  already  remarked 
upon  under  X;  and  an  argument  in  confirmation  of  what  is  there 
Bsserted  may  be  drawn  from  the  consideration  that  the  Romans  already 
possessed  in  their  V  the  representative  of  the  Greek  letter.  How  then, 
it  may  be  asked,  was  it  that  they  subsequentiy  adopted  this  letter  ? 
The  answer  would  probably  be  this-- that  the  Greek  character  had 
changed  its  power  from  the  original  sound  of  oo,  such  ss  is  still  repre- 
sented by  the  Italian  «,  to  a  sound  probably  like  that  of  the  French  u, 
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or  even  to  a  weak  t.  If  we  traced  the  Greek  letter  Y  or  Y  still  farther 
back,  we  should  perhaps  arrive  at  the  opinion  that  it  grew  itsdf  out  of 
a  caielesdy  written  0.  The  Hebrew  character  which  corresponds  to 
O,  name^,  V,  already  exhibits  the  opening  above,  just  as  the  Hebrew 
Ifi  does,  compared  with  the  Greek  6.  Bo  too  the  English  often  write 
a  capital  0  without  joining  the  circle  at  the  top.  To  these  considera- 
tions may  be  added  the  fact  that  the  Hebrew  alphabet^  which  ended 
with  a  T,  oontuns  no  other  equivalent  for  the  Greek  Y :  and  again  the 
Etruscans  had  but  one  duu«cter,  V,  without  any  0.  That  the  intro- 
duction of  the  character  Y  into  Latin  words  has  been  carried  beyond 
tiie  proper  Umit  has  been  already  remarked  [X] ;  and  we  would  add  to 
what  has  been  tiiere  said,  that  in  the  well-known  Medioean  Kanuscript 
of  Vii^G^  there  is  something  suspicious  in  the  fact  that  this  letter 
always  overtops  the  other  letters  in  such  a  manner  that  the  verticd 
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shaft  Ib  of  the  same  height  with  them ;  and  thus  it  is  possible  that  the 
honiSi  if  we  mi^  so  o&&  them,  were  attached  by  a  subsequent  hand, 
the  manuacript  until  then  having  merely  an  I.  (See  FogginrB  reprint 
of  that  Manuscript,  and  the  second  line  of  the  copperplate  facsimile  of 
the  same  (amad^ades)  in  Bunnann's  '  Virgil/  toL  L,  facing  p.  xxztL 

of  the  prefsoe.) 

In  the  English  language  there  is  a  great  tendency  to  use  this  letter 
at  the  end  of  words.  This  has  probably  arisen  from  our  habit  of 
giving  a  tail  to  the  last  unit  of  the  Roman  numerals,  preferring  ij,  iij, 
V,  vij,  &c. ;  so  that  to  please  the  eye  and  give  a  sort  of  finish  to  a 
word,  fay,  hoy,  they,  were  preferred  to  soi,  boi,  tkei.  Before  we  leave 
the  form  of  the  letter,  it  may  be  observed  that  in  y*,  y*,  for  the,  that, 
the  y  has  been  by  an  easy  error  substituted  for  the  Anglo-Saxon  >, 
which  had  the  power  of  <^  ^     ^ 

The  sound  of  y,  so  familiar  to  the  Engliah  at  the  beginning  of  words, 
as  in  yti,  young,  yoke,  was  represented  in  Latin  by  a  mere  t,  which 
however,  when  so  used,  received  from  the  grammarians  the  distinctive 
name  of  i  eoiuonana.  Our  modem  editors  have  for  the  most  part  sub- 
stituted for  it  a  j.  Thus,  ivgum,  or  rather  iVGVii,  which  is  now  written 
jugum,  commenced  with  a  sound  which  is  commonly  held  to  have  been 
the  same  with  our  initial  y  in  yoke.  The  insertion  of  the  sound  of  a  y 
before  vowels  is  vezy  ohancteristio  of  the  Russian  language,  the  alpha- 
bet of  which  baa  no  less  than  four  characters  which  denote  such  a 
soimd.  The  English  too  have  a  habit  of  expressing  the  sound,  though 
they  do  not  write  the  letter,  whenever  a  long  «  begms  a  word,  as  union, 
unity,  uf^/W;  so  that  those  who  write  an  ueeful  contrivance  insert  a 
letter  at  the  end  of  the  first  word  which  no  one  would  pronounce.  In 
Anglo-Saxon  the  sound  of  a  y  was  commonly  represented  by  an  e 
before  a  or  o,  and  by  an  nt)efore  e  or  u,  in  whicn  cases  the  allied 
languages  of  Iceland,  Denmark,  and  Sweden  for  the  most  part  employ 
a  J,  Thus  the  Anglo-Saxon  writes  eori,  Botaland,  eow,  Sadward,  tahta, 
ht6d-an  for  earl,  7uUandt  you,  Edward,  eight,  to  Ud,  On  the  other 
hand,  ieU,  iAgoth,  represent  yet,  youth,  (Rask's  *  Grammar.')  In  several 
of  these  words  the  initial  y  no  longer  appears  in  moden^nglish.  But 
it  would  be  unaftfe  to  infer  that  the  change  always  takes  place  in  that 
dix^Bction,  for  one  who  observes  children  in  their  early  attempts  to 
speak,  will  find  Uiat  many  are  apt  to  prefix  either  a  to  or  a  y  to  all 
words  beginning  with  a  vowel.  Thus  we  have  heard  a  child  pronounce 
UncU,  Agna,  af»p2e— ruNy,  Yang,  wap;  so  that  the  prefixing  a  y 
where  there  was  none,  im  just  as  possible  as  to  dropa  previously  ex- 
isting y.  The  sound  of  y  again  is  heard  where  the  French  write  II  or 
yi»,  as  in  vaiUaTU,  agneau;  in  the  Spanish  K  or  A,  as  in  Mallorca, 
ConiOa;  in  the  Portuguese  24  or  nA,  as  in  filho,  Minho;  and  in  the 
Italian  gl  or  yii,  as  in  Jglio,  agneUo.  For  the  interchange  of  y  with  g, 
see  O ;  for  the  use  of  x  with  the  sound  of  y,  see  Z ;  lastly,  for  the  con- 
nection between  the  sounds  otj  and  y,  see  J  and  Z. 

YACHT.  A  vessel  used  for  pleasure  on  the  water.  The  love  of 
yachting  indicates  a  prominent  feature  of  the  national  character.  Clubs 
and  societies  are  formed  all  round  the  coasts  of  Great  Britain,  many  of 
them  poasessing  some  of  the  finest  specimens  of  naval  architecture.  Of 
late  years  pleasure  trips  to  distant  countries  have  much  improved  the 
style  and  class  of  vessels  used  for  recreation.  Wealthy  owners  have 
often  encouraged  novel  appliances,  and  assisted  in  nautical  experiments, 
which  would  otherwise  have  ftJlen  into  neglect. 

There  are  two  distinct  species  of  yachts,  which  are  recognisable  at 
sight,  namely :  the  mere  racer,  with  enormous  spars  and  sails,  and 
deeply  baUasted  hull,  with  the  finest  lines  imaginable,  but  sacrificing 
space  and  comfort  to  speed ;  and  the  elegant,  well-proportioned,  com- 
modious, safe,  but  well-manned  and  last-sailing  family  yacht,  able  to 
encounter  the  wars  of  the  elements  in  anv  part  of  the  globe.  Those 
accustomed  to  river  navigation  onlv,  and  who  desire  to  consult  the 
models  of  thorough  "sea-boats,"  will  do  well  to  examine  some  of  the 
Cowes  pilot  cutters,  and  the  pilot  schooners  of  the  Mersey.  Every 
precautionary  appliance  needed  for  the  roughest  and  nicest  practice 
of  seamanship  may  be  found  fitted  in  them  with  studied  compactness. 
Our  principal  rivers  and  estuaries  in  the  summer  months  abound  with 
beautifully-modelled  small  craft,  whUe  the  Solent  pre-eminently  offers 
the  spectacle  of  a  brilliant  fleets  owned  ss  woU  by  the  wealthy  commoner 
as  by  the  peer. 

YARD.    [Wexghtb  and  Miabxtbbs.] 

YARN.    [Thread.] 

YEAR.    Much  connected  with  this  article  is  to  be  found  in  Kalsn- 

DAB,   PeBIODS  of  REVOLUTION,  MoON,  SUN,  ChBONOLOOT,  TiXI,  &C. 

We  here  confine  ourselves  to  matters  of  useful  reference  connected 
with  the  length  and  subdivisions  of  the  year,  omitting  discussion  of 
points  of  history,  which  do  not  directly  bear  upon  chronological 
reckoning. 

The  year  is,  roughly  speaking,  the  period  of  time  in  which  the  sun 
makes  the  circuit  of  the  heavens,  ana  the  seasons  of  agriculture  run 
through  their  course. 

A  sidereal  year  is  the  period  in  which  the  sim  moves  from  a  star  to 
the  same  again ;  that  \b,  the  interval  between  the  two  timM  when  the 
sun  has  the  same  longitude  as  a  given  star.  The  mean  period  is 
865*2563612  mean  solar  days,  or  865<^  ^^  9*  9'*6. 

A  tropical  or  civil  year  Lb  the  time  in  which  the  sun  moves  from  the 
venial  equinox  to  tne  vernal  equinox  again ;  and  its  mean  length  is 
865*2422414  mean  solar  days,  or  865**  5"  48"  49**7. 

The  anomaUstic  year  is  the  time  in  whidi  the  sun  moves  from  its 


perigee  (or  nearest  point  to  the  earth)  to  its  perigee  agam ;   and  its 
kngth  is  865*2595981  mean  solar  days,  or  865'  6^  13"  49"3. 

The  troT^ksal  year  is  diorter  than  the  sun's  actual  orbital  revolution, 
or  the  sioimd  year,  because  the  equinox  moves  slowly  backwards 
[Psbobssion],  and  therefore  the  sun  meets  it  agun  before  it  arrives  at 
the  point  at  which  it  met  it  last  The  anomaUstio  year  is  longer  than 
the  sidereal  year  because  the  perigee  moves  forward,  and  the  sun  is  not 
nearest  to  the  earth  until  it  has  passed  the  longitude  at  which  it  \i-as 
nearest  to  the  earth  before.  The  tropieal  year  is  the  year,  when  no 
distinctive  term  is  applied;  for  the  passage  of  the  sun  from  the 
southern  to  the  nortnem  side  of  the  ediptio  is  the  positive  pheno- 
menon on  which  the  seasons  depend,  though  it  may  not  be  correct  to 
say  that  it  is  then  that  the  succession  of  seasons  hegint. 

The  anomalistic  year  does  not,  and  from  the  theory  of  gravitation 
most  probably  cannot,  vary  by  any  Quantity  which  the  human  senses 
could  appreciate ;  but  the  sidereal  and  tropical  years  vaiy  very  slowly 
in  length.  The  reason  is  twofold.  In  the  fint  place,  the  amount  of 
the  yearlv  precession  of  the  equinoxes  is  slowly  increasing;  so  that  the 
part  of  the  orbit  by  which  the  equinox  moves  backwards  to  meet  the 
sun  becomes  greater,  or  the  duration  of  the  year  lees.  In  the  second 
place,  the  gradual  motion  of  the  equinox,  combined  with  that  of  the 
perigee,  brings  the  part  of  the  orbit  which  the  sun  is  saved  from  per- 
forming by  the  recession  of  the  equinox  into  different  places  with 
respect  to  the  perigee  in  successive  years ;  so  that  the  excepted  portion 
is  in  different  years  what  would  have  been  described  in  different  times. 
The  second  consideration  affects  the  sidereal  year  as  well  as  the 
tropical ;  but  since  in  both  cases  the  effect  is  ver^  small  and  slow,  a 
few  seconds  in  a  thousand  years,  there  is  no  occasion  to  do  more  than 
point  it  out  in  an  article  like  the  present.  Laplace  makes  the  tropical 
year  to  be  18  seconds  diorter  than  it  was  in  the  time  of  Hipparchua. 

The  excess  of  the  tropical  year  over  865  days  has  be^m  given  by 
different  astronomers  ss  follows : — 

b.  nu  a. 
Eaetonoa  and  Mcton  •  .  •  •  •  6  18  57 
Hipparohus  and  Ptolemy        .        •        •    •  5    59     IS 

Hindna      •        • 5     50    SO 

Albatenlus 5     46     S4 

Walther 5    48     50 

Tycho  Brahe  .        .        •        .        .    .  5    48    45 

DeUmbre 5    48    51*6 

Laplace 5    48    4>*7 

Whether  the  present  length  of  the  tropical  year  can  be  said  to  be 
determined  withm  a  second,  we  cannot  collect  from  the  writings  of 
astronomers.  The  method  of  determining  this  length  is  by  carefully 
observing  solstices  or  equinoxes  (that  is,  tunes  when  the  sun  is  in  the 
solstices  or  equinoxes)  at  distant  periods,  and  taking  the  mean  year 
from  the  wh(de  interval  elapsed.  Unless  that  interval  were  a  whole 
revolution  of  the  solar  perigee  with  respect  to  the  equinox,  tiie  real 
mean  tropical  year  could  not  be  determined,  from  observation  alone, 
so  well  as  it  might  be. 

The  civil  year  must,  for  convenience,  begin  with  a  day,  and  contain 
an  exact  number  of  days.  But  any  exact  number  of  days  would  have 
the  disadvantage  of  the  old  Egyptian  year  [Sothiao  Pkbiod],  namely, 
that  the  seasons  would  be  thrown  into  all  parts  of  the  year  in  suc- 
cession. Those  who  lived  in  the  intense  heats  of  Mardi  (when  that 
month  is  near  the  autumnal  equinox)  would  read  old  poets  who 
describe  the  spring  ss  about  to  arrive  in  that  montib,  or  allude  to  the 
pest  winter,  and  that  before  the  poets  would  have  become  properly 
ancient :  this  alone  would  be  worth  avoiding.  Of  the  mode  of  doiog 
it  we  shall  presently  say  more ;  but  in  the  meanwhile  we  have  to 
observe,  that  it  has  always  been  the  greater  source  of  difiieultyto 
combine  the  revolutions  of  the  moon  with  those  of  the  sun. 

The  Jewish,  Christian,  and  Mohammedan  religions  all  regulate  their 
sacred  anniversaries  more  or  less  by  the  moon.  Various  nations  have 
constructed  their  yean  on  the  lunar  revolution,  though  most  of  them 
have  accommodated  their  years  to  the  solar  year  by  intercalated  months. 
Now,  the  time  between  two  new  moons  (that  is,  the  aversge  time)  is 
29*5805887  days,  or  about  29^  days.  If,  then,  months  were  made 
alternately  of  29  and  80  days,  12  months  would  contain  854  days,  and 
111  days  would  be  necessary  to  oomplate  the  Jidian  year  of  865^  days. 
This  would  amount  to  more  than  a  month  in  three  years.  Taking  the 
most  exact  values  both  of  the  lunation  and  the  solar  year,  and  applying 
|he  method  in  Fbaotions,  Continvbd,  it  will  be  seen  that  the  year 
contains,  over  and  above  12  lunations,  something  less  than  8  lunations 
in  8  years;  more  exactly,  something  more  than  4  lunations  in  11 
yesrs;  more  exactly,  something  less  than  7  lunations  in  19  years; 
more  exactly  still,  something  more  than  128  lunations  in  884  years,  less 
than  180  in  858,  more  than  258  in  687,  less  than  1895  in  8788.  Taking 
the  Julian  jear,  the  above  figures  should  be  changed  into  less  than  3 
out  of  8,  more  than  7  out  of  19,  less  than  171  out  of  464.  This  excess 
of  7  lunations  in  19  years,  which  varies  very  little  from  the  truth, 
whether  as  to  the  real,  Juliui,  or  even  Gregorian  year,  is  the  foundation 
of  the  celebrated  Metonic  cyde  [Meton,  in  Bioo.  Div.l,  which,  among 
the  Greeks  and  all  who  have  derived  knowledge  from  tnem,  has  always 
been  the  foundation  of  the  lunisolar  calendar.  It  is  now  well  under- 
stood that  the  Metonic  moon,  and  cot  that  of  the  heavens,  is  the  referee 
in  the  settlement  of  religious  festivals ;  that  is  to  nj,  a  moon  moving 
uniformly  at  such  a  rate  as  to  make  235  lunationB  in  19  calendar  years. 
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YEAR. 


YEAH. 
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Omng  to  the  alternate  acceleration  and  retardation  of  the  sun's 
zuotion  in  its  orbit,  the  lengiths  of  the  four  astronomical  seasons  are 
different,  as  follows : — 

d.  h. 
From  remal  equinox  to  summer  soUtice  •  .  OS  S2| 
From  fammer  lolstlce  to  sntiimBal  eqolaox  •  .93  isl 
F)rom  autiimnal  equinox  to  winter  loUtice  •  .  89  16J 
From  winter  foUUoe  to  Tcmal  equinox      •  •     •    .  89      1  j 

We  shall  now  state  the  principal  facts  connected  witii  the  years  of 
the  nations  who  are  most  connected  witii  history. 

The  Jews,  from  the  time  of  their  departure  from  Egypt^  began  their 
year  with  the  vernal  equinox  in  all  religious  reckoning,  retaming  the 
old  beginning,  which  was  at  the  autumnal  equinox,  in  all  civil  aflEairs. 
In  both  cases  they  reckoned  from  the  new  moon  near  the  equinox.  By 
niaking  twelve  months  in  the  year,  each  of  29  or  80  days,  with  an 
intercalary  month  once  in  three  years,  they  secured  themselves  from 
the  necessity  of  any  but  an  occasional  alteration.  They  might  have 
gradually  allowed  the  beginning  of  the  year  to  slide  away  from  the 
Temal  equinox,  but  this  their  rites  prevented  them  from  doing, 
since  the  sacrifices  required  the  offering  of  various  specimens  of  agri- 
cultural produce,  dependent  upon  season,  at  specified  times  of  the  year. 
The  necessity  of  bemg  provided  with  young  lambs,  for  instance,  at  the 
Passover,  obliged  them  to  keep  this  feast  at  one  time  of  the  solar  year, 
and  fixed  it  at  the  full  moon  following  the  vemid  equinox.  How  they 
managed  their  calendar  in  the  first  instance,  does  not  appear;  but  as 
we  know  they  once  depended  upon  catching  sight  of  the  new  moon  to 
settle  the  beginning  of  the  month,  and  on^  used  29  or  80  days  when 
they  missed  their  object,  we  must  infer  that  they  were  in  the  habit  of 
making  corrections  frequently,  and  at  short  notice ;  which  could  be 
done,  as  remarked  b^  tbe  editor  of  the '  Art  de  verifier  les  Dates,'  while 
they  were  in  possession  of  Pslestine,  and  vrithin  reasonable  distance  of 
each  other.  There  is  not  any  trace  of  astronomy  in  the  old  Jewish 
writings,  nor  reason  to  infer  that  they  brought  any  knowledge  of  it 
from  Bg^t  But  during  the  Captivity  they  acquired  from  the  nations 
among  whom  they  were  thrown,  either  a  period  of  84  years  or  know- 
led^  to  construct  one.  Several  of  the  Fathers  mention  this  Jewi^ 
period,  and  state  that  it  had  long  been  used  by  them.  It  has  the  ap- 
peunnce  of  a  Calippio  Pkriod  of  76  years  all  but  a  day,  with  the 
period  of  eight  years  added,  on  the  supposition  that  the  making  of 
three  intercalary  months  in  the  additional  eight  years  would  have  an 
error  of  a  contraiy  kind  from  this  contained  in  the  CUippic  period. 
But  this  is  not  the  case ;  and  84  years  is  really  not  so  near  to  an  exact 
number  of  lunations  as  76  years  all  but  a  oay.  Some  of  the  early 
Christiana  used  this  period,  and  thereby  contributed  to  the  confusion 
on  the  subject  of  Easter. 

The  modem  Jewish  calendar  is  regulated  by  the  cyde  of  19  years, 
and  its  lunar  years  contain  various  adjustments  which  refer  to  the 
religious  ceremonies.  Their  present  usages  date  from  a.d.  888,  ac- 
cording to  their  own  account.  They  have  also  a  value  of  the  lengUi  of 
a  lunation  29<'  12^  44°*  8',  which  is  within  a  tenth  of  a  second  of  the 
truth.  This  has  been  stated  as  of  extraordinary  correctness  by  those 
who  foiget  that  the  average  month  is  much  more  easily  found  than  the 
year.  Hipparchus  and  Ptolemy  had  29'  12»  44"  8}* ;  reject  the  frac- 
tion, as  was  so  often  done,  and  we  have  the  Jewish  value ;  and  as  it 
happens  that  Ptolemy  and  Hipparchus  had  got  just  a  little  more  than 
tbe  fraction  too  much,  this  saving  of  trouble  is  an  accidental  correction. 
There  is  no  accompanying  value  of  the  sun's  motion  more  correct  than 
that  implied  in  the  Julian  year.  On  the  Jewish  calendar,  see  the '  Art 
de  verifier  les  Dates,'  voL  IL,  p.  113,  the  'Jewish  Calendar  for  64 
Years,'  by  E.  H.  Lindo,  1888,  8vo,  which  goes  up  to  a.d.  1901,  and  also 
the  Hebrew  work,  published  with  a  Latin  translation  by  Sebastian 
Munster, '  Kalendarium  Hebraicum/  Basel,  1527. 

The  Hebrew  months,  as  commonly  spelt  in  English,  are  as  follows : — 
opposite  to  them  are  written  the  names  of  the  English  months  in 
which  they  severally  most  frequently  begin,  with  Qieir  number  of 
days: — 

Nisan,  or  Abib         •        •        •        •  March,  SO 

Jyar,  or  Zif April,  39 

SiTon May,  80 

Thammiu Jane,  99 

Ab  ••••••  July,  30 

Elnl August,  S9 

Tisri       ..••«.  September,      SO 


days. 

n 
It 
II 
fi 
It 


Harchesraa,  or  Bui 

Chisleu 

Tfaebet 

Bebftt 

Adar  . 


October,     29  or  80 
NoTcmber,  20  or  SO  „ 
December,      29 
January,         80 
February,        29 
March,  29 


»t 


>i 
tt 
It 


It 


Teodar  (intercalary)         •        • 

See  an  account  of  tiiese  months  under  their  several  titles. 

For  the  Egyptian  year,  see  Sothiao  Period. 

The  twelve  months  of  the  Athenian  lunar  year  bear  the  following 
names ;  but  there  is  a  alight  difference  of  opinion  about  the  order  in 
which  they  come,  some  putting  MaifuucTnpwp  before  niwc^iwy,  and 
some  after  it : — 


'Etcarofjificuwy,    80  days. 
MeraycrryiotF,    29 
BoiiSpofuw,       80 
MatfAOKTftpufr,  29 


If 


>» 


Tlvayefuwy,  80  days. 

nocrciSiwr,  29 

TofiijAiwy,  80 

'AJfBtimipMy,  29 


i9 


'EKtupv^oXiwy,  30  days.  I        eapyijXtuv,        80  days. 

Mowvxuey,        29     „  |         XKipfxpopMy^      29    „ 

The  intercaLary  month  was  a  second  nocciScvy  of  80  days.  It  is  said 
that  anciently  there  were  80  days  in  every  month,  but  that  Solon  first 
established  the  alternation  of  80  and  29  days,  and  called  the  last 
dav  iyfi  jrol  y4a,  old  and  new  (moon).  The  shorter  months  were  called 
hollow  (icolXoi),  the  longer  months  full  (irX^Jpets) ;  and  these  terms 
have  been  jjenerally  adopted  by  chronologers.  The  year  in  which  a 
month  was  mtercalated  was  called  4fifi6\ifiOf,  or  ififiohd/jums,  and  hence 
the  word  embolismic,  which  is  frequently  used  in  the  same  way. 

The  month  was  divided  into  three  decads,  the  first  two  of  ten  days 
each,  the  third  of  ten  or  nine.  The  first  day  was  youfAriyla,  the  second 
was  Uvripa  IrrofJyov  iLiiy6s,  and  so  on.  The  eleventh  was  itp^ 
tittrovyros  /nivhs,  or  »p<^  M  StKdSt,  and  so  on  to  the  last,  which  was 
fkdf.  The  twenty-first  day  was  irptirri  iir*  thcdSi,  and  so  on;  the 
thirtieth  was  rpicucds.  But  the  third  decad  was  also  reckoned  by 
countmg  backwards  from  the  new  moon,  thus :  the  twenty-first  day 
vna  9€MTri,  or  iydrri  ^tyoyros  fiiiyhs,  acoording  as  there  were  ten  or 
nine  days  in  the  decad.  The  last  day,  whether  twenty-ninth  or 
thirtieth,  was  In}  iral  y4a. 

There  is  some  doubt  whether  originally  the  first  of  Hecatombseon 
was  the  day  of  the  new  moon  nearest  to  the  summer  solstice,  or  next 
after  it :  this  must  have  depended  on  the  mode  of  intercalation.  It  is 
enough  for  most  purposes  to  know  that  the  Attic  year  began  near  the 
summer  solstice.    (Clinton,  ♦  Fast  Hellen.,'  Introduction.) 

As  to  the  intercalations,  there  is  an  old  period  mentioned  of  two 
years  {9tmiplt),  with  an  intercalary  month  of  80  days.  This  was  also 
called  rptmipis,  because  the  intercalation  was  in  every  third  year,  in- 
cluding that  of  the  former  intercalation.  This  year  was,  with  respect 
to  the  sun,  more  than  74  days  too  long.  There  was  also  a  tetm-eteris, 
but  the  fiirst  respectable  period  was  the  octa-eteris  of  Cleostratus,  in 
which  three  months  of  30  days  each  were  intercalated  m  eight  years, 
namely,  in  the  third,  fifth,  and  eighth.  The  average  year  of  this 
period  was  wrong  by  1}  hours  with  respect  to  the  sim,  and  I4  days 
with  respect  to  the  moon.  The  Metonic  and  Callippio  periods  followed 
(B.C.  432  and  880.)  The  latter  was  but  little  used  compared  with  the 
former,  which  intercalated  seven  months  in  nineteen  years.  [Meton, 
in  Bioo.  piv. ;  Periods  of  Bbvolution.]  It  is  not  certain  what  the 
years  of  intercalation  were. 

The  complete  Roman  calendar,  as  it  stood  immediately  after  the 
edict  of  Augustus,  correcting  the  use  which  had  been  xnade  of  the 
edict  of  Julius  Csesar,  is  as  follows  : — There  are  twelve  months,  Janu- 
arius,  Februarius,  Martius,  Aprilis,  Mains,  Junius,  Julius,  Augustus, 
September,  October,  November,  December.  The  first  of  each  month 
is  its  kalends,  Kalendte  Januarise,  Februarise,  &o.  The  number  of  days 
in  each  month  is  well  known  by  the  old  rhyme.  The  18th  of  some 
months,  the  15th  of  others,  is  called  the  day  of  the  Ides  (Idus) ;  and 
the  ninth  day  before  the  Ides,  inclusive,  is  called  the  Nones  (Nonse)  ; 
and  every  day  is  reckoned  by  its  position  with  respect  to  the  next 
simply  denommate  day,  be  it  Kalends,  Nones,  or  Ides.  Thus  the  third 
day  before  the  Nones  of  January,  the  day  of  the  Nones  itself  counting 
as  one,  is  ante  diem  terUum  Nonas  JanuariuB — a  singular  mode  of  speech, 
which  does  not  appear  to  have  been  fuUy  explained.  It  is  generally 
rendered  as  if  it  were  diem  tertium  ante  Nonas  Januariut  (the  third  day 
before  the  Nones  of  January).  These  designations  are  usually  written 
in  a  contracted  form  in  the  manuscripts,  and  these  contractions  are 
usually  all  tiiat  are  to  be  found  in  clu!onological  works.  (See  Qellius, 
iii.  2.) 


JauuariuB. 

1  Kal.  Jan. 

2  It.  Non.  Jan. 
ill.        „ 
Prid.  Non.  Jan. 

Non.  Jan. 
iiii«  Id.  Jan. 
vii. 
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4 
5 
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8  vi. 

9  V, 

10  iv. 

11  iU. 

12  Pridie 

13  Id.  Jan. 

14  xlx.  Kal.  Feb. 
li  XTiU. 
16  XTii. 

17  XTi. 

18  xv. 

19  XiT. 

20  xiii. 

21  xii. 

22  xi. 

23  X. 

24  ix. 

25  Tiii. 

26  tU. 

27  Ti. 

28  V. 

29  ir. 

50  iU. 

51  Prid.  KaL  Feb. 
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Februarius. 

Kal.  Feb. 
iv.  Non.  Feb. 
lit        „ 
Pridie  Non.  Feb. 

Non.  Feb. 
viU.       „ 

Til.  ^ 

vi.         ^ 

V. 

ir. 

iii.         „ 
Prid.  Id.  Feb. 
Id.  Feb. 
XTi.KaUMart. 

XV. 

xiv. 

xiii. 

xii. 

xl. 

X. 

iz. 

Tiii. 

vU. 
vi. 

V. 

iv. 

iii. 

Prid.  Kal.  Mart. 
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Martius. 

Kal.  Mart, 
vi. 

V. 

iv. 
Ul. 

Prid.  Non.  Mart. 
Non.  Mart. 
Tiii.    Id.  Mart. 
TiL        „ 

H 
tt 
II 


II 


Ti. 
T. 

iv. 
iii. 

Prid.  Id.  Mart. 
Id.  Mart, 
xvii.  Kal.  April, 
xvi.       „ 

XV. 

xiv. 
ailL 
xii. 
xi. 

X. 

ix. 

TiU. 

vU. 
vi. 

T. 

iv. 

IlL         „ 

Prid.  KaU  ApriL 


If 
It 
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l(Klt 


TEAK. 


Yeah 


KtoS 


Aiirilis. 

Maius. 

Junius. 

1     Kal.  AprU. 

Kal.  Mai. 

Kal.  Jun. 

2    ir,  Non.  April 

,    TLNon.  MaL 

iv.  Non.  JunL 

8    iii.       .. 

y.       ffi 

i-i. 

4    Prid.  "Son,  April. 

iT.              „ 

Prid.  Non.  Jun. 

5             Non.  ApriL 

iii. 

Non.  Jun* 

e    tiii.      „ 

Prid.  Non.  MaL 

▼iii.       n 

7     ▼!!•       „ 

Non.  MoL 

TiL        „ 

•      ▼*•            M 

TilL       „ 

tL         II 

•     ▼.           H 

▼u.       ,. 

▼.          11 

10    ir.         „ 

Ti.             M 

It.         „ 

11    iii.        „ 

▼•               It 

iii. 

12    Prid.  Id.  AprU. 

iT.             „ 

Prid.  Id.  Jun. 

IS             Id.  April. 

ill. 

Id.  Jun. 

14     XTiil.  Kal.  Mai. 

Prid.  Id.  Mai. 

XTiiL  KaL  JoL 

15     zTii.      „ 

Id.  Mai. 

xtU.      „ 

le    XTi.       „ 

XTiL  KaL  Jon. 

XTl.          „ 

17      XT.          „ 

xtL        „ 

XT.            „ 

18     XiT.        ,, 

XT.           „ 

XiT.         „ 

10    xiii.      „ 

XiT.        „ 

xiii.       „ 

20     xiL       N 

xllL       „ 

xli.        f. 

21     xi.        „ 

xlL        „ 

xi.         „ 

22    X.          „ 

xL         „ 

X.      t> 

23    ix.         „      - 

X.             „ 

ix.          „ 

24     vlil.      ,f 

ix.         „ 

TilL          ,1 

20     Tii.        „ 

TiiL          „ 

TiL            „ 

20    tL        „ 

▼il.        n 

Ti.         „ 

27     T. 

tL         h 

▼.       I» 

28    It.        f. 

▼.          »• 

It.         „ 

29    Ui.        M 

It.         „ 

iii. 

80    Prid.  Kal.  Mai. 

ill. 

Prid.  Kal.  JuL 

81 

Prid.  Kal.  Jon. 

JnUiu. 

Angmtas. 

September. 

1    KaLjQl. 

Kal.  Aug. 

Kal.  Sept. 

S    Ti.  Non.  Jul. 

It.  Non.  Aug. 

It.  Non.  Sept. 

8     ▼.          •, 

iii. 

iii.         ,. 

4    ir.         „ 

Prid.  Non.  Aug. 

Prid.  Non.  SepL 

4    iii-        „ 

Non.  Aug. 

Non.  Sept. 

6    Prid.  Non.  Jul. 

TiiL    Id.  Aug. 

Till.  Id.  Sept. 

7              Non.  Jul. 

▼u.      „ 

tU.        „ 

8     Ttil.  Id.  Jul. 

tL         „ 

tL         „ 

9      Tii.          „ 

▼.           n 

▼•           n 

10      Ti,            „ 

iT.          „ 

iT.             „ 

11       T. 

iii. 

iii. 

It    It.        ,. 

Prid.  Id.  Aug. 

Prid.  Id.  Sept. 

18    iii.        „ 

Id.  Aug. 

Id.  Sept. 

14    Prid.  Id.  Jul. 

xix.  Kal.  Sept, 

xTiU.  KaL  Oct. 

18             Id.  JaU 

XTiiL       „ 

xtU.      „ 

16    xtU.  KaUAng. 

XTiL        „ 

xtL       „ 

17      XTl.         „ 

xtL       „ 

XT.            „ 

18      XT.          „ 

XT.            „ 

XiT.          „ 

19      XiT.        „ 

XiT.          „ 

xiU.       1, 

20    xiii.      „ 

xiiL       „ 

3CU.           II 

11     xli.       ,, 

«iL        „ 

xL         1, 

22    XL        H 

«1*         >f 

X.       II 

2«    «•         ,» 

*•          i» 

ix.         II 

24    Ix.        H 

ix.         „ 

TiiL          „ 

28     TiU.      ,9 

TiiL         „ 

tU.        II 

26     Til.       „ 

▼ii.         n 

▼L         n 

27     tL         „ 

tL         n 

▼.          t» 

28     T. 

▼•       l> 

It.         ,1 

29    iT.         „ 

iT.             „ 

iii. 

80  m,      „ 

iii. 

Prid.  Kal.  OeL 

81     Prid.  Kal.  Ang. 

Prid.  KaL  Sept. 

October. 

NoTember. 

December. 

1    KaUOct. 

KaL  Not. 

KaL  Dec. 

2    tL  Non.  Oct. 

It.  Nob.  Not. 

It.  Non.  Deo. 

8     T.            „ 

iii.        „ 

iii. 

4      iT.           „ 

Prid.  Non.  Not. 

Prid.  Non.  Deo. 

6     iU.        „ 

Non.  Not. 

Non.  Deo. 

6    Prid.  Non.  Oct. 

TiU.  Id.  Not. 

TiU.  Id.  Deo. 

7              Non.  Oct. 

TiL          „ 

tU,        II 

8    Tiii.Id.Oct. 

tL         ^ 

▼L         it 

9    TlL       „ 

▼•          f* 

▼.        II 

10     Ti,          „ 

ir. 

It.         „ 

11      T. 

iii. 

iii.         1, 

12      iT.           „ 

Prid.  Id.  Not. 

Prid.  Id.  Deo. 

IS     iii.        „ 

Id.  Not. 

Id.  Deo. 

14    Prid.  Id.  Oct. 

XTiU.KaLDeo. 

xix.  Kal.  Jan. 

15              Id.  Oct. 

XTlL        „ 

xtUL     II 

16    XTii.  KaL  Not. 

xtL       „ 

XTiL      1, 

17      XTi.         „ 

XT.            „ 

xtL       I, 

18      XT.          „ 

XiT,         „ 

XT.            „ 

19      XiT.        „ 

XiiL       „ 

xiT.          „ 

20     xiii.      „ 

xli.         „ 

XiU,          „ 

21     XiL       ,, 

xi.          ,, 

XiL        „ 

22     XL        „ 

X.              ff 

xi.       II 

23     X. 

ix.          „ 

X*        II 

24    ix.         „ 

tUL       „ 

ix.        II 

25     TiiL       „ 

TiL              H 

tUL       „ 

26     TiL        „ 

Ti.         „ 

TiL           „ 

27     Ti.         „ 

▼.       »f 

Ti.         „ 

28     T. 

It.         „ 

T.         II 

29     iT.         „ 

Ui. 

It.         ,, 

80     iiL         „ 

Prid.  Kal.  Deo. 

iiL         „ 

81     Prid.  KaL  Not. 

Prid.  KaL  Jan. 

The  intercalary  year,  ^'hen  introduced  by  CvoBar,  bad  the  additional 
day  bestowed  upon  it  by  doubling  the  sixth  day  before  the  kalends  o£ 
March  (whence  the  year  was  caUed  IristextUe)  [Busiextilb}  :  ao  that 
the  month  of  February  ended  thus — 


23 

tU.  KaL  Mart. 

tL  Kal.  MarL  poster* 

tL  KaL  MarL  prior. 

T.    Kal.  Mart. 

It.         „ 

UL         19 

Prid.  KaL  Mart. 

There  was  thus  ante  diem  eextum  haJUndat  MartioM  poeterimtm  and 
ante  diem  eextum  kdUndaa  Martiae  priomn.  The  general  rules  of  this 
duffl^  calendar  are,  that  the  ides  are  on  the  15th  of  March,  May,  July, 
and  October,  and  on  the  13th  of  all  the  other  months  :  that  the  nones 
are  always  on  the  eighth  day  before  the  ides,  according  to  our  mode  of 
counting :  that  the  kalends  are  always  on  the  first  day  of  the  month  : 
and  that  the  intermediate  days  are  numbered  as  fat  as  numbering  is 
required,  backwards  from  the  kalends,  nones,  or  ides,  each  of  these 
redioniog  as  one  day  in  countiog  backwards  from  it. 

The  original  Boman  year  is  Tariously  stated  by  historians  at  twelve 
and  ten  months :  the  latter  seems  the  best  supported,  and  the  old  year 
wanted  January  and  February,  and  had  Qumctilis  and  SexUlis  in 
place  of  July  and  August :  these  two  months  yielded  their  names  to 
those  of  the  two  emperors  who  reformed  the  calendar.  Kuma  or  Tar- 
quin  introduced  what  was  meant  for  a  lunar  year  of  855  days.  The 
year  is  supposed  to  have  been  more  assimilated  to  the  solar  vear  by  the 
decemvirs ;  but  there  is  a  great  deal  of  discussion  upon  aU  these  points, 
which  woidd  be  quite  out  of  place  in  anything  but  an  historical  artida 
In  the  year  i5  B.a  the  oorrecUon  made  by  Julius  Csesar,  with  the 
assistance  of  Sosigenee,  was  introduced,  the  preceding  year  having  been 
lengthened  into  445  days,  in  order  probably  that  the  new  era  mi^t 
faU  at  the  full  moon  following  the  shortest  day.  l*he  pontifitts 
Tn^-giw^i  who  came  after  JuUus  Csesar  mistook  tlie  meaning  of  his  cor* 
rection ;  by  a  bissextile  every  fourth  year  they  thought  was  meant  one 
every  fourui  year,  counting  me  last  bissextile,  according  to  their  inter- 
pretation of  Cecsar's  rule,  by  which  the  fourth  numbers  beginning  from 
1  were  made  not  5, 9, 18,  &c.,  but  4,  7, 10,  &c  This  was  corrected  by 
Augustus,  when  Pontifex  Maximus  in  B.c.  8,  who  directed  that  three 
bissextiles  from  that  date  should  be  omitted  (being  as  many  as  had 
been  then  superadded  to  CsBsar^s  calendar  in  years  preceding),  and  that 
the  mistake  uiould  be  avoided  in  future. 

No  further  chronological  difficulty  occurred  until  the  8rd  oentuiy, 
when  disputes  about  the  mode  of  determining  £aster-dav  b^;an  to 
perplex  the  Cluistiaa  world.  It  is  conmionly  stated  that  the  GouncU 
of  ^ioe  made  that  adjustment  which  lasted  until  the  Gregorian 
reformation.  This  is  not  correct :  the  council,  according  to  Eusebius 
and  others,  only  ordained  that  all  Christians  should  keep  Easter  on  one 
and  the  same  day.    [Easteb.] 

The  Qregorian  reformation  (so  called;  we  will  not  stop  to  give 
reasons  for  our  protest  against  the  word)  was  a  consequence  of  the 
desire  that  the  seasons  should  remain  in  the  same  months  for  ever. 
The  Julian  calendar  gave  a  year  which  is  too  long  at  the  rate  of  8  days 
in  400  yean  nearly.  At  this  rate,  in  24,000  years  midsummer  and 
midwinter  would  have  fallen  in  December  and  June.  It  was  not  so 
much  to  avoid  this,  as  to  keep  the  religious  festivals  in  the  same  part 
of  the  year,  that  is,  in  the  same  kinds  of  weather,  that  the  correction 
was  insisted  on  by  its  advocates.  The  change  had  been  discussed  by 
individuals  and  even  by  councils  during  preceding  centuries,  and  was 
finally  decided  on  by  Gregory  XIII.,  wiui  the  authority  of  the  council 
of  Trent.  In  1582  the  reformation  was  carried  into  effect :  ten  days 
were  struck  out  of  the  reckoning,  that  which  would  have  been  the  5th 
of  October  being  denominated  the  15tb,  so  that  the  days  5, 6,  7,  8, 9, 
10, 11, 12, 18, 14  of  October,  1582,  never  existed  in  Italy  and  Spain, 
which  accepted  the  change  as  soon  as  it  was  decreed.  Some  other 
countries,  as  fVance,  which  accepted  it  in  the  year  1582,  but  not  so 
early,  had  to  make  their  ohaoges  accordingly.  See  Sttle  for  the 
times  of  adoption  in  different  countries. 

There  was  one  incorreotneos  about  this  part  of  the  change,  but  not 
of  any  detriment.  The  equinox  fell,  at  the  time  of  the  Nicene  council, 
on  the  21st  of  March,  and  the  suppression  of  ten  days  was  meant  to 
make  the  equinox  vibrate  between  tbe  2lBt  and  22nd.  But  in  point  of 
fact,  the  Alphonsine  tables,  which  were  consulted,  are  wrong  bv  a  day 
in  this  matter,  and  eleven  days  should  have  been  «upprs«e(£  The 
consequence  is  [Pxbiods  of  Revolution]  that  the  equinox  vibrates 
between  the  20th  and  21st  of  March. 

Leavipg  out  the  parts  of  the  6r^orian  correction  which  relate  to 
Easter,  we  proceed  to  the  alteration  of  the  mode  of  intercalation.  This 
is  as  follows :— Kveiy  year  whose  number  is  divisible  by  4  is  lei^year, 
except  only  when  the  number  ends  with  00,  in  whidi  case  it  is  not 
leap-year,  except  when  the  preceding  figures  are  divisible  by  4.  Thus 
1900  is  not  leap-year,  but  1600  is.  If  we  take  the  most  recent  value 
of  the  length  of  the  year,  865*2422414  mean  solar  days,  and  apply  the 
method  in  Fbactioks,  Continued,  we  shall  see  tliat  the  excess  of 
the  real  year  above  that  of  865  days  is  something  less  than  1  day  in  4 
yean,  more  than  7  in  27,  less  than  8  in  88,*  mor«  than  89  in  161^  and 

*  The  Pertlans  ar«  said  to  have  ued  the  intcroabtlon  of  8  days  in  II  ytara 
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loss  than  212  in  999.  This  last  excess,  242  days  in  999  years,  is  so 
very  correct,  that  it  is  most  fortunate  that  Gregory's  advisers  did  not 
know  it,  for  they  would  in  that  case  have  adopted  it  and  saddled  our 
world  with  a  most  troublesome  omission  of  intercalatiims  for  the 
benefit  of  posterity  of  50,000  years  henoe.  As  it  is,  the  excess  of  1000 
mean  Gregorian  years  above  as  many  of  865  days  is  2i2*6  days :  it 
would  have  been  nearer  the  truth  had  it  been  242*842  daya.  Accord- 
ingly  1000  mean  Gregorian  years  are  too  long  by  about  a  quarter  of  a 
day;  more  correctly,  8600  yean  give  an  error  of  a  day.  Delambre 
proposed  that  the  Anni  Domini  8600,  7200, 10,800,  &o.,  shoold  not  be 
leap  years,  which  they  are  to  be  in  the  Gregorian  dlendar.  If  the 
world  should  last  till  A.D.  8600,  we  hope  the  oorreetion  will  be  oallad  bv 
Delambre's  name;  if  his  memory  would  then  have  perished,  still 
more  will  that  of  the  present  article,  so  that  there  is  no  use  in  pressing 
the  point. 

The  European  years  have  been  made  to  begin  at  su^  different 
periods,  that  the  mstorical  inquirer  is  frequently  pucsled.  We  have 
mentioned  those  which  relate  to  our  coun^  in  Pkrioda  or  "Rtvohu- 
TiON.  The  25th  of  December,  the  1st  of  Jannary,  the  Ist  of  March^ 
the  25th  of  March^  and  Easter,  have  all  been  in  use. 

In  regard  to  the  common  year  as  it  now  stands,  there  are  several 
things  which  it  will  be  useful  to  remember.  We  can  hardly  forbear 
to  quote  the  verses  which  are  so  constantly  in  use^  but  we  will  do 
it  from  a  version  of  1596,  in  an  arithmetical  work :— > 

Tblrtie  daiee  hath  September, 
Aprill,  June,  and  NoTember, 
Pebraarie  eight  and  iwentie  aloBe» 
All  the  rest  thirtle  and  one. 

The  common  year  begins  and  ends  on  the  same  day  of  the  week ; 
leap-year  ends  on  the  next  day.  Thus  1843,  not  being  leap-year,  ends 
on  Sunday,  as  it  began ;  had  it  been  leap-year,  it  would  have  ended 
on  Monday.  Many  of  those  who  call  the  year  52  weeks  are  hardly 
aware  that  it  is  52  weeks  and  a  day,  or  when  leap-year,  two  days. 

To  find  the  day  of  the  month  without  an  almanac,  it  is  very  useful 
to  know  the  first  day  in  each  month  which  has  the  same  name  as  the 
first  day  of  the  year,  as  m  the  following  list : — 

Ut  of  Jaavary,  Octobera 

Snd  of  April,  July, 

Srd  of  September,  December, 

4  th  of  Jane, 

ftth  of  February,  March,  November, 

6th  of  Angust, 

7  th  of  May, 

Thus  in  the  year  1848  all  the  daya  just  mentioned  are  Sundays, 
the  same  as  the  first  day  of  the  year.  If  these  days  could  be  connected 
by  some  decent  doggerel,  such  as  that  already  quoted,  any  one  who 
remembers  them  would  only  have  to  bear  in  mind  the  name  in  the 
week  of  the  first  day  of  the  current  year,  and  would  thus  have  a  point 
to  start  from  in  every  month. 

Since  the  above  reoommendation  was  given,  such  verses  as  were 
asked  for  appeared  in  the '  Notes  and  Queries/  aa  follows  :— 

**  The  first  of  October,  yoa'll  find  if  you  try. 
The  second  of  April,  as  well  as  July, 
The  third  of  September,  which  rhymes  to  Deeember, 
The  fourth  day  of  June,  and  no  other,  remember, 
The  fifth  of  the  leap-month,  of  March  aad  November, 
The  sixth  day  of  Aagnst,  aad  seventti  of  May, 
Show  the  flret  of  the  year  in  the  name  of  the  day. 
But  in  leap-year,  when  leap-month  has  duly  been  reckoned. 
These  month  datee  will  show,  not  the  first,  but  the  second.** 

The  Mohammedan.year  Is  one  of  twelve  lunar  months,  of  80  and  29 
days  alternately,  the  last  month,  however,  having  SO  days  in  Intercalary 
years.  To  keep  the  months  to  the  new  moons,  a  cycle  of  thirty  years 
is  used,  in  which  there  are  eleven  intercalated  years,  being 

2,  6,  7, 10, 18, 16, 18,  21,  24, 26, 29, 

of  the  cycle.  This  makes  a  veiy  good  limar  cycle  :  it  su^iposes  10,631 
days  to  be  an  exact  number  of  lunations,  which  it  is  within  about  a 
hundredth  of  a  day,  giving  an  error  of  a  day  in  2500  years.  Of  course 
the  Mohammedan  year  is  vague,  its  beginning  retrograding  through 
the  different  seasons  of  the  solar  year.  The  mode  given  in  Turkish 
Cbbonoloot  does  very  well  to  determine  the  commencement,  except 
tiiat  when  the  Christian  vear  contains  the  commencements  of  two 
Mohammedan  years,  the  rule  will  only  give  one ;  the  other,  however, 
may  easily  be  mferred.  When  the  comparison  of  dates  is  to  be  very 
close,  no  easy  rule  will  be  sufficient,  and  recourse  must  be  had  either 
to  the  list  in  the  'Art  de  verifier  les  Dates,*  to  the  rule  and  supple* 
mental^  tables  in  the  *  Companion  to  the  Almanac '  for  1830,  or  to 
a  sufficient  method  in  De  Morgan's '  Book  of  Almanacs.'  The  year  1 
of  the  Hegira  begins  from  July  16,  622,  and  the  year  1260  begins 
January  10, 1844.  But  from  and  after  the  year  a.d.  1583  (991  of  the 
Hegira)  the  '  Art  de  verifier  les  Dates  *  gives  two  commencements  for 
every  year  (the  second  twelve  days  later  than  the  first),  which  are,  it 

very  tax  baek  in  the  middle  ages;  if  eo,  their  year  was  better  than  the 
Gregorian. 


says,  according  to  the  old  calendar  and  the  new  one :  no  mention  is 
made  of  this  distinction,  that  we  can  find,  in  Hhe  introduction  to  that 
work,  nor  in  other  common  sources.  Our  '  Nautical  Almanao '  give* 
the  commencements  according  to  the  new  calendar. 

The  unwise  attempt  made  by  the  fVench,  during  their  first  revolu- 
tion, to  alter  the  names  and  dispositions  «f  the  yean  and  months, 
might  now  be  quietly  consigned  to  oblivion,  if  it  were  not  that  many 
exoellent  works  bear  the  revolutionary  dates  upon  their  title-pages,  and 
political  occuirences  are  frequently  referred  to  them  during  the  short 
period  of  their  florescence.  The  year  1  of  this  period  was  made  to 
begin  September  22, 1792 ;  each  period  of  four  years,  or  Franoiad,  had 
an  Olympic  or  bissextile  at  its  end.  The  three  omitted  leap-years  of 
the  Gregorian  oorreetion  were  found  by  the  same  rule  aa  before,  rela* 
tively  to  the  vears  ending  with  00 :  and  the  4000th  year  was  not  to  be 
leap-year.  The  year  consisted  of  12  months  of  80  days  each,  with  five 
sacred  days  at  the  end,  dedicated  to  Virtue,  Qeniiis,  Labour,  Opinion, 
and  Reward ;  the  bissextile  day  being  appropriated  every  fourth 
year  to  the  renewal  of  the  oath  of  liberty,    j^  further  detail  sea 

kALEKDAB. 

YEAR-BOOKS.    [Reports.] 

7EAST,  or  FERMENT,  a  substancd  whi<^  is  deposited  in  an  in- 
soluble  state  during  the  fermentation  of  wine,  beer,  and  vegetable 
juices.  This  substance,  as  is  well  known,  is  employed  to  produce  fer- 
mentation in  saccharine  solutions.  According  to  Lbbig,  the  insoluble 
part  of  yeast  does  not  cause  fermentation,  for  he  states  that  if  it  be 
"  carefully  washed  with  water,  care  being  taken  that  it  is  always  oovered 
with  water,  the  residue  does  not  produce  fennentation."  Neither, 
according  to  the  same  authority,  does  the  soluble  pait  of  yeast  excite 
fermentation  until  it  has  been  aUowed  to  cool  in  contact  with  the  air, 
and  to  remain  some  time  exposed  to  its  action ;  if  in  this  state  it  be 
introduced  into  a  solution  of  sugar,  it  produces  hriak.  fermentation. 

Yeast' is  a  product  of  the  decomposition  of  gluten,  and  when  added 
to  a  solution  of  pure  sugar,  it  gradually  disappears ;  but  when  added 
to  vogetable  juices  which  contzdn  gluten  as  well  as  sugar,  it  \b  repro- 
duced by  the  decomposition  of  the  gluten,  in  the  same  way  as  it  was 
originally  formed.  Accoiding  to  Professor  Graham,  the  action  of  yeast 
and  all  other  ferments  is  destroyed  by  the  temperature  at  which  wtfter 
boils,  by  alcohol,  by  acids,  salts  of  mercury,  sulphurous  acid,  chlorine, 
iodine,  bromine,  by  aromatic  substanoes,  volatile  oils,  and  particularly 
empyreimiatic  oils,  smoke,  and  a  decoction  of  ooffbe ;  these  bodies  in 
some  cases  combining  with  the  ferments  or  effecting  their  deeom* 
position. 

Mr.  Fownes  gives  the  following  as  one  mode  of  producing  yeant 
without  the  aid  of  a  ferment  Wheaten  flour  and  water  are  mixed  to 
the  oonsiBtence  of  a  paste,  and  slightly  oovered  up  in  a  warm  place ;  a 
sour  odour  is  produced,  and  carbonio  acid  gas  given  off,  about  we  third 
day ;  by  about  the  sixth  day  the  odour  becomes  vinous  rather  than 
sour ;  and  then  the  substance  has  practically  become  yeast,  or  a  sub- 
stitute for  it.  It  may  be  either  used  at  once,  or  laid  by  for  future  use. 
In  the  latter  case,  it  is  made  into  small  thin  cakes,  and  dried  in  the 
air;  when  about  to  be  used,  the  cakes  are  dissolved.  This  in  nearly 
equivalent  to  the  ancient  mode  of  making  leaven,  Mr.  Coolev  describes 
a  mode  of  making  veast  with  the  aid  of  a  ferment  About  |  lb.  bean- 
flour  as  boiled  for  half  an  hour  in  6  quarts  of  water.  The  solution  is 
poured  into  a  vessel;  8|  lbs.  wheat-flour  Is  added  and  stirred  in ;  when 
cooled  down  to  about  56"  Fahr.,  2  quarts  of  beer-veast  are  added ;  and 
when  the  mixture  has  fermented  for  24  hours,  7  lbs.  of  bariey-flour  or 
bean-flour  is  thrown  in.  The  composition  is  kneaded  into  dough,  made 
into  cakes,  and  kept  in  a  drv  place  till  wanted  for  use. 

This  subjM  is  further  illustrated  under  Buead;  Bbbwzko;  Feb- 

MEVT. 

YELLOW.    [Calioo-Printikg  ;  Dranro.] 

YELLOW  FEVER.    rFKVEB,  Yellow.] 

YELLOW  OCHRE.    [Coloubinq  Mattebs.] 

YEW,  Soonomical  Uses  of.  Nearly  every  part  of  the  vew  tree  is 
applied  to  some  useful  purpose.  Considered  as  timber,  the  wood  is 
haid,  oompact,  of  a  fine  and  close  grain,  flexible,  elastic,  easy  to  split, 
and  littie  affected-  by  atmospheric  changes.  It  varies  in  tint  from 
orange-rod  to  deep  brown,  with  a  hard  wmte  sap-wood.  Both  the  real 
wood  and  the  sap-wood  will  take  a  very  high  polish.  It  has  been  found 
that  the  wood,  when  cut  into  thin  veneers  before  being  seasoned,  and 
steeped  some  months  in  a  pond,  took  a  purple-violet  colour.  Yew 
timber  takes  a  long  time  to  dry,  but  shrinks  little  during  the  drying ; 
showing  that  the  moisture  contained,  though  not  large  in  quantity, 
clings  witii  great  obstinacy  among  the  flbres.  The  fineness  of  its  grain 
renden  it  w2u  fitted  for  cabinet-making  purposes,  when  used  as  a  veneer 
and  polished.  The  wood  is  converted  by  the  turner  into  vases,  boxes, 
and  numerous  kinds  of  useful  and  ornamental  articles.  Beautifully 
veined  pieces  are  often  obtained  from  the  root  and  the  knots  of  the 
branches.  Yew  is  one  of  the  best  of  all  kinds  of  timber  for  hydraulic 
engineering,  such  as  wate]>pipes,  pumps,  piles,  &c.,  on  aooount  of  its 
power  of  resieting  the  action  both  of  air  and  water.  In  France  axle- 
trees  are  often  made  of  yew.  The  branches  are  useful  for  making 
stakes  and  hoops ;  and  the  young  shoots  for  baskets  and  ties.  Yew,  in 
its  power  of  repelling  or  reslBting  vermin,  has  been  recommended  as  a 
good  material  for  wooden  bedsteads.  Before  the  invention  of  gun- 
powder the  most  important  use  of  the  yew  was  in  making  bows  for  the 
archeia.    Roger  Ascham,  in  his '  Toxophiles,*  published  in  1544,  states 
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that  "Ewe  fit  for  a  bowe  to  be  made  on/'  ia  the  bough,  the  plant 
(stem  I),  and  the  bole ;  the  bough  la  knottv,  the  plant  ia  apt  to  break, 
and  the  bole,  or  boole,  ia  pronounced  to  oe  the  beat.  He  adds,  "  If 
you  come  into  a  ahoppe  and  fynde  a  bowe  that  ia  amall,  longe,  heayye, 
atronge,  Ijringo  Btreighte,  not  w^ndynge,  not  marred  with  knotte,  gauJe, 
wrncUhake,  wen,  freat,  or  pmoh — ^bye  that  bowe  of  my  warrant.'* 
The  piecea  of  yew  f aahioned  into  bowa  were  from  4  to  6  feet  in  length. 
In  the  time  of  Elizabeth  foreign  yew  began  to  grow  scarce;  itwaa 
much  preferred  to  English,  insomuch  that  a  bow  of  foreign  yew  waa 
valued  at  6«.  Sd^.y/hea  one  of  English  rew  sold  for  2«.  Ital^,  Turkey, 
and  Spain,  were  in  suooeasion  nearly  exhausted  of  yew  for  this  purpose ; 
until  at  length  it  became  customary  to  join  two  piecea  together — ^yew 
to  make  the  belly  of  the  bow,  and  ash  or  elm  for  the  bsMk.  At  the 
present  day,yery  few  yew  trees  are  found  with  such  a  growth  of  trunk 
and  branches  aa  to  be  auitable  for  bows. 

The  nut  yields  an  oil  nutritious  for  fattening  poultry.  The  dried 
leaves  are  sometimes  used  medicinally,  and  ao  are  other  portions  of  the 
tree,  but  not  to  any  great  extent,  aa  there  ia  much  poisonous  matter 
secreted  by  the  yew.  This  poison  is  one  of  the  causes  of  the  durability 
of  the  tree,  aa  it  repela  the  attacka  of  insects. 

YORK,  CUSTOMS  OF.    [Wifb.] 

YTTRIA.    [Yttbixjil] 

YTTRIUM  (Y).  This  very  rare  metal  occurs  aa  an  oxide  in  several 
minerals.  The  names,  sources,  and  properties  of  these  minerals  have 
already  been  described.  [Yttbium,  in  Nai^.  Hist.  Div.]  Yttrium 
itself  is  obtained  on  heating  a  stratified  mixture  of  chloride  of  yttrium 
and  potassium  in  a  platinum  crucible.    After  reiaoving  the  chloride  of 


potaasium  by  water  the  yttrium  remains  in  dark,  iron-grav,  ahining. 
pulverulent  scales.  Under  the  bumiaher  it  assumes  a  hi^  metallio 
lustre ;  it  is  not  oxidised  by  steam  or  at  a  red  heat  in  the  air. 

YUria  (YO).  Yttrium  buma  with  splendid  scmtillationB  in  oxygen 
na,  and  yielda  a  white  protoxide,  or  yttria.  Yttria  is  best  obtained 
from  the  mineral  gadolinite,  which  is  digested  in  aqua  regia,  the 
mixture  filtered,  the  filtrate  evaporated  to  d^ess,  the  residue  digested 
in  dilute  hydrodiloric  acid,  again  filtered,  the  filtrate  mixed  with  laige 
excess  of  ciystallised  sulphate  of  potash,  the  solution  carefully 
neutralised  by  ammonia,  iron  precipitated  by  succinate  of  anunonia, 
and  ammonia  added  in  excess  to  throw  down  basic  sulphate  of  yttria. 
The  latter  by  digestion  in  carbonate  of  ammonia  aolution  ia  converted 
into  carbonate  of  yttria,  which  by  evaporation  to  dryness  and  ignition 
furnishes  oxide  of  yttrium. 

Yttria  is  a  white  powder  of  spedfio  gravity  4'842 ;  ia  inodorous  and 
tasteless ;  is  insoluble  in  alkalis,  but  soluble  in  the;r  carbonates, 
especially  that  of  ammonia.  It  occurs  as  a  hydtaU  when  precipitated 
from  aqueous  solutions  of  its  salts. 

Phosphorus,  sulphur,  iodine,  bromine,  &c.,  combine  with  yttrium 
to  form  more  or  less  crystalline  colourless  salts.  Chloride  of  yttrium 
is  formed  on  passing  chlorine  over  a  mixture  of  yttria  and  charcoal 
heated  in  a  porcdain  tube ;  it  forms  white  shining  needles.  StdpkaU 
qf  yttria,  obtained  as  above  indicated,  occurs  in  four-sided  tnmaparent 
prisms  which  lose  water  at  176*  Fahr.  and  become  milk-white  without 
change  of  form. 

Solutions  of  yttria  are  characterised  by  yielding  a  white  precipitate 
with  f erropyaiude  of  potassium. 


y  like  Y,  was  only  found  in  the  later  Roman  alphabet  [X],  from 
^t  which  it  has  been  transferred  to  the  alphabets  of  Western  Europe. 
In  the  Greek  series  of  letters  it  occupied  the  seventh  place,  the  aixth 
being  the  property  of  the  subsequently  disused  Vau  or  F.  Two 
questions  then  arise  which  deserve  an  answer :  how  was  it  that  the 
Romans  gave  this  letter  a  place  ao  difierent  from  that  occupied  by  the 
Qreek  letter  ?  and  secondly,  how  are  we  to  account  for  the  Latin 
letter  Q  occupying  the  place  which  Aould  have  been  given  to  Z  ?  We 
would  first  observe  that  the  Greeks  were  surrounded  on  tiie  north  by 
SLavonic  races,  with  whom  an  abundance  of  sibilants  has  alwaya  been 
in  favour,  so  that  the  early  position  in  the  alphabet  of  Z  need  aurprise 
no  one.  In  the  aecond  plaioe,  we  strongly  suspect  that  tiie  genuine 
sound  of  the  Qreek  Z  in  early  times  was  not,  as  ii  sometimes  stated, 
that  of  id  or  d$,  for  then  it  would  have  been  a  auperfluous  letter,  and 
would  scarcely  have  appeared  so  early  in  the  alphabet.  We  would 
rather  believe  that  the  sound  was  similar  to  that  of  the  TCngliah  j,  in 
which  case  the  established  interchange  of  C^nd  8i  before  vowels  would 
be  explained.  For  instance,  the  form  Zcvf  in  that  case  would  not 
surjprise  us  alongside  of  either  Ami  or  Jupiter,  Jovii,  &c,  or  of  the 
Italian  Giove.  [D;  J.]  Next  looking  to  the  Roman  alphabet  we  are 
diq>oeed  to  contend  that  the  character  O  was  originally  employed  with 
the  same  power.  At  any  rate  it  waa  not  the  eqmvalent  of  the  Qreek  r, 
for  the  third  letter  of  the  Roman  aljphabet,  C,  as  it  derived  its  form 
from  the  Qreek  r,  merelv  changing  its  angle  into  a  curve  (a  change 
not  unknown  to  the  Qreeka  themselves,  see  the  tables  of  the  old  Qreek 
character  \mder  Alpbabbt),  also  possessed  precisely  the  same  power, 
a  iB€^  for  which  we  have  abundant  testimony  among  the  Romans 
themselves.  [C]  But  if  Q  originally  represented  a  sound  difierent 
from  the  thidc  guttural  r,  what  sound  is  more  likely  to  have  belonged 
to  it  than  that  of  our  English  J,  when  we  Imow  that  Uus  sound  is  still 
current  in  Italy,  although  they  want  a  single  character  to  represent  it, 
and,  secondly,  when  it  is  an  undoubted  fact  that  the  two  sounds  are 
very  apt  to  be  interchanged.  In  our  own  tongue  the  very  letter  in 
question  perforzna  the  two  offices  we  are  speaking  of,  in  gender  and  gH, 
even  before  the  same  vowel ;  and  we  once  met  wiUi  a  child  already  ten 
years  of  a^,  whose  ear  and  tongue  could  make  no  dirtinction  between 
^oo«e  andjwoe.  In  point  of  Uci,  the  three  sounds  of  di  before  a  vowel, 
of  an  English  j,  and  of  our  initial  y,  are  closely  related.  Those  who 
read  the  ballads  in  Percy's  '  Reliques '  will  find  many  words  where  a  x 
is  iiaed  with  the  power  of  a  y,  as  is  still  the  case  in  the  Scotch  names 
DtUsel,  Mackenzie,  and  the  Scotch  word  capercailzie,  for  the  En^^lish 
pronunciation  of  these  words  is  incorrect  in  giving  to  Uiem  the  sound 
of  our  English  z.  Nay,  in  words  where  an  n  precedes  z,  the  sound  ng 
is  heard :  thus  Mendee  is  pronounced  Ming-ee.  But  if  the  Latin  Q 
and  the  Qreek  Z  had  originally  the  same  power,  as  well  as  the  same 
place  in  the  alphabetical  series,  it  becomes  difficult  to  believe  that  the 
G  alone  of  all  the  Latin  letters  did  not  derive  its  form  too  from  the 
Greek  symbol  Nor  ib  the  change  so  violent  as  would  at  first  appear. 
If  the  Greek  Z  be  written  with  its  oblique  shaft  from  north-west  to 
south-east  instead  of  from  norUi-east  to  south-west  (a  supposition 
having  littie  difficul^  in  it,  if  letters  were  originally  pictoriid),  then 
the  ordinary  chanffe  m>m  an  angle  to  a  curve  would  bring  us  to  some- 
thing very  near  the  true  Roman  G     Or  again,  taking  the  ordinaiy  I 


Greek  Z,  the  upper  horizontal  line  is  already  greatiy  shortened  in  the 
cursive  character  (,and  in  the  same  way  might  easily  slip  into  the  Latin 
character.  The  permutations  to  which  Z  ib  liable  nave  partly  beea 
spoken  of  above,  and  all  of  them  anticipated  in  the  other  letters.  [D ; 
G;I;  J;S;T;  Y.] 

ZAFFRE.    [Cobalt.] 

ZEMINDAR,  a  Persian  word  which  signifies  literally  a  landholder. 
The  word  was  introduced  into  Hindustan  by  tiie  Mohammedans,  but  it 
ii  probable  that  the  office  to  which  it  is  applied  was  previously  in 
existence  as  a  part  of  the  mtem  of  village  oiganisation  mich  extends 
throughout  the  whole  of  Hindustan.  A  village  in  Hindustan  ia  not 
simply  a  collection  of  houses  smaller  than  that  of  a  town ;  it  ia  a  tract 
of  country  comprising  hundreds  (sometimes  thousands)  of  acres  of 
arable  and  waste  land,  the  inhabitanto  of  which  form  a  sort  of  corpo- 
ration, with  aeveral  officers,  each  of  whom  has  hia  distinct  duties.  The 
head  man  of  tins  village  corporation  is  the  potaU,  who  has  at  hia  com- 
mand the  village  police.  A  number  of  villiBiges  form  a  district,  which 
IB  laiger  or  amaller  according  to  the  number  and  extent  of  the  villages. 
The  head  man  of  sudi  a  diiB&ct  is,  in  the  greater  part  of  Hindustan, 
called  a  zemindar,  and  the  district  itself  a  zenUndcary,  The  chief 
business  of  the  zemindar  is  to  collect  the  revenues  of  his  district  for 
the  government;  and  that  he  may  do  this  effectually,  the  police  of  the 
district  is  under  lus  controL  The  collectorato,  however,  is  not  insepa- 
rable from  the  zemindary ;  and  should  the  collection  be  withdrawn,  as 
it  occasionally  was,  the  zemindar  still  remains  the  head  man  of  the 
district,  and  the  representative  of  it  to  the  government. 

This  account  of  the  zemindan  applies  to  such  of  the  states  of  Hin- 
dustan as  were  independent  of  the  British  government ;  but  a  change 
in  the  collection  of  the  revenue  was  made  under  Warren  HasAiiigs  in 
1772,  when  the  zemindaries  were  let  to  the  highest  bidder  for  a  term  of 
years,  the  zemindar  in  possession,  however,  being  preferred  when  he 
offered  terms  which  were  deemed  reasonable. 

At  length  a  permanent  settiement  was  made  with  the  zemiodan 
during  the  government  of  Lord  Comwallis,  in  1791,  but  was  not  com- 
pletely carried  out  till  1798,  forming,  as  it  did,  a  part  of  the  great 
financial  and  judicial  reforms  introduced  by  him.  The  amount  to  be 
paid  to  the  government  was  settied  at  a  fixed  rate,  in  the  first  inatance 
for  a  term  of  ten  years ;  but  this  was  to  be  rendered  permanent  if 
sanctioned  by  the  authorities  in  England.  The  zemindars  were  recog- 
nised as  proprietors  of  the  soil,  ana  thus  have  become,  in  fact,  under 
the  British  government,  what  they  had  not  been  before,  nor  are  yet 
under  the  native  governments— landed  proprietors  of  the  zemindaiy. 
The  ryots,  all  of  whom  had  hereditary  rights  in  their  lands,  wen  made 
over  to  the  zemindars,  who  too  frequentiy  used  their  new  powers 
oppressively.  But  in  1822  it  was  enacted  that  tenants  holding  la^ds  by 
any  hereditary  or  prescriptive  righte  should  not  be  dispossessed  so 
long  as  they  paid  the  rente  agreed  upon,  nor  shoald  the  rente  be 
increased  except  under  certain  specified  circumstances.  The  zemindar 
may  dispose  of  the  lands  as  he  thinks  fit,  and  the  government  does  not 
interfere,  so  long  as  the  tax  is  paid. 

(Mill's  ffiztory  qf  Britiak  India,  by  Wilson;  Ualcokn's  CbHrai  India; 
Jones,  On  Bent,) 

ZEND  is  the  name  usually  given  by  Ftosee  prieste  to  tho  hmguage 
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in  which  the  oldest  documents  of  their  religion  were  composed. 
[Zend-Aykbta.]  It  became  current  as  such  in  Europe  through  Anquetil 
du  Perron,  who  took  the  word  Zend  as  the  name  of  the  languMe  of 
the  Avesta,  and  P&zend  as  that  of  a  corrupted  dialect  of  the  z!end. 
This  view,  however,  has  been  shown  by  modem  investigations  to  rest 
on  a  mistaken  interpretation  of  a  passage  of  the '  Ormuzd- Yesht,'  and  of 
one  taken  from  the  '  UlemA-i-IslAm ';  for  it  is  now  certain  that  Thomas 
Hyde,  whose  work  on  the  religion  of  the  old  Persians  i»  the  first  note- 
worthy essay  on  this  subject,  was  quite  correct  in  calling  Zend  and 
Pdzend  not  languages,  but  books.  In  confirmation  of  his  view,  one 
passage  £rom  the  Persian  Dictionary  Burhiln-i-Qdti  will  suffice.  It 
runs  as  follows  : — **  Zend  is  the  name  of  a  book  which,  as  Ibrahim 
Zerdusht  affirmed,  had  come  down  from  heaven 'on  his  account. 
Others  say  that  it  is  the  name  of  a  book  of  Abraham ;  and  others  again 
maintain  that  Zend  and  P&zend  are  two  works  or  parts  of  this  book. 
Zend  is  also  the  name  of  a  Turanian  Vezir  of  Sohr&b,  the  son  of 
Rustem,  who  was  killed  by  Rustem.  ....  PdsEcnd  is  a  commentary 
on  the  Zend,  and  Zend  is  a  book  of  Zerdusht.  Some,  however,  reverse 
this  definition,  by  saying  that  Zend  is  a  conmientsiy  on  the  Pdzend. 
Again,  others  maintain  that  Zend  and  P&eend  are  two  books  on  fire- 
worship,  composed  by  Ibrahim  Zerdusht;  and  one  author  says  that 
PAzend  is  a  translation  of  the  Zend."  (Spiegel,  'Qrammauk  der 
P&rsi-sprache,'  p.  8.)  This  passage  clearly  shows  that  neither  Zend  nor 
Pdssend  is  the  name  of  a  language  or  dialect,  but  it  likewise  gives 
evidence  of  the  difficulty  which  even  learned  Persians  evinced  in  ascer- 
taining the  correct  meaning  of  the  terms.  Nor  can  we  affirm  that  it  Lb 
definitely  solved  by  the  present  results  of  Orieotal  philology.  Dr. 
Friedrich  Spiegel,  who  has  translated  into  German  the  sacred  writings 
of  the  Parsees,  expresses  himself  to  the  following  effect  (Introduction 
to  '  Avesta,  die  heiligen  Schriften  der  Parsen,'  Leipzig,  1852,  p.  45) : — 
"  Avesta,  or,  in  its  older  form,  ApestAk,  means  liteiaUy  the  texi,  and 
is  the  only  correct  designation  which  the  later  Pftrsees  use  for  the  text 
of  their  sacred  writings  whenever  they  do  not  employ  the  term  din,  or 
'  law,'  which  word,  however,  is  probably  to  be  taken  in  a  more  limited 
sense.  In  the  invocations  of  the  Tas'na,  and  elsewhere  in  the  oldest 
period,  the  expression  manihrd  fphUo  (that  is,  the  holy  sjpeech)  occurs  for 
the  sacred  wntings,  and  this  expression  has  survived  under  the  form 
of  MAnser-q>ent.  For  the  language  of  this  oldest  period,  the  Parsees 
use  the  exprenions,  language  of  the  Manthra,  language  oftheAvetta, 
divine  language, ....  But  Zend,  a  word  not  vet  sufficiently  explained, 
is  reported  to  designate  the  commentary  on  the  sacred  books,  probably 
the  HuxvAresh  translation.  The  language  of  this  truoslation  is  o^ed 
by  the  Parsees  Ilugvdre$h,  from  the  Zend  huzaSthra,  that  is,  bonum 
sftcrificium  habens.  In  oocmeotion  with  Zend  we  always  meet  with 
Pdzend,  which  word  seems  to  mean  the  oommentaiy  on  this  trans- 
lation." 

A  widely  different  opinion  on  this  subject  is  given  by  another 
scholar,  whose  labours  have  for  many  years  been  devoted  to  an 
understanding  of  the  old  Parsee  writings.  In  a  lecture  he  has 
recently  (on  the  1st  of  March,  1861)  delivered  at  Poena,  on  the  Origin 
of  the  Paiaee  religion.  Dr.  M.  Haug  makes  the  following  state- 
ment :  "  1  have  discovered  in  most  of  the  books  now  extant,  Tas'na, 
Visporatu,  Vendidad,  and  Yadits,  all  Uie  three  dasses  of  the  andent 
religious  Persian  literature  which  are  spoken  of  by  andent  Mohimi- 
medui  writers  and  Persian  lexioogra]^ers,  viz.,  Avesta,  that  is, 
'original  text/  Zend,  that  is,  'oommentiuy/  and  PAzend,  that  is, 
'explanatory  notes  of  the  oommentaiy.'  The  opinion  of  the  Parsee 
priests  that  Zend  and  P&zend  are  names  qf  languages  is  wholly  wrong. 
These  three  pJBfflies  may  be  best  duKaiminated  in  the  VendidAd,  or 
code  of  religious,  civil,  and  criminal  laws,  customs,  and  usages,  chiefly 
in  its  fourth  chapter.  We  find  that  verse  1  (in  Westergaara's  edition) 
is  Avesta,  being  an  andent  and  soaroely  more  intelligible  law ;  2-10, 
its  Zend,  or  oommentaiy;  11-16,  Pazeod,  or  further  explanation  of 
the  oommenlaiy.  I  shidl  treat  this  subject,  as  well  as  many  other 
things  fully  in  my '  Essays  on  the  sacred  writings  and  religion  of  the 
Parsees,'  to  be  published,  as  I  hope,  in  the  course  of  this  vear." 

To  enter  into  any  speculation  on  the  different  periods  of  the  language 
of  the  Avesta  would  oe  premature,  after  the  confession  made  bv  the 
best  living  Zend  scholars,  that  they  are  unable  as  yet  to  cope  with  the 
considerable  difficulties  which  beset  its  study.  We  must,  therefore, 
confine  ourselves  here  to  the  statement  that  this  langua^,  which— as 
observed— now  passes  by  the  erroneous  name  of  Zeod,  is  one  of  the 
Indo-Eurqipean  stock,  and  bears  so  great  and  intimate  an  affinity  to 
the  Sanskrit  of  the  Vedaa,  that  without  a  knowledge  of  the  latter,  we 
should  probably  never  have  arrived  at  a  correct  appredation  of  liie 
forms  of  the  hmguage  of  the  Avesta.  The  ingenious  comparisons  be- 
tween both  languj^ges  made  by  the  celebrated  Sanskrit  scholar,  Eugene 
Bumouf ,  in  his  '  Commentaire  sur  le  Ya^na,'  have  laid  the  first  solid 
foundation  of  our  present  knowledge  of  Zend,  and  the  place  it  holds 
amongst  Indo-European  languages  ia  best  illustrated  in  the  excellent 
'  Comparative  Qrammar '  of  Professor  Fhmz  Bopp. 

ZEND-AVESTA  is  the  name  commonly  given  to  the  sacred  books 
of  the  Parsees,  which  are  ascribed  to  Zazathustra  or  Zoroaster;  it 
would  be  better,  however,  to  call  them  Avetla,  which  word  means  text, 
or  original  text,  since  2end  designates  the  commentary  on  this  text. 
Parsee  tradition  tells  us  that  these  books  originally  consisted  of  twenty- 
one  nosks  or  large  divisions,  but  that  they  were  destroyed  by  Alexander 
th*  Qreat^  who  had  all  that  they  oontained  of  medidne  and  astitmcmiy 


translated  into  Greek,  and  the  rest  burnt.  There  is  much  reason  to 
doubt  the  accuracy  of  this  report ;  but  whether  true  or  not,  it  is  certain 
that  the  Grecian  conquest  was  highly  detrimental  to  the  old  Parsee 
religion  and  its  sacred  texts,  and  that  the  restoration  of  both  did  not 
take  place  before  the  devation  to  the  throne  of  Ardeshir,  the  first  king 
of  the  Sassanian  dynasty,  or  about  220  after  Christ.  He  and  the  kings 
of  hii  lineage  ordered  a  collection  to  be  made  of  all  that  remained 
of  the  sacred  Parsee  texts,  and  it  is  this  collection  which  we 
possess  now  under  the  name  of  Avesta.  But  not  all  of  the  books 
deemed  sacred  by  the  Parsees  can  strictly  speaking  be  included  under 
this  name.  It  belongs  more  particularly  to  the  three  which  are  seve- 
rally called  Vendidad,  Vitpered,  and  latlna,  whereas  the  remaining 
writings  are  comprised  under  the  denomination  of  Khorda-Avetta,  or 
"small  Avesta." 

The  latter  contains  short  prayers,  and  especially  the  Yathfi  or 
Teehti,  hymns  addressed  to  the  different  genii,  on  the  days  which  bear 
their  names  and  are  sacred  to  them,  or  on  the  days  of  those  genii 
who  are  considered  to  be  the  attendante  of  the  farmer. 

The  Vendidad  consists  of  twenty-two  Fargarde  or  sections,  which 
treat  of  cosmogony,  and,  moreover,  may  be  called  the  religious  and 
civil  code  of  the  old  PSusees.    The  first  Farga^  relates  how  Ahura- 
Hazda  (now  called  Ormuzd),  the  good  spirit,  created  the    several 
countries  and  places — sixteen  are  named — excellent  and  perfect  in 
their  kind,  but  that  Angrd-Mainyu  (now  called  Ahriman),  the  evil  or 
black  spirit,  created  in  oppodtion  all  the  evils  which  infest  these 
worlds.    In  the  second  Fai^^ud,  Zarathustra  (or  Zoroaster)  bids  Yima 
announce  to  mankind  the  sacred  law  he  had  taught  him ;  but  Yima 
refuses  compliance  with  this  behest.    He  then  bids  him  enlarge  the 
worlds  and  make  them  prosperous.    This  time  Yima  obeys,  and  carries 
out  the  orders  given  him  by  Ahura-Mazda.     The   third  Fargai«d 
enumerates  first   the  five  things  which   are    the    most   sgreeable, 
then  the  five  things  which  are  the  most  disagreeable,  and  after- 
wards the  five  things  which  convey  the  greatest  satisfaction,  to  this 
world.    It  condudes  with  questions  and  injunctions  of  a  kindred  sort. 
The  fourth  Fai^^ard  may  be  termed  the  criminal  code  of  the  Avesta. 
It  enumerates,  m  the  first  instance,  various  offences  which  are  con- 
ddered  to  be  so  grave  as  to  affect  not  only  Uie  person  who  commits 
them  but  also  his  relatives ;  and  then  proceeds  to  define  the  punish- 
ments incurred  by  the  offender.    The  eight  following  Faigards  contain 
injunctions  in  rdferenoe  to  impurities  caused  by  dead  bodies.    The 
thirteenth  Farsard  begins  with  the  descripUon  of  two  kinds  of  dogs, — 
the  one  created  by  Ahura-Mazda,  the  other  by  Angrd-Miunyu, — ^the  kill- 
ing of  the  former  being  a  criminal,  that  of  the  latter  a  meritorious,  act; 
and  the  remaining  part  of  the  book  is  devoted  to  the  proper  treatment  of 
dogs  in  general,  a  subject  of  mudi  importance  in  a  country  apparently 
much  infested  by  wolvea^  and  continued  in  the  fourteenth  Faigard, 
which  enumerates  also  the  penalties  for  injuring  dogs.    The  treatment 
of  young  dogs  is  likewise  the  subject-matter  of  the  latter  part  of  the 
fifteenth  Faigard,  which  in  its  first  sections  treats  of  sexual  offences, 
and  the  bringing  up  of  ill^Umate  children.    The  siidwenth  Faigard 
teaches  how  to  treat  women  m  their  menses,  or  when  otherwise  affected 
with  impurities.    Impurities  caused  by  the  cutting  of  hairs  and  trim- 
ming of  nails,  are  the  subject-matter  of  the  seventeenth  Faigard.    The 
next  Fargard  is  more  of  a  mixed  character;  it  treats  of  various  cere- 
monies, such,  for  instance,  as  are  to  be  nractised  during  the  nig^t  and 
at  sunrise ;  and  gives  injunctions  on  cleanliness,  decency,  and  moral 
conduct    The  nineteenth  Faigard  relates  how  Angrd-Mainyu  endea- 
voured to  kill  Zarathustra,  but  how  the  latter  successfully  defended 
himself  with  the  weapons  given  him  by  Ahura-Mazda.    The  evU  spirit, 
it  continues,  being  aware  that  it  had  no  material  power  over  Zarathustra, 
then  resorted  to  temptations;  but  these  too  were  defeated  by  the 
prophet,  who  now  resolved  to  conquer  the  evil  spirit,  and  for  this 
purpose  addressed  to  Ahura-Hazda  various  questions  on  the  rites  of 
punfioation  and  the  condition  of  souls  after  deaUi.    The  twentieth 
Fargard  contains  some  information  about  the  first  man  who  understood 
curing  disease.    The  twenly-first  Faxgutl  is  devoted  to  the  |»henomena 
of  the  sky  and  the  luminous  bodies;  it  comprises  invocations  of  the 
douds,  the  sun,  the  moon,  and  the  start.    The  last  Fargard  relates  that 
AngrA-Kainyu  having  engendered  diseases,  Ahura-Mazda  is  compelled 
to  devise  remedies  against  them.    In  the  first  place  he  has  recourse  to 
iianihror^penia,  the  sacred  word,  but  it  is  powerless.    He  then  sends 
Kairyo-sangha  to  Auyama  with  the  command  to  produce  several  useful 
animals  and  things  for  this  purpose;  and  the  Faigard,  evidently  a 
fragment,  condudes  with  relating  that  Airyama  produced  nine  kinds 
of  male  horsee,  nine  kinds  of  nude  camels,  nine  kinds  of  oxen,  nine 
kinds  of  small  cattle^  and  nine  kinds  of  pasture  ground. 

The  form  df  all  these  Faigards  is  nearlv  always  that  of  a  dialogue 
between  Ahura-Mazda  and  Ziffathustra,  and  the  same  form  is  now  and 
then  also  observed  in  the  two  other  portions  of  the  Avesta,  which 
differ  materially  in  their  oontents  from  those  of  the  Vendidad. 

Vitpered  and  Ya^na  bear  prominently  a  litui^gical  character.  They 
are  invocations  of  nature,  of  the  ddties  who  are  bdieved  to  govern  its 
course,  of  time,  seasons,  and  other  objects  connected  with  acts  of  pious 
veneration;  they  also  contain  views  of  creation  of  a  speculative  kind ;  in 
short,  they  are  diiefly  the  religious  and  liturgical  code  of  the  old  Parsee 
religion,  whereas  the  Vendidad,  as  observed,  is  chiefly — ^though  not  ex- 
dusivdy — concerned  with  the  regulation  of  social  and  daily  life. 

The  religioQfl  bdief  taught  in  the  Avestft  rests  on  the  duaUam  of  the 
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two  great  principles,  AJiura-Mtizda  or  "  the  good/'  ftod  Avgrd'Mainyu, 
or  "  the  evil  principle.**  The  genii  subordinate  to  the  former  are  the 
AmegJia-i^pentoB,  six  of  whom  ore  named  in  the  Yas'na,  namely :  Yohu- 
mand,  who  protects  liTing  beings;  Asha-vahista,  or  the  genius  of  fire ; 
Ksbathra-vairya,  or  the  genius  of  metals;  S^penta-Aixoaiti,  or  the 
(female)  genius  of  earth;  Haurvat*,  or  the  genius  of  water;  and 
Ameret&t^  or  the  genius  of  trees.  They  are  seyerally  opposed  by  the 
Daevat,  or  demons,  subordinate  to  Angrd^Munyu, — by  Akomandi 
Andar.  S'aurva^  Nftonghaithi,  Tanru,  and  Zairicha.  Other  demons 
occur  m  the  tenth  Fai^ard  of  the  Vendidad.  Both  these  prinoiples — 
which  in  the  more  philosophical  language  of  the  seeond  part  of  the 
Tas'na  (the  Gftth&s)  are  also  ooneelved  of  as  the  prinoiplefl  of  existence 
and  non-existence,  of  life  and  death,  of  good  and  evil — ^perrade  creation 
and  are  in  permanent  strife.  The  worshippers  of  fire  belong  to  Ahura- 
Mazdaj  whereas  the  worshippers  of  the  Daevas  are  poasessed  by  Angr6- 
Hainyu,  the  spirit  of  eviU 

It  is  the  latter  class  of  deities  which  throws  a  strong  light  on  the 
obscure  antiquity  of  the  sacred  books  of  Zoroaster,  ^e  Daeyas  are  in 
substance  and  name  the  Devas  of  the  Hindus.  To  the  latter,  how- 
ever, they  are  the  good  and  friendly  gods,  protectors  of  men,  and 
worshipped  by  them  in  sacrificial  acta.  The  religion  of  Zoroaster 
assiunes,  therefore,  the  character  of  being  antagonistio  to  the  Hindu 
creed ;  and,  in  accordance  with  this  view,  we  find  that  Indra»  one  <^ 
the  principal  Vaidik  eods,  and  one  of  the  principal  Hindu  goda  of  the 
later  literature,  is  in  the  Avesta  the  Daeva  Andar ;  that  the  NdttUytu,  or 
As' wins  of  the  Hindus,  are  the  Daeva  Nadnshaithi ;  and  S'arva,  a  later 
name  of  S'iva,  is  the  Daeva  S'anrva.  It  would  seem,  theref oi«,  that  Zo- 
roaster belonged  to  a  poriod  of  antiquity  when  great  religious  dissensions 
had  already  separated,  or  begun  to  separate,  the  two  sister  nations  of  the 
Hindus  and  Parsees ;  but  it  would  be  haaardous  to  extend  this  inference 
to  any  allegation  of  date,  or  even  to  the  assumption  that  Zoroaster  pre- 
ceded the  y  aidik  songs  of  the  R'igveda  poetry ;  for  though  a  belief  has 
been  recently  expresBied  that  the  word  faraaoifui,  in  a  Rigveda  hymn, 
is  the  Sanskrit  form  for  the  name  Zarathustra,  this  bold  oonjecture  is 
noways  warranted,  neither  by  a  sound  comparison  of  both  words  nor 
by  the  context  in  which  faradashti  occun ;  whereas,  on  the  contrary, 
there  are  circumstances  which  seem  to  indicate  that  Zoroaster  inveighed 
against  that  form  of  Hindu  worship  which  belongs  to  a  period  posterior 
to  that  of  the  Iflgveda  hymns.  It  is  remarkable,  for  instmoe,  that 
though  there  is  a  manifest  tendency  in  the  Avesta  to  invert  tiie  dia- 
racter  of  the  friendly  deities  of  the  Hindus,  the  Zend  AhMra,  whicli 
emphatically  occurs  as  a  propitious  name  in  Ahura-Masda,  corresponds 
in  meaning  and  form  with  the  word  Asura  of  the  R'igveda;  whereas 
this  same  word  Asura  means  a  demon  in  the  literature  of  the  Hindus 
subsequent  to  the  Vaidik  poetry^  and  then  only  is  the  counterpart  of 
the  Avesta  word. 

The  worship  taught  by  Zoroaster  seems  to  have  been  of  the  simplest 
kind,  the  adoration  of  fire  by  means  of  hymns  and  offerings,  chiefly,  if 
not  exclusively,  taken  from  the  vegetable  kingdonL  An  essential  con- 
comitant of  the  sacrifice  is  the  juice  of  the  Haoma,  or  the  Soma  plant, 
which  occupies  an  important  part  also  in  the  Vaidik  rites.  [Veda.1 
This  worship  howeVer  mxist  not  be  confounded  with  the  complicated 
ritual  of  later  periods  of  the  Parsee  creed,  whidi  assumed  a  similar 
development  to  that  based  by  the  Hindus  on  the  R'igveda  text,  and  is 
indicated  by  several  portions  of  the  AvestSi  which  cannot  be  looked 
upon  as  its  earliest  part. 

This  part  evidently  consists  of  the  second  dlvijdon  of  the  Tas'na,  or 
the  G&th&B,  for  some  of  them  are  quoted  several  times  in  the  remaining 
portions  of  the  Avesta.  But  whether  all  the  GAtlUs  precede  the  first 
part  of  the  Tas'na  and  the  rest  of  the  Avesta,  and  whether  the  dialect 
m  which  they  are  written  diffen  from  ihe  language  of  the  rest  merely 
on  account  of  local  peculiarities,  as  Professor  Westergaard  holds,  or  on 
account  of  its  earlier  date,  as  other  scholars  assume,  is  a  question  which 
it  would  be  difficult  to  decide  hi  the  present  impwfect  state  of  Zend 
philology.  Nor  would  it  be  safe  to  say  whether  Zoroaster,  to  whom 
the  original  Avesta  is  ascribed,  composed  all  or  any  of  the  remains  in 
which  the  present  collection  has  c6me  down  to  us.  Dr.  Haug,  it  is 
true,  who  has  given  ns  a  translation  of  the  QfttbAs,  says  In  a  lecture  he 
delivered  at  Poena,  on  the  Ist  of  March,  1801 :  '*  I  shall  now  give  the 
proofs  that  these  collections  of  ancient  songs  (the  G&thAs),  or  at  least 
some  of  them,  were  really  composed  by  Z«r»thustra  himself,  with  some 
remarks  which  will  throw  light  on  the  origin  of  the  religion.  1. 
Whilst  in  those  portions  of  the  Zend-Avesta  which  are  vmtten  in  the 
usual  Zend  language  (or  it  mig^t  periiaps  more  properly  be  called 
Bactrian)  we  find  Zarathustra  spoken  of  in  the  third  person ;  now  in 
these  songs  he  is  speaking  in  the  first  person,  and  sometimeB  calling 
himself  by  his  own  name,  so  says  he  in  one  passage  (Tas'na,  48, 8) : 
'  I  Sim  Zarathustra,  I  shall  show  mvself  as  a  destroyer  to  the  wicked, 
and  a  comforter  to  the  good.'  2.  from  the  whole  toior  of  these  songs 
(chiefly  of  the  second  collection,  called  G&thft-ustavaiti)  we  are  led  to 
the  opinion  that  a  man  of  quite  an  extraordinary  stamp  stands  before 
UB,  acting  a  grand  part,  not  only  on  the  staffe  of  his  country's  history^ 
but  on  that  of  the  universal  history  of  wd  human  race.  He  says 
that  he  is  a  prophet  or  a  messenger,  sent  by  God  to  propagate 
civilisation,  especially  agriculture  and  the  blessings  of  a  settled  state 
of  life  (once  he  is  called  a  prophet  of  the  spirit  of  the  earth,  GeusurvA), 
and  to  destroy  idolatiy  as  ruining  the  body  as  well  as  the  souL"  But 
it  is  dear  that  arguments  of  this  kind  do  not  warrant  the  certainty 


with  which  the  inference  is  propounded  that  Zoroaster  himself 
composed  these  songs,  and  that  no  later  writer,  aooonling  .to 
the  tradition  he  had  received,  could  have  indited  the  poetiy  which  has 
called  forth  the  foregoing  remarks.  Questions  liko  these  it  seems  pre- 
mature to  decide  at  a  time  when  the  grammatical  laws  of  the  language 
of  the  Avesta  are  not  yet  definitely  known,  when  no  real  dictionary 
of  this  language  is  yet  in  existence,  and  when  the  few  translators  of 
the  Avesta  reproach  each  other,  apparently  not  without  good  cause,  with 
having  misunderstood,  or  imperfectly  understood,  the  most  important 
ports  of  the  sacred  texts,  either  from  clinging  too  much  to  tradition, 
which  is  not  always  safe,  or  from  neglecting  it  altogether  and  inventing 
fanciful  meanings  of  words.  Those  seriously  engs^ged  in  tiie  study  of 
the  old  Parses  texts  will  not  be  misled  by  bold  assertions  of  dates 
and  confident  inteipretations  of  texts,  but  to  the  general  reader  it 
is  wiser  to  confess  that  the  time  is  not  yet  come  to  decade  whether 
Zoroaster  is  the  real  author  of  all  or  any  of  the  fragmentary  portions 
of  the  Avesta  which  are  the  subject  of  this  brief  notke,  nor  to  venture 
upon  a  guess  at  the  period  at  which  he  may  have  founded  the 
"Anee  reli^on.  All  that  is  really  settled  by  modem  investigatioos  is 
that  it  would  be  erroneous  to  assign  to  him  the  date  of  DariiuT  father, 
since  it  is  indubitable  that  the  KavA  Vistas'pa  of  the  Zend-Avesta, 
tmder  whose  reign  Zoroaster  lived,  is  not  the  Vistas'pa  or  Hystaspes, 
who  is  the  father  of  the  celebrated  king  Darius,  the  lineage  of  the 
latter  being  totally  different  to  that  of  tne  fonner.  When  therefore 
the  modem  Parsees  assign  to  their  prophet  the  date  of  550  B.a  they 
must  be  wrong ;  and  if  Zoroaster  really  Uved  at  any  of  the  remote  dates 
which  have  been  guessed  by  European  writers,  this  met  would  give  us  the 
interesting  conclusion  that  there  is  a  religious  community  which  believes 
its  founder  to  have  existed  about  1000  years  later  than  he  aotaally  lived. 

ZENITH  and  NADIR,  two  Arabic  terms,  imported  into  Europe 
with  astronomy,  to  signify  the  point  of  the  heavens  immediately  above 
the  spectator,  and  the  opposite  (invisible)  point  below  him.  The 
latter  term,  though  still  mentioned  in  books  on  the  use  of  the  globes, 
is  quite  obsolete  among  astronomers ;  the  former  is  veiy  frequently 
employed. 

The  zenith  is  the  point  at  which  a  vertical  line  cuts  the  heavens.  If 
the  earth  were  a  sphere,  this  vertical  line,  or  that  in  which  a  {dumb* 
line  lumps,  would  pass  through  the  centre  of  the  sphere.  But  the 
earth  bemg  a  spheroid,  the  vertical  line,  which  is  everywhere  perpen- 
dicular to  the  tangent-plane,  does  not  pass  through  the  centre  of  the 
spheroid,  but  a  little  nearer  to  the  spectator's  side  of  the  equsctor. 

ZENITH  SECTOR.  This  instmment  is,  as  its  name  implies,  a 
portion  of  a  divided  circle,  which  is  employed  in  measuring  the  tenith 
distances  of  stars.  Picard,  in  his  celebrated  operation  for  determining 
the  figure  of  the  earth,  first  applied  a  short  arc  to  a  long  telescope, 
thus  obtaining  at  the  same  time  great  accuracy  with  portability.  The 
instrument  which  he  used  for  measuring  the  oelertial  arc  between 
Malvoisine,  Sourdon,  and  Amiens,  is  figmed  and  described  in  his  tract 
entitled '  Mesure  de  la  Terre ; '  *  the  following  is  a  copy  of  his  plate 
and  description.  The  instrument  is  of  iron,  strengtiiened  with  edge- 
bars,  and  covered  with  copper  in  the  plaoes  required.  The  limb  con- 
tains only  about  the  twentieth  part  of  the  circumference  of  a  circle  <A 
ten  feet  radius,  and  is  divided  by  transversal  lines  rVxnRixB]  to  thirds 
of  a  minute.  The  telescope  is  ten  feet  long,  ana  the  wires  are  illu- 
minated either  from  the  top  or  by  an  aperture  on  one  side  of  the 
telescope.  The  plumb-line  is  enclosed  in  a  tin  tube  to  protect  it  from 
the  wind,  and  the  observations  were  always  made  in  a  <uose  apartment 
through  an  aperture  in  the  roof. 

The  figure  shows  all  this  sufficiently,  and  also  the  foot-sorsws  for 
setting  the  axis  vertical,  which  it  is  when,  on  turning  the  instrument 
round,  the  plumb-line  hangs  before  the  same  division  of  the  limb.  In 
making  the  observation,  suppose  the  axis  to  be  vertical  and  the  limb  to 
be  toifrards  the  reader,  as  in  ^j^.  1  (the  fimb  should  i^  be  in  the  plane 
of  the  meridian),  and  the  telescope  directed  to  a  star,  at  its  transit. 
Now  if  we  suppose  a  line  to  be  drawn  through  the  centre,  parallel  to 
the  line  of  signt  of  the  telescope,  the  angle  between  iJie  line  so  drawn 
and  the  plumb-line  is  the  eenith  distance  of  the  star ;  but  as  the  point 
where  the  arc  is  cut  by  the  line  supposed  is  not  as  yet  defined,  except 
by  its  parallelism  to  an  optical  and  mtongible  Une,  there  is  as  yet  no 
measure.  Bead  oW,  however,  the  division  on  whidi  tiie  plumb-line 
beats.  Turn  the  instmment  half  round  on  its  vertical  axis,  when  the 
plumb-line  remains  on  its  former  di^sion,  and  the  telesoone  points  to 
the  same  zenith  distance,  but  on  the  other  side  of  the  comi ;  if,  then, 
we  would  observe  the  same  star  as  before,  the  sector  nnisl  be  turned 
on  its  horizontal  axis  through  twice  t^e  zenith  dktanoe ;  and  as  the 
plumb-line  always  keeps  parallel  to  its  position,  and  passes  through  the 
centre,  the  division  on  which  it  now  beats  mtist  be  distant  from  the 
division  first  hisected  by  twice  the  angle  moved  through,  that  is,  by 
twice  the  stai'iB  zenith  distance,  and  the  division  which  bisects  the  two 
readings  is  the  zero  point,  or  reading  which  corresponds  to  the  zenith. 
It  is  not  necessarv  that  the  star  should  be  observed  fai  both  positions 
on  the  same  night,  provided  the  centre  and  arc  of  the  sector  continue 
to  have  the  same  position  with  regard  to  the  line  of  sight  In  this 
case,  reversion  on  a  following  night  will  setYS  jiist  as  well  for  deter- 
mining the  division  which  corresponds  tp  the  zenith  direction  of  the 

*  The  first  edition  of  this  admirable  work  was  published  in  1671 ;  there  have 
bMn  numeroos  reprints  of  it  since. 
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M  «  Mmatimi,  addtljre  or  lubtnotiire,  to  Ul 

M  thay  are  on  rate  or  the  other  dda  of  Uie  muth. 

Ficud  enten  into  no  detaila  with  reapeot  to  hla  obMmtiolu,  bat 
fpTNiit  each  pUoa  a  lenith  d  Lrtanoe,  which  i»  the  mean  of  »  conriderable 
nnmbar.  He  onlf  obaerred  one  atar,  and  that  to  the  north,  namalj, 
the  Knee  of  Caadopeia  (t),  glvhiK  ai  a  reason,  "that  a  atar  naarer  to 
the  nnith  would  hara  bwa  more  difficult  to  obaam,  and  that  If  the 
itar  had  been  between  the  two  lenithB,  the  error  of  the  instmnient 
(the  diriaion  corTBaponding  to  the  aenith,  or  error  of  ooUimation), 
whiah  might  have  been  imperfectly  detanoined,  would  hare  been 
doubled  in  the  apparent  dintance  between  the  two  lenitba,  beoanaa 
UiBO  the  nun  of  uis  two  obasrTKtJona  must  hare  been  tjJun ;  wbereaa 
whm  a  atar  it  olwayi  obaeiTed  on  the  nine  aide  of  the  lenith,  there  ia 
only  the  diflennce  to  be  taken,  which  muat  be  ocareot,  provided  the 
instrumctit  ia  well  centred  and  well  divided." 

In  1674  Hooke  published  '  An  Attempt  to  prove  the  Motion  of  Uie 
Earth  from  Obeervationi,'  in  whioh  he  deecribea  the  initrumeDt  he 
contrived  for  obaerriiw  the  diitanoe  of  7  Diaconts  from  the  lenith  ot 
Oreeham  Ccdle^,  BJid  the  appantua  for  toeMnring  the  wiatiMia  whioh 
mi^t  ooooT.  Thijt  conauted  of  an  objeet-glua  of  SS  feet  '  ~ 
lai^th,  fixed  at  the  top  of  the  bonae,  and  ithntd  tartwopli  ' 
hanieiDg  from  a  bar  in  the  object«ell  and  pairing  throu^  .  . 
in  ue  floon,  to  a  ayatem  of  wiree  below.  Before  each  obaervation 
Hooke  eet  certain  marka  in  hia  wireoetl  to  the  plumb-linea,  then 
fixed  the  winH^ll,  removed  the  plumb-linea,  and  bieected  the  atar ; 
after  the  observation,  he  VBrifled  the  poaitwD  of  the  whre-cell  on 
rspladng  the  plumb-lines.  There  ia  a  great  deal  to  admire  in  t^ 
dmple  and  ingenioua  oontiinnoe,  bnt  hie  nnuurotor  for  noting  the 
amul  variatiraia  aeenu  dumay  and  inexact.  "  Inccmvenient  weather 
and  great  indispoailaoa  in  hia  health  "  limited  Hooke'a  obaerrationi  to 
foor  m  nnmber,  from  which  he  erroneonely  concluded  that  there  was 
an  annual  parallax  of  the  earth's  orbit,  and  therefore  that  Copertucua'a 

*  W*  hlT*  tlftn  the  atoT*  tltnst  IMb  Piaard  baoaoH  It  ilHnn,  we  think, 
thrt  be  did  aol  lemw  Ut  Hstsr  at  aaob  plaaa ;  If  he  had,  be  mut  bir*  fot  ■ 
doable  leaiUi  diitaaea  free  IWai  aU  Jlfd  witm  bet  those  <k  oenne  sad  dlvliloa, 
and  bii  reeeoniiiK  1«  net  eorrtct.  The  luumptlon  whlob  be  taaltly  nukes,  that 
the  eirtrr  of  eolUmatlgn  eootiniud  lo  ba  the  ume  during  Us  dMrntiaiu  at 
iftirint  plsoes,  ti  not  ullomble.    It  i>  evident  that  with  neb  u  InitrumeBt 

a  the  meridian  would  be  dlffloalt,  sod  btaoe  probably  his 

b,  belnt  dlMsnt  fi«m  the  sealtb,  reqnirsd  lesi  siattj  In 


>a  a  nicer  reference 


ZENITH  SECTOR. 


,  Uooke's  appBistus  would  atill  tie  applicable;  and 
if  his  idea  of  using  a  deep  dry  well  for  the  taleeoope-tube  were 
adoptad,  we  oonceive  that  most  accurate  determinatioos  might  now  b« 

Several  observcn  about  this  time  diacovered  a  motion  in  the  stars 
which  they  oould  not  account  for.  Koard,  Boemer,  and  Flamsteed  all 
found  that  the  position  of  Polaris  varied  at  diSerent  times  of  the  year, 
and  FUmstsed  &nded  that  the  change  was  due  to  panJiax.  In  or 
about  172s,  a  gentleman  ot  the  name  of  Halyneui,  then  realdent  at 
Kew,  tmpWed  Qraham  to  make  him  tparauactie  telesoope,  ao  called 
from  its  object,  namely,  to  diacovar  the  chan^te  of  place  m  the  atars 
occaaioued  by  the  earth'a  change  of  position  in  her  orbit.  This  ia 
described  in  Smith's  '  OpUca,'  book  iv.,  cap.  7,  and  mote  fully  in  Mr. 
Molyneux^  own  worda  in  Bradley's  '  Hiscellansous  Works  and  Cor- 
reapondenoe,'  p.  9S.  It  conaisted  of  a  telesoope  25  feet  long,  with  a 
short  erost  axis  at  the  umier  end,  just  at  the  plaoe  ot  the  ohJect-gUaa. 
This  axis  was  so  ad]uit«d  on  ita  supports  that  the  teleecope  moved  in 
the  meridian.  A  plumb-line  bung  on  one  end  of  the  ana  and  passed 
over  a  dot  in  a  plaU  fixed  on  the  tube  near  the  eye-eud.  The  tele- 
scope was  drawn  farwaids  in  the  meridian  by  a  string  and  weight 
paving  over  a  fixed  pulley,  and  pushed  bach  by  an  antagonist-screw, 
which  had  a  divided  nead  and  index.  To  nuke  tlie  observatinn.  the 
plumb-lineiafirstmade  to  bisect  the  dot  by  the  s(Tew,and  the  division 
read  offj  then  the  atar  ia  Injected  also  W  moviiw  the  acrew,  whm  the 
dividon  ia  apin  read  ofC  The  revolnumis  and  parts  through  which 
the  Borew  is  moved  meaanrea  the  angular  distance  of  the  star  from  a 
line  in  the  heavens,  which  contiouea  fixed,  if  there  is  no  change  in  tiia 
relation  of  the  object-glass  and  wires  to  the  axis  and  dot. 

Observations  were  nade  at  Kew  for  some  time  with  this  inatrumant 
by  Molyneux,  Qraham,  and  Bradley ;  and  m  1727  Bradley  had  a  aenitli- 
■  ■'■"  -.-  .  1      "  -aham  with  which  he  made  his  oelebiated 

nd  nutation.  There  is  a  ahort  deacription  of 
Ime  in  the  first  volume  of  hia  '  Qreenwick 
Obaervatlotis,'  p.  8,  which  Bi^ud  has  rwrint«d,  with  some  memoranda 
by  Bradl«y,  in  the  '  Miseellaneous  Works,'  ka;  but  Bnullsy  hlmasU 
gave  no  oiisoription  in  his  Memoir  on  Aberration  ('  PhiL  TWm.'  voL 
XXXV.,  p.  flS7),aDd  in  hia  following  Uemcir  on  NntatMD  (' FhiL  Trana.*, 
voL  xlv.,  p.  1)  satisfied  htm— if  by  referring  to  the  dMorlption  of  a 
sector  on  a  limilar  oonstniction.  ('  Digii  du  M^dien  entre  Paris  et 
Amiens,'  1T1<X)  TbiE  last-mentioned  seotor  waa  made  l^  Qraham  for 
the  mSBSurement  of  the  degree  in  Lapland,  and  afterwards  employed 
in  the  mwaaorement  of  Pinrd's  arc  We  have  now  a  fidl  and  minute 
description  of  Bradl^'s  inatrunient,  with  numerous  plates,  in  a  work 
entitled  'Operationa  tor  the  Verification  and  Exteiaian  of  the  Abbd  de 
U  Caille's  Aro  of  the  Meridian,'  by  Thomas  Uadear,  Eaq.,  pp.  67-41, 
publiahed  by  order  of  the  Lords  of  the  Admiral^.  This  aeoount  is  bj 
the  astronomer-n7*l,  who  directed  tiis  slterations  required  lo  fit  the 
sector  for  the  field.  The  priDoipal  ports  of  this  inaCruDleDt,  as  originaijy 
nude  by  Onham,  are  a  telescope  vrith  a  tbort  seetor  attached  to  the 
eye-cod,  and  a  short  cross  or  traositaxis  to  the  objeet-eod,  whioh  ca 


the  divided  sector  below,  that  is,  it  dmost  touches  the  dot  ateve  a^ 
an  below,  but  still  banp  pcrfeotly  free.  To  prenot  any  diaturbance 
from  the  wind,  the  plumb-line  is  screened  by  a  tube,  and  the  bob  hanga 
in  water  that  it  may  aooner  oome  to  rest.  To  make  the  telMoopa 
dnscribs  the  mscidisn  ooR«atly,  as  well  as  to  get  a  proper  fixing  tor  Uie 
damp  and  inioroaietar«or«w,  another  arc  is  fixed  to  the  wall,  and  tha 
teleacope  earrisa  a  frame  with  rollen  at  its  sy^end,  and  is  thus  kept  in 
contact  witii  the  fixed  arc  before  and  behind.  A  clamping  appaiatna, 
which  slides  along  the  fixed  arc,  sod  can  be  attached  to  it  by  screws  in 
any  position,  caniea  a  fine  soiew  with  a  mioromoter  heed,  whiuh  pushes 
the  telescope  by  acting  on  a  piece  of  hard^ed  steel,  while  the  teles- 
cope resists  Mtber  by  gravity  or  W  a  counterpoise  wai^t.  There  are 
numerous  psits  and  contrivances  tor  different  adjustmeots,  wbiiji  will 
ba  easily  uodentood  from  Mr.  Ally's  account.  In  making  the  obaerva. 
tion,  the  telescope  is  first  to  be  set,  or  nearly  so,  to  the  atar,  tha 
lasection  of  the  upper  dot  is  verified,  and  thra  a  division  below  is 
bisected  by  carrying  the  screw  one  way,  /ancard,  for  instance,  and  the 
micrometer  head  is  to  ba  read  ofi'.  When  the  atar  is  in  Uie  centre  of 
the  Geld,  it  is  bisected  by  Dairying  the  screw  still  forvard,  and  tha 
micrometer  is  again  read  ofi'.  Finally,  the  screw  is  still  to  be  carried 
farvird  till  the  next  division  is  bisected,  and  the  micrometer  read  oS. 
A  ample  proportion  will  give  the  quantity,  which  is  to  ba  added  to  tha 
first  reading,  or  subtraoted  from  the  second  reading,  in  order  to  get  Uie 
readingcorree^ding  to  thestar.*  Bradley's  sector  as  originally  made 
was  not  reversible,  and  was  therefore  only  fit  for  measuring  differenots 
or  variations.  When,  after  its  removal  to  Orsenwich,  actual  seniUk 
diatances  were  required,  the  instrument  was  shifted  across  the  room, 
frum  the  cast  to  the  west  side,  whve  a  second  fixed  arc,  lo.  ware  ready 
to  receive  it.    We  need  not  say  that  thia  was  very  objeotionabls,  a* 

•  Id  some  ot  the  books  raTerred  to.  It  will  be  seen  (hit  the  dot  blieoled 
before  observisf  ths  star  Is  dlrecWd  to  ba  UKeted  sgoln,  sod  the  ihim  of  the 
readings  takes.  But  a  eerew  whisb  nairlss  wetght  never  reads  the  same  when 
moved  fCtwMds  ssd  bsekwardi,  snd  it  Is  slwajs  sslest  to  esiry  lbs  screw  the 
same  way  In  the  viae  opersUoa. 
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mob  ao  opentioB,  take  what  cam  you  may,  ia  always  liable  to  dnange 
Uie  relaliou  of  the  parts  of  the  instrument,  and  so  to  lead  to  untrue 
ooneluMons.  Even  while  it  was  at  Wanstead,and  considered  to  be 
immoTeaUe,  a  slight  change  seems  to  have  taken  place,  which  has  been 
investigated  by  Dr.  Busch«  in  the '  Reduction  of  the  Observations  made 
by  Bradley  at  Kew  and  Wanstead,'  Oxford,  1882.  In  remounting  it, 
tlie  astronomer-royal  has  given  the  property  of  reversion  very  satis- 
iMstorily,  and  Mr.  Madear's  observationB  with  it  are  of  extraordinary 
aoeuiaey. 

A  sector  was  used  in  the  measurement  of  the  meridian  in  France,  by 
rssBini  de  Thurr  and  La  Oaille,  which  greatly  resembled  tiie  sector  A 
Pieard,  except  that  the  arc  was  of  much  greater  extent,  being  62|°  and 
frsmed  with  three  radii  The  telescope  was  fixed  at  the  back  of  the 
instrument,  so  as  to  be  at  once  more  firmly  fastened  and  out  of  tiie 
way  of  toe  j^umb-line;  and,  lastly  its  micrometer-screw  was  applied  to 
tfie  wires  of  the  telescope  (sometimes  called  the  iMttrior  micrometer), 
instead  of  moving  the  whole  sector.  In  this  mode  of  observing,  the 
instrument  is  set  approximately  to  the  star,  and  the  nearest  dot 
accurately  biseeted.  When  the  star  is  in  the  centre  of  the  field,  it  is 
Wseoted  by  the  mierometer-eorew  which  carries  a  wire  in  the  focus  of 
the  objeot-gbuH,  and  thus  the  excess  or  defect  from  the  nearest  dot  is 
■seertained.  This  improvement  in  the  application  of  the  micrometer- 
Mrewis  due  to  the  Cnevalier  LouviUe,  and  in  this  respect  we  prefer 
the  IVsneh  io  the  English  construction.  See  'La  Ifdridienne  de 
I'Ofaasnmtoire  Royal  de  Buis  verifi^/  par  M.  Cassini  de  Thury, 
Plui%  1740.    Hie  sector  is  figured  at  page  81,  and  described  at  page 


Bouguer  and  La  Condamine,  in  their  measure  of  the  arc  of  Peru, 
were  compelled  to  fabricate  their  own  aenith  sectors,  and  adopted  a 
Tsry  ele^t  mode  d  graduation,  the  merit  of  which  is  given  by  La 
Condamme  to  their  cdlesgue  (lodin.  The  telescope  and  arc  being 
prepared,  a  star  is  selected  which  has  pretty  nearly  the  same  aenith 
distance  at  both  extremities  of  the  arc  of  the  meridian.  Now  calculate 
Miproximately  the  value  of  the  chord  of  the  double  aenith  dirtanoe  of 
the  star,  and  find  what  fractional  psrt  it  is  of  the  radius.  Suppose  it  ii 
aaariy  A  ^  the  radius,  then  take  a  beam  compass,  mark  two  dots  on 
the  are,  and  step  seventeen  times  with  the  same  opening  along  the 
ladius,  and  so  fix  the  dot  over  which  the  plumb-line  is  to  pass.  The 
instrument  is  now  graduated,  and  is  used  as  follows :— -After  being 
adjusted  to  the  meridian,  the  plumb-line  is  made  to  pass  over  the 
upper  dot  and  one  of  the  lower  dots,  after  which  the  star  is  bisected 
by  the  interior  or  Louville's  micrometer.  On  a  following  day  the 
instrument  is  reversed,  and  the  plumb-line  being  brouj^t  over  the 
n^per  dci  and  the  other  lower  dot,  the  star  is  again  biwcted  by  the 
micrometer.  It  is  plain  that  the  double  senith  distance  of  the  star, 
eorreoted  for  refraction,  aberration,  fto.,  is  measured  by  the  arc  sub- 
tended at  the  central  dot  by  the  two  dots  below  +  the  sum  or 
difierence  of  the  micrometer  readings.  But  the  arc  is,1^  construction, 
that  the  sme  of  which  is  ^,  which  is  found  from  the  tables;  and  the 
value  of  the  micrometer  readings  being  also  known,  the  lenith  distance 
of  the  star  is  knovm.  The  operation  may  be  repeated  at  the  other  end 
ef  the  arc  with  the  same  star,  and  using  a  different  submultiple  of  the 
radius.  See  '  Mesure  des  tiois  premiers  degr^  du  m^dien/  par  M. 
de  La  Condamine^  Pkris,  1761,  pp.  105  et  seq.;  '  Figure  de  U  Terre,* 
far  M.  Bouguer,  Pkris,  1740,  pp.  176  et  seq. 

We  insert  here  the  methed  employed  by  ICaupertuie,  La  Caille,  and 
ethers  to  ascertain  the  value  of  the  total  arc  of  the  sector.  A  line  of 
oonsiderable  length  was  oarefully  measured  from  a  well-defined  spot 
and  a  smnal  erected ;  then  a  perpendieulsr  was  measured  from  the 
signal,  df  such  a  length  as  rtrv  nearly  subtended  at  the  spot  the  arc  to 
be  Teiified,  and  here  a  second  signal  was  placed.  The  sector  vras  then  laid 
horicontally  on  a  bed  prepved  for  it»  the  centre  bcdng  exactly  over  the 
defined  spot,  and  the  telescope  pointed  to  the  first  signal;  when  this 
was  done  satisfsetorily,  a  fine  Ime  was  strstched  over  the  centre  and 
tiie  first  dot  of  the  diTided  arc  Now  shifting  the  sector  round,  the 
second  signal  was  biseeted,  and  it  was  seen  what  division  was  bi- 
iscted  by  the  line  iriiich  continued  to  pass  over  the  centre.  The 
true  ani^e  is  evidentlr  that  marked  on  the  ground,  and  is  calcu- 
lated firom  the  given  length  of  the  perpendieulsr  and  the  distance. 
The  value  of  the  are  read  off  on  the  sectw  is  compared  with  this,  and 
the  error  d  the  total  arc  detected,  which  is  afterwards  used  for 
correcting  all  the  anides  observed.  At  present  the  value  of  the  total 
arc  of  a  sector  would  be  determined  by  a  oompazison  with  the  mund 
drde. 

In  1776  Bird  ereeted  a  lenith  sector  at  the  Observatory  of  Oxford, 
which  is  in  most  respects  simikr  to  Graham's,  but  it  is  fixed  to  an 
unrig^t  pillar  which  reyolyes  freely,  so  that  the  instrument  is  rever- 
d[Ue.  BVom  some  cause  or  other,  though  obeervations  have  been  made 
with  this  iostrumeDt^  they  haye  not  been  consi^eiedsatasfiMtoiT.  It 
sppeani  to  us  tp.be  an  excellent  instrument,  and  one  capable  of  domg 
good  work,  thoqg^  one  chief  use  of  aenith  sectors,  name^,  ascertaining 
the  index  error  of  the  meridian  decimation  instrumsnOiM  been  sup- 
plied to  modem  circles  by  observations  by  reflexion. 

The  senith  sector  of  RuBsden,  which  was  used  in  the  trigonometrical 
mawfj  of  Great  Britain,  and  hi  the  Holstein  arc,  is  described  and 
4gursd  in  great  detail  in  the  *  Pha  Trans.' for  1808,  and  m  the  second 
Tolinne of  the* Account  of  the  Ordnaooe Trigonometrical  Survey  of 
xnfiaad  and  Wales.'   ft  mui  honied  in  tbe  fire  wbioh  oooMuned  a 


considerable  part  of  the  Tower  in  1841.  As  this  instrument,  is  yery 
fully  detailed  in  the  account  referred  to,  it  is  useless  to  enter  into  par- 
ticulars here.  Ramsden  viewed  the  upper  dot  by  a  long  microscope, 
which  sayed  considerable  trouble,  as  well  as  ayolded  the  chance  of 
deranging  the  bisection  by  mounting  to  read  it  The '  Astronomical 
Observations  with  Ramsden's  Zenith  Sector/  reduced  bv  Lieutenant 
Yolland,  R.E.,  were  published  in  1842  by  order  of  the  Board  of 
Ordnance. 

After  the  destruction  of  Ramsden's  sector.  Colonel  Colby  applied  to 
the  Astronomer  Royal  for  his  adyice  as  to  the  best  form  of  instrument 
for  determining  latitude  in  the  JieUL  The  construction  given  by  Mr. 
Aiij,  and  executed  by  Mr.  Simms,  diffen  in  many  respects  from  any 
whidi  preceded  it.  'Ab  description,  with  explanatory  figures,  is  to  be 
found  in  the '  Monthly  Notices  of  the  Royal  Astronomical  Society.* 
voL  y.,  p.  188.  The  yertical  axis,  which  is  oast  in  one  piece,  and 
strongly  framed,  carries  at  its  back  three  leyels,  one  above  the  other, 
which  bong  read  off  at  tiie  moment  the  star  is  Insected,  determine  the 
position  of  the  axis  with  respect  to  the  senith.  The  telescope-frame 
with  the  ^e-  and  object-end  is  cast  in  another  solidly  braced  piece,  and 
is  held  at  its  middle  on  a  centre-  in  front  of  the  yertical  axis.  This 
second  frame  moyes  freely  for  a  few  degrees  on  each  side  the  aenith. 
The  divided  arcs  are  graduated  on  the  yertical  axis  nesr  its  top  and 
bottom,  and  there  are  four  micrometer  microscopes,  one  at  each  side 
of  the  object  and  eye-end,  the  tubes  of  which  are  bored  in  the  solid 
telescope-frune.  There  is  a  wire-micrometer  in  the  focus  of  the  tele-, 
scope.  A  stop  to  tiie  axis  enables  the  observer  to  turn  the  instrument 
exactly  half  round  by  touch,  and  almost  instantaneously.  The  observa- 
tions are  made  thus : — The  instrument  being  pretty  nesrly  in  the 
meridian,  and  the  axis  yertical,  the  telescope  is  set  nearly  for  the  star, 
and  the  microscopes  are  read  off  Before  the  star  reaches  the  ceoixe  of 
the  field,  the  observer  bisects  it  with  the  micrometer-wire,  noting  the 
time,  while  the  assistant  reads  off  both  ends  of  each  level  The  whole 
instrument  is  tiien  turned  half  round,  and  the  star  is  again  observed, 
the  bisection  being  now  performed  by  the  tangent-screw  of  the  tele- 
scope-frame, the  time  is  again  noted,  the  assiHtant  reads  off  the  leyels 
as  b^ore,  and,  finally,  the  area  above  and  below  are  read  off  by  the 
micrometer  microscopes.  In  this  way  the  double  senith  distance 
of  a  star,  free  from  all  error  of  collimation  or  of  the  yertical 
axis,  may  be  obtsined  in  a  few  minutes.  This  instrument  performs 
yery  satisfactorily.  The  telescope  is  one  of  84  feet  focal  length,  and  the 
instrument  bears  the  same  relation  to  a  mural  circle  that  the  ordinary 
sector  does  to  a  quadrant. 

When  Troughton  first  proposed  the  mural  circle  as  the  beet  form  for 
a  meridian  decUnation  instrument,  great  doubt  was  thrown  on  Uie 
practicability  of  observing  by  reflexion  with  sufficient  nicety,  and  in 
that  esse,  as  the  mural  dme  does  not  reyerse,  a  supplementary  instru- 
ment was  wanted  to  show  the  position  of  the  senith  or  horison. 
Partly  on  this  account,  but  chiefly  to  settie  the  constsnts  of  aberration 
and  precession  with  the  greatest  precision,  Troughton  planned  a  tmith 
ttihe,  consisting  of  a  telescope  of  25  feet  focal  length,  without  any 
sector,  and  in  which  the  variations  of  senith  distance  of  y  Draoonis  and 
dose  senithal  stars  were  to  be  measured  by  a  mierometerscrew.  The 
telescope  rests  on  its  lower  end,  continued  beyond  the  focus,  on  a 
piece  which  has  adjustments  for  yerticality,  and  a  collar  below  the 
object-glass  is  preesed  by  a  spring  into  a  T  bearing.  The  wires  at  the 
focus  are  moved  by  a  micrometer-screw,  and  the  star  and  wirss  are 
seen  through  a  diagonal  four-glass  eye-piece.  The  plumb-Une  hangi 
within  the  tube,  and  is  yiewed  above  and  below  by  micrometer 
microscopes.  Instead  of  adjusting  the  plumb-line  before  each  obser- 
vation, it  is  bisected  by  the  micrometers  after  the  observation,  and 
a  correction  applied  wmch  is  deduced  from  the  upper  and  lower  rsad- 
ings.  Mr.  Airy  having  had  some  reason  to  suipect  that  the  wire 
twisted  on  reversing  the  instrument,  gaye  a  double  suspension  to  the 
plumb-line,  and  made  the  instrument  reversible  on  a  star  in  the 
same  night,  by  using  a  stop  as  in  the  ordnance  sector.  The 
observations  with  the  senith  tube  are  printed  yearly  in  the  Gnenwich 
Observations. 

The  senith  sector  has  not  been  much  used  upon  the  continent  since 
the  great  survm  made  in  the  middle  of  las^  century  for  ascertaining 
the  figure  of  tke  earth.  In  the  French  arc  from  Dunkirk  to  For- 
mentera,  the  latitudes  were  observed  by  the  repeating  drde,  and  in 
some  of  tiie  stations  there  is  reason  to  suspect  that  error  has  been 
committed.  More  recentiy,  the  transit  in  the  prime  yertical  has  been 
employed  in  Germany  and  Russia  for  asoerUuning  differences  of  lati- 
tuoe,  and  as  it  would  seem  with  great  success.  [Tbarsit.]  A 
|Mrime  yertical  transit  was  constructed  by  Repsold  for  the  imperial 
observatoiy  of  Pulkowa,  of  which  a  most  nvourable  account  haa  been 
given  by  Professor  Struve.  While  admitting  the  excellence  of  this 
und  of  instrument  for  tdescopes  of  moderate  sise,  we  do  not  see  how 
they  can  equal,  far  less  surpass,  the  lenith  sector  when  made  reversible 
end  of  the  proper  magnitude. 

Some  yean  ago  Mr.  Babbage  proposed  a  construction  for  a  senith 
sector  ('  Memoirs  of  the  Astronomical  Sodety,'  yoL  ii.,  p.  101)  which 
mif^t  perhaps  be  applied  in  the  following  manner : — Conceire  a 
paralld  ruler  to  be  placed  upright^  one  of  the  bars  being  made  into  a 
yertical  axis  with  the  necessary  adjustments,  and  the  other  carrying  a 
telesoppe.  It  is  dear  that  if  the  bands  were  equal  the  tdesoope  would 
continue  paralld  to  itself  whether  the  ruler  be  open  or  shut    But  if 
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one  of  the  ImndM  is  a  little  longer  than  the  other,  then  a  twj  large 
angular  motion  of  the  band  will  give  a  nnall  angular  motion  to  the 
teleeoope-bar,  and  aa  the  meaaurement  of  the  former  angb  can  be 
easily  made  with  tolerable  aoeiuaoy,  the  latter  ugle  can  be  oomputed 
with  great  exactness.*  Exquisite  workmanship  would  no  douot  be 
required  to  make  sudi  an  instrument  answer,  but  we  think  that  for 
this  end  other  differential  purposes  Mr.  Babbage's  suggestion  is  de- 
serving of  attention,  especially  where  telescopes  of  limited  sise  are 
used. 

The  adjustments  of  a  lenith  sector  or  lenith  tube  will  differ  accord- 
ing to  the  construction  of  the  instnimentb  Where  it  is  not  reversible, 
the  time  of  the  transit'of  a  star  near  the  lenith  must  be  got  from 
obseryations  witii  another  instrumsnt^  and  the  star  made  to  pass  the 
meridian-wire  at  the  calculated  time  by  the  proper  adjusting  screws. 
When  this  is  done  and  the  telescope  secured,  a  star  must  be  made  to 
pass  along  the  declination-wire  (this  should  be  carried  by  a  micrometer- 
screw)  by  twisting  the  wire-cell,  when  the  adjustment  for  a  fixed  aenith 
telescope  is  complete.  If  the  telescope  rest  on  a  cross  axis  and  carries 
a  sector,  the  cross  axis  must  be  made  horiaontal,  the  transits  of  stars 
towards  the  extremities  of  tiie  arc  must  be  obsenred,  and  the  aaimuthsl 
deviation  ascertained  [Tbahsit]  and  corrected ;  or,  the  time  at  which 
an  extreme  star  ahoM  pais  being  known,  ihe  croaa  axia  at  top  and 
fixed  arc  below  must  be  turned  so  as  to  wuie  the  star  pass  at  the  tifjbt 
time. 

When  the  instnmient  is  reversible,  the  axis  is  first  to  be  set  truly 
upright.  Suppose  the  instrument  in  its  meridian  position  neariy,  and 
face  east,  read  off  tiie  division  bisected  by  the  plumb-line,  or  the  two 
ends  of  each  leveL  Now  turn  half  round,  read  off  again,  and  bring,  by 
the  adjusting  screws,  the  plumb-line  or  the  levels  half-way  to  the  first 
resdings,  asil  finally  adjust  each  level  by  Ita  own  screw  to  rsad  each 
end  alike.  If  this  be  cwef ully  done,  when  the  instrument  is  restored 
to  its  first  position,  the  plumb-line  or  levels  will  remain  undisturbed 
by  the  Isst  reversal.  Now  turn  the  axis  one-quaiier  round,  and  correct 
whatever  change  is  thereby  caused,  by  the  east  and  west  screws  of  the 
axis.  The  axis  is  now  veracsl,  or  b^  a  repetition  of  the  process  may 
be  made  so.  The  next  adjustment  is  to  make  the  line  of  si^t  descrilie 
agreat  circle.  This  is  the  coUimation  error  of  the  transit  This  may  be 
done  as  described  above,  from  knowing  the  true  time ;  or  by  observing 
one  star  or  two  stsrs  near  the  senith  in  reverted  positions,  when  the 
disagreement  between  the  observed  and  computed  difference  will  cive 
the  quantity  and  direction  of  the  alteration  required.  In  a  modem 
instrument  this  adjustment  would  be  by  antagonist  screws  carrying 
the  wire-plate.  If  the  instrument  be  simply  a  aenith-tube,  make  a 
star  run  along  the  declination-wire,  and  we  adjustment  is  flni«ha«i. 
With  a  sector  place  the  instrument  nearly  in  the  meridian,  obso-ve  ibio 
transit  of  a  aenitii  star,  which  gives  the  time.  Then  by  turning  round 
the  axis,  make  an  extreme  star  pais  at  the  proper  time  and  dimip  the 
axis.  In  the  present  ordnance  sector  the  msteument  rests  on  a  tray 
which  is  adjusted  as  to  meridian  by  strong  icrews  on  the  stsnd,  acting 
against  the  sides  of  the  tra^.  Finally,  twist  the  wire-cell  till  a  star 
runs  along  the  dedination-wure.  A  comparison  of  the  senith  distances 
of  the  same  stars  observed  in  revennd  positions  of  the  instrument,  will 
give  the  error  of  oollimation,  and  this  may  be  corrected  if  the  observer 
wishes,  but  it  is  better  to  leave  it  imtouched,  and  to  consider  the  sum 
of  two  observations,  Face  East  and  Face  West,  as  a  double  lenith 
distance. 

(For  plates  and  descripticns  of  some  of  the  constructions  here 
referred  to,  and  others  which  we  have  omitted,  see  Pearson's  Practical 
AttroHomy,  voL  iL,  pp.  581,  554,  plates  xii,  xiiL,  xxvi,  xxviLJ 

ZENZO,  ZSNZIC.  The  Arabs  used  a  word  for  the  square  of  a 
number  which  has  the  same  meaning  as  the  Latin  wonl  eeneus; 
accordingly  Leonard  of  Pisa,  Lucas  Pacioli,  and  the  early  Italians,  used 
radix  and  coea  for  the  unknown  quanti^,  and  ceneut  lor  its  square, 
which  became  eeaeo  in  Italian.  The  Germans  corrupted  these  into 
census  and  senao,  and  hence  in  their  algebraic  writings,  and  in  some 
of  the  eariy  English  ones,  the  aenxic  power  is  the  square.  fVom  this 
and  the  word  cube,  various  denominations  of  powers  were  formed,  as 
aenai-cubic  for  sixth,  aenxiaenciaenxio  for  ei^th,  &c.,  firom  which  we 
are  now  happily  delivered. 

ZERO.      fTHBBMOlCEm.] 

ZERO.    [Ikfinits,  kc] 

ZETETICS,  a  name  ifven  by  Yxra  [BioO.  Div.]  to  the  part  of 

*  Let  the  length  of  the  upper  bead  be  a,  of  the  lower  bead  e+A,  the  dls- 
taaee  between  tlia bands  h,  sad  let  the  beads  be  horiaomtsl;  the  teleeoope-bsr 
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BMkei  with  the  aenith  aa  angle  the  tangent  of  whieh  «  ^;  when  the  beads sre 
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h  may  be  measured  aad  regnlttcd  hf  a  nkierosieter-eerew  and  sneh  a  tUt  given 
to  the  telescope,  that  the  etar  eaa  be  obeerred  in  reveteed  poeittone  of  the  axis, 
aad  thus  the  doable  senith  dlitaaee  foand.  The  aero  of  the  anieroineter-eerew 
is  found  Afom  its  posltSoa,  when  opealng  aad  elosiag  the  bars  makes  ao  ehaage 
in  the  plaee  of  a  star.  We  prefer  this  oonstraetkm  of  a  aenith  seetor  to 
that  of  Mr.  Babbage.  The  aenith  point  is  onlj  to  be  got  bf  reversion,  and  the 
upright  bar  must  be  watehed  aad  aseertained  bj  levele,  te.  Mr.  Babbage  has 
Viven  an  exact  formuU,  when  the  points  of  attaohment  of  the  telesoope.bar  are 
mnitaat.  We  have  suppoeed  an  adjustment  in  one  of  these  points,  which  allows 
the  bands  to  be  horiaontal,  while  the  telcseope-bar  is  inolined. 


al^bra  which  consists  in  tha  direct  search  after  unknown  quantities: 
it  IS  now  disused. 

ZEUS,  the  supreme  deity  of  the  Greek  Olympus,  the  god  of  heaven 
and  of  eorth,  to  whom  the  Jupiter  of  the  Romans  nesr^  corresponds 
both  in  power  and  attributes,  was  probably  originally  an  elemental 
divinity,  who  was  worshipped  as  the  god  of  rain,  snow,  lightmng,  fte. 
Apart  from  other  considerations  the  ^ymology  of  his  name,  both  in 
Greek  and  Latin,  would  seem  to  lead  to  this  condusion. 

According  to  Homer,  Zeus  was  the  son  of  Kronen  and  Rhaa. 
[KBOVoa.]  In  order  to  save  her  son  from  being  destroyed  by  bis 
lather,  Rhea  concealed  him  soon  after  his  birth  in  a  cave  hi  Grwte^ 
where  he  pasaed  the  first  years  of  his  life.  As  Zeus  grew  up,  Ktonoa 
called  to  us  sid  the  Titans,  in  order  to  secure  his  dominions  sgainst 
his  son ;  but  they  were  eventually  conquered,  and  Kronos  himself 
dethroned  by  the  youthful  Zeus.  In  the  Homerio  poems  Zeus  is 
represented  as  tha  supreme  ruler  of  the  gods  and  of  men ;  and  though 
subject  himself  to  the  decrees  of  Fate,  Ids  commands  cannot  be  dis- 
obeyed; his  wisdom  is  in^pite,  snd  his  power  irresistible.  His  wife 
was  Hera,  And  their  children  Hephaeetus,  Ares,  and  Hebe.  The  wor- 
ship of  Zeus  was  co-extensive  with  the  Grecisn  race.  His  temples 
were  numerous,  the  chief  being  at  j^it  and  at  Athens — ^the  former  con- 
tained Phidias's  sublime  chryselephantine  statue  of  the  god,  the 
latter  being,  when  perfect^  the  noblest  temple  perh^is  of  the  ancient 
world. 

Cicero  hifonns  us  ('De  Kat  Deor.,'  iiL  21)  that  there  wera  three 
Roman  deities  of  the  name  of  Jupiter:  one  the  son  of  ^ther;  the 
second,  the  son  of  Heaven;  and  the  third,  the  son  of  Saturn.  The 
last  was  worshipped  at  Rome  under  various  names,  and  many  temples 
were  erected  to  nis  honour,  of  which  the  most  celebrated  was  the  one 
on  the  GHdtoline  HiU,  where  ha  was  worshipped  under  Uie  name  of 
Jupiter  Optimus  Maximns. 

As  the  supremegod,  Zeus  taxed  the  Ugliest  powers  of  the  artists  of 
ancient  Greece.  The  Greeks  themselves  believed  that  Phidias,  in  the 
seated  chnrselephantine  statue  of  Zeus  iriiich  he  executed  for  the 
temple  of  Ella,  had  attained  the  loftiest  eonoeption  of  the  divini^. 
Zeus  himself,  Ptossnias  teUa  ua  (b.  v.  c  10),  gave  a  visible  expression 
of  his  approval  of  the  seulptor^s  srt ;  and  Quinctilian  deetarea  that  the 
work  equalled  in  majesty  the  god  himself,  and  added  somewhat  to  the 
religion  of  thoee  who  saw  it.  The  statue  has  long  been  lost,  but 
several  attempta  have  been  made  to  restore  it  from  oontemporsry 
deecriptions—the  beet  known  being  that  d  M.  Quatremhre  de  Quinoy, 
in  his  'Jupiter  Olympina'  This  work  of  Phidias  seems  to  have  bean 
accepted  by  the  Greeks  ss  an  authoritative  model  for  the  form  and 
features  of  the  deity.  Phidias  probably  followed  in  the  general 
conception  some  more  ancient  ^fpe,  but  his  was  thenceforward  the 
normal  form  which  all  succeeding  artists,  accoiding  to  their  alnlity, 
soui^t  to  reproduce.  Mttller  tiius  chsracterises  the  external  leaturea 
of  Zeus,  as  found  in  works  of  the  beet  and  hter  periods  of  Greek  srt  :*- 
"  The  hair  rose  up  from  the  centre  of  the  forehead,  like  that  of  a  lion, 
and  then  fell  down  on  both  sides  like  a  mane ;  the  brow  dear  toid 
brightabove,  but  greatly  arching  forward  beneath;  eyea  deeply  sunk, 
but  wide  open  and  rounded ;  deucate  mild  lineaments  round  the  upper 
Up  and  cheeks;  the  full  rich  besrd  descending  in  Urge  wavy  treeses;  a 
noble,  ample,  sad  open  chesty  as  well  as  a  powerful,  but  not  imduly 
enkiged  muscular  development  d  the  whole  body."  ('  Ancient  Art,' 
§849.)  fVom  this  general  character,  which  belon^i  to  the  best  statues 
of  Zeus,  deviations  occur,  where  he  is  represented  in  a  youthfol  form, 
or  sa  an  exdted  and  vengeful  deity. 

Zeus  was  usually  represented  seated  on  an  ivory  throne,  with  a 
sceptre  in  his  left  hand  and  in  his  right  a  thunderbolt.  The  Olympian 
Zeus  of  Phidias  bore  in  his  right  hand  a  Victory,  made  like  the  statue 
itself,  of  gold  and  ivory.  In  esrly  srt  the  representations  of  Zeus 
chiefly  have  reference  to  his  divine  character,  and  hia  more  sublime 
attributes.  Later,  and  especially  as  srt  became  the  minister  of  luxury, 
and  too  often  of  voluptuousness,  the  intrigues  of  the  god  with  the 
leaser  goddesses,  and  with  mortaUi,  afforded  a  more  accepteble  oUum  of 
subjects,  and  Jupiter  and  lo,  Jupiter  and  Ganymede  Leda  and  the 
like,  were  figured  in  every  variety  of  form  and  material;  and  at  the 
revival  of  the  study  and  imitation  of  classical  ait,  it  need  hardly  be 
added  that  this  series  of  circumstances  in  the  mythic  history  of  Jupiter 
was  seised  upon  with  avidity  by  the  pamters  and  sculptors  of  Italy. 

ZIP.    This  name^  written  7T  ^  Hebrew,  occurs  only  in  the  first 

book  of  Kings,  in  the  6th  chapter,  and  in  the  1st  and  S7th  verMa.  It 
is  the  month  now  celled  Jysr.  The  word  is  derived  by  the  Jews  from 
a  root  signifying  to  be  splendid,  in  reference  to  the  splendour  of  the 
sesson  when  the  month  occurs,  April  and  May.  The  word  is  foimd 
several  times  with  a  alight  orthognHphical  difference  in  the  book  of 
Daniel,  and  ia  uaually  tranalated  "  brightneas."    TBuL.] 

ZINC  (Zn).  SpeUer.  A  commercial  metal  wnicii  haa  been  known 
in  the  metallic  atate  since  the  time  of  Pamcelsns.  It  is  never  m4t 
with  in  the  native  state,  but  is  extracted  fit>m  two  omM—eaiamiae,  or 
csrbonate  of  sine,  and  blende,  or  sulphide  of  ama  A  native  oxide  of 
sine  found  in  New  Jersey  has  slso  recently  been  rendered  avaikble  for 
the  exttaction  of  the  metsL 

The  commercial  metal  is  never  pure,  though  usually  sufficiently  so 
for  most  chemical  purposes.  The  pure  metal  may  be  obtained  by 
dissolving  common  sine  in  dilute  sulphuric  acid,  filtering,  treating 
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with  excess  of  sulphuretted  hydrogen,  again  filtering,  and  precipitating 
the  boiled  filtrate  with  carbonate  of  soda.  The  washed  and  ignited 
carbonate  must  then  be  distilled  In  a  porcelain  retort  with  charcoal 
from  lump  sugar. 

Zinc  is  a  bluish-white  crystalline  and  hard  metal,  brittle  at  400" 
Fahr.,  malleable  and  ductile  between  800**  and  200",  but  again  some- 
what brittle  at  ordinaiy  temperatures.  It  melts  at  778",  and  boils  at 
a  bright  red  heat  estimated  by  Deville  at  1904*.  In  contact  with  air 
the  Yapour  bums  with  a  magnificent  greenish-blue  flame,  forming 
copious  white  flooculi  of  protoxide.  At  ordinary  temperatures  zinc 
gradually  oxidises  in  a  moist  atmosphere,  but  the  superficial  film  of 
o^de  preserves  the  renuuning  metal  for  a  long  time  unchanged.  ^  It 
readily  dissolves  in  dilute  mineral  acids,  and  in  concentrated  solutions 
of  potash  and  soda.  It  also  combines  with,  chlorine,  iodine,  and 
bromine  at  ordinary  temperatures.  The  equivalent  of  zinc  is  82*7, 
and  its  specific  gravity  6*8  to  7*1. 

The  following  are  &e  principal  compounds  of  sine  :— 

Oxide  or  Proioxide  of  Zinc  (ZnO),  ZmcwAifc—This  is  the  oxide 
which  exists  in  the  native  carbonate.  It  may  be  prepared  in  various 
modes :  first,  by  merely  igniting  the  metal  in  contact  with  air ;  in  thia 
case  combustion  takes  place  readUy,  and  a  light  white  compound  is 
formed,  which  was  called  by  the  old  chemists  by  the  various  names 
of  nihil  aXbfiim,  lana  pkiiimpkiea,  pwnptolix,  and /overt  ofnnc. 

Oxide  of  zinc  may  also  be  procm-ed  by  dissolving  the  metal  in  a 
dilate  acid,  either  the  sulphunc,  nitric,  or  hydrocmoric,  and  decom- 
posing the  solution  by  a  carbonated  fixed  alkali ;  oarbonate  of  zinc  ia 
first  precipitated,  but  this,  when  heated,  loses  its  carbonic  acid,  and 
the  oxide  is  obtained  as  a  yellowish  powder. 

In  the  manufacture  of  brass  an  mipure  oxide  of  zinc  condenses  in 
the  flues  of  the  furnaces  and  is  sold  under  the  name  of  tuUy, 

The  properties  of  oxide  of  zinc  are, — ^that  it  is  inodorous,  insipid, 
insoluble  in  water,  and  infusible  by  heat;  it  combines  readily  with 
adds,  and  also  with  the  alkalies  ammonia,  potash,  and  soda.  So  that 
when  it  is  ^precipitated  b^  them,  they  redissolve  it  if  added  in  excess. 
It  is  the  baaiB  of  all  the  oxisalts  of  zinc. 

Peroxidt  of  Zinc,  probably  a  binoxide  (2^0,  f).  Is  obtained  by  taking 
gelatinous  hydrate  of  zinc,  and  pouring  upon  it  an  aqueous  solution  of 
binoxide  of  hydrogen  (oxygenated  water),  containing  about  eight  times 
its  volume  of  oxygen  gas,  and  shaking  the  mixtiire  thoroughly ;  the 
peroxide  of  zinc  resulting  from  this  operation  is  white,  inodorous, 
inaipid,  and  decomposes  spontaneously  when  kept  moist  or  when 
heated.  It  is  also  decomposed  bv  adds,  which  dissolve  protoxide  of 
sine  and  reproduce  binoxiae  of  hydrogen. 

Chloride  of  Zme  (ZnCl)  may  be  formed  by  the  direct  action  and 
combination  of  these  elements.  When  zinc  filings  are  thrown  into 
chlorine  gas,  heat  and  light  are  evolved,  owing  to  their  combination ; 
it  ii  more  readily  prepared  by  dissolving  oxide,  or  still  better  metallic 
zinc,  in  hydrochloric  add,  and  eva]x>rating  to  dryness ;  or  by  heating 
the  metal  in  a  tube  through  which  diy  hydrochloric  add  gas  is 
transmitted. 

The  properties  of  chloride  of  zinc  are, — ^that  it  is  colourless,  has  a 
very  styptic  taste,  is  readily  soluble  in  water,  and  crystalUses  from  it 
with  difficulty;  it  is  very  volatile  at  a  red  heat.  It  was  formerly 
called  bvtter  of  zine. 

Bromide  of  Zinc  (ZnBr)  is  formed  by  passing  bromine  in  vapour 
over  zinc  heated  to  redness;  or  it  may  be  obtained  in  solution  b^ 
agitating  a  mixture  of  these  elements  and  water:  the  solution  is 
colourless,  and  when  evaporated  till  a  pellide  is  formed,  it  becomes  a 
crystalline  mass  on  aooling. 

This  bromide  has  a  sweetish,  astringent  taste,  and  is  very  deli- 
quescent ;  it  becomes  dry  when  heated,  and  fuses  at  a  red  heat. 

Iodide  of  Zinc  (Znl)  is  readily  obtained  by  heating  iodine  and  zinc 
together  in  water;  the  solution,  when  perfect,  is  colourless,  and  is  to 
be  evaporated  in  a  retort,  and  when  the  water  ia  entirely  separated, 
the  iodide  of  zinc  fuses  and  volatilises  in  fine  prismatic  crystals.  By- 
exposure  to  the  air  this  iodide  is  decomposed,  the  metal  being  oxidised, 
and  the  iodine  set  free. 

Sulphide  of  Zinc  (ZnS). — ^This  compound,  which  exists  plentifully  in 
nature,  is  obtained  artificially  with  considerable  difficulty,  and  by  the 
direct  action  of  its  elements  is  perhaps  scarcdy  possible ;  but  when 
oxide  of  zinc  is  heated  witb  sulphur  in  excess,  a  yellow  brown 
sulphuret  of  the  metal  is  obtained ;  when  also  sulphnret  of  potassium 
is  added  to  a  solution  of  a  salt  of  zinc,  a  white  hydrate  of  the  sulphide 
of  zinc  ii  pedpitated. 

Photphde  qf  Zmc  ia  procured  by  strongly  heating  in  a  retort  a 
mixture  of  six  parts  of  oxide  of  zinc,  six  parts  of  phosphoric  add,  and 
one  part  of  powdered  charcoal ;  a  sublimed  mass  is  obtained,  which  is 
of  a  silveiy-white  colour,  metallic  lustre,  and  vitreous  fracture.  Its 
composition  has  not  been  determined. 

Selemde  of  Zinc — If  the  vapour  of  selenium  be  passed  over  zinc 


partially 

evolution  of  nitric  oxide;  and  a  red  powder  is  depodted,  which  is 
however  finally  dissolved. 

We  shall  now  brieflv  describe  some  of  the  oxiaalts  of  zinc,  or  those 
consisting  of  adds  combined  with  oxide  of  zinc. 

iVtlrafoo/Ztnc(ZnONOs-i-6EO).-~This  salt  is  readily  obtained  by 


the  action  of  the  add  npon  the  oxkle  of  the  metal,  or  upon  the  metal 
itsdf ;  in  the  latter  case  nitric  or  nitrous  oxide  is  produced  acoordix^ 
to  the  degree  of  ccmcentration  of  the  add. 

^e  solution  of  nitrate  of  zinc  is  colourless,  and  by  due  evaporation 
it  yidds  colourless  crystals,  which  are  deliquescent ;  verv  soluble  in 
water  and  in  alcohol :  they  are  decomposed  by  ignited  charcoal,  and 
impart  to  it  a  greenish-Uue  flame. 

SuXphaie  of  Zinc  (ZnOSO.  +  7H0).— This,  whidi  is  the  salt  of  zhio 
most  extendvdy  emplo-yed  both  in  medidne  and  the  arts,  may  be 
prepared  by  dissolving  the  oxide  of  the  metal  in  dilute  sulphuric  acid ; 
but  it  is  always  procured  by  acting  on  thp  metal  itself,  whidi  is 
oxidised  by  the  decompodtion  of  water,  witn  the  oxygen  of  which  it 
combines  iad  evolves  the  hydrogen.  Tlie  solution  is  oolourless,  and 
by  evaporation  readily  yields  cry^als,  which  are  usually  small,  and  the 
primary  form  of  which  is  a  right  rhombic  prism.  Sulphate  of  zinc 
has  a  disagreeable  metallic  taste ;  it  ia  not  altered  by  exposure  to  the 
air,  but  S  moderatdy  heated  loses  its  water  of  crystflllisation,  and 
when  subjected  to  a  lugh  temperature  is  entirely  decomposed,  the  add 
being  expelled,  the  oxide  only  remaining.  This  salt  is  very  soluble^in 
water  at  60*,  and  mudi  more  so  in  boiluu  water.  There  is  an  impure 
sulphate  of  zinc  used  in  the  arts,  under  ti^  name  of  white  vitriol ;  it  ii 
a  colourless  granular  mass,  obtained  by  the  oxidisement  of  the  native 
sulphide  of  zinc  or  blende. 

CarbonaU  of  Zinc  (2ZnOCO. -I-  8 ZnO  HO).— Metallic  zuic  and 
hydrated  oxide  of  zinc  are  both  cussolved  by  an  aqueous  solution  of 
carbonic  add;  but  the  nature  of  the  carbonate  formed,  when  the 
excess  of  carbonic  add  is  expelled  by  spontaneous  evaporation,  has  not 
been  ascertained.  When  an  alkaline  carbonate  is  added  to  a  solution 
of  a  salt  of  zinc,  a  white  predpitate  is  obtained,  which  is  the  above 
compound  of  carbonate  and  hydrate  of  dnc,  and  not  a  simple 
carbonate. 

AceUUe  of  Zinc  (ZnOC«H,0,  -I-  8H0)  is  prepared  by  dinolving  dther 
the  metal  or  its  oxide  in  the  add,  or  by  decomposing  sulphate  of  zinc 
bv  acetate  of  lead.  The  solution  hi  colourlesi,  and  yidds  thin  rhombie 
plates,  which  are  not  deliquescent,  but  are  veiy  soluble  in  water.  It  is 
oocadonally  employed  in  medicine. 

Characien  of  the  SaUt  of  Zinc — ^They  are  usually  sdnhle  in  water, 
colourless,  have  an  unpleasant]  metallic  taste ;  the  alkalies  ammonia, 
potash,  and  soda  decompose  them,  predpitating  a  oolourless  hydrate, 
which  is  soluble  in  excess  of  these  predpitants.  The  alkaline  car- 
bonates also  decompose  the  salts  of  dnc,  but  the  carbonate  of  ammonia 
only,  when  added  m  excess,  redissolves  the  oarbonate  thrown  down  in 
any  notable  quantity.  Hydrosulphurie  add  decomposes  neutral,  but 
not  add  or  alkaline  solutions  of  zinc;  the  predpitate  obtained  is  a 
hydrated  sulphide  of  zinc  Tincture  of  galls  gives  no  predpitate,  and 
f  errocyanide  of  potassium  a  white  one  wiUi  the  salts  of  zinc. 

AUoy$  of  Zinc — Potasdum  and  sodium  form  with  zinc  brittie  alloys, 
decomposable  by  exposure  to  air  and  moirture.  With  copper  it  com- 
bines to  form  brass,  and  with  iron  it  yields  a  very  hard  alloy,  which  is 
very  energetically  acted  upon  by  sulphuric  add.  If  plates  of  hot  iron 
be  dipped  into  melted  zinc,  they  acquire  the  appearance  of  tin-plate, 
and  the  iron  is  prevented  from  rusting.  Such  coated  iron  is  termed 
gaivanised  iron. 

Sheet-zinc  ia  now  laigdy  employed  for  covering  buildings.  Plates 
of  tins  metal  are  also  used  in  the  construction  of  voltaic  batteries. 

ZING,  Medical  Propertite  of, — In  the  purely  metallic  state,  zinc  pro- 
duces no  effect  on  thehuman  system, but  its  combination  with  oxygen, 
forming  oxide  or  flowers  of  zinc,  ii  suffident  to  invest  it  with  condder- 
able  power  over  various  oiigans,  both  those  with  vdiich  it  comes  into 
direct  contact  and  some  remote  ones,  especially  the  nervous  centres.  Its 
locd  action  is  that  of  an  irritant,  astringent,  and  dedccative^  while  its 
remote  action  ia  that  of  a  tonic  and  antispasmodic.  The  emetic  pro- 
perties of  the  oxide  are  less  than  those  of  the  sulphate  or  acetate,  uxdess 
it  meets  with  adds  in  the  stomach.  In  this  way  it  is  rardyemployed. 
It  is  for  its  remote  effects  that  oxide  of  zinc  ia  valued.  While  it  has 
the  properties  common  to  all  the  metallic  antispasmodics,  it  is  dis- 
tinguished hj  its  power  of  restraining  inordinate  action  of  the  nervous 
system;  being  calming  and  soothing.  The  brain  and  the  function 
of  sensation  appear  to  feel  less  of  its  influence  than  the  spinal  cord. 
Hence  the  nerves  of  motion,  and  the  functions  of  the  circulation  and 
respiration,  are  chiefly  acted  upon ;  it  produces  its  effects  q>eedi|y,  but 
they  quickly  disappear  when  given  in  such  doses  as  can  be  nfdy 
administered.  The  long-contiaued  use  of  it  seems  to  produce  a  dryness 
and  induration  of  the  Srame,  which,  if  carried  to  excess,  is  dangeroiia, 
but  the  lesser  degree  of  which  is  in  all  probability  the  source  of  the 
utility  of  this  medidne,  by  diminishing  the  mobUity  of  the  system; 
irregularities  in  the  circulation,  and  sudden  congestions  of  blood,  being 
the  immediate  causes  of  attacks  of  epilepsy  and  hysteria,  the  dineascB 
which  are  most  benefited  by  oxide  of  zinc  This  desiccating  property 
renders  it  the  most  potent  means  yet  discovered  of  checking  the  col* 
liquative  perspirations  of  consumptive  persons.  (See  '  Clinical  Lectures 
on  Puhnonazy  Consumption,'  by  Theopbilus  Thompson,  M.D.,  p.  194.) 
For  use  in  this  way,  and  even  for  use  as  an  ointment,  it  requires  to  be 
prepared  in  a  state  of  far  greater  purity  than  it  is  met  with  when  pre- 
paid for  use  in  the  arts.  Above  all,  it  must  be  free  from  admixture 
with  sulphate  of  zinc 

In  spasmodic  affections  of  the  chest,  audi  as  asthma,  ang^  peetoiiiy 
and  palpitation  of  the  chest,  when  these  do  not  proceed  from  organio 
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derangements,  oiide  of  sine  is  often  senrioeable,  espedally  when  eom- 
bined  with  oonium.  In  the  cramps  of  the  stomach  to  which  habitual 
drimkards  are  subject,  it  is  veiy  useful 

Impure  oxide  of  zinc  is  called  tutty.  It  is  sometimes  used  exter- 
nally as  a  dusting  powder,  as  a  mild  absorbent,  on  excoriations,  and  to 
heal  chaps  and  cracks  in  the  skin.  It  is  also  used  as  an  ointments 
Pure  oxide  of  sino  forms  an  ointment  of  much  value  where  a  mild 
astringent  is  needed,  especially  in  the  chronic  inflammation  of  tlie 
eyeUds. 

Carbonate  of  litto  when  Impure  is  termed  calamine.  This,  after 
being  subjected  to  divere  processes,  is  called  prmred  calamine.  The 
only  use  xnade  of  it  is  to  form  an  ointment,  which  is  most  osef ul  as  an 
application  to  burns,  excoriations,  and  superficial  ulcere. 

Sulphate  of  line  is  in  small  doses  a  veiy  valuable  astringent,  tonic, 
and  antispasmodic ;  in  larger  doses  it  is  a  very  certain  and  speedily 
acting  emetic ;  and  in  very  lai^  doses  it  is  poisonous.  It  is  the  most 
useful  emetic  in  cases  of  narcotic  poisoning,  as  it  is  not  so  apt  to 
inflame  the  stomadi  as  tartarised  antunony :  out  the  stomach-pump  is 
preferable  to  either. 

The  tonic  e£fects  are  best  seen  in  affections  of  the  mucous  mem- 
branes. Ill  the  suffocative  catarrh  of  aged  persons,  and  the  extreme 
defluxions  on  the  diest  after  influenza,  sulphate  of  zinc  aflbrds  a 
valuable  remedy:  it  must  be  given  in  small  doses, as  the  sudden 
suppression  of  the  secretion  may  cause  inflammation.  Its  utility  is 
incmsed  by  combining  it  with  the  compound  rhubarb  pill,  or  with 
myrrh  only.  The  use  of  the  solution  as  an  injection  requires  the 
same  caution« 

Acetate  of  zinc  is  possessed  of  nearly  similar  properties,  but  in  a 
weaker  degree ;  and  as  an  injection,  seems  in  some  cases  entitled  to  a 
preference. 

Chloride  of  zinc,  called  also  butter  of  nnc,  is  a  powerful  escharotio 
or  caustic ;  tliis  action  results  from  its  strong  affinity  for  albumen  and 
gelatine,  which  principles  it  abstracts  from  the  livmg  tissues,  and  so 
forms  an  eschar.  Its  powen  in  this  way  have  been  taken  advantage  of 
to  destroy  parts  affected  with  malignant  diseases,  such  as  cancer  and 
lupus,  and  to  remove  nsevi  matenoi,  or  mother-marks.  In  none  of 
these  is  it  to  be  resorted  to  unless  they  are  very  superfidaL  Deep- 
seated  cancer  of  glands  can  scarcely  be  removed  by  it,  but  other  forms 
are  often  successfully  treated  by  it.  (Walshe,  '  On  Cancer,'  p.  219.) 
Properly  diluted,  chloride  of  zinc  is  most  beneficially  used  to  correct 
the  fcetor  from  suppurating  ears  of  children. 

Cyanide  or  c^anuret  of  zinc  is  a  ]^werful  antispasmodic  and  tonic. 
Ko  medicine  is  so  potent  in  aUaying  irritability  of  tiie  stomach, 
attended  with  great  debility.  The  dose  must  be  small  and  often 
repeated.  Yelerianate  of  zinc  has  lately  been  much  recommended  as  a 
remedy  against  tic-douloureux  and  otiier  nervous  affiddions.  Where 
the  patients  can  tolerate  the  repulsive  odour  and  persevere  in  its  use, 
it  often  proves  very  serviceable. 

Zinc  pans  have  been  much  recommended  for  use  in  dairies,  as  the 
milk  speedily  coagulates  in  them,  and  the  quantity  of  cream  is  great : 
but  if  the  xnilk  becomes  sour  whije  in  them,  the  add  acts  upon  the 
zinc,  and  forms  impleasant,  though  perhaps  not  poisonous  compounds. 
Upon  the  whole,  white  porcelain  vcsmIb,  kept  thoroughly  clean,  are  the 
beet  material  for  mUk- vessels. 

ZINC  MANUFACTURE.  The  mode  of  obtaming  zinc  from  the 
sulphuret  and  other  ores  is  exphuned  in  the  article  2^a  As  brought 
to  market,  commonly  imder  the  name  of  tpeiter,  it  is  a  blmsh-wmte 
metal,  having  considerable  hardness  and  toughness.  The  chief  l^ngliah 
supply  is  from  Flintshire  and  the  Isle  of  Han;  but  the  market  is 
mostly  supplied  from  Upper  Silida,  where  the  ore  is  smelted,  and  the 
spelter  sent  for  shipment  from  Dantzic,  Stettin,  and  Hamburg : 
shippen  are  willing  to  convey  it  freight-free,  to  serve  as  ballast  for  the 
shipa  that  bring  Qerman  wool  to  England.  Mr.  Robert  Hunt  has 
given  the  following  as  an  account  of  the  British  ores  of  zinc  brought 
up  to  the  surface  in  1857 : — 


Cornwall       • 
DsTon      •        • 
Cardigan      • 
lalc  of  Man      • 
Cumberland  • 
North  Wales     • 


•  #       •  1S75  tons. 

•  •    .    776    ,. 

•  •        •  iS71     ,, 

•  •    .3917     „ 
.  .        .    4»a    H 

•  •    •  2060    „ 


92»0 


t» 


£4,697 
3,478 
4,453 

10,773 

697 

7,S87 

£S0,98S 


presentrng  an  average  of  about  6(li.  per  ton.  The  laigest  mass  of  zinc 
ever  described  was  that  which  was  displayed  at  the  Qreat  Exhibition 
in  1851,  and  which  weighed  16,000  lbs.  It  was  smelted  from  the  ore 
by  Messrs.  Detmold,  of  New  Jersey,  in  the  United  States.  There  is  a 
vein  of  zinc-ore  9  feet  thick,  at  a  spot  about  50  miles  from  New  York, 
and  easy  of  access,  as  it  is  not  far  beneath  the  surface.  Tie  ore  is 
carried  to  Newark,  in  New  Jersey,  where  it  is  converted  partly  into 
metallic  zinc,  but  mostly  into  zinc-white  for  house-paining.  The 
metal  is  separated  from  the  oUier  ingredients  of  the  ore  by  a  process 
of  vaporisation,  as  described  in  the  article  2^0;  but  at  Messrs. 
Betmold's  establishment  some  of  the  operations  are  conducted  in  a 
remarkable  way.  A  vapour,  containing  nearlj^  all  the  zinc,  is  sent  by 
blast  along  pipes  to  a  eatehinff-houae,  where  xt  passes  into  enormous 
bags  of  cotton  5  feet  in  diameter  by  150  feet  long ;  the  gases  pass 


through  the  meshes  of  the  ba&  white  an  oxide  of  zinc  cools  down  tO 
the  state  of  a  white  powder,  which  is  shaken  out  of  the  bag  at  intervals- 
This  is  the  mode  adopted,  not  in  procuring  metallic  zinc,  but  as  the 
preliminary  stage  in  malang  zinc- white.  The  powder  is  either  sold  in 
a  dry  state,  in  btsurels  contauiing  200  lbs.,  or  is  ground  up  with  linseed* 
oil  and  sold  in  kegs. 

In  reference  to  the  zino-white  above  mentioned,  it  may  be  observed 
that  the  substance  is  reconunended  as  a  substitute  for  white  lead  in 
house-painting—not  as  being  better  suited  in  itself,  but  as  being  less 
injurious  to  the  workmen.  Some  persons,  moreover,  attribute  to  it 
much  fpreater  permanency,  and  other  qualities  superior  to  Uiose  possessed 
b^  white  lead.  ^  Linseed-oil  and  spirit  of  turpentine  are  mixed  with  the 
zmc-¥^te.  Oil  in  good  proportion  gives  it  durability  and  e£&cacy  of 
covering  the  surface  of  the  work ;  in  excess,  it  has  a  softening  and 
dari^ening  efiect.  Turpentine  in  good  proportion  gives  a  ready  fluidity 
for  spreading;  in  excess,  the  paint  becomes  too  tmnsparent,  and  has  a 
tendency  to  pulverise. 

Metallic  zinc  Ib  mostly  used  in  the  form  of  plates  or  sheets.  When 
heated  to  a  certain  temperature  it  becomes  midleable  and  ductile,  and 
mav  then  be  rolled  out  to  an^  convenient  degree  of  thickness ;  and 
although  brittle  before  this  heatixig,  the  brittleness  never  returns  after 
the  cooling.  This  is  found  to  be  a  valuable  property  in  zina  In  the 
form  of  sheets,  zinc  is  largely  used  for  baths,  cisterns,  tanks,  spouts, 
pipes,  chimney-pots,  roofing,  as  also  for  plates  for  engraving,  sheatJiing 
for  ships,  and  as  one  element  in  voltaic  batteries.  Being  so  much 
lighter  than  lead,  zinc  is  found  to  be  veiy  useful  for  roofing.  The 
joining  of  pUtes  of  zinc  requires  to  be  effected  in  a  peculiar  way. 
[SoLDKRiNa.]  In  the  making  of  zino  door-plates,  a  sheet  of  rolled  zino 
is  cut  to  the  pro|)er  size  and  shape,  scraped  to  a  clean  surface,  bam- 
mered  flat^  planished  with  a  bitxtd  and  smooth-faced  hammer,  and 
polished.  Plates  for  zincographio  engraving  require,  not  a  smooth, 
but  a  fine  granular  surface ;  they  are  rubbed  first  with  ordinary  sand, 
and  then  with  fine  sifted  sand  and  water  applied  by  means  of  a  woollen 
rubber. 

Many  modes  of  coating  iron  and  other  metals  with  a  thin  layer  of 
zinc  have  been  described.  Among  these,  one  has  been  patented  by 
Mr.  Alexander  Watt,  editor  of  the '  Chemist.'  Steel  or  iron  is  pickled 
in  a  solution  of  sulpho-muriatic  acid,  and  then  exposed  to  g^vanio 
action  in  a  battery  supplied  with  cyanide  of  potassium,  liquid  ammonia, 
metallic  copper,  metallic  zinc,  hydrochlono  acid,  and  carbonate  of 
potash.    This  subject  is  further  treated  under  Tinning. 

The  chief  use  of  zinc,  perhaps,  is  as  a  compound  in  the  formation  d 
brass.    [Brass.] 

In  1860,  metallic  zinc,  under  the  name  of  ipeUer^  was  imported  from 
foreign  countries  to  the  extent  of  24.000  tons, 

ZINCAMIDE.    [Amides.] 

ZINC-AMYL.    [Oroanometallio  Bodies.] 

ZINC-ETHYL.    [GROAiroMRrALUo  Bodies.] 

ZINC-METHYL.    [Oroanometallio  Bodies.] 

ZINaWHITE.    [Zino;  Oxide qf,] 

ZINCOGRAPHY.    [Ltthooraphy.] 

ZI'NGIBER  OFFICINA'LE  (Ginger),  Medical  Properdu  of.  The 
native  country  of  this  plant  seems  unknown,  though  Goebel  asserts 
that  it  is  Guinea.  It  is  however  extensivdy  cultivated  in  China,  Java, 
and  the  East  and  West  Indies.  From  the  cultivated  plant  alone  is  the 
ginger  of  commerce  procured.  Of  this  there  are  two  varieties,  the 
bladk  and  white ;  but  some  writers  afi&rm  that  theae  are  the  produce 
of  two  distinct  species,  while  others  ascribe  the  ^Ufierence  of  appearance 
to  diversity  of  treatment  after  the  rhizome  is  dug  up.  The  rhizome, 
or  root-stock,  is  perennial,  but  it  is  only  that  of  a  young  plant,  or  the 
annual  shoots  from  an  old  one,  which  are  met  with  in  commerce. 
When  first  dug  up,  the  colour  internally  is  red.  Those  procured  the 
first  year  are  used  fresh,  or  preserved  in  sugar,  and  constitute  the 
sweetmeat  known  as  preearved  gitiger.  This,  when  sent  from  the  West 
Indies,  is  in  small,  round,  tender  pieces ;  when  from  the  East,  huger, 
flat,  and  stringy  portions  :  the  former  is  iw«f erred. 

Black  ginger  is  stated  to  be  the  rhizome  dug  up,  scalded  in  hot 
water,  and  dried  in  the  sun.  White  gmger  is  also  scalded,  and  than 
scraped  to  free  it  from  the  rind  before  it  is  dried,  which  last  operation 
is  said  to  be  effected  by  artificial  heat,  but  probably  mostly  by  the  sun. 
Both  kinds  are  ver^  liable  to  the  attacks  of  an  insect  To  prevent 
these  attacks  the  rhizomes  are  dipped  in  a  solution  of  hme,  the  wMte 
particles  of  which  often  adhere  to  the  surface.  To  cause  Uaok  ginger 
to  resemble  the  white,  it  is  bleached,  after  its  arrival  in  this  country, 
in  a  solution  of  chloride  of  lime,  or  exposed  to  the  fumes  of  bumii^ 
sulphur.    This  impairs  the  activity  of  the  article. 

Ginger  occurs  in  commerce  in  pieces  termed  rocei,  of  various  shapes, 
but  generally  flattish,  branched,  lobed,  or  pidmated,  rarely  more  than 
four  inches  long.  The  unscraped  has  a  wrinkled  epidermis;  the 
scraped  is^  devoid  of  this  covering.  Jamaica  ginger,  which  is  most 
esteemed  in  this  country,  occurs  in  races  larger,  rounder,  and  thinner 
than  the  other  kinds ;  externally  of  a  yellowiiah  white,  internally  of  a 
yellower  hue.  The  taste  is  agreeably  aromatic  and  pungent,  but  this 
is  lost  with  age,  so  that  old  pieces  are  worthless,  as  are  also  portions 
which  have  been  digested  in  alcohol  to  form  etmnce  of  gim^^  Ginger, 
when  chewed,  exdtes  a  flow  of  saliva;  the  powder  applied  to  the  nos- 
trils causes  sneezing.  The  quantitative  analysis  of  100  parts  «f  giage* 
have  been  given  by  Bucholz :— 


]€6l 


ZIRCOKIA. 


ZODIAC. 


loss 


Jak  yellov  ToUtlte  oil i*&6 

ATomatie,  aerid,  aoft  rctin  .•...•  S*60 
ExtnotiTe  soluble  in  aleohol  .....  0*69 
AddnkNU  and  aerid  eztraetiTe,  inaolnUie  in  alcohol     •  10*50 

Gum 11*05 

Btareh  (analogooa  to  baaaorin) 10*95 

Apotheme,  extracted  hj  potaah 16*00 

Baawurin  6*30 

Woody  flbro S*00 

Water •        •        .    .  11-00 


102*51 


Morin's  taulyna  yields  alio  Aoeiio  add,  acetate  of  potaah,  and 
■ulphur,  and  a  resin  insoluble  in  ether  and  oils ;  while  the  ashes  give 
numerous  metallic  salts  and  alkaline  salts. 

The  YoJatile  oil  is  of  a  pale  yellow,  lighter  than  water ;  taste  at  first 
mild,  then  hot  The  son  resin,  obtained  by  digesting  the  alcoholic 
extract  of  ginger  first  in  water,  then  in  ether,  and  evaporating  the  etherisl 
tincture,  is  not  quite  analogous  to  the  principle  tingibenn,  procXured  by 
Beral,  and  by  him  termed  peperoicL  This  last  is  got  by  submitting 
ginger  directly  to  the  action  of  sulphurio  ether.  Beral  recommends 
many  preparations  of  this  principle,  but,  except  from  their  smaller 
bulk,  u  IS  difficult  to  perceive  what  advantage  they  possess  over 
common  ginger  and  its  pimarations.  Ginger  is  an  aromadc  stimulant 
of  considerable  power.  The  effects  are  greater  on  organs  witii  which 
it  comes  into  direct  contact  than  on  remoter  ones.  Thus,  when  chewed, 
it  is  a  powerful  sialogue,  and  relieves  toothache,  rheumatism  of  the 
jaw,  and  also  relaxed  uvula.  When  received  into  the  stomach,  it  pro- 
motes digestion  in  languid  habits,  and  relieves  flatulent  colic.  Qouty 
subjects  are  much  benefited  by  it,  and  for  such  persons  no  form  is 
more  beneficial  than  that  of  preserved  ginger  taken  at  dessert  after  a 
mixture  of  viands.  But  it  has  the  disadvantage  of  impairing  the 
flavour  of  the  wine  taken  at  the  same  time. 

The  action  of  ginger  on  remote  organs  is  greatest  on  the  mucous 
membranes.  Hence  the  lungs  are  markedly  excited  in  the  relaxed  and 
suflbcative  catarrii  of  old  people.  The  mucous  membranes  of  the 
urino-genital  organs  an  also  excited  by  it  in  languid  habits.  Many 
feeble  females  receive  much  advantage  from  the  domestic  preparation 
termed  ginger>tea.  Some  headaches  of  a  sympathetic  kind,  originating 
in  irritation  of  the  intestinal  canal,  are  often  relieved  bv  it  A  poultice 
of  scraped  ginger,  to  which  warm  water  has  been  added,  forms  a  sub- 
stitute for  a  mustard  poultice,  and  often  relieves  headache  when  applied 
to  the  forehead.  Ginger-beer  la  often  a  grateful  beverage  in  summer 
heat,  but  with  some  persons  it  disagreea ;  this  is  owing  to  the  sugar, 
for  if  made  without  it,  it  agrees  with  such  persons  welL  Lemon-juice, 
when  taken  with  sugar,  often  disagrees,  as  for  example  with  pancakes. 
The  lemon- juice  alone  is  most  wholesoma 
ZIRCONlA.    [ZiBOomuM.] 

ZIRCONIUM  (Zr).  A  rare  metal  found  in  the  minerals  ciroon  and 
hvadnth,  which  contain  the  oxide  of  the  metal  united  with  sUioic  add. 
To  obtain  the  metal,  the  double  fluoride  of  potasdum  and  siroonium 
is  to  be  strongly  heated  with  potasdum ;  from  the  oold  residue  diluted 
hydrodikric  acid  dissolves  out  everything  except  pulverulent  dr- 
txmium,  which  must  be  washed  first  with  solution  of  chloride  of 
ammonium  and  then  with  alcohoL  Zirconium  has  not  yet  been  fused : 
obtained  in  the  manner  just  described  it  presents  the  appearance  of 
a  black  powder,  which  assumes  a  slight  metallic  lustre  under  tiie 
bumidier  and  scarcely  conducts  an  electric  current.  Zirconium  in 
this  pulverulent  form  indicates  the  properties  of  the  maadve  metal  as 
little  as  pulverulent  aluminium  did  those  of  the  latter  beautiful  metal 
before  it  was  obtained  in  malleable  mnnftos  by  Bunaen  and  Deville. 
When  heated  below  redness  in  air  or  oxygen,  droonium  takes  fire  and 
bums  with  a  vei^  intense  light,  producing  drconia.  It  is  also  grnlually 
oxidiaed  in  boilmg  water,  diluted  hydrochloric  and  sulphuric  adds  do 
not  act  upon  it^  but  hydrofluorio  acid  diBsolves  it  with  evolution  of 
hydrogen.  The  equivalent  of  droonium  is  88*6  if  siroonia  be  written 
Zr^^  but  if  written  ZrO,  the  equivdent  is  22*4. 

Zirecima  (Zr,0„  or  ZrOA  Ziroonium  and  oxygen  form  only  one 
compound,  2droonia,  which  is  obtained  by  fusing  findy-powdered 
.drcon  with  caustic  |)otash  or  soda  and  then  dissolving  the  fused  mass 
in  dilute  hydrochloric  add.  Excess  of  add  and  moisture  are  expelled 
by  heat^  when  on  the  addition  of  water  the  chlorides  of  droonium 
and  potasdum  or  sodium  are  dissolved,  leaving  insoluble  silica ;  from 
this  solution  excess  of  ammonia  precipitates  droonia  as  hydrate,  whidi 
must  be  washed,  dried,  and  ignited.  It  then  presents  the  appearance 
of  a  white  infudble  and  insoluble  powder.  The  hydrate  is  geuitinous, 
insoluble  in  the  caustic  alkalies,  but  readily  soluble  in  adds,  and 
.sparingly  so  in  carbonate  of  anmumia, 

Ziroonia  forms  sdts  with  adds,  which  possess  the  following 
characters : — ^Th^  have  an  astringent  taste ;  they  are  predpitated  by 
the  caustic  slkahes  potash  and  soda,  and  an  excess  of  them  does  not 
redissolve  the  prodpitate.  When  boiled  with  sulphate  of  potash,  a 
■ubsdt  of  droonia  is  formed,  and  bdng  insoluble  subddea.  Infudon 
of  galls  produces  a  yellow  predpitate,  and  phosphate  of  soda  a  white 
one :  carbonate  of  droonia,  when  recently  preapitated^  is  soluble  in 
bi-oarbonate  of  ammonia  and  d  potash. 

ZOa)UC  {in  Greek,  6  Z^uuUs  tdmXof,  <'the  Zodiac  drde*^  is  a 
name  given  to  a  sone  of  the  vidble  heavens,  extending  in  breadth  to 


certain  equd  *i?«tM»<^ft»  on  both  sides  of  a  great  circle  of  the  cdestial 
sphere,  in  the  plane  of  the  earth's  orbit  produced.  This  drde,  with 
which  the  apparent  annud  path  of  the  sun  cotnddes,  is  called  the 
ecliptic ;  at  present  it  makes,  with  the  plane  of  the  earth'a  equator,  an 
angle  equd  to  about  23^  2T  85",  and  it  is  divided  into  twelve  equd 
parts,  called  tign$,  which  reodve  thdr  denominations  from  those  of  the 
figures  intended  to  dedgnate  the  constellations  or  groups  of  stars  about 
itk  Most  of  the  figures  bdng  those  of  animals,  the  name  of  sodiac 
(from  Wiov,  Mitm,  the  diminutive  of  (^,  zdon,  **  an  animd  ")  has,  in 
consequence,  been  applied  to  the  sone. 

The  planes  of  the  orbits  of  all  the  planets,  when  nroduoed  to  the 
cdestisl  sphere,  are  supposed  to  be  comprehended  wiuiin  the  breadth 
of  the  zodiac,  and  tliat  Inreadth  is  determined  by  two  small  drdss 
Mralld  to  the  plane  of  the  ecliptic  Before  the  discovery  of  Ceres, 
Pallas,  and  the  other  asteroids,  the  greatest  inclination  of  the  orbit 
of  a  planet  to  the  ecliptio  scarody  exceeded  7  degrees,  and  there- 
fore the  breadth  of  the  aodiacd  sone  was  imag^ed  to  be  about  16 
degrees,  or  8  degrees  on  each  dde  northward  and  southward  of  the 
ecliptic.  The  orbit  of  Pallas  (that  which  deviates  most  from  the 
ecliptio)  is  inclined  about  85  degrees  to  that  plane;  and  it  might  now 
be  understood  that  the  breadth  of  the  sone  is  about  70  degrees. 

The  line  in  which  the  plane  of  the  ediptlc  intersects  that  of  the 
terrestrid  equator,  being  produced  indefinitdy,  cuts  the  celestial 
sphere  in  two  points  diametncally  oppodte  to  each  other;  and  one  of 
these  meeting  the  heavens,  in  the  age  of  the  earliest  Greek  astronomy, 
near  certain  stars  forming  a  constellation  to  which  the  figure  of  a  ram 
(Aries)  was  assigned,  is  generally  cdled  the  first  point  of  Aries.  From 
this  point  are  redconed,  on  the  ecliptic,  the  longitudes  of  celflstial 
bodies ;  and  on  the  equator,  their  right  ascenrions.  The  twd ve  equd 
parte  or  signs  into  which  the  ediptio  is  divided  are  distingniahed  by 
the  names  of  the  constellations  which,  in  the  age  above  alluded  to,  fell 
within  their  respective  extents  in  longitude ;  and  the  names  both  of  the 
signs  and  oonsteUations  are  as  follow  : — Aries,  Taurus,  Gemini,  Cancer. 
Leo,  Virgo,  Libra,  Scorpio,  Sagittarius,  Caprioomus,  Aquarius,  and 


The  distribution  of  sll  the  vidble  stars  into  groups  or  constellations 
was  the  first  step  in  laying  the  f oimdation  of  astronomicd  sdenoe.  It 
must  have  taken  place  in  the  earliest  sges  of  the  world ;  and  there  is 
the  highest  d««gree  o<  probability  that  the  nodiaos  of  all  nations  have 
beenderived  from  a  common  source,  though  in  passing  from  one 
people  to  another  it  may  be  easily  oonodved  that  the  figures  would 
suffer  changes  from  the  vanity  or  caprice  of  individuals.  Among  the 
andents,  the  i^ace  of  the  sun  in  the  sodiae  served  to  regulate  the 
seasons  of  the  year;  the  representations  of  the  figures  asBoeiat<ed  with 
the  groups  of  stars  were  almost  constant  ornaments  of  the  religioua 
edifices ;  and  superstition  assigned  to  the  regions  of  space  influences  on 
the  Uvea  and  characters  of  men  depending  upon  the  qualities  of  the 
animals  or  objects  which  distinyiished  the  constdlationB  in  the  corre- 
sponding parts  of  the  cdestid  sphere. 

The  loss  of  the  writings  of  the  ancient  Babylonians,  and  the  entire 
destruction  of  their  edifices,  have  deprived  the  world  of  every  monu- 
ment by  which  light  might  be  thrown  on  the  state  of  astronomy  among 
a  people  whose  priests,  according  to  Strabo,  were  mostly  engaged  in 
the  study  of  the  sdenoe.  In  fact,  our  information  renieoting  it  consists 
chiefly  of  the  notices  given  by  Ptolemy  concerning  a  few  of  their  obser- 
vations, and  from  the  evidence  of  Geminus.  Diodorus  Siculus  states 
('  Biblioth.  Histor.,'  ii  80)  "  that  the  Babylonians  had  twdve  chid 
ddties,  to  each  of  whom  they  assigned  a  month,  vod  one  of  the  soKialled 
twdve  animals,"  by  which  he  means  the  twelve  parts  of  the  aodiac ; 
and  from  this  it  may  be  inferred  that  they  divided  the  lodiac  into 
twelve  signs.  Sextus  Empiricus  ('  Adversus  Math.,'  lib.  f .)  makes  a 
like  statement,  and  diows  how,  bv  means  of  a  clepsydra,  the  diviaion 
was  or  may  have  been  made.  With  respect  to  the  astronomiod  monu- 
ments which  adorned  thdr  edifices,  a  few  fragments  only  of  stone, 
having  on  them  figures  which  may  or  may  not  nave  been  intended  ss 
representations  of  those  which  distinguish  the  constellations,  have  been 
dug  up  nesr  Bagdad;  and  the .mosi^  reqiark^ble  of  these  is  one  having 
on  its  face  a  solar  disc.aooomp^^  by.a  wcpeoiL :  the  figure  may  have 
dengnated  Ophiuchus,  and  it  is  pQpdble  «that.  it  may  have  been  part  of 
a  Chaldaan  planisphere.  The  division  of  the  aodiac  into  twdve  si^ns 
may  have  been  ori^pnally  made  for-  the  convenience  of  distinguishing 
the  portions  which  thesun  passwr  through  in  the  severd  months;  and 
a  dividon  into  twenty-eight  parts  is  alluded  to  by  Geminus  (Elowyaryi^ 
fir  ^oiy^iffMi),  which  was  probably  made  to  denote  the  ^aoe  daUy 
described  by  the  moon  by  her  prc^Mr  motion.  The  former  dividon 
was  used  by  the  Egyptians,  the  Greeks,  and  by  all  the  dvilised  nations 
of  Asia ;  and  the  latter  is  found  among  the  Persians,  Arabs,  Hindus, 
and  Chinese :  the  twenty-eight  parts  are  called  the  atations  or  abode*  of 
the  moon,  because  this  luminary  is  in  some  one  of  them  each  day. 

During  the  invadon  of  Egypt  by  the  French,  in  1798,  Generd  Desaix 
discovered  some  remarkable  sculptures  on  the  ceiling  of  an  apartment 
in  the  great  temple  at  Denderah  (the  andent  Tentyra),  and  MM.  JoUois 
and  Devilliers  dmost  immediately  perodved  among  them  figures  neariy 
similar  to  those  which  are  traced  on  cdestid  globes  at  the  present  timei 
The  whole  of  the  astronomicd  figures  are  within  the  droumference  of 
a  circle  above  five  feet  in  diameter;  and  the  apartment  in  which  they 
were  found  is  in  the  upper  part  of  the  building :  adjoining  it  is  an 
apartment  of  equd  sise,  which  is  open  to  the  sky,  the  asoent  to  both 


kma,  ■mong  wbkh  an  tiiOM  irf  the  «odiw  diapowd  in  two  liosa,  oi 
KT  each  extramity  of  Um  portico,  *Bd  panllel  to  the  longitudiiial  u 
the  temple. 


The  loduMl  Bgant  b  the  BFutmeiit  flnt  mentiooea  are  diipoeed 
Bttilj  within  the  tnenltb  of  hi  Hmnlni  fonnad  by  two  einilM,  whoaa 
oommon  cmtM  ia  at  aome  dirtaoca  aouthmrd  from  the  oentn  of  tlie 
whole;  the  Hgure  which  is  conoeiyad  to  repreaent  Cancer  ia  howerer 
wittiin  the  apaoe  indoaed  by  the  iTtlerioT  circumfersuce  of  the  annuliu, 
andnea^nipontefbaiiitemlbvtweeDOaiiiiniuMiLao;  tbatintomd 
bdpg  oemfba  bj  a  human  agure  wiUi  »  biiA'i  head,  abore  which  are 
abtrdandeatainhieroglrphicalaTmbola.  The  Sgure  (rf  Canoar  ia  alao 
'~ '  hj  a.hieroglyphieal  ^robol,  which,  aeoardiiig  to  Viaconti, 


a  great  effbrt  of  the 

—  „ , JO  diaoover  in  what  manner  they  may  be  con- 

aidtred  aa  eublaaia  of  the  lattor.  From  the  aodiscal  figurea  only  haa 
it  beeo  poaalble  to  form  opiniotia  oonoemiiiff  the  nature  of  the  pr^jec- 
tion  emidoyed  in  the  •xemtim  of  the  woA,  and  the  epoch  to  which 
the  aapact  of  the  heavena  rapnaented  by  it  ia  to  be  referred. 

The  flnt  diaooTarcn  of  tbia  ancient  monument  immediately  par- 
oaiTed  that  the  honrj  or  dedination  drdea,  i(  drawn  upon  it,  would 
be  refnaented  by  itn^t  linea  divergiDg  bom  the  centre :  the  latter 
la  ooaaaqueDtly  Uie  pole  of  the  equator;  but  we  ara  indebted  to  H. 
Biot ,''  Redierdiea  anr  rAatronomie  Egyptienne ')  for  the  Taiy  probablfl 
Idea  that  the  apace  witlun  the  eiteiior  circle  repreaeata  a  derelupinent 
of  the  whole  aur&ce  of  the  celential  sphere,  the  radii  of  the  circle  being 
ei]ual  to  lialf  the  dicamfeiencea  of  Che  hour  circlea,  ao  that  the  exterior 
drcb  repnaaots  the  aouth  pote  of  the  equator  in  the  heavena.  The 
Bguraa  oJE  the  oonatellationa  are  auppoeed  to  be  placed  on  the  ndii 
corrcqioDdiDg  to  the  circumfecencea  of  the  hour  circlea  paaalDg  through 
tlie  groupa  of  atan  to  which  the  flgurea  belong,  aud  at  diatancea  from 
the  oen^  of  the  planiaphere  equiJ  to  the  angiiUr  distancea  of  the 
flgnrea  from  the  north  pcde  of  the  equator.  The  diatortion  produced 
hj  auch  a  development  of  a  apherical  aurface  ia  eridently  veiy  great 
near  the  margin  j  but  a  apectator  wlien  duly  inatructed,  on  comparii^ 
the  Sgoria  near  the  eentn  with  the  groupa  of  atan  abont  the  north 
pole  in  the  heavena,  might  diatinguiah  thoae  to  whkh  the  Sgurea  were 


for  the  purpoae  of  *»—ni-*i"g  a 


roof,  adjoining  that 
have  bean  intended 

^ ^ .  One  propertTof  Uie 

jf  projection  or  derelopmeDtjualnientitHiedia,  that  in  thediree- 

tion  of  ■  line  paaing  Unongh  the  centn^  or  pole,  the  diatanee  between 
two  pomta  oorre^iondtaig  to  two  which  are  diametrically  oppoaite  to 
one  another  in  the  lieaTena  ia  equal  to  halt  the  dtctuntwvnce  at  a  gi«at 
drolaof  theafdiera;  and  H.  Biot  found  that  thla  condition !«  Mtufird 

■— ■' 1— !— •-—  —  nj^y  u  can  be  tr~—'-'  '~  '-'-" — 

if  gnat  praeiaion. 


In  order  to  aacertain,  if  poadble,  the  epo<^  of  the  planiaphere,  M. 
"  '  '  'cet  the  pcaftiona  of  four  atan  upon  it,  wlitch, 

f  Sgnrea  of  men  and  by  IiieroglypIiicBl  aymbola. 


Biot  aaaumed  ai 

being  aocompanied  h,  .  „ , . 

appeared  to  aaTe  bean  diatingulahed  on  aocoont  of  aume  pwHsu4iir 
interaat  attached  to  tliem  ;  and  oonclnding  from  their  poaiaona  with 
reapect  to  the  neareat  loducal  uona  that  Hiey  moat  represent  Fomal- 
haut,  Antaiea,  Arctuma,  and  $  P^pM,  be  flrat  verified  them  by  the 
near  agreement  of  their  meaoured  diitauoea  from  each  other  on  the 
plaiiiaphere  with  the  distances  obtained  by  computation  from  their 
known  angular  diatancea  in  the  heavena ;  then  computiog  the  angles  of 
the  triangle  formed  by  two  of  the  stars  and  the  centre,  or  pole,  of  the 
planisphere,  and  alan  the  angles  of  the  triangle  in  the  heavena  between 
the  arcs  joining  the  two  stars  and  the  pole  of  the  ecliptic  in  ITSO,  he 
found,  by  compariaon,  the  latitude  and  longitude  of  the  centre  of  the 
planisphere  with  leapect  to  the  poaitiona  of  the  ecliptic  and  tlie  equi- 
DoctJaTpoint  for  that  year.  The  pceition  ol  the  centra,  thua  found,  ia 
that  which  the  pole  of  the  world  muat  liare  occupied  abont  l£S7«ar 
716  B.C. ;  and  he  thence  condudea  that  the  plani^there  pieaenia  the 
state  of  the  heavena  at  the  latter  epooli.  H.  Biot  afterwards  calcu- 
latod  for  that  epoch  the  places  of  the  principal  atan,  and  determined 
their  situations  od  a  plane  by  the  rules  of  the  projection  auppoaed,  aa 
above  mentioned,  to  have  been  used  m  oonatructing  the  Egyptian 
monument ;  on  comparing  the  map  so  formed  with  an  exact  copy  of 
the  planiaphere,  he  found  the  stars  to  bll  upon  or  near  the  Sguna  to 
which  tliey  were prtsumedt  o  belong.    Thoathe  ataisof  CrmXinic 
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fall  near  the  oentre»  precuely  on  the  figure  ol  an  animal  reaemblin^  a 
dog  or  woU,  jnrobably  Uie  Qynosura  of  the  Qreeks ;  and  those  of  Onon 
on  the  figure  of  a  man,  apparently  intended  for  Horua,  the  son  of 
Osuis,  to  whom,  according  to  Plutarch  ('  De  laide  et  Oairide '),  Orion 
was  consecratedL 

Several  indications  ezist  in  the  planisphere  of  an  intentional  dis- 
placement of  the  figures  designating  the  constellations.  In  some  cases, 
apparently  when  a  constellation  could  not  be  conveniently  introduced 
in  its  proper  place  for  want  of  room,  it  has  been  transferred  to  the 
margin  in  the  direction  of  a  line  drawn  from  the  centre  through  the 
true  place  of  the  constellation.  In  other  coses  a  constellation  appears 
to  be  removed  and  a  hieroglyphic  figure  substituted  for  it.  Thus  a 
line  drawn  from  the  centre  of  the  pUnisphere,  through  Taurus,  leada 
near  the  margin,  to  a  group  of  seven  stars,  which  probably  deirignate 
the  FleiadeB;  and  near  it  is  another  group,  which  may  represent  the 
Hyades.  Again,  between  Aries  ai^d  Pisces,  and  a  little  above  them,  is 
an  animal  in  a  sitting  posture,  which  is  found  to  coincide  with  the 
computed  places  of  we  stars  in  Cassiopeia ;  and  near  the  maigin  of 
the  pluusphere  in  a  line  drawn  through  the  centre  and  this  animal, 
there  is  a  human  figure  seated  in  a  chair,  as  Cassiopeia  is  always 
reproBonted.  In  a  few  oases  some  emblem  of  a  constellation  is  found  at 
the  margin  opposite  the  figure  denoting  the  constellation :  thus  the 
head  of  a  ram  surmounted  by  a  winged  globe  is  in  the  direction  of  a 
line  drawn  from  the  centre  tmrough  the  front  of  Aries  in  the  Bodiacal 
ring.  A  great  figure,  which  is  supposed  to  represent  a  hippopotamus, 
is  situated  near  the  centre  of  the  planisphere  m  a  place  corresponding 
to  a  part  of  the  heavens  very  near  Ursa  Major,  but  where  there  are  no 
remarkable  stars ;  and  M.  Blot  conjectures  that  the  animal  may  be  an 
emblem  of  that  constellation :  he  conceives  that  it  may  indicate  Typhon, 
who,  according  to  Plutarch  ('  De  Iside '},  is  represented  by  a  hippo- 
potamus, and  to  whom  Ursa  Major  is  assigned.  That  the  ancient 
Egyptians  had  a  constellation  which  was  designated  bj  this  name  is 
stated  by  Plutarch  and  by  Diodorus  Siculus  (L  27);  the  latter  has 

E'ven  truislations  of  two  inscriptions  in  hieroglyphics,  which  appear  to 
kve  existed  in  his  time;  and  in  one  of  these  Osiris  is  made  to  say 
that  he  had  been  to  the  uninhabited  parts  of  India,  to  the  regions  of 
the  Bear,  and  to  the  sources  of  the  Ister  (Danube). 

In  the  direction  of  a  line  drawn  from  the  centre  of  the  planisphere, 
towards  the  north,  and  nasaing  through  the  figure  of  Cancer,  is  the 
representation  of  a  cow  having  a  great  star  between  its  horns;  and 
near  it,  in  the  direction  of  a  Ime  ooinoiding  with  the  longitudinal  axis 
of  the  temple,  is  a  tall  lotus-stem  surmounted  by  a  hawk,  the  symbol 
of  deity.  On  this  stem  the  place  of  Sirius,  computed  for  the  epoch  of 
the  planisphere,  is  found  to  fall ;  and  the  cow  probably  represents  Isis, 
to  wnom  the  star  Sirius  was  consecrated.  The  solsticial  colure  being 
due  north  and  south,  it  is  probable  that  the  planisphere  was  intended 
to  show  the  aspect  of  the  heavens  at  the  time  d  the  vernal  equinox, 
when  the  colures  pass  through  the  four  cardinal  points  of  the  horizon ; 
and  the  line  passing  through  Cancer  and  the  cow  being  in  the  plane  of 
the  solsticial  colure  is  an  indication  that  at  midsummer,  at  the  epoch 
of  the  planisphere,  Sirius  rose  with  the  stars  of  Cancer.  The  line 
representing  the  direction  of  the  equinoctial  colure  passes,  on  the 
eastern  side,  between  two  symbolical  figures  of  men,  a  little  way  from 
which  is  a  small  figure  (supposed  to  be  Harpoorates)  issuing  from  a 
lotus-flower,  and  having  above  his  head  a  star  with  a  hieroglyphical 
inscription.  ^  According  to  Plutarch  ('  De  Iside ')  the  BSgypUans  rejpre- 
sented  the  rising  sun  by  a  child  issuing  from  a  lotus ;  and  hence  it  ia 
inferred  that  the  symbols  indicate  the  rising  of  the  sun  in  the  east  point 
of  the  horizon  on  the  day  of  the  vernal  equinox. 

The  heads  of  all  the  figures,  with  scarcely  an  exception,  tend  towards 
the  centre  of  the  planiBphere,  and  the  figures  in  the  southern  half  of 
the  zodiac  are  arranged  so  that,  to  a  spectator  standing  in  the  centra  of 
the  room  with  his  face  to  the  south,  and  looking  upwards,  they  must 
have  appeared  as  if  moving  from  east  to  west;  tLat  is  in  the  direction 
of  the  ajpparent  diurnal  motion  of  the  heavens.  The  longer  axis  of  the 
temple  is  inclined  to  the  meridian  in  an  angle  of  about  17  degrees,  and 
the  walls  are  directed  so  that  the  points  at  which  the  remaruble  stars 
Sirius  and  Antaree  must  have  seemed  to  rise  coincided  with  the 
directions  of  the  north  and  south  ends  of  the  building.  A  temple  near 
Esne  (Latopolis),  in  the  portico  of  which  ib  a  representation  of  the 
zodiacal  signs,  is  disposed  so  that  the  longitudinal  walls  tend  to  the 
points  at  which  Antares  and  Sirius  set;  and  though  no  great  stress 
ought  to  be  laid  upon  this  circumstance,  there  is  some  probability 
that  the  dispositions  may  have  been  intentional,  since  no  reason  can  be 
assigned  why,  otherwise,  the  temples  should  not,  like  the  pyramids, 
have  had  their  walls  directed  to  the  cardinal  points  of  Uie  horizon. 
The  golden  circle  of  Osymandyas,  which  is  mentioned  by  Diodorus 
Siculus  (i.  49)  as  being  placed  in  the  tomb  of  that  ancient  king  at 
Thebes,  was  865  cubits  in  drcumferenoe.  and  to  each  cubit  was 
assigned  one  of  the  865  days  of  the  year,  with  the  risings  and  settings 
of  the  stars  for  each  day  marked  on  the  several  divirions. 

The  ceiling  of  the  portico  belonging  to  Uie  temple  at  Denderah  is 
nearly  covered  with  sculptured  figmres,  many  of  which  resemble  those 
In  the  circular  planisphere,  and  the  twelve  signs  of  the  zodiac  are 
distinctly  represented  m  two  bands  parallel  to  the  axis  of  the  building : 
■ix  of  the  figures  appear  to  be  entenng  the  temple  on  the  eastern  side 
of  the  portico,  and  of  these  Cancer  is  the  last ;  Uie  other  six,  of  which 
the  first  is  Leo,  appear  to  be  quitting  it  on  the  western  side,  so  that 


(the  front  of  the  portico  beingtowards  the  north)  the  direction  of  their 
motion  corresponds  to  that  of  the  apparent  diurnal  rotation.  Within 
the  two  lines  of  figures  are  those  which  bekmg  to  the  northern  con* 
stellations,  and  bqrond  them,  near  the  eastern  and  western  extremities 
of  the  portico,  are  figures  relating  to  the  southern  constellations. 
Among  the  former  is  a  human  figure  suirounded  by  seven  stars, 
disposed  similarly  to  [those  of  Ursa  Major  in  the  heavens,  and  near 
them  is  a  lotus-stem  surmounted  by  a  hawk,  like  that  which  in  the 
circular  planisphere  is  in  the  place  of  Sirius:  this  emblem  in  the 
planisphere  of  the  portico  is  therefore  supposed  to  be  an  indication  of 
Sirius ;  and  the  opinion  is  confirmed  b^  tne  fact  that  it  is  preceded  by 
a  cow  (Isis)  and  a  great  hieroglyphical  mscription. 

In  the  planisphere  of  the  portico,  as  well  as  in  that  of  the  temple, 
the  figure  supposed  to  be  tw  of  Cancer  ia  placed  on  one  side  of  the 
position  which  it  should  occupy  among  the  zodiacal  consteUations ; 
and  this  circumstance  has  given  rise  to  a  doubt  concerning  the  justness 
of  that  supposition.  Some  persons  have  imagined  that  the  figure  mi^t 
have  been  intended  for  the  mythological  soarabeus;  but  as  in  tnis 
temple,  as  well  aiS  in  those  at  Esne,  it  has  ei^t  leet,  while  the  scarabeus 
has  but  six,  it  is  mere  probable  that  it  represents  the  zodiacal  sign; 
and  that,  agreeably  to  the  hypotheslB  of  B&ot,  the  dSplacement  was  in 
order  to  mi^e  room  for  some  emblem.  In  fact,  the  place  of  Cancer  is, 
in  the  portico,  occupied  by  a  head  of  Isis,  which  is  plunged  in  the 
solar  rays;  and,  since  Sirius  was  consecrated  to  Isis,  it  is  reasonable  to 
suppose  that  the  emblem  was  intended  to  expi'ess  that»  at  the  epoch  of 
the  planispheres,  the  star  Sirius  rose  helianll^.  By  caloulstion  it  it 
ascertained  that  about  700  years  before  Christ,  in  the  latitude  of 
Dendendi,  Sirius  rose  with  the  star  of  Cancer  when  the  sun  was  in  that 
constellation,  that  is,  at  the  summer  solstice. 

The  two  temples  at  Esne  have,  in  the  oeilin^i  of  their  porticoes, 
representations  of  the  twelve  zodiacal  constellations  in  two  lines  parallel 
to  the  axes  of  the  buildings.  In  the  smaller  temple  six  of  the  figures 
appear  to  be  entering  on  the  southern  Bide,and  six  to  be  issuing  on  the 
northern  side :  the  nront  of  the  portico  being  towards  the  east,  the 
direction  of  their  movement  conesponds,  consequently,  to  that  of  the 
diurnal  rotation,  as  in  the  temple  at  Denderah;  but  there  is  this  differ- 
ence in  the  division  of  the  figures,  that  at  Esne,  Leo  is  the  last  to 
enter,  and  V iigo  the  first  to  quit  tiie  temple.  M.  Biot  endeavours  to 
account  for  thu  di£forenee  by  the  different  inclinations  which  the  axes 
of  the  two  temples  have  to  the  meridian;  the  axis  of  the  temple  at 
Denderah  deviating  17  degrees,  and  that  of  the  small  temple  at  Esne 
71  degrees,  both  of  them  being  from  tiie  north  towards  the  east.  He 
observes  that,  in  the  former  tannic,  a  meridian  line  passing  through 
the  centre  of  the  circular  planisphere  cuts  the  zodiacal  band  in  Cancer 
towards  the  north,  and  in  Capricorn  towards  the  south;  thus  dividing 
the  twelve  figures  so  that  tne  six  which  are  on  the  western  side  con- 
stitute all  those  which  at  a  certain  hour  are  descending  towards  the 
west,  and  those  which  are  on  the  eastern  side  are  ascending  towards 
the  meridian.  At  the  head  of  tins  descending  series  is  Leo,  which  it 
the  first  to  pass  the  inferior  meridian  and  enter  the  eastern  aeries ;  and 
at  the  head  of  the  ascending  series  is  Aquarius,  whidi  is  paasing  the 
upper  meridian :  this  distribution  corresponds  to  that  whioi  is  repre- 
sented in  the  zodiac  of  the  portico^  A  like  correspondence  would  be 
found  to  exist  in  both  the  temples  at  Esne  if  a  circular  planisphere 
were  supposed  to  be  placed  in  the  ceiling  of  each,  with  the  lotua-etem 
in  the  longitudinal  axis,  towards  the  north,  and  the  planisphere  were 
cut  by  a  meridian-line  so  as  to  divide  the  figures  into  such  as  ascend 
and  such  as  descend. 

That  there  were  among  the  ancient  Egyptians  a  variety  of  sculptured 
representations  of  the  heavens  is  evident,  since  the  planisphere 
described  by  Scaliger,  in  his  '  Notes  on  Muiilius/  contained,  among 
many  animals  having  no  correspondence  in  form  or  situation  with 
those  which  have  been  mentioned,  the  figure  of  a  man  holding  a  scythe, 
and  of  another  who  is  killing  a  bear;  and  in  the  'M^moires  de 
rAcademie  des  Sciences,'  1708,  there  is  described,  by  M.  Bianchini,  a 
fragment  of  an  Egyptian  planisphere  consisting  of  a  circular  space  sur- 
rounded by  five  concentric  bands  :  in  the  centre  are  two  bean  sepa- 
rated by  a  seipent,  as  in  the  present  spheres ;  and  in  the  nearest  hind 
are  twelve  figures  representing  constellations,  most  of  which  differ 
from  the  zodiacal  signs  above  described;  the  place  of  Qemini,  for 
example,  being  occupied  by  a  serpent.  In  the  two  next  bands  are  the 
signs  of  the  Qreek  zodiac,  and  on  the  exterior  of  these  is  a  band 
divided  into  36  parts,  in  each  of  which  is  a  deity;  these  are  the 
spaces  of  10  degrees,  into  which,  in  the  East,  the  zodiac  was  some- 
times divided. 

There  can  be  littie  doubt  that  the  Egyptians  and  Chaldseans  distin- 
guished the  groups  of  stara  in  the  visible  heavens  by  the  figxires  or 
symbols  of  the  deities  which  they  worshipped,  and  of  the  men  who, 
among  them,  had  signalised  themselves  by  great  actions ;  but  it  has 
been  also  assumed,  that  the  names  of  the  zodiacal  constellations  were 
given  from  circumstances  relating  to  the  apparent  motion  of  the  sun, 
to  tiie  laboura  of  husbandry,  or  to  the  productions  of  nature  in  differ- 
ent seasons.  Macrobius  mentions  ('  Satumal.,'  lib.  i)  that  the  constel- 
lation»in  which  the  sun  is,  at  the  season  when  he  ascends  from  the 
winter  solstice  towards  the  equator,  received  the  name  of  Capricronus, 
because  the  goat  is  an  animal  accustomed  to  ascend  to  the  highest 
points  of  ground ;  and  that  the  constellation  in  which  the  sun  is  when 
he  returns  from  the  summer  solstice  towards  the  south  waa  designated 
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Cancer  from  the  orab  being  an  animal  which  is  said  to  have  a  backward 
movement.  Bishop  Warburton  in  this  country^  and  M.  Pluch4  in 
France,  carrying  out  the  same  idea,  have  imagined  that  the  conatella- 
tionB  Ajties,  Taurus,  and  Gemini  received  their  names  from  the  young 
of  animals  being  brought  to  the  fields  in  the  spring ;  that  Leo  indi- 
cates the  violent  heats  of  summer,  and  Viigo,  presumed  to  be  a 
gleaner,  denotes  the  time  of  harvest,  and  so  on.  M.  Dupuis,  aasuming 
that  the  sodiacal  constellations  were  first  imagined  in  Egypt,  and  that 
they  indicated  circumstances  connected  with  the  labours  of  husbandry 
in  the  different  months  of  the  year,  endeavoured  to  ascertain  at  what 
epoch,  in  t).e  diinate  of  Egypt,  the  symbols  would  be  in  accordance 
with  the  ci-  cum^tances  which  Uiey  were  supposed  to  represent;  and 
the  result  of  his  inquiry  was,  that  the  agreement  could  have  subsisted 
only  when  the  vernal  equinox  was  in  Uie  constellation  Libra.  At 
present  it  is  in  the  constellation  Piaoes;  and  computing  the  time 
during  which,  by  the  effect  of  precession,  the  equinoctial  points  would 
move  over  about  half  the  circumference  of  the  ecliptic,  he  assigned 
16,000  years  before  the  Christian  era  for  the  time  of  the  invention  of 
the  zodiac.  This  extravagant  epoch  he  afterwards  reduced  to  about 
4000  years  before  Christ    ('  Origine  des  Cultes/  1796.) 

M.  Fourier,  in  his  '  Recherches  sur  les  Sciences  et  le  Gouvemement 
de  I'Egypte,'  assumes  that  the  representation  of  the  head  of  Isis  partly 
plimged  in  the  solar  rays  near  the  figure  of  Cancer,  among  the  sculp- 
tures in  the  portico  of  the  temple  at  Denderah,  is  an  emblem  of  the 
heliacal  rising  of  Sirius  when  the  sun  was  in  the  sign,  or  in  the  con- 
stellation Cancer ;  and  observing  that  Cancer  is  the  last  of  the  figures 
which  appear  to  enter  the  portico  of  that  temple,  while  in  the  zodiacs 
at  Esne  the  lion  is  the  last  which  enters,  he  conceives  that  the  latter 
circumstance  is  an  indication  of  the  sun  being  in  Leo  when  Sirius  rose 
heliacally.  Supposing,  then,  that  the  epochs  of  the  zodiacs  at  Denderah 
and  Esne  are  such  as  the  positions  of  the  sun  denote,  he  determines,  by 
computation  founded  on  Uie  progressive  displacement  of  the  point  of 
the  heliacal  rising,  that  the  interval  between  them  is  1800  years,  the 
sculptures  at  Esne  referring  to  the  more  ancient  period.  This  result 
must,  however,  be  considered  as  overthrown  by  the  calculations  of  MM. 
Ideler  and  Biot,  who  have  determined  tiie  longitudes  of  the  sun  at  the 
terminations  of  three  sothiac  or  canicular  periods  of  1460  years,  within 
which  the  heliacsl  risings  of  Sirius  return  to  the  tune  of  the  summer 
solstice ;  and  have  found  that  between  the  year  2782  b.o.  and  139  A.a. 
the  sun  was  in  the  constellation  Leo  and  in  the  sign  Cancer  at  all  the 
three  epochs.  M.  Biot  concludes  therefore  that  the  zodiacs  at  Den- 
derah and  Erne  do  not  indicate  that  the  sun  had  passed  from  one  con- 
stellation to  the  next  in  the  interval  between  the  epochs  to  which  they 
are  supposed  to  refer. 

In  Uie  temple  at  Denderah,  according  to  Dr.  Toung,  Leo  may  be 
intended  to  represent  the  leading  sign  of  the  zodiac,  or  the  sign  pre- 
ceding that  in  which  the  sun  was  on  the- first  day  of  the  annus  vagus 
(year  of  865  days);  and  on  this  supposition  it  would  follow,  from  the 
known  rate  at  which  the  place  occupied  by  the  sun  in  the  ediptio  at 
the  commencement  of  such  year  retrogrades,  and  also  from  the  fact 
that  the  year  of  366  days  began  on  the  day  of  the  vernal  equinox  in  the 
year  130  B.a,  that  the  epoch  of  the  pknisphero  is  between  11  b.o.  and 
108  B.a,  or  in  an  age  earlier  by  1600  years.  If  Virgo  were  the 
leading  sign,  as  it  may  be  supposed  to  be  ui  the  small  temple  at  Esne, 
the  epoch  of  th«  vodiac  would  be  the  year  800  B.a»  or  1600  yeare 
earlier. 

It  has  been  ascertamed  by  MM.  Champollion  and  Letroxme  from  the 
Greek  inscriptions  on  the  temples  of  Denderah  and  Esne,  that  those 
edifices  were  constructed,  or  finished,  during  the  times  of  the  Roman 
emperors  ('  Precis  du  Syst^me  Hieroglyphique,  Recherches,  &c.');  yet, 
as  it  is  known  that  during  the  reigns  of  the  Ptolemies,  and  even  after 
the  conquest  of  the  country  by  tiie  Romans,  the  Egyptians  continued 
to  build  tempos,  which  they  consecrated  to  their  deities,  with  decora- 
tions similar  to  those  which  were  executed  in  more  ancient  times,  it 
msCy  be  presumed  that  the  present  scidptured  zodiacs  are  copies  of 
others  which  were  the  works  of  the  earliest  artists ;  so  that  though 
they  determine  nothmg  respecting  the  time  of  the  construction  of  the 
temples,  they  may  still  serve  as  indications  of  the  manner  in  which  the 
heavens  were  represented  in  the  East  in  the  infancy  of  astronomical 
science.  The  dreular  planisphere  which  once  adorned  the  interior  of 
the  temple  at  Denderah  was  removed  to  France  in  1821. 

The  country  from  whence  the  Greeks  derived  the  figures  of  the  con- 
stellations is  not  with  certainty  known :  that  all  the  extra-zodiacal 
signs  in  their  descriptions  of  the  heavens  did  not,  from  the  first,  receive 
their  designations  from  subjects  connected  with  the  Greek  mythology 
is  evident,  since  in  the  notices  given  by  the  earliest  writers  on  astro- 
nomy, two  of  them,  which  subsequently  received  the  appellations  of 
Hercules  and  Cygnus,  have  the  general  names  iv  ySvcurtv,  a  kneeUng 
fyure,  and  6pvis,  a  bird;  and  that  some  of  the  figures  were  borrowed 
from  the  Chaldseans  is  probable,  sinoe  in  the  time  of  Herodotus  it  was 
supposed  that  the  Greeks  acquired  from  the  Babylonians  the  know- 
ledge of  ikepohis  {v6\os),  the  gnomon  or  style,  and  the  division  of  the 
day  into  twelve  parts.  (Herod.,  ii  o.  109.)  It  may  be  imagined  that, 
from  the  interoourse  between  the  Egyptians  and  Greeks  in  very  early 
times,  a  great  reeemblanoe  should  be  found  among  the  figures  employed 
by  the  two  people  to  represent  the  groups  of  stars ;  but  that  they  differed 
in  some  respects  from  one  another  may  be  inferred  from  the  testimony  I 
of  AchilleB  Tatius,  who  states  that  the  Egyptians  had  not  the  conaltel-  { 
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latlons  Draco,  Cepheus,  and  Cassiopeia;  and  it  follows  that  these  must 
have  been  introduced  by  the  Greeks,  or  at  least  that  the  Litter  people 
substituted  them  for  corresponding  figures  in  the  Egyptian  sphere.  It 
may  be  remarked,  however,  that  in  the  oldest  descriptions  of  the  Greek 
zodiac  tncofnrlot  and  x^\oJ,  the  scorpion  and  the  daws,  make  one  con- 
stellation ;  whereas  in  the  £Jgyptian  zodiacs  the  corresponding  part  of 
the  heavens  is  divided  between  the  scorpion  and  the  balance,  the  latter 
occupying  the  place  of  the  claws.  Now  in  a  work  on  the  "  constellations,'' 
ascribed  to  Eratosthenes,  who  lived  in  the  time  of  Ptolemy  Euergetea^ 
it  is  stated  that  the  great  length  of  the  constellation  caused  astrono- 
mers to  divide  it  into  two  parts ;  and  in  a  poem  attributed  to  a  certain 
Manetho,  supposed  to  be  the  priest  of  that  name,  and  dedicated  to  one 
of  the  Ptolemies,  it  is  expressly  stated  that  "  the  claws  of  Scorpio ' 
were  by  the  prints  changed  into  "  the  balance."  It  would  seem  there- 
fore that  the  Egyptians,  in  or  before  the  time  of  Manetho,  adopted  in 
their  zodiac  a  name  which  had  been  given  by  the  Greeks  :  yet  as  an 
argument  in  favour  of  the  great  antiqmty  of  the  sign  it  may  be  observed 
that,  according  to  Ptolemy,  the  Chaldseans  designated  by  a  word  signi- 
fying a  balance  the  constellation  called  by  the  Greeks  XQXaf:  it 
may  be,  however,  that  he  alluded  then  to  the  Chaldseans  of  his  own 
time. 

The  designations  which  are  given  to  the  constellations  in  the  writings 
of  the  Greeks  apparently  indicate  persons  or  objects  connected  with 
the  Axgonautic  expedition ;  and  it  is  reasonable  to  suppose  that,  about 
the  epoch  of  that  expedition,  the  Greeks,  having  acquired  a  knowledge 
of  the  manner  in  wMch  the  Chaldseans  or  Egyptians  represented  the 
visible  heavens,  transformed  such  of  the  figures  as  Uiey  did  not  reject 
into  others  having  relation  to  the  actions  of  their  own  heroes.  On  this 
hypothesis  it  has  been  assumed  that  Aries  represents  the  ram  whose 
golden  fleece  was  the  object  of  the  expedition;  Taurus,  the  buU  or 
bulls  which  were  tamed  by  Jason ;  Gemini,  Castor  and  Pollux,  and  so 
on.  The  ship,  among  the  southern  oonstdlations,  is  supposed  to  be 
the  Aigo ;  and  Ursa  Major,  the  nymph  Callisto.  The  history  of  Perseus 
is  imagined  to  be  represented  by  Perseus,  Andromeda,  Cepheus,  Cas- 
siopeia, and  Cetus ;  and  the  labours  of  Heroules,  by  Draco,  Leo,  and 
the  constellation  bearing  the  name  of  that  hera  Newton,  in  his 
'  Chronology/  appears  however  to  assume  too  much  when  he  considers 
that  Chiron,  whom  he  supposes  to  have  given  the  names  to  the  con- 
stellations, disposed  Aries,  Cancer,  Libra,  and  Capricomus  so  that  the 
equinoctial  and  solstidal  colures  passed  through  their  middle  points : 
the  precise  determination  of  these  points  was  beyond  the  science  of  the 
Greeks  long  subsequently  to  the  age  of  Chiron. 

Hesiod  mentions  ('Opera  et  Dies')  the  Pleiades,  Arcturus,  and 
Orion,  stating  that  land  should  be  ploughed  at  the  heliaoal  setting,  and 
com  reaped  at  the  heliaoal  rising  of  the  Pleiades  (about  the  middle  of 
April);  he  directs  also  that  com  should  be  thresh^  at  the  rising  of 
Orion,  and  vines  pnmed  when  Arcturus  rises  in  the  evening.  Homer 
also  mentions  the  Pleiades,  Hyades,  the  Bear  or  Waggon, 
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and  Orion  in  the  description  of  the  shield  of  Achilles  ('  IL,'  xviiL,  487) ; 
it  is  evident  therefore  that  already  in  the  time  of  Homer  those  constel- 
lations were  introduced  in  the  sphere  of  the  Greeks.  Plutarch  asserts 
that  Anaximander  (probably  about  600  B.O.)  constructed  a  dial;  and 
that  representations  of  the  clusters  of  stars,  together  wiUi  figures  of 
the  constellations,  were  frequently  executed  in  Greece  in  the  time  of 
Hlppiurchus,  is  evident  from  a  paange  in  the  commentary  of  that 
astronomer  on  the  poem  of  Aratus :  planispheres,  he  observes,  are  con- 
structed for  men's  use,  and  therefore  the  figures  on  them  are  traced 
just  as  they  appear  in  the  heavens  to  t^e  view  of  the  spectator. 

In  the  work  of  Autolycus,  entitled '  On  Risings  and  Settings '  of  the 
Stars  [w€pl  ^EmoKw  km  A^ffufy),  and  in  the  '  Pfissnomena '  {<^aty6fU¥a) 
of  Euclid,  the  signs  of  the  zodiac  are  mentioned,  and  the  parts  into 
which  that  band  of  the  heavens  was  divided  are  called  dodecatemorioi, 
or  twelfths ;  but  it  is  in  the  astronomical  poem  of  Aratus  that  the  most 
complete  knowledge  of  the  celestial  sphere  of  the  Greeks  is  to  be  ob- 
tained. This  writer  lived  about  270  years  before  the  Christian  era, 
and  his  poem  is  a  paraphrase  of  two  works  which  were  composed  by 
Eudoxus  of  Cnidus,  who  lived  100  years  previously,  that  is,  in  the  age 
of  Autolycus  and  Euclid. 

In  describing  the  eonsteUations,  Aratus  begins  with  those  imme- 
diately about  the  north  pole  of  the  equator,  and  proceeds  from  thenoo 
to  the  zodiac,  nearly  in  the  directions  of  the  declination  or  hour-drcleB 
of  the  sphere.  He  mentions  Ursa  Major  and  Ursa  Minor,  observiiig 
that  they  are  placed  so  that  the  tail  of  one  corresponds  to  the  shoulders 
of  the  other,  and  he  adds  that  the  constellation  Draco  winds  between 
them.  Near  the  head  of  Draco  he  places  the  figure  of  a  man,  who  is 
said  to  be  on  his  knees  (Hercules,  whose  attitude  has  since  been 
changed),  and  behind  him  the  northern  crown.  Near  the  Irnftftlin^ 
figure  is  Ophiuchus,  the  serpent-carrier,  and  under  the  latter  are  the 
great  daws  (of  Scorpio).  Behind  Ursa  Major  is  Arctophylax  (Bootes), 
with  the  star  Arcturus  below  his  gucdle ;  and  under  his  feet  is  tha  con- 
stellation Virgo.  Near  the  head  of  Ursa  Major  are  Gemini  {AlBvfioi) ; 
under  his  body  is  Cancer,  and  under  his  feet  Leo.  Auriga  and  the 
st^  CapeUa  are  said  to  be  on  the  left  of  Gemini,  opposite  Ursa  Major; 
and  at  the  foot  of  Auriga  are  the  horns  of  Taurus,  whose  head  is  indi- 
cated by  a  cluster  of  stars  (the  Hyades).  Cepheus  is  behind  Ursa 
Minor,  and  near  him  is  Cassiopeia,  we  stars  of  which  are  said  to  be 
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arranged  in  the  fonn  of  a  key :  Caoaiopeia  has  her  hands  ralaed  above 
her  head  as  if  bewailing  the  late  of  her  daughter  Andromeda,  who  is 
placed  below  her.  The  arma  of  the  latter  are  extended  and  chidned  (to 
a  rook) ;  and  under  her  head  is  "Pegaaua,  Aries  is  below  the  girdle  of 
Andromeda,  and,  as  well  as  the  claws  of  Scorpio  and  the  girdle  of 
Orion,  it  is  in  tiie  equator;  the  triangle  {99\Twrhy)  is  above  Aries. 
The  constellation  Pisces  is  below  the  triangle;  and  Perseus  stands 
with  ids  hand  near  the  chair  of  Cassiopeia.  Below  his  left  knee  are 
the  Pleiades,  and  the  names  of  the  seven  daughters  of  Atlas  are  given 
to  the  stars  of  the  cluster.  Aratus  observes  that  there  are  but  six 
stars  in  the  cluster ;  but  Hipparehus,  in  his  commentary  on  the  poem, 
states  that  against  a  daric  sky  seven  may  be  seen.  The  bow  of  Sagit- 
tarius tends  towards  the  tall  of  Scorpio.  The  Lyre,  and  the  eagle 
which  carries  it,  is  between  Perseus  and  the  head  of  the  bird  {6oyu). 
(This  is  the  constellation  Cygnus,  which  also  by  Manetho  and  Ptolemy 
is  called  the  Bird.  The  name  Cygnus  is  first  applied  to  it  in  a  work 
on  the  constellations  which  is  ascribed  to  Eratosthenes.)  Cygnus 
extends  towards  the  other  eagle  ( Aquila),  and  near  the  head  of  Pegasus 
is  the  right  hand  of  Aquarius,  which,  it  is'remarked,  rises  before  Capri- 
oomus.  Over  the  latter  is  the  Dolphin.  All  the  above  constellations 
are  stated  to  be  between  the  zodiac  and  the  north  pole;  and  the 
flodiacal  constellations  are  afterwards  mentioned  in  oxxler,  beginning 
with  Cancer  and  ending  with  Gemini  Libra  (elsewhere  called  (vy6y) 
is  not  mentioned,  while  Scorpio  and  the  Claws  are  described  as  if  they 
formed  two  constellations. 

In  the  description  of  the  constellations  between  the  zodiac  and  the 
south  pole,  it  is  stated  that  Orion  is  placed  obliquely  to  Taurus,  and 
that  CSmis  Major  is  at  his  feet  Under  him  is  eaid  to  be  Lepus,  and  at 
the  tail  of  the  dog  is  the  head  of  the  ship  Argo.  Under  Aries  and 
Pisces,  and  above  the  river  (Eridanus),  Cetus  advances  towards  Andro- 
meda, and  below  Capricomus  is  the  Southern  Fish.  Under  Sagittarius 
is  a  circle  of  stars  (the  Southern  Crown),  and  below  the  sting  of  Scorpio 
lA  the  Altar.  Under  the  Scorpion  is  Centaorus,  while  farther  on  is 
Hydra,  havmg  its  head  under  Cancer,  and  ita  tail  above  Centaurus : 
about  the  micMle  of  its  body  is  Craterus,  and  near  tiie  tail  is  CorvuBi 
The  bright  star  Procyon  is  under  QeminL 

Such,  nearly,  is  the  description  given  by  Aratus  of  the  celestial 
sphere ;  and  the  constellations  are,  in  genenu,  the  same  as  those  which 
are  represented  on  the  modem  globes.  Some  inconsistencies  which 
exist  in  it  were  pointed  out  by  Hipparehus,  who  lived  about  100  years 
before  Christ,  and  wrote  a  coomientary  on  the  poem.  It  is  plain  that 
t)ie  descriptions  have  been  compiled  from  observations  made  by  persons 
at  different  places,  and  probaUy  in  difiRsrent  ages;  for  in  one  part  of 
the  work  it  is  stated  that  the  extremiiy  of  Draco,  and  in  another  the 
girdle  of  Cepheus,  touches  the  horizon,  while  in  a  third  pkoe  Bootes  is 
said  to  go  below  that  drde,  except  his  hand :  and  these  drcumstanoes 
are  quite  incompatible  with  observations  made  in  the  same  latitude. 
It  should  be  remarked  that,  in  the  Greek  sphere,  the  stars  are  not 
always  placed  in  the  same  parts  of  the  figures  as  they  occupy  at 
present :  thus  the  prindpal  star  of  Aries  is  placed  by  Hipparehus  in  the 
sront  foot  of  the  animal,  while  on  the  modem  globes  it  is  placed  in 
the  head. 

It  would  be  desirable  to  ascertain  from  the  poem  of  Aratus  the 
position  of  the  equinoctial  or  solstidal  noints,  m  order  to  find  the 
epoch  of  the  observations  on  which  the  aesoription  is  founded,  but  it 
is  to  be  regretted  that  nothing  satisfactory  can  be  discovered  concerning 
the  subject  It  is  stated  in  tne  poem  that  the  southem  tropio  outs  the 
middle  of  Capricomus,  and  hence  the  equinoctial  colure  should  pass 
through  the  middle  of  Aries.  Now,  in  the  presumed  age  of  Eudoxus, 
the  first  remarkable  star  y  in  Aries  was  nearly  at  the  point  in  which 
the  trace  of  the  ecliptic  in  the  heavens  outs  that  of  the  equator;  and  if 
we  suppose  the  extent  of  the  constellation  to  be  80  degrees,  the  middle 
point,  reckoning  from  that  star,  would  be  nearly  at  the  15th  degree 
of  longitude.  The  longitude  of  that  star  is  now  about  80*,  and  hence 
the  equinoctial  colure  would  have  retrograded  as  much  as  45  degrees, 
which  at  the  known  rate  of  the  precession  would  take  place  in  about 
8200  years :  consequently  the  epoch  would  be  about  the  year  1400  B.a 
Or,  if  with  Ptolemy  it  ia  supposed  that  the  extent  of  the  constellation 
between  the  first  star  y  of  Aries  and  the  fix«t  star  of  Taurus  (now  9 
Arietis)  is  only  18  degrees,  the  middle  point  would  be  in  the  9th 
degree  of  lonffitnde,  and  the  retrogradation  would  be  89  degrees,  which 
would  place  the  epoch  about  the  year  970  B.a  Nothing,  however,  can 
be  more  imcertain  than  conclusions  drawn  i^m  such  data^ 

The  taste  for  ornamenting  buildings  with  sculptures  reprosenting 
astronomical  subjects  appears  to  have  existed  in  ancient  Rome^  as  irm 
as  in  Egypt  and  in  the  Eaet ;  for  in  1708  a  fragment  of  a  planisphero 
waa  discovered  in  that  dty.  It  has  in  its  centre  a  serpent,  probaUy  an 
emblem  of  time,  and  near  it  two  animals,  apparently  bears ;  about  the 
serpent  are  the  remains  of  three  concentric  rings,  ^vided  into  compart- 
ments containing  figures,  among  which  are  some  of  the  zodiaad 
eonstellations. 

That  the  Romans  adopted  the  Greek  sphere  is  evident  from  the 
descriptions  of  the  eonstellations  in  the '  Astronomioon '  of  Kaniliias : 
those  of  the  codiac,  in  particular,  are  given  in  the  verses  "  Auzato 
princepe  aries  in  vellere  fulgems"  ^;  and  the  poem  contains  a  detailed 
account  of  their  astrological  dispositions  and  qualities.  The  twelve 
dgns  are  divided  hito  masculine  and  feminine  alternately,  and  are 
appropriated  to  diiftrent  deities.    There  Is  also  a  division  of  the  sodiao 


into  twelve  parts,  which  are  designated  Atfala,  or  labours,  and  relate  to 
the  occupations  or  professions  of  men  (lib.  iii,  v.  98).  Four  oonstell^ 
tions,  comprehending  a  space  equal  to  one-third  of  the  circumferenoe 
of  the  zodiac,  are  said  to  constitute  a  trigon ;  three  a  tetragon,  and  so 
on ;  and  there  are  four  trigons  arising  from  the  different  constellations, 
which  may  coincide  with  the  angles  of  an  equilateral  triangle  supposed 
to  be  inscribed  in  the  zodiac  :  the  like  is  to  be  understood  with  respect 
to  the  tetragon,  hexagon,  &a  Each  sign  of  the  zodiac  is  supposed,  in 
the  poem,  to  give  a  certain  number  of  years  to  the  life  of  a  man ;  and 
his  profession  or  fortune  is  imagined  to  depend  on  the  particular  aign 
which  is  rising  at  his  birth,  aocording  to  the  qualitiea  or  uses  of  tibe 
animal  by  which  the  sign  is  distinguished  (lib.  iv.,  v.  122).  It  is  also 
asserted  that  the  ohanucters  of  men  depend  on  the  qualities  of  the 
extra-zodiacal  constellations :  thus,  persons  bom  when  the  shm  Azgo 
rises  are  said  to  become  seamen  or  to  have  an  interest  in  naval  affi^ 
(lib.  v.,  V.  89). 

Scaliger,  in  his  notes  on  Manilius,  has  given,  from  a  manuscript  oi. 
Aben-Ezra,  a  description  of  three  planispheres,  of  which  one  is  sup- 
posed to  have  related  to  the  astronomy  of  the  ancient  Persisas,  and 
another  to  that  of  the  Hindus ;  the  third  is  supposed  to  be  either 
Egyptian  or  Greek.  The  signifioations  of  the  figures  in  the  Persian 
sphere  are  vezy  uncertain ;  but  among  those  which  have  been  recog- 
nised are  Ursa  ICajor  and  Ursa  Minor,  and  a  winged  horse,  besides 
Virgo,  Leo,  and  Taurus.  The  figures  of  men  and  women  are  without 
designations;  but  among  the  former  is  one  on  a  throne,  which  is 
thought  to  represent  Cepheus,  and  one  in  a  kneeling  posture,  which 
may  be  Hercules ;  of  the  latter,  there  is  one  which  is  presumed  to 
represent  Cassiopeia  or  Andromeda^  A  figure  of  a  ship  is  also  distin- 
gmshed.  It  is  asserted  in  the '  Zend-Avesta*  [Zend-AyestaI  that  Uie 
ancient  Persians  divided  the  zodiao  into  twent^-eij^t  oonstdlations,  or 
houses  of  the  moon,  and  also  into  twelve  signs:  to  these  Isst  are 
assigned  names  which  correspond  to  those  at  present  given  to  the  con- 
stellations in  that  region  o^  the  heavens;  and  the  duster  called  the 
Hyades  (in  Tanrus)  ia  described  as  a  bull  with  gilt  horns.  The  division 
of  the  zodiac  into  twenty-eight  lunar  mansions  prevailed  also  among 
the  Arabian  astronomers  in  or  before  the  9th  century*  It  is  meationea 
by  Alfngan,  who  states  ('  Elements  Astron.,'  A.n.  850)  that  the  fint 
was  called  Xartan,  and  that  it  oommenoed  near  the  three  ptinctpal  stars 
in  Aries. 

The  Hindu  zodiac,  which  is  described  in  the  'Philoaophioal  TnaoM- 
aetiona '  for  1772,  consists  of  twelve  figures  disposed  on  the  four  sides 
of  a  square.  In  this  the  place  of  G^iini  is  ooouined  by  a  figure  of  a 
man  apparently  with  a  shield  on  each  arm ;  Virgo  is  reptesented  by  a 
female  figure  naked  and  seated ;  Libra  ia  represented  by  a  pair  of  scales 
rimilar  to  those  in  common  use  at  present;  and  in  pladeol  Oaprioomus 
are  figures  of  a  ram  and  a  fish,  which  are  dose  together,  but  do  not,  as 
in  the  modem  sphere,  constitute  one  body.  A  globuhr  vewel  repre- 
sents Aquarius ;  and  for  Pisces,  one  fish  only  is  delineated.  ^Rie  fi^ue 
in  the  place  of  Scornio  cannot  be  made  ont  This  rsDUHrkaUe  moan* 
ment  was  discovered  in  the  odHng  of  a  ehoultiy  or  pagoda  at 
Verdapettah,  in  Madura ;  and  the  separation  of  the  figares  in  Capri- 
comus seems  to  indicate  that  it  is  of  great  antiquity,  as  it  (may  be 
reasonably  supposed  that  such  a  disposition  pveoeded  in  ovdar  ol  time 
that  of  a  union  of  the  two  bodies  tn  one. 

In  the  second  Tohune  of  the '  Asiatio  Bsiesiohes*  then  b  giveo,  by 
Sir  William  Jones,  a  paper  oontaining  a  description,  from  the  Sanskrit 
of  Sripeti,  of  an  ancient  zodiac,  which  is  divided  into  twelve  parts, 
each  of  80  degrees,  corresponding  to  the  modem  signs.  The  ram,  the 
boll,  the  crab,  the  Uon,  and  the  scorpion  are  said  to  have  the  figures  of 
those  animals,  and  in]  the  plate  which  aooompanies  the  memoir  the 
entire  figure  of  the  bull  is  given :  the  twins  oondst  of  a  male  and  a 
female  figure,  and  in  the  description,  the  woman  is  said  to  play  on  > 
musical  mstrument^  while  the  man  holds  a  olub,  but  the  figures  sie 
not  so  represented  m  the  plate.  Viigo  is  represented  hj  a  woman  in 
a  boat;  in  one  hand  she  holds  a  lamp,  and  in  the  other  a  blade  of  com. 
libra  is  represented  bjr  scales,  whicn  are  held  hj  a  man  who  appears 
to  be  placing  a  weight  in  one  of  them.  SaghtatJus  is  the  figure  of  an 
archer,  whose  legs  are  like  those  of  a  horse.  Caprioonras  is  the  figure 
of  a  gazelle.  Aquarius  la  represented  by  a  man  pouring  water  from  a 
vessd  which  he  carries  on  hki  shoulders ;  and  lastly,  Pisces  oonsiBts  of 
two  fishes,  the  head  of  one  being  turned  towards  t&e  tail  of  tiie  other. 
The  zodiac  is  also  divided  into  twenty-seven  parts,  oonstitnting  the 
mansions  of  the  moon :  these  are  not  represented  in  the  plate,  but 
their  names,  as  well  ss  those  of  the  twelve  signs, are  g^von*  The  agein 
which  Sripeti  lived  ia  unknown. 

The  Zodiacs  of  India  and  of  andent  Persia  maybe  presumed  to  have 
been  origuially  the  same  as  that  of  the  Greeks  or  Egyptians;  for 
although  all  of  them  differ  from  one  another  in  the  dettuhi,  the  points 
of  coinddence  axe  too  numerous  to  be  accidental,  and  it  is  probable 
that  in  the  course  of  time  the  primitive  sphere  was  altered  in  the 
countries  eastward  of  Egypt  and  ClialdsBa,  as  it  was  by  the  people  of 
Europe.  On  the  subject  of  the  Indian  zodiac  the  reader  may  consult 
Bohlen,  'Das  Alte  Indien/  voL  ii, p.  252,  kc,  and  the  references  in 
the  notes. 

The  representations  of  the  heavens  which  have  been  found  among 
the  people  of  northem  Lidia^  China,  and  Japan  correspond  to  those 
whim  were  in  use  in  the  western  parts  of  Ada,  in  the  qgdiao  beiiu; 
divided  into  twdve  perts^  which  are  oaUed  wiMiM^nwM  of  the  snn^  i^ 
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■Iflo  into  twenty-eight  parts;  but,  aooording  to  the  aooounte  of  the 
Jesuit  missionaries,  the  Chinese  at  one  time  gave  to  these  the  names 
of  the  seyen  planets,  each  of  which  was  repeated  four  times.  In  the 
ancient  Chinese  histories  mention  is  frequently  made  of  machines 
exhibiting  the  apparent  movements  of  the  heavens ;  and  P^  Mailla 
has  given  a  plate  representing  a  sphere  which  is  supposed,  thou^ 
without  sufficient  reason,  to  have  been  executed  about  the  year  22B5 
B.O.  FVom  those  histories  it  appears  that  the  Chinese  were,  at  a  time 
long  prior  to  the  commencement  of  the  Christian  lera,  instructed 
in  astronomy  by  a  people  from  the  west ;  and  it  is  thorefore  probable 
that  they  thus  acquired  a  knowledge  of  the  method  f oUowea  by  the 
Persians  and  Arabians  in  the  division  of  the  sodiao.  A  table  of  the 
twenty-eight  constellations  into  which  the  Chinese  have  divided  the 
zodiac,  with  their  names  and  the  extent  which  each  occupies,  is  given 
in  Delambre's  '  Histoire  de  TAstronomie '  (tom.  L,  p.  380),  from  the 
work  of  P^  Souciet  entitled  '  Observations  Math^matiques  Astrono- 
miques/  Ac,  1729 ;  and  it  is  stated  that  the  first,  which  is  named  Pi, 
commenced,  in  1688,  with  the  fourth  degree  of  Aries.  Delambre  has 
also  given  a  table  of  the  twelve  constellations ;  and  from  tho  records 
of  the  edipses  which  the  Chinese  have  observed,  it  is  evident  that 
the  place  of  tiie  sun  has  always  been  referred  by  that  people  to  the 
signs  of  the  sodiao.  From  a  veir  early  period  they  made  their  year 
commence  when  the  sun  is  near  tne  winttn*  solstice,  and  they  designated 
that  part  of  the  zodiac  the  resurrection  of  the  spring,  or  of  the  year. 
The  rat,  the  bull,  the  leopard,  the  hare,  the  dnHS<>^»  ^^  serpent,  the 
horse,  tJ^  sheep,  the  ape,  the  h^,  the  dog,  and  the  hog  are  names 
supposed  to  be  given,  both  in  China  and  Japan,  to  the  zodiacal  signs ; 
but  it  is  more  probable  that  they  are  applied  to  the  twelve  yean  of  a 
cycle  which  is  frequently  used  in  the  east,  or  to  the  twelve  hours  into 
which,  in  those  eoimtries,  the  day  is  divided. 

The  extra-zodiBcal  stars  are  distributed  in  constellations,  which 
are  distinguished  in  general  by  the  names  of  the  emperor  and  his 
ministers  or  courtiers ;  but  that  which  in  Europe  is  designated  Ursa 
Major  is  represented  by  a  vessel  for  measuring  com ;  the  four  stars  of 
the  quadrilateral  figure  forming  the  body  and  the  others  the  handle. 
Biot  relates,  from  information  communicated  by  M.  Remusat>  that  in 
the  Chinese  sphere  the  constellation  which  corresponds  to  Orion  b 
designated  by  a  name  signifying  a  conqueror. 

That  a  few  coincidences  should  east  among  the  names  given  by 
different  people  to  the  groups  of  stars  in  the  heavens,  may  be  conceived 
without  supposing  that  any  of  the  people  borrowed  from  one  another : 
it  may,  therefore,  be  considered  as  purely  accidental  that  the  Iroquois 
called  the  stars  of  Ursa  Major  by  a  name  which  in  their  language  sig- 
nifies a  bear  (Lafitteau, '  Mosurs  de  Sauvages,'  tom.  iL),  and  that  the 
people  living  about  the  Amazouas  designated  the  staurs  in  the  head 
of  Taurus  by  a  word  signifying  a  bull  (Condamine,  '  Mdmoires  de 
TAcad^mie  des  SdenceSr'  1745).  But  it  is  remarkable^  and  may  be 
deduced  as  a  proof,  among  many  others,  of  the  descent  of  the  ancient 
Mexicans  from  the  people  of  Ana,  that  the  former  should  have  executed 
sculptured  representations  of  their  cslendar,  and  placed  them  as  orna- 
mental objects  in  their  religious  edificeSp  It  has  been  ascertained  that 
the  Tolteoms  and  Aztecs  made  the  year  consist  of  eighteen  months  of 
twenty  days  esch,  to  which  they  [added  five  complementary  days,  intro- 
ducing a  period  of  thirteen  da^  at  the  end  of  fifty-two  years  in  order 
to  complete  the  cycle  [  Aztsos,  in  Qxoo.  Div.] ;  and  thk  diviaion^of  the 
year  is  represented  in  a  chronological  table  executed  by  the'labtor 
people.  (Carreri,  '  Qiro  del  Mundo.')  Among  the  ruins  of  Palenka 
have  been  found  sculptured  figures  of  serpents,  which  have  been 
thought  to  indicate  the  existence  of  the  Ophite  worship  in  that  part  of 
the  country,  the  seat  of  the  Toltecans ;  and  at  the  same  place  has  been 
found  a  piece  of  sculpture,  supposed  to  be  a  planisphere,  on  which  are 
eighteen  compartments  representing  months,  which  are  disposed  three 
together  in  we  interior  of  a  ring  ornamented  with  hieroglyphical 
figures.  In  1790  there  was  discovered,  in  the  city  of  Mexico,  among 
l^e  foundations  of  the  temple  of  Mexitili,  a  block  of  porphyry,  on 
which  are  described  symbolionl  figures,  apparently  constituting  a  plani- 
sphere or  a  chronological  table,  in  which  the  several  days  of  the  vear 
aie  distinguished  by  particular  names  and  objecti,  and  a  few  of  them 


are  stated  to  correspond  nearly  to  the  signs  on  the  Chinese  planispheres. 
Humboldt  remarks  ('  Researches,'  &a)  that  the  name  of  this  first  day  is 
also  the  name  of  water,  and  that  the  ayml^l  of  the  day  consists  of 
undulating  lines  resembling  those  which  indicate  Aquarius  in  the 
Greek  and  Egyptian  zodiacs. 

ZODIACAL  LIQHT,  a  luminous  appearance  seen  at  certain  times 
after  sunrise  and  before  sunset,  from  which  it  is  inferred  that  there  is 
a  slight  degree  of  nebulosity  about  the  sun,  if  indeed  it  do  not  arise 
from  tho  denser  parts  of  that  medium  which  [Comet]  is  more  than 
conjectured  to  occupy  the  spaces  in  which  the  bodies  of  our  system 
move. 

The  following  description  of  the  zodiacal  light  is  from  the  pen  of 
that  careful  observer,  Sir  John  Herachel : — **  The  zodiacal  light,  as  its 
name  imports,  invariably  appears  in  the  zodiac,  or,  to  speak  more 
precisely,  in  the  plane  of  the  sun's  equator,  which  is  7  degrees  inclined .. 
to  the  zodiac,  and  which  plane,  seen  from  the  aim,  intersects  the  ecliptio  ' 
in  longitude  78*  and  268*,  or  so  much  in  advance  of  the  equinoctial 
points.  In  consequence  it  is  seen  to  the  best  advantage  at,  or  a  little 
after,  the  equinoxes,  after  sunset  at  the  spring,  and  before  sunrise  at 
the  autumnal  equinox,  not  only  because  the  direction  of  its  apparent 
axis  lies  at  those  times  more  nearly  perpendicular  to  the  horizon,  but 
also  because  at  those  epochs  we  are  approaching  the  situation  when  it 
is  seen  most  completely  in  section. 

"  At  the  vernal  equinox  the  appearance  of  the  zodiacal  light  is  that 
of  a  pretty  broad  pyramidal,  or  rather  lenticular,  body  of  light,  which 
begins  to  be  visible  as  soon  as  the  twilight  decays.  It  is  very  bright 
at  its  lower  or  broader  part  near  the  horizon,  and  (if  there  be  broken 
clouds  about)  often  appears  like  the  glow  of  a  distant  conflagFation,  or 
of  the  rising  moon,  only  less  red.  At  higher  altitudes  its  light  fades 
gradually,  and  is  seldom  traceable  much  beyond  the  Pleiades,  Which  it 
usually,  however,  attains  and  involves;  and  its  axis  at  the  vernal 
equinox  is  always  inclined  (to  the  northward  of  the  equator)  at  an  angle 
of  between  60*  and  70*  to  the  horizon ;  and  it  is  most  luminous  at  its 
base,  resting  on  the  horizon,  where  also  it  is  broadest,  occupying,  in 
fisct,  an  angular  breadth  of  somewhere  about  10*  or  12*  in  ordinaiy 
clear  weather." 

ZONE  (the  Greek  i»vn,  "a  belt"),  a  portion  of  a  sphere  inter- 
cepted between  two  parallel  planes.  When,  on  the  globe  of  the 
eitfth,  one  plane  is  the  equator,  and  four  others  are  drawn  jmrallftl 
to  the  equator,  two  of  which  contain  the  cirules  in  which  the  sun 
is  vertical  at  the  summer  and  winter  solstices,  and  the  two  others, 
the  circles  of  which  are  as  far  distant  (on  the  earth)  from  the  poles  as 
the  former  are  from  the  equator  [Arctic  Circle],  the  earth  is  divided 
into  six  zones  (the  polar  segm^ta  being  called  by  that  name  as  well  as 
the  others).  Of  these  the  portions  which  contain  the  two  poles  are 
called  the  north  and  south  frigid  zones :  throughout  these  zones  ti^e 
sun  never  rises  during  a  part  of  the  winter,  and  never  sets  during  a 
part  of  the  summer.  The  parts  intercepted  between  the  arctic  circle 
and  the  summer  solstice  parallel,  and  between  the  antarctic  circle  and 
the  winter  solstice  parallel,  are  called  the  northern  and  southern 
temperate  zones :  in  every  part  of  these  there  is  always  rising  and 
setting  of  the  sun  for  every  day  in  the  year ;  but  in  no  pstft  of  them  is 
the  sun  ever  verticaL  The  parts  between  the  summer  solstice  parallel 
and  the  equator,  and  between  the  winter  solstice  parallel  and  the 
equator,  are  called  the  northern  and  southern  tcrrid  zones :  in  these 
there  is  always  night  and  day,  and  at  every  point  the  noon-day  sun  is 
vertical  twice  in  the  year. 

The  torrid  and  frigid  zones  deserve  their  names ;  but  the  temperate 
zones  partake  of  both  excessive  heat  and  cold  in  those  parts  which  ar« 
near  the  boundaries  of  the  torrid  and  frigid  zones.  Every  zone,  in 
fact,  partakes  of  all  the  qualities  of  the  adjacent  zones  in  those  parts 
which  are  near  the  boundary.  Thus  near  the  arctic  circle  there  ai« 
places  where  the  shortest  day  is  only  ten  minutes,  and  the  shortest 
night  no  longer;  near  the  solstice  parallels  there  are  places  at  which  a 
part  of  the  sun's  body  may  be  vertical,  though  the  centre  of  the  sun 
can  never  be  so ;  all  being  within  the  temperate  zone. 

ZTMOMK  A  name  sometimes  applied  to  vegetable  fibrin.  [Fibbiv: 
Vegetable  librin,] 
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BANKRUPTCY.  Since  the  article  Bakkruptcy  in  the  first  Tolume 
of  this  Cyclopecdia  was  written,  the  hiw  relating;  to  bankruptcy  and 
insolvency  has  undergone  such  extension  and  alteration  by  the  legis- 
lature during  the  last  session  of  parliament  (24  ^  25  Vict.,  a  184)  that 
a  short  review  thereof  is  necessary. 

The  Court  of  Bankruptcy  will  henceforth  consist  of  the  present 
Commissioners  in  Bankruptcy,  and  to  them  is  confided  all  needful 
powers  of  the  Superior  Courts  of  'Law  and  Equity  and  of  the  Court 
for  Relief  of  Insolvent  I>ebtor&  Tho  county  court  judges  are  hence- 
forth to  exercise  in  the  country  all  the  powers  of  the  present  district 
commissioners,  and  vacancies  in  the  country  district  commissionershipe 
will  not  henceforth  be  filled  up ;  and  the  London  commissioners  are, 
as  vacancies  occur,  to  be  reduced  to  three.  The  Court  for  Relief  of 
Insolvent  Debtors  is  abolished,  and  the  jurisdiction  of  the  County 
Courts  in  insolvency  is  discontinued.  The  present  Court  of  Appeal  in 
Chancery  is  preserved,  and  appeals  lie  to  it  from  the  County  Courts  in 
bankruptcy  as  well  as  from  the  Court  of  Bankruptcy  proper. 

Questions  of  fact  may,  imder  the  directions  of  the  Court  of  Appeal, 
be  tried  in  bankruptcy  by  juries,  or  issues  may  be  sent  to  be  tried  at 
law.  Sworn  shorthand  vrriters  may  be  appointed ;  and  these  will  cer- 
tainly form  a  novel  feature  in  our  aidministration  of  justice. 

The  principal  feature  of 'the  recent  act  is  that  non-traders  are 
brought  within  the  privileges  and  liabUitiee  of  bankruptcy,  although 
the  distinction  between  a  trader  and  a  non-trader  is  still  for  some  pur- 
poses preserved.  This  distinction  will  appear  from  the  following 
summary  of  the  alterations  introduced  as  to  acts  of  bankruptcy. 

AcUof  Bankruptcy  by  traders  are  continued  as  hitherto,  subject  to 
such  additions  and  alterations  as  are  here  noticed.  Any  person 
whether  a  trader  or  non-trader,  may  be  adjudged  a  bankrupt  for  lying 
in  prison  for  debt  or  after  a  detainer  for  debt,  or  in  the  case  of  a  trader 
far  fourteen  days,  instead  of  twenty-one  days  as  heretofore,  and  in  the 
case  of  a  non-trader  for  two  months,  unless  he  is  prepared  with  sufficient 
security  for  the  debts  in  respect  of  which  he  is  so  imprisoned  or 
detain^ ;  or  for  escaping  from  prison  where  detained  for  debt, 

A  Trader  JDebior  whose  goods  are  seized  and  sold  tmder  judgment 
for  a  debt  or  money  demand  exceeding  50^,  is  held  to  have  committed 
an  act  of  bankruptcy  at  the  time  of  the  selzura;  notwithstanding  which 
the  sheriff  may,  unless  a  petition  for  adjudication  intorvene,  proceed 
to  sell  the  goods  seized ;  but  he  must  retain  the  proceeds  for  seven 
days,  after  which  period  he  may  pay  them  over  to  the  execution 
creditor,  who,  however,  has  to  pay  them  back,  subject  to  deduction  of 
the  costs  of  action  and  execution,  to  the  assignees  in  bankruptcy  if  the 
execution  trader  debtor  is  adjudicated  a  bankrupt  within  fourteen  days 
from  the  day  of  sale.  A  non^trader  may  be  made  bankrupt  by  depart- 
ing or  remaining  out  of  this  realm  with  intent  to  defeat  or  delay  his 
creditors,  or  by  making  some  fraudulent  gift  or  conveyance  of  any  of 
his  property,  or  by  filing  in  court  a  declara^on  of  insolvency  followed, 
within  two  months,  by  a  petition  for  adjudication  of  bankruptcy. 

Acts  of  Bankruptcy  after  Judgment  Debtor  Svmmona, — Every  judg- 
ment creditor  for  a  debt  of  502.  or  tipwards,  may  sue  out  against  hu 
debtor  at  the  end  of  one  toeek  from  the  date  of  the  judgment,  if  he  be 
ft  trader,  or  at  the  end  of  one  calendar  month  if  he  be  a  non'trader,  a 
judgment  debtor  summons  requiring  him  to  appear  and  be  examined 
touching  his  ability  to  pay  the  debt.  In  the  same  way  disobedience  to 
a  peremptory  order  in  equity,  in  bankruptcy,  or  lunacy,  directing  pay- 
ment of  money  on  a  day  certain  may  be  followed  by  a  similar  judgment 
debtor  summons  after  the  expiration,  in  the  case  of  a  trader,  of  eeven 
days,  or  in  the  case  of  a  wmrtrader  of  two  calendar  months,  from  the 
day  fixed  for  payment.  Trader  debtor  summonses  should  be  served 
personally,  except  in  the  case  of  persons  in  custody  when  service  may 
be  made  on  the  sheriff,  or  other  person  in  whose  custody  the  debtor  is. 
Where  personal  service  caimot  be  effected,  and  the  debtor  is  keeping 
out  of  the  way,  the  summons  may  be  advertised  as  directed  by  the  act. 
The  procedure  upon  the  return  of  the  summons  is  particularly  pro- 
vided, and  the  court  may,  upon  non-payment  of  the  debt>  and  whether 
the  debtor  appears  or  not,  adjudge  him  a  bankrupt  without  any 
petition  for  adjudication ;  but  a  debtor  thus  adjudicated  upon  in  his 
absence  may,  within  seven  days  from  receiving  notice  of  the  adjudica- 
tion, appear  and  show  cause  against  it. 

Proceedings  to  obtain  Adfudication. — ^A  debtor  may  himaAlf  petition 
for  adjudication  without  filing  any  previous  deolaratjon  of  insolveocy ; 


but  he  must  file  a  statement  upon  oath  of  his  debts  and  liabilities,  and 
of  the  causes  of  his  embarrassments.  In  the  case  of  nori'traders,  in  order 
to  support  a  petition  for  adjudication,  or  a  judgment  summons,  the 
debt  must  have  aocrued  after  the  6th  day  of  August,  1861  (the  date  of 
the  passing  of  this  act).  Debtors  in  prison  may  petition  in  formd 
pauperis,  upon  making  affidavit  of  poverty.  Jailers  are  to  make 
monthly  returns  of  all  Uieir  prisoners  detained  for  debt ;  and  a  registrar 
of  the  court  for  the  district  is  monthly  to  viedt  all  jails  withm  the 
jurisdiction  of  his  court,  and  to  examine  touching  their  estate  and 
dealings  all  such  prisoners  included  in  such  return  who  have  been  in 
custody  fourteen  days  in  the  case  of  traders,  or  two  calendar  months  in 
the  case  of  non-traders.  Prisoners  not  submitting  to  such  examination 
may  be  committed  to  jail  for  a  month,  with  hard  labour,  and  also  be 
adjudicated  bankrupts.  But  prisoners  detained  solely  under  County 
Court  or  Small  Debt  warrants  are  not  within  these  latter  provisions, 
nor  are  they  entiUed  to  petition  in  formd  pauperis. 

Procedure  after  Adjudicaiion. — The  official  assignee  must  forthwith 
take  possession  of  the  bankrupt's  estate,  and  must  hold  it  until  the 
appointment  of  a  creditors'  assignee.  The  first  meeting  of  creditors 
and  the  president  thereef  are  to  be  appointed  by  the  court ;  and  the 
majority  in  number  and  value  of  the  creditors  may  transfer  the  pro- 
ceedings to  any  County  Court  out  of  the  metropolitan  district;  and  a 
majority  in  value  may  then  determine  upon  any  allowance  to  be  made 
the  bankrupt  up  to  the  time  of  his  passing  his  last  examination.  The 
proceedings  in  bankruptcy  may  be  superseded,  and  an  arrangement 
for  winding  up  and  administering  the  estate  out  of  bankruptcy  may  be 
come  to  by  due  majorities  of  the  creditors ;  and  the  debtor  may  then, 
upon  making  a  full  discovery,  be  entitled  to  an  order  of  discharge. 
Some  important  provisions  are  made  as  to  sale  of  real  estate  belong- 
ing to  bankrupts,  and  particularly  as  to  the  settled  real  estate  of 
non-traders;  but  these  are  of  too  technical  a  nature  for  discussion 
here. 

Creditors*  Assignee. — The  majority  in  value  of  creditors  who  have 
proved  may  choose  their  assignee,  in  whom,  upon  confirmation  and 
certificate  by  the  court,  the  estate  axid  efiects  of  the  bankrupt  are  to  be 
exclusively  vested ;  and  the  offidal  assignee  is  thereupon  forthwith  ta 
render  to  such  creditors'  assignee  a  full  account  of  the  bankrupt's 
estate,  and  of  all  dealings  therewith,  which  account  is  to  be  formally 
audited  and  f  urmshed  to  every  creditor  who  has  proved.  The  creditors' 
assignee  iu«y  be  required  to  give  security ;  and  he  may  be  removed  by 
the  court  at  the  instanoe  of  the  creditors,  and  a  new  aasiguee  may  be 
chosen.  The  duties  of  the  creditors'  assignee  are  similar  to  tLose 
hitherto  discharged  by  the  official  assignee ;  but  to  the  latter  is  still 
entrusted  the  collection  of  all  debts  under  10^  The  creditors'  assignee 
must,  from  three  months  to  three  months,  account  to  the  official 
assignee  for  his  deaUngs  with  the  estate;  and  his  accounts  are  to  be 
printed  and  furnished  to  the  creditors. 

DeaUngs  with  the  Bstatc-^Amgnees  may  occupy  leasehold  premiaes 
of  a  bankrupt  up  to  some  day  on  which  rent  is  payable  not  beyond  six 
months  from  the  adjudioation,  and  may  then  elect  to  decline  any  lease 
orag^ment  for  a  lease  under  which  the  premises  had  been  held. 
Creditors'  meetings  may  authorise  the  mortgage  or  pledge  of  the 
bankrupt's  estate. 

Proof  of  Debts. — Creditors  may  prove  their  debts  by  forwarding 
through  the  General  Post  to  the  assignee  a  statement  thereof  verified 
by  their  own  declaration  of  its  truth.  False  proofs  entail  the  punish- 
ment of  perjury.  Landlords  may  prove  for  rent  pro  raid  in  respect 
of  current  periods.  Unliquidated  damages  may  be  ascertained  by  the 
verdict  of  a  jury  before,  or  under  the  direction  of,  the  court.  Con- 
tingent liabiUties  may  be  determined  and  valued  by  the  court  at  the 
instance  of  the  person  claiming  the  benefit  of  such  liability. 

Orders  of  Discharge. — ^The  classification  of  certificates  is  aboliBhed. 
Where  a  bankrupt  is  charged  with  any  misdemeanour  under  this  act» 
he  may  be  tried  by  the  court,  or,  if  the  bankrupt  require  it,  by  a  jury 
either  in  the  Court  of  Bankruptcy,  or,  in  the  option  of  that  oourt,  in 
any  **  of  the  ordinary  courts  of  criminal  justice."  If  tiie  bankrupt 
be  convicted  of  such  misdemeanour,  his  discharge  may  be  refused,  or 
lumended,  absolutely  or  conditionally.  If  he  be  not  convicted  of  any 
su(m  misdemeanonr,  his  conduct  is  still  to  be  inquired  into  by  the 
oourt,  and  lus  <nder  of  discharge  may  be  granted,  or  refused,  or  sus- 
pended, either  absolutely  or  oonditiooally ;  and  the  bankrupt  may  be 


